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RESUMEN

El contexto de la calidad del aire en la Zona Metropolitana del Valle de Puebla muestra que las particulas
suspendidas menores de 10 micrometros (PMj¢) y de 2.5 micrometros (PM; s) representan un riesgo para
la salud. El sistema automatico de monitoreo de la calidad del aire de Puebla mide PM,y y PM, 5 en cinco
estaciones ubicadas en los municipios de Puebla y Coronango. Estas mediciones permiten determinar el
Indice de Calidad del Aire y Salud conforme a la norma NOM-172-SEMARNAT-2019 para estos contami-
nantes. El avance de las técnicas globales de modelado de contaminantes representa una oportunidad para la
gestion de la calidad del aire en areas con escasas mediciones terrestres. Sin embargo, es necesario validar
los pronésticos globales con mediciones en tierra provenientes de estaciones de monitoreo georreferen-
ciadas para reducir incertidumbres y determinar su confiabilidad. El prondstico del Servicio de Monitoreo
Atmosférico Copernicus (CAMS) permite explorar los procesos de contaminacion atmosférica en la region
de estudio. Este estudio presenta un analisis del prondstico de CAMS frente al prondstico por persistencia.
Los resultados muestran que éste tiene un mejor desempefio en general que el de CAMS, tanto para PM
como para PM, 5. Sin embargo, el uso del pronostico de CAMS es factible para una evaluacion preliminar
de la prediccion de PM; s debido a sus valores aceptables en los criterios de comparacion de las estadisticas
dicotomicas ACCURACY, probabilidad de deteccion (POD), tasa de falsas alarmas (FAR), probabilidad
de deteccion falsa (POFD), indice de éxito (SR), puntaje de amenaza (TS), puntaje de amenaza equitativo
(ETS), puntaje de habilidad de Heidke (HSS) y puntaje de habilidad de razoén de probabilidades (ORSS).
Este trabajo proporciona informacion valiosa tanto para la poblacion como para los responsables de la toma
de decisiones, contribuyendo a mejorar la gestion de la calidad del aire y las estrategias de salud publica.

ABSTRACT

Background on air quality in the Metropolitan Zone of the Valley of Puebla shows that suspended particles
smaller than 10 micrometers (PM;() and smaller than 2.5 micrometers (PM; s5) represent a health risk. Pueb-
la’s automatic air quality monitoring system measures PM( and PM, s at five stations in the municipalities
of Puebla and Coronango. These measurements allow for determining the Air and Health Index according
to the NOM-172-SEMARNAT-2019 standard for these pollutants. The advancement of global pollutant
modeling techniques represents an opportunity for air quality management in areas with scarce terrestrial
measurements. However, it is necessary to validate global forecasts with ground measurements from georef-
erenced monitoring stations to reduce uncertainties and determine reliability. The Copernicus Atmospheric
Monitoring Service (CAMS) forecast allows atmospheric pollution exploration processes in the study region.
This study presents an analysis of the CAMS forecast against the Persistence forecast. The results show that
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the persistence forecast performs better than the CAMS forecast in general, both for PM;( and for PM; s.
However, using the CAMS forecast for a preliminary evaluation of the prediction of PM; 5 is feasible due
to its acceptable values in the comparison criteria of the dichotomous statistics ACCURACY, probability of
detection (POD), false alarm rate (FAR), probability of false detection (POFD), success ratio (SR), threat
score (TS), equitable threat score (ETS), Heidke skill score (HSS), and odds ratio skill score (ORSS). This
work provides valuable insights to both the population and decision-makers, aiding in the enhancement of

air quality management and public health strategies.

Keywords: PM; sand PM air quality, CAMS, contingency tables, dichotomous statistics, satellite monitoring.

1. Introduction

The Clean Air Institute (CAI) study emphasizes
the need for environmental improvements in Latin
American cities through public policies, highlighting
Brazil and Mexico as the countries with the highest
number of premature deaths due to air pollution in
2008 (Green and Sanchez, 2013). An estimate of
exposure to fine suspended particles in 2019 revealed
that they caused 4.2 million premature deaths in cities
and rural areas worldwide (WHO, 2024). In addition,
380000 premature deaths have been associated with
air pollution in the Americas this year (PAHO, 2024).

In 2011, 64% of asthma-related deaths in Mex-
ico occurred in children under five, with states like
Veracruz and Chiapas most affected. The OECD
warns that air pollution could become the leading
cause of premature death globally if trends continue
(REDIM, 2013).

A study in the State of Puebla considers it highly
likely that the following morbidity and mortality
risks are linked to air pollution: About morbidity,
1229585 cases of acute respiratory infections and
13412 cases of arterial hypertension stand out. Re-
garding mortality, 8251 cases of heart disease, 2004
of cerebrovascular diseases, 1418 of influenza and
pneumonia, 1299 of chronic obstructive pulmonary
diseases, and 219 of emphysema and asthma were
recorded (SMADSOT, 2023a).

Globally, ambient air pollution and PM, 5 are
significant health risks, contributing to millions of
deaths annually (Cohen et al., 2017). Studies link air
pollution to cardiovascular and respiratory diseases,
with increases in PM concentration correlating with
higher mortality rates (MacNee and Donalson, 2000;
Samet et al., 2000; Pope et al., 2004; SEDEMA,
2020). Satellite remote sensing offers new opportu-
nities for air pollution monitoring, enabling broader
geographic coverage (Hollingsworth et al., 2008),

and models show that PM, 5 exposure increases mor-
tality by 2.8% per 10 ug m > rise (Kloog et al., 2013).

Ninety-five percent of the global population lives
in areas exceeding WHO’s PM, 5 guidelines (WHO,
2006; Shaddick, 2018). Despite a 46% decrease in
the mortality rate due to air pollution, deaths caused
by suspended particles increased by 93% in 1990-
2021. This places them in a second level of lethality
regarding health on the planet (IHME, 2024).

European initiatives like the Copernicus Pro-
gramme and the Copernicus Atmospheric Monitoring
Service (CAMS) use satellite data to forecast air
quality and monitor atmospheric conditions (Holling-
sworth et al., 2008; Eskes et al., 2015; Wagner et al.,
2015). Data assimilation techniques improve model
accuracy by combining satellite and ground-based
data (Benedetti et al., 2009; Morcrette et al., 2009;
Flemming et al., 2013), and regional models in Eu-
rope contribute to urban-level air quality predictions
(Granier et al., 2011; Kukkonen et al., 2012).

In China, satellite data has been integrated to
analyze PM; 5 concentrations and their influencing
factors (Zhang et al., 2020). CAMS forecasts of
PM, 5 and PM;, have been found to underestimate
concentrations during winter (Pappa and Kioutsiou-
kis, 2021). India’s Air Quality Early Warning System
(AQEWS) effectively uses satellite and ground data
to represent PM variability (Kalita et al., 2023).

1.1 Study area

The study area covers the Metropolitan Zone of the
Valley of Puebla (MZVP) in central Mexico, specif-
ically the municipality of Puebla, which has a pop-
ulation of 1576259 and spans 524.31 km? (INEGI,
2017). The MZVP is approximately 130 km southeast
of Mexico City. Air quality challenges stem mainly
from the rising number of vehicles, unregulated
urban expansion, and limited emissions regulations.
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Since 2000, the vehicle fleet has grown by 89.2%,
increasing congestion and pollution (PMD, 2021).
Forest degradation, driven by illegal logging and
urban expansion, has also worsened environmental
conditions, with 25.2% of forested areas damaged
between 1984 and 2018 (INEGI, 2018). Additionally,
the region’s temperate subhumid climate, influenced
by wind patterns and the nearby La Malinche vol-
cano, affects pollutant dispersion. The rainy season
runs from May to October, with an average annual
temperature of 18 °C in the municipality’s southern
areas (PMD, 2011).

1.2 Air pollution in the Metropolitan Zone of the Va-
lley of Puebla

Air pollution in the MZVP is monitored by the Red
Estatal de Monitoreo Atmosférico (State Ambient Air
Monitoring Network, REMA), which has been oper-
ational since 2000. REMA consists of five continu-
ous monitoring stations that measure pollutants like
carbon monoxide, sulfur dioxide, nitrogen dioxide,
ozone, PM,y, and PM, 5, as well as meteorological
parameters (INECC, 2019; REMA, 2023). Air quality
in the municipality of Puebla frequently exceeds per-
missible limits, with PM( concentrations surpassing
the 24-h limit on 72 days in 2019 and PM, 5 showing
high concentrations between January and May (IN-
ECC, 2020). The Secretaria de Medio Ambiente y
Recursos Naturales (Secretariat of Environment and
Natural Resources, SEMARNAT) established guide-
lines for communicating and reporting the Air Quality
and Health Risk Index (SEMARNAT, 2019). During
the hot-dry season 0f 2021, PM levels surpassed the
maximum allowable limits on 59 days (SMADSOT,
2021). PM;y and PM; 5 are formed from natural and
human activities, contributing to environmental is-
sues like reduced visibility and nutrient deposition in
ecosystems (USEPA, 2020; SEDEMA, 2020).

Air pollution, particularly particulate matter like
PM,( and PM, 5, poses significant health risks in
Puebla City, where air quality frequently exceeds
the established safety limits. REMA highlights the
persistent challenges in maintaining air quality, with
pollution levels often surpassing national standards,
especially during the hot-dry season. CAMS offers
a powerful tool for forecasting air quality, providing
valuable data on pollutant concentrations. Howev-
er, to ensure the accuracy and relevance of these

forecasts for local conditions, it is essential to eval-
uate CAMS predictions compared to simpler per-
sistence forecasts. This comparison will help assess
the reliability of CAMS in predicting air quality in
Puebla City. This work aims to evaluate CAMS air
quality forecasts, compare them with persistence
models, and provide actionable insights to the pop-
ulation and decision-makers, supporting better air
quality management and public health strategies.

2. Materials and methods

2.1 Methodological scheme

The procedure starts with the Atmospheric Data
Store (ADS) platform, the primary data source
from CAMS. This system grants access to the
global atmospheric composition forecast section of
CAMS. The process involves directly discharging
the aerosol variables PM, s and PM at the surface
level. The study period spans from December 31,
2020, to December 31, 2021, with daily downloads
scheduled at 00:00 UTC, covering a delivery period
of 0 to 23 h.

The methodological process, represented in
Figure 1, begins with the weekly download of files
in netCDF format in a geographical area defined by
the following geographical coordinates with decimal
notation: north 19.46, south 18.71, east —97.83 and
west —98.71 included in the MZVP (CAMS, 2023).

The procedure continues with the integration
of the databases by processing data using a Python
script. This script extracts PM;y and PM, 5 values
based on the georeferenced locations of the moni-
toring network stations using the nearest neighbor
method. The original units in kg m~ are converted
to pg m—> within the same script.

Subsequently, the databases are generated by
calculating the air and health indices (AHI). The
AHI calculation procedure with data from the CAMS
forecast is described in the standard (SEMARNAT,
2019). Another Python script is used for this, gen-
erating 8760 AHI records per station. The CAMS
forecast AHI database includes 43 800 records,
corresponding to the estimated values for the five
stations of the REMA.

The REMA AHI database of PM; o and PM, 5 com-
prises the download of the data from the Automatic
Air Quality Monitoring Network page corresponding
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Methodological scheme

Download of Copernicus CAMS netCDF files containing [PM,] and [PM, ] in the MZVP

!

Integrate [PM,,] and [PM, 5] forecast databases from Copernicus CAMS according to georeferenced REMA sites in
the MZVP with Script Python.

'

Create a database for calculating of the Air and Health Create a database of the AHI download of
Index (AHI) of [PM,(] and [PM, ] of Copernicus CAMS in T [PM,(] and [PM, 5] from the REMA in the

the MZVP with Script Python MZVP

Analyze the CAMS and REMA maximum AHI databases per day to obtain the monthly average scaling factors by
difference and quotient from CAMS AHIL.

Compare the CAMS AHI values adjusted by difference and ratio to determine which adjustment best predicts [PM;]
and [PM, 5] events of poor air quality

Compare the REMA AHI persistence forecast with the adjusted AHI CAMS forecast and determine the adjusted
CAMS performance.

Compare dichotomous statistics of AHI of [PM,,] and [PM, 5] from adjusted Copernicus CAMS and dichotomous
statistics of AHI of [PM,,] and [PM, 5] REMA in the MZVP

Fig. 1. Methodology for acquiring data, generating contingency tables and deriving

results. (Source: self elaboration.)

to 2021 (REMA, 2023). The concentration database
for PM, s integrates 4045 records for the Agua Santa
station (STA), 4567 records for the BINE station,
7200 records for the NINFAS station, 6822 records
for the UTP station, and no records for the Velodromo
station. The concentration database for PM o contains
4680 records for the Agua Santa station (STA), 7622
records for the BINE station, 7758 records for the
NINFAS station, 6982 records for the UTP station,
and 1135 records for the Velodromo station. Figure 2
represents the geographical location of the stations
(SMADSOT, 2023b).

The maximum daily concentrations from the
CAMS and REMA databases were used to calculate
monthly scale factors. These were derived by two
methods: one based on the difference between the
measured AHI and the modeled CAMS data and
another using the ratio between AHI and CAMS.
The PM; 5 and PM concentrations provided by
the CAMS forecast are defined within a grid of
approximate dimensions of 40 x 40 km, while the
station measurements are punctual. This discrepancy
introduces a systematic error because the CAMS
concentrations obtained at the sites corresponding
to the monitoring network stations tend to be under-
estimated. This error can be reduced using scale fac-
tors calculated from the difference or ratio between

observed and modeled values. Thus, the CAMS value
is adjusted to the REMA AHI results.

The CAMS and REMA databases of maximum
daily AHI were analyzed to calculate monthly av-
erage scaling factors, using the difference and the
ratio between the CAMS AHI and the measured AHI.
The procedure involves extracting the maximum
daily AHI and CAMS concentration values for each
month of the study period. For the difference-based
scaling factor, the daily difference between AHI
and CAMS is calculated, and a monthly average is
derived from these values. This monthly average is
added to the daily CAMS concentration to obtain the
difference-adjusted CAMS value. In the case of the
ratio-based scaling factor, the daily AHI concentra-
tion is divided by the CAMS concentration, and the
monthly average of these ratios is calculated. This
average is multiplied by the daily CAMS AHI to
produce the ratio-adjusted CAMS value.

Likewise, comparing the CAMS concentration
values adjusted by difference and ratio determines
which adjustment best predicts the poor air quality
events of PM o and PM; 5. These adjusted values are
intended to predict the occurrence of events with poor
air quality, according to the AHI, which indicates
poor air quality when is greater than 45 (ug m™)
for PM, s and greater than 75 (ug m’3) for PM,y,
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Fig. 2. Location of the monitoring stations in the ZMVP. (ZMVP: Metropolitan Zone of the Valley of Puebla. Source: self

elaboration.)

according to the 12-h weighted moving average in-
terval (SEMARNAT, 2019). This procedure allows
us to determine which scaling factor provides the best
fit to predict poor air quality events at the stations of
the atmospheric monitoring network.

Persistence forecasting is a technique used in
weather and air quality prediction. It is based on the
idea that current atmospheric conditions will continue
unchanged. This forecast is used as a reference point
to evaluate the accuracy of other more complex
forecast models. Comparing the predictions of these
models with the persistence forecast can help deter-
mine their ability to capture changes in atmospheric
conditions and pollution levels.

2.2 Statistical metrics for dichotomous variables

Comparing the REMA AHI persistence forecast
with the adjusted CAMS concentration forecast and
determining the adjusted CAMS performance is part
of the methodological process. However, it is worth
mentioning that the persistence forecast serves as a
basis for comparison with the CAMS forecast, which
allows us to evaluate its performance. We use 2 x 2

contingency tables to categorize days of the year into
those that exceed or do not exceed the AHI into three
groups of data: measurements, persistence forecast,
and CAMS forecast.

Dichotomous statistics classify events into “yes,
the event occurs” or “no, the event does not occur”.
To evaluate this type of classification, 2 x 2 contin-
gency tables are used. These consist of four cells rep-
resenting the following categories for a persistence
forecast: successes (forecasted yes, observed yes),
failures (forecasted no, observed no), false alarms
(forecasted yes, observed no), and correct negatives
(forecasted no, observed no). In the lower right
corner of the contingency table are the total counts
of observed and predicted events and non-events, as
shown in Table I, and are called marginal distribution
(WWRP-WGNE, 2017; Gold et al., 2020).

The contingency table is a valuable tool for
identifying the types of errors in forecasts. An ideal
forecasting method should produce only hits and the
correct negatives without presenting failures or false
alarms. By combining elements of the contingency
table, we can derive dichotomous statistics that
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Table 1. Contingency table.

Observed
Total
Yes No
Forecast  Yes Hits False alarms Forecast yes
No Misses Correct negatives ~ Forecast no
Total Observed yes Observed no Total

provide information on various aspects of forecast
performance. Table II shows the optimal values of
these dichotomous statistics, described in Gold et al.
(2020), where the optimal value is when the values of
the model and observations are equal. Descriptions
of dichotomous statistical scores can be found in
various studies (WWRP-WGNE, 2017).

Table II. Metric, range, and associated optimal values.

Metric Range Optimal value
ACCURACY Otol 1
BIAS 0to oo 1
POD Oto 1 1
FAR 0to1 0
POFD 0to 1 0
SR O0tol 1
TS 0to1 1
ETS —1/3t0 1 1
HK -1tol 1
HSS —1tol 1
ORSS -1to1l 1

ACCURACY: accuracy; POD: probability of detection;
FAR: false alarm rate; POFD: probability of false
detection; SR: success ratio; TS: threat score; ETS:
equitable threat score; HSS: Heidke skill score; ORSS:
odds ratio skill score.

2.2 1 CAMS forecast evaluation using AHI based on
ground measurements
The comparison of the dichotomous statistics of
PM,y and PM, 5 of adjusted CAMS and dichotomous
statistics of PM;o and PM; s REMA in the MZVP is
an integral part of the methodological mechanism on
which the evaluation method is based.

The dichotomous evaluation uses the concentra-
tion databases for PM; s and PM, incorporating data

from the monitoring network measurements and the
CAMS forecast model. The dichotomous verification
contemplates the following premise: it evaluates
whether the concentration exceeds 45 pg m~ for
PM, sand 75 pg m™ for PM. This evaluation results
ina‘“yes” or “no”, “true” or “false” determination for
both the observed and modeled values.

The AHI indicates that air quality is considered poor
and presents a high risk when the 12-h weighted mov-
ing average exceeds 45 g m™ for PM, sand 75 pg m™
for PM,, according to SEMARNAT (2019).

3. Results and discussion

3.1 Comparison of difference and ratio-adjusted
CAMS AHI values

Tables I1I and IV show the monthly average scaling
factors by difference and ratio for PM, s and PM .
These are derived from a comparison between the
maximum values per day between CAMS and REMA
and are intended to determine which setting best pre-
dicts the poor air quality events of PM ;o and PM, 5.

Tables V and VI represent the number of times
in a month that PM, s and PM exceed the poor air
quality level. This is after applying the difference and
ratio adjustment. Table V shows that the ratio adjust-
ment for PM, s significantly increases the number of
events where the AHI is greater than 45 pg m > at the
Agua Santa, Ninfas, and UTP stations. The difference
adjustment is only greater at the BINE station of the
atmospheric monitoring network. Therefore, the ratio
adjustment is suitable for predicting PM, 5 poor air
quality events.

Table VI compares the number of times the AHI
for PM exceeded 75 pg m™> across different moni-
toring stations in Puebla, using two different adjust-
ment methods: the CAMS adjustment by difference
and the CAMS adjustment by ratio.



Comparative evaluation of CAMS and persistence forecasts

Table III. Scaling factors by adjustment ratio and average monthly difference of PM; 5

Scaling factor by ratio (REMA/CAMS)

monthly average of PM; 5

Scaling factor by difference (REMA —
CAMS) monthly average of PM; 5

Month

Agua BINE Ninfas UTP Agua BINE Ninfas UTP

Santa Santa
January 0.00 1.58 1.41 1.77 —24.35 1.04 7.64 10.74
February 0.00 1.41 1.77 1.76 -9.80 20.04 7.07 16.67
March 0.00 0.76 1.52 1.73 20.64 9.54 3.01 14.44
April 2.38 1.48 1.12 1.55 22.22 6.76 —-0.06 9.40
May 2.05 1.07 0.85 1.52 13.20 -3.09 —6.61 8.61
June 1.31 0.82 0.76 0.86 3.17 —7.66 -3.14 —0.89
July 0.81 1.20 1.06 1.49 -2.46 2.27 -0.69 7.03
August 0.00 0.37 1.13 1.10 -14.36 —-11.60 0.42 0.52
September 0.00 0.27 0.90 1.13 —14.80 —-15.16 -2.69 -0.96
October 0.67 0.79 0.70 1.26 -5.33 —4.11 -5.98 3.33
November 3.79 0.81 0.86 1.45 22.97 -4.76 -4.21 5.93
December 3.67 0.17 1.16 1.83 35.01 —-19.53 1.73 12.74

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service.

Table IV. Scaling factors by adjustment ratio and average monthly difference of PM.

Using ratio (REMA/CAMS) monthly
average of PMyg

Using difference (REMA — CAMYS)
monthly average of PM

Month

Agua BINE Ninfas UTP Velédromo Agua  BINE Ninfas UTP Velédromo

Santa Santa
January na 2.02 3.03 4.12 1.95 n.a. 15.56 62.15 65.00 19.53
February 3.19 6.46 532 6.8 2.73 31.12 60.56 78.09 74.65 20.98
March 4.96 2.71 3.65 4.20 1.68 7243 4240 71.73 71.88 14.14
April 4.55 242  3.07 348 0.08 78.76 3993 76.45 69.27 -37.01
May 3.23 1.71 1.87  2.57 0.00 45.04  15.87 2436 46.26 -35.49
June 223 1.41 1.87 1.08 0.00 23.49 0.18 17.60 5.01 —28.62
July 1.19 2.15 2.78  3.04 0.00 4.33 20.32 40.77 4542 —28.81
August n.a. 1.68 253 253 0.00 n.a. 10.77 2895 27.77 -25.94
September n.a. 1.54 1.69 2.28 0.00 n.a. 8.08 12.48 2552 —27.72
October 0.92 1.81 1.74  2.15 0.00 -2.18  16.89 15.57 22.68 -27.37
November 6.01 3.15 1.60 2.83 0.00 62.57 3294 1832 38.11 -19.19
December 6.11 309 236 3.58 0.00 101.35  58.65 48.84 61.41 —31.44

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus

Atmospheric Monitoring Service; n.a.: not applicable.

For January, both methods show significant
differences in the Ninfas and UTP stations, where
the ratio method detects more exceedances than the
difference method. This trend persists across most
months, with the ratio method generally showing

more frequent exceedances. February and March
show relatively high exceedances across all stations,
with the ratio method consistently identifying more
exceedances in Agua Santa and Veldédromo com-
pared to the difference method. Both methods show
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Table V. Adjustment for difference and ratio of AHI for PM, s.

PM,; 5 CAMS Adjustment for difference

PM, s CAMS Adjustment by ratio

Month Number of times AHI > 45 pg m™> Number of times AHI > 45 pg m™>
Agua Santa BINE  Ninfas UTP Agua Santa  BINE Ninfas UTP

January 0 0 1 0 0 3 5 2
February 0 1 1 0 0 0 11 1

March 5 4 1 2 0 1 9 3

April 15 3 4 4 18 14 8 11
May 2 1 2 3 11 1 2 10
June 0 1 0 0 0 1 0 0
July 0 0 0 0 0 1 0 1

August 0 1 0 0 0 0 0 0
September 0 0 0 0 0 0 0 0
October 0 0 0 0 0 0 0 0
November 0 1 0 0 8 0 0 0
December 24 0 0 1 18 0 0 4

Table VI. Adjustment for difference and ratio of AHI for PM.

PM;o CAMS Adjustment for difference

PM;y CAMS Adjustment by ratio

Month Number of times AHI > 75 ug m™> Number of times AHI > 75 pg m™>
Agua Santa BINE Ninfas UTP Velédromo Agua Santa BINE Ninfas UTP Velédromo

January 0 1 31 30 4 0 16 24 26 15
February 0 23 28 28 0 14 21 26 25 4
March 29 16 29 29 1 22 20 24 25 7
April 30 19 30 30 0 26 21 27 25 1
May 11 1 5 20 0 16 11 10 19 0
June 0 0 0 0 0 2 1 1 0 0
July 0 1 7 5 0 0 10 14 12 0
August 0 0 0 0 0 0 3 4 4 0
September 0 0 0 0 0 0 2 0 4 0
October 0 0 0 0 0 0 3 0 0 0
November 15 1 2 3 0 15 8 4 7 0
December 29 27 29 31 0 28 23 24 25 0

AHLI: air and health indices; CAMS: Copernicus Atmospheric Monitoring Service.

consistently high exceedances across most stations
in April, particularly in Ninfas and UTP. However,
the Velodromo station shows no exceedances using
the difference method, whereas the ratio method
still detects some. May through August display
fewer exceedances overall, with the ratio method
continuing to detect a few cases, while the difference
method shows almost none. June through September

sees almost no exceedances for either method, with
the few that occur primarily identified by the ratio
method. In November and December, both methods
show significant exceedances at stations like Agua
Santa, Ninfas, and UTP, but again, the ratio method
generally identifies more exceedances.

The ratio-based adjustment tends to detect more
instances where the PM( concentration exceeds the
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75 ug m™> threshold compared to the difference-based
method, suggesting that it may be more sensitive in
identifying higher pollution levels across the various
monitoring stations.

3.2 Comparison of the REMA persistence forecast
with the CAMS forecast

The analysis carried out in Tables V and V1 allows us
to determine that the ratio adjustment is appropriate
for predicting events of poor air quality of PM; s
and PM]().

A comparison between the persistence forecast of
REMA concentrations and the ratio-adjusted CAMS
forecast allows evaluation of the performance of
CAMS relative to the REMA persistence forecast.
This evaluation is presented in Tables VII, VIII, 1X,
X, XI, and XII.

Tables VII and VIII show that the highest PM; 5
concentration levels are observed during the hot-dry
season (March-May) and the cold-dry season (No-

vember-January). The CAMS adjustment by ratio
results in a higher number of events where concen-
trations exceed 45 pg m~. In the hot-dry season, the
Agua Santa (April and May), BINE (April), Ninfas
(February), and UTP (April and May) stations are
the most affected. The Agua Santa station is the
most affected in the cold-dry season (November
and December). However, in the hot-dry season, the
persistence forecast exceeds the CAMS only at the
BINE station in February and March.

Table IX shows that the lowest levels of PM; 5
concentrations occur in the rainy season. The REMA
persistence forecast results in more events than the
CAMS ratio adjustment.

Tables X and XI show that the highest levels of
PM; concentrations occur in the hot-dry and cold-
dry seasons. The CAMS ratio adjustment includes
a more significant number of times that the AHI is
greater than 75 pg m™ at the Agua Santa and BINE
stations. The persistence forecast is higher at the

Table VII. REMA persistence forecast and ratio-adjusted CAMS forecast for the hot-dry season of PM; s.

REMA PM, s persistence forecast

CAMS PM, s forecast ratio adjustment

Month Number of times AHI > 45 ug m™ Number of times AHI > 45 pg m >
Agua Santa BINE  Ninfas UTP Agua Santa BINE  Ninfas  UTP
February 1 3 0 1 0 0 11 1
March 10 4 3 2 0 1 9 3
April 15 4 1 2 18 14 8 11
May 5 0 0 0 11 1 2 10

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS:

Copernicus Atmospheric Monitoring Service.

Table VIII. REMA persistence forecast and ratio-adjusted CAMS forecast for the cold-dry season of

PM; s
REMA PM, 5 persistence forecast CAMS PM, s forecast ratio adjustment
Month Number of times AHI > 45 pg m™> Number of times AHI > 45 pg m™>
Agua Santa BINE  Ninfas UTP Agua Santa  BINE  Ninfas  UTP
January 0 0 2 0 3 5 2
November 4 1 0 8 0 0 0
December 17 0 2 18 0 0 4

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS:
Copernicus Atmospheric Monitoring Service; AHI: air and health indices.
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Table IX. REMA persistence forecast and ratio-adjusted CAMS forecast for the rainy season of PM; 5

REMA PM; s persistence forecast CAMS PM, s forecast ratio adjustment

Month Number of times AHI > 45 ug m™> Number of times AHI > 45 pg m™>
Agua Santa BINE  Ninfas  UTP Agua Santa BINE  Ninfas UTP
June 0 0 0 1 0 1 0 0
July 0 2 0 1 0 1 0 1
August 0 0 0 0 0 0 0 0
September 0 0 0 1 0 0 0 0
October 0 1 0 0 0 0 0 0

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS:
Copernicus Atmospheric Monitoring Service; AHI: air and health indices.

Table X. REMA persistence forecast and ratio-adjusted CAMS forecast for the hot-dry season of PM .

REMA PM, persistence forecast CAMS PM forecast ratio adjustment

Month Number of times AHI > 75 pg m™> Number of times AHI > 75 pg m™>

Agua Santa BINE Ninfas UTP Velédromo Agua Santa BINE Ninfas UTP Velédromo
February 11 18 24 23 9 14 21 26 25 4
March 25 19 25 26 12 22 20 24 25 7
April 27 18 28 23 1 26 21 27 25 1
May 10 3 6 16 0 16 11 10 19 0

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; AHI: air and health indices.

UTP and Veldédromo stations and has a similar value
at the Ninfas station of the atmospheric monitoring
network.

levels above 75 pg m~> between the REMA PM,

Table XI. REMA persistence forecast and ratio-adjusted CAMS forecast for the cold-dry season of PMq.

REMA PM, persistence forecast CAMS PM, forecast ratio adjustment

Number of times AHI > 75 ug m > Number of times AHI > 75 pg m >

Month
Agua  BINE Ninfas UTP Velédromo Agua  BINE Ninfas UTP Velodromo
Santa Santa
November 9 5 5 9 0 15 8 4 7 0
December 23 18 21 23 0 28 23 24 25 0
January 0 6 19 22 5 0 16 24 26 15

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; AHI: air and health indices.

persistence forecast and the CAMS PM, forecast (ra-
tio adjustment) for five stations (Agua Santa, BINE,
Ninfas, UTP, and Velodromo) across the rainy season.
Both forecasts recorded few exceedances in June,
with similar numbers between the stations. July saw

Table XII compares the number of days with PM
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Table XII. REMA persistence forecast and ratio-adjusted CAMS forecast for the rainy season of PM,

REMA PM, persistence forecast

CAMS PM, forecast ratio adjustment

Month Number of times AHI > 75 pg m™> Number of times AHI > 75 pg m>

Agua Santa BINE Ninfas UTP Velédromo  Agua Santa BINE Ninfas UTP Vel6dromo
June 1 1 2 4 0 2 1 1 0 0
July 2 7 9 14 0 0 10 14 12 0
August 0 0 1 4 0 0 3 4 4 0
September 0 2 1 5 0 0 2 0 4 0
October 2 2 1 1 0 0 3 0 0

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; AHI: air and health indices.

higher exceedances in the persistence forecast, par-
ticularly at BINE, Ninfas, and UTP stations, whereas
CAMS also had several exceedances but generally
fewer. In August and September, exceedances were
minimal in both forecasts, except for a few at UTP
and Ninfas. October had minimal exceedances in
both forecasts, with no recorded exceedances at
Velddromo.

3.3 Comparison of dichotomous statistics of Coper-
nicus CAMS and REMA Persistence

Dichotomous statistics describe the characteristics of
forecast performance. The obtaining process includes
data from the CAMS AHI of PM,( and PM, 5 adjusted

by ratio and the concentrations of PM;y and PM; 5
from REMA in the MZVP.

The comprehensive results of the dichotomous
statistics are available in Tables SI to SXVIII in the
supplementary material. They constitute the basis for
evaluating dichotomous statistics. The objective is to
establish the CAMS’s fulfillment with respect to the
REMA persistence forecast.

Table XIII represents the percentage proportion of
values that record the monthly dichotomous statistics
at the PM, 5 monitoring stations. The percentage
proportion indicates the number of hits close to or
equal to the optimal value of the statistic in Table II.
The comparison considers when CAMS is better

Table XIII. Percentage comparison of dichotomous CAMS and REMA persistence statistics adjusted by ratio for PM; s.

Performance of CAMS ratio adjustment vs. REMA persistence forecast for PM, s

ACCURACY BIAS POD (%) FAR POFD SR TS ETS HK HSS ORSS

(%0) (%) (%) (o) (o) o) () (0 (%) (%)

CAMS better than 27.08 4.17 4.17 4.17 1875 6.25 6.25 18.75 16.67 20.83 4.17
persistence

CAMS equal to 37.50 2.08 27.08 16.67 41.67 16.67 25.00 6.25 6.25 2.08 14.58
persistence

Persistence better 35.42 35.42 10.42 12.50 35.42 10.42 12.50 18.75 18.75 20.83 12.50

than CAMS

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; ACCURACY: accuracy; BIAS: bias score; POD: probability of detection; FAR:
false alarm rate; POFD: probability of false detection; SR: success ratio; TS: threat score; ETS: equitable threat
score; HSS: Heidke skill score; ORSS: odds ratio skill score.
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than persistence, CAMS is equal to persistence, and
persistence is better than CAMS. The results indicate
a more significant number of statistics with a higher
percentage when CAMS equals persistence: accura-
cy (ACCURACY), probability of detection (POD),
false alarm rate (FAR), probability of false detection
(POFD), success ratio (SR), threat score (TS), and
odds ratio skill score (ORSS). The ETS and HSS
statistics show equal percentages for cases where the
CAMS is better than persistence and persistence is
better than CAMS. For the BIAS and HK statistics,
persistence outperforms CAMS.

Table XIV presents the percentage proportion of
values that the dichotomous statistics record monthly
at the PM;y monitoring stations. The comparison
considers when CAMS is better than persistence,
CAMS is the same as persistence, and persistence
is better than CAMS. The results indicate a higher
percentage for all statistics when persistence is better
than CAMS.

Next, a series of graphs depicts the average values
of dichotomous statistics for each climatic season
across the stations in the atmospheric monitoring
network. The purpose is to determine which stations
best represent the air quality of PM; s and PMy at
a local and regional level. Stations with a better
performance in the REMA persistence forecast are
suited for describing local air quality, while those

with better performance in the CAMS forecast are
more suitable for characterizing regional air quality.

Figure 3 shows the dichotomous average value
statistics for the hot-dry season of PM; s. The REMA
persistence forecast performs better than CAMS at
the Agua Santa, BINE, and Ninfas stations. At the
UTP station, CAMS performs slightly better than
the REMA persistence forecast. The Agua Santa,
BINE, and Ninfas stations represent air quality at a
local level, while the UTP station reflects air quality
at the regional level.

Figure 4 shows the dichotomous average value
statistics for the cold-dry season of PM; 5. The Agua
Santa station of CAMS is better than that of REMA,
the Ninfas station of REMA is better than CAMS,
and the BINE and UTP stations of REMA are slightly
better than CAMS. The Agua Santa station describes
air quality at the regional level, while the BINE and
UTP stations reflect local air quality.

Figure 5 shows the dichotomous average value
statistics of PM; 5 for the rainy season. Due to the
absence of data, CAMS and REMA generally present
similarities, with a slight trend of improvement in the
persistence forecast at the BINE and UTP stations.
The BINE and UTP stations reflect local air quality.

Figure 6 shows the dichotomous average value
statistics for the hot-dry season of PM;,. The REMA
persistence forecast performs better than CAMS at

Table XIV. Percentage comparison of dichotomous CAMS and REMA persistence statistics adjusted by ratio for

PM,.
Performance of CAMS ratio adjustment vs. REMA persistence forecast for PMj
ACCURACY BIAS POD FAR POFD SR TS ETS HK HSS ORSS
(%) (%) (%) ) () () ) o) () (%) (%)
CAMS better than 25.00 3.33 2333 16.67 20.00 15.00 18.33 26.67 26.67 26.67 18.33
persistence
CAMS equal to 21.67 333 15.00 11.67 31.67 15.00 1333 1.67 1.67 1.67 10.00
persistence
Persistence better 53.33 73.33 40.00 40.00 48.33 38.33 48.33 51.67 51.67 51.67 40.00

than CAMS

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; ACCURACY: accuracy; BIAS: bias score; POD: probability of detection; FAR:
false alarm rate; POFD: probability of false detection; SR: success ratio; TS: threat score; ETS: equitable threat
score; HSS: Heidke skill score; ORSS: odds ratio skill score.
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Fig. 3. Dichotomous statistics average value of PM, 5 for the hot-dry season.
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Fig. 6. Dichotomous statistics average value of PM for the hot-dry season.

the Agua Santa, BINE, Ninfas, UTP, and Vel6dromo
stations, which represent air quality at the local level.

Figure 7 shows the dichotomous statistical aver-
age values for the cold-dry season of PM ;. At the
Agua Santa, Ninfas, and UTP stations, the REMA
persistence forecast performs better than CAMS.
However, at the BINE and Veléodromo stations,
CAMS performs better than the REMA persistence
forecast. The Agua Santa, Ninfas, and UTP stations
describe the local air quality, and the BINE and
Velddromo stations represent the regional air quality.

Figure 8 presents the dichotomous average value
statistics for the rainy season of PMo. At the Agua
Santa, BINE, Ninfas, and UTP stations, the REMA
persistence forecast performs better than CAMS.
The Agua Santa, BINE, Ninfas, UTP, and Velodromo
stations represent local air quality.

4. Conclusions

Our study presents a substantial advance in fore-
casting air quality within the MZVP. We have suc-
cessfully implemented a procedure that effectively
addresses systematic errors in the retrieval of CAMS
forecast data. The results allow accurate predictions
of poor air quality events aligned with the NOM-172-
SEMARNAT-2019 standards.

Our findings demonstrate that ratio adjustment,
applied to both PM;y and PM, s, significantly im-
proves the CAMS’s forecast performance. This
adjustment outperforms the REMA persistence
forecast for some periods and seasons by accurately
predicting unsatisfactory air quality events attributed
to PM;o and PM; s.

Furthermore, monthly percentage comparisons of
dichotomous statistics reveal nuanced information.
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At the same time, persistence outperforms CAMS
in most cases for both PM; s and PM . In a prelim-
inary evaluation of the CAMS PMj s, it is possible
to include specific statistics (ACCURACY, POD,
FAR, POFD, SR, TS, ETS, HSS, and ORSS) in the
forecast performance at the stations of the REMA.
These statistics demonstrated acceptable percentages.

A more detailed analysis of the PM; 5 forecasts
from the UTP and Agua Santa stations as diagnos-
tic indicators of poor-quality environmental PM; s
events indicates that they likely represent regional
problems. These stations exhibit the highest average
values in the dichotomous statistics for the hot-dry
and cold-dry seasons, respectively. In contrast, the
BINE and Ninfas stations are more representative
of local problems, potentially influenced by local
emissions, roads, and industrial factors. Regarding
the PM, forecasts, the BINE and Vel6dromo stations
presented the highest average value of the dichoto-
mous statistics for the cold-dry season.

The extended non-operational status of certain
REMA stations resulted in insufficient data for the
study. The scarcity of data for PM; 5 (48.38%) and
PMyy (37.12%) limited the exhaustiveness of our
analysis.

The importance of our study lies in its pioneering
approach. It is the first time such a complete com-
parison has been made on the American continent,
specifically in Mexico. These findings provide critical
information and suggest avenues for further improve-
ment, including improving resolution, incorporating
detailed emissions inventories, and accounting for
local meteorological variables.

Our research lays the foundation for improving
air quality forecasting in the region, offering valu-
able information for policy decisions and additional
studies to enhance air quality in the MZVP.
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Supplementary material

S1. Description of dichotomous statistics
Accuracy (fraction correct): indicates the correct
portion of the forecasts.

hits + correct negatives (1)
total

Accuracy =

Bias score (frequency bias): compares the fre-
quency of the predicted events and the frequency of
the observed events. Determines whether there is a
tendency to under-forecast (BIAS < 1) or over-fore-
cast (BIAS > 1) events.

hits + false alarms
hits + misses )

BIAS =

Probability of detection (hit rate): indicates the
fraction of observed “yes” events that were correctly
predicted.
hits

POD=—— ">
© hits + misses 3)

False alarm rate: indicates the fraction of forecast
events that will occur but did not occur.
false alarms

FAR =
hits + false alarms

“4)

Probability of false detection (false alarm ratio):
considers the part of events not observed that were
incorrectly predicted as “yes”.

false alarms
correct negatives + false alarms

POFD = (5)

Success ratio: considers the fraction of events
predicted “yes” that were correctly observed.

_ hits

 hits + false alarms (6)

Threat score (critical success rate): determines the
part of observed and/or predicted events that were
suitably predicted.

TS = hits
hits + misses + false alarms

(7

Equitable threat score (Gilbert skill score): quanti-
fies the portion of observed and/or predicted episodes
that were suitably predicted, coupled by hits related
to aleatory probability.

ETS = hits—hits ,undom

®)

hits + misses + false alarms — hits,andom

Where

(hits + misses)(hits + false alarms)
total

hitsrandom =

Hanssen and Kuipers discriminant (true ability
statistic, Peirce skill score): indicates the success of
the forecast separating “yes” events from “no” events.

HK = — hits false alarms
hits + false alarms + (10)
misses correct negatives

Heidke skill score (Cohen’s K): establishes the
share of correct predictions afterward, removing
those forecasts that would be correct due to chance
alone.

(hits + correct negatives) —
(expected correct) . ngom

(11)
N — (expected correct) . ,piom
where:
(expected correct), , pm =
1/N [(hits + misses)(hits + false alarms) + (12)

(correct negatives + misses)
(correc negatives + false alarms))

Odds ratio skill score (Yule’s Q): indicates how
far the forecast was ahead of chance:

hits * correct negatives —
misses * false alarms

ORSS = (13)

hits * correct negatives +
misses * false alarms

S2. Comparison of dichotomous statistics of CAMS
and REMA persistence

Tables SI, SII, SIII, SIV, XV, SVI, SVII, and SVIII
compare the dichotomous statistics of the REMA
persistence forecast with CAMS adjusted by ratio.
It corresponds to PMj s for the stations of the Atmo-
spheric Monitoring Network in 2021.
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Table SI. Comparison of dichotomous statistics of persistence air and REMA and CAMS health indices adjusted by
ratio for PM; 5 at the Agua Santa station.

Dichotomous statistics, Agua Santa station PM; 5

ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 1.00 1.000 Null  Null Null Null Null Null 000 0.00 Null Null
February 096 1.00 050 Null 050 Null 0.00 Null 0.00 0.00 1.00 Null
March 0.57  1.00 1.1 Null 033 Null 070 Null 033 000 030 Null
April 0.79 063 100 120 080 073 020 039 021 047 0.80 0.61
May 0.80 055 1.00 220 040 020 0060 091 0.12 038 040 0.09
June 1.00 1.000 Null Null Null Null Null Null 0.00 000 Null Null
July 1.000 1.00 Null Null Null Null Null Null 0.00 000 Null Null
August 1.00 1.000 Null Null Null Null Null Null 0.00 000 Null Null
September 1.000 1.00 Null Null Null Null Null Null 0.00 000 Null Null
October 1.00 1.000 Null Null Null Null Null Null 000 0.00 Null Null

November 0.79  0.87 1.0 2.00 0.25 1.o0 075 050 0.12 0.15 025 0.50
December 0.77 074 094 100 078 0.78 0.18 022 025 031 082 0.78

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SII. Comparison of dichotomous statistics of persistence air and REMA and CAMS health indices adjusted by
ratio for PM, 5 at the Agua Santa station.

Dichotomous statistics, Agua Santa station PMj s

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January Null Null Null Null Null Null Null Null Null Null
February 0.50 Null 0.48 Null 0.50 Null 0.65 Null 1.00 Null
March 0.19 Null 0.00 Null 0.00 Null 0.00 Null 0.00 Null
April 0.67 0.50 0.41 0.15 0.59 0.27 0.59 0.27 0.87 0.52
May 0.25 0.07 0.16 —-0.06 0.28 —-0.18 0.28 -0.12 0.66 -0.43
June Null Null Null Null Null Null Null Null Null Null
July Null Null Null Null Null Null Null Null Null Null
August Null Null Null Null Null Null Null Null Null Null
September Null Null Null Null Null Null Null Null Null Null
October Null Null Null Null Null Null Null Null Null Null

November 0.14 0.50 0.07 0.42 0.13 0.85 0.13 0.59 0.42 1.00
December 0.67 0.64 0.35 0.31 0.53 0.47 0.52 0.47 0.83 0.77

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke skill
score; ORSS: odds ratio skill score.
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Table SIII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted by
ratio for PM, 5 at the BINE station.

Dichotomous statistics, BINE station PM; 5

ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 1.00 090 Null Null Null Null Null .00 0.00 0.10 Null 0.00
February 0.81 1.00 0.75 Null 025 Null 067 Null 009 000 033 Null

March 0.77  0.97 1.33  Null  0.00 Null 1.00 1.00  0.15 0.03 0.00 0.00
April 093  0.53 1.00 350 075 050 025 08 0.04 046 075 0.14
May 1.00 097 Null Null Null Null Null 1.00 0.00 0.03 Null 0.00
June 1.00 097 Null Null Null Null Null 1.00 000 0.03 Null 0.00
July 0.87  0.90 1.00 050 0.00 000 1.00 1.00 0.07 0.03 000 0.00
August 1.00 1.000 Null Null Null Null Null Null 0.00 000 Null Null

September  1.00 1.00  Null Null Null Null Null Null 0.00 0.00 Null  Null
October 0.93 0.97 1.00 0.00 0.00 0.00 1.00 Null 0.03 0.00 0.00  Null
November  0.93 0.97 1.00 0.00 0.00 0.00 1.00  Null 0.04 0.00 0.00  Null
December  1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SIV. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted by
ratio for PM; 5 at the BINE station.

Dichotomous statistics, BINE station PM, 5

TS ETS HK HSS ORSS

Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
February 0.17 Null 0.10 Null 0.16 Null 0.18 Null 0.56 Null
March 0.00 0.00 —0.06 0.00 —0.15 Null —0.13 0.00 -1.00 Null
April 0.60 0.13 0.55 0.01 0.71 0.04 0.71 0.02 0.97 0.08
May Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
June Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
July 0.00 0.00 —-0.03 —0.02 —-0.07 —-0.03 —0.07 -0.04  -1.00 -1.00
August Null Null Null Null Null Null Null Null Null Null
September Null Null Null Null Null Null Null Null Null Null
October 0.00 0.00 -0.02 0.00 —-0.03 0.00 —-0.03 0.00 -1.00 Null

November 0.00 0.00 -0.02 0.00 -0.04 0.00 -0.04 0.00 -1.00 Null
December Null Null Null Null Null Null Null Null Null Null

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke skill
score; ORSS: odds ratio skill score.
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Table SV. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted by
ratio for PM, 5 at the Ninfas station.

Dichotomous statistics, Ninfas station PM; 5
ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 097 0.77 2.00 2.50 1.00 0.00 0.50 1.00  0.03 0.17  0.50  0.00
February 1.00  0.61 Null 450 Null 0.00 Null 1.00 0.00 035 Null 0.00
March 0.83 0.65 0.75 450 025 0.00  0.67 1.00  0.08 031 0.33 0.00

April 093 070 1.00 800 0.00 0.00 1.00 1.00 0.04 028 000 0.00
May 1.00 094 Null Null Null Null Null 1.00 0.00 0.06 Null 0.00
June 1.00 1.00  Null Null Null Null Null Null 0.00 0.00 Null Null
July 1.00 1.000  Null Null Null Null Null Null 0.00 0.00 Null Null

August 1.00 1.000 Null Null Null Null Null Null 0.00 000 Null Null
September 1.00 1.00 Null  Null Null Null Null Null 0.00 0.00 Null  Null
October 1.00 1.00 Null Null Null Null Null  Null 0.00 0.00 Null Null
November 1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null
December 0.83 0.90 0.67 0.00 0.00 0.00 1.00 Null 0.07 0.00 0.00 Null

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SVI. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM, s at the Ninfas station.

Dichotomous statistics, Ninfas station PM, 5

TS ETS HK HSS ORSS

Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.50 0.00 0.48 —-0.05 0.97 -0.17 0.65 -0.10 1.00 —-1.00
February Null 0.00 Null —0.06 Null —-0.35 Null —-0.13 Null -1.00
March 0.17 0.00 0.11 —-0.06 0.17 -0.31 0.19 -0.12 0.60 -1.00
April 0.00 0.00 —-0.02 -0.03 -0.04  -0.28 -0.04 -0.06 -1.00 -1.00
May Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
June Null Null Null Null Null Null Null Null Null Null
July Null Null Null Null Null Null Null Null Null Null
August Null Null Null Null Null Null Null Null Null Null
September Null Null Null Null Null Null Null Null Null Null
October Null Null Null Null Null Null Null Null Null Null

November Null Null Null Null Null Null Null Null Null Null
December 0.00 0.00 -0.04 0.00 -0.07 0.00 -0.09 0.00 -1.00 Null

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke skill
score; ORSS: odds ratio skill score.
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Table SVIIL. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM; s at the UTP station.

Dichotomous statistics, UTP station PM, 5

ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 090 087 2.00 1.00 000 000 100 1.00 0.07 0.07 0.00 0.00
February 093 0.8 1.00 050 000 000 100 1.00 0.04 0.04 0.00 0.00
March 083 084 0.67 150 000 000 100 1.00 0.07 0.10 0.00 0.00
April 0.86  0.63 1.00 550 0.00 050 1.00 091 007 036 0.00 0.09
May 1.00 068 Null Null Null Null Null 1.00 0.00 032 Nul 0.00
June 093 097 1.00 0.00 000 000 1.00 Null 0.04 0.00 0.00 Null
July 093 094 1.00 1.00 000 000 100 1.00 0.03 0.03 0.00 0.00
August 1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null
September 093 097 1.00 000 000 000 1.00 Nul 0.04 000 000 Null
October 1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null

November 1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null
December 0.90 0.81 0.50 2.00 0.00 0.00 1.00 1.00 0.04 0.14 0.00 0.00

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SVIII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM, s at the UTP station.

Dichotomous statistics, UTP station PM; s

TS ETS HK HSS ORSS

Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.00 0.00 -0.02 -0.03 -0.07 -0.07 -0.05 -0.07 -1.00 -1.00
February 0.00 0.00 -0.02 -0.02 -0.04 -0.04 004 -005 -1.00 -1.00
March 0.00 0.00 -0.04 -0.04 -0.07 -0.10 -0.09 -0.08 -1.00 -1.00
April 0.00 0.08 —0.04 0.02 -0.07 0.14 -0.07 0.05 —-1.00 0.29
May Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
June 0.00 0.00 -0.02 0.00 —0.04 0.00 —-0.04 0.00 -1.00 Null
July 0.00 0.00 -0.02 -0.02 -0.03 -0.03 -0.03 -0.03 -1.00 -1.00
August Null Null Null Null Null Null Null Null Null Null
September 0.00 0.00 —-0.02 0.00 —0.04 0.00 —-0.04 0.00 —-1.00 Null
October Null Null Null Null Null Null Null Null Null Null

November Null Null Null Null Null Null Null Null Null Null
December 0.00 0.00 -0.02 -0.04 -0.04 -0.14 -0.05 -0.09 -1.00 -1.00

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke
skill score; ORSS: odds ratio skill score.
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Table SIX. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted by
ratio for PM( at the Agua Santa station.

Dichotomous statistics, Agua Santa station PM,

ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 1.00 1.00  Null  Null Null Null Null Null 0.00 0.00 Null Null
February 096 057 092 117 092 058 000 050 0.00 044 1.00 0.50
March 080 087 1.00 0.85 088 085 012 000 0.60 0.00 0.88 1.00
April 086 080 1.00 093 093 08 007 0.08 1.00  1.00 093 0.92
May 053 052 1.00 145 030 055 070 063 035 050 030 038
June 093 087 1.00 3.00 0.00 000 100 1.00 0.04 0.10 0.00 0.00
July 093 094 1.00 0.00 050 000 050 Nul 0.04 0.00 050 Null
August 1.00 1.00 Null  Null Null Null Null Null 0.00 0.00 Null Null

September  1.00 1.000 Null  Null Null Null Null Null 000 000 Null Null
October 090 090 0.67 0.00 033 000 050 Null 0.04 0.00 050 Null
November  0.79  0.67 1.00 1.67 067 078 033 053 015 038 0.67 047
December 0.83  0.74  0.96 1.17 088 092 0.09 021 033 086 091 0.79

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SX. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM( at the Agua Santa station.

Dichotomous statistics, Agua Santa station PM g

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January Null Null Null Null Null Null Null Null Null Null
February 0.92 0.37 0.86 0.08 0.92 0.15 0.92 0.14 1.00 0.29
March 0.79 0.85 0.16 0.47 0.28 0.85 0.28 0.64 0.66 1.00
April 0.86 0.80 -0.04 -0.05 -0.07 -0.14 -0.07 -0.10 -1.00 -1.00
May 0.18 0.29 —-0.02 0.02 —-0.05 0.05 —-0.05 0.04 -0.11 0.09
June 0.00 0.00 -0.02 -0.03 -0.04 -0.10 -0.04 -0.05 -1.00 -1.00
July 0.33 0.00 0.30 0.00 0.46 0.00 0.46 0.00 0.93 Null
August Null Null Null Null Null Null Null Null Null Null
September Null Null Null Null Null Null Null Null Null Null
October 0.25 0.00 0.21 0.00 0.30 0.00 0.35 0.00 0.86 Null

November 0.50 0.41 0.35 0.20 0.52 0.40 0.52 0.33 0.84 0.70
December 0.81 0.73 0.34 0.04 0.54 0.06 0.51 0.07 0.87 0.29

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke
skill score; ORSS: odds ratio skill score.
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Table SXI. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM; at the BINE station.

Dichotomous statistics, BINE station PM
ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 070 065 08 229 029 08 067 063 0.17 042 033 038
February 059 050 095 1.11 0.68 068 028 038 0.63 089 072 0.62

March 057 058 106 105 067 068 037 035 058 058 063 0.65
April 048 067 095 1.1l 058 079 039 029 070 055 061 071
May 0.87 0.61 1.oo 367 033 033 067 091 007 036 033 0.09
June 093 093 100 1.00 000 000 1.00 1.00 0.04 0.03 0.00 0.00
July 073 045 100 143 043 000 057 1.00 017 042 043 0.00

August 1.000 090 Null Null Null Null Null 100 000 010 Null 0.00
September 0.86 0.87 1.00 1.00 000 0.00 1.00 1.00 0.07 0.07 0.00 0.00
October 093 084 1.00 150 050 000 050 1.00 0.04 010 050 0.00
November 0.79 083 1.00 1.60 040 080 060 050 0.13 0.16 040 0.50
December 0.77 0.87 095 121 079 1.00 0.17 0.17 027 033 0.83 0.83

REMA: Red Estatal de Monitoreco Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability
of detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SXII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM at the BINE station.

Dichotomous statistics, BINE station PM;q

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.18 0.35 0.06 0.18 0.11 0.44 0.12 0.30 0.31 0.79
February 0.54 0.48 0.03 —-0.10 0.06 —0.20 0.06 —0.22 0.13 —0.57
March 0.48 0.50 0.04 0.05 0.08 0.10 0.08 0.10 0.18 0.21
April 0.42 0.60 —0.06 0.15 -0.12 0.24 —0.12 0.25 —0.26 0.52
May 0.20 0.08 0.15 —-0.01 0.26 —-0.02 0.26 —-0.01 0.72 —-0.05
June 0.00 0.00 -0.02 —0.02 —-0.04 —-0.03 -0.04  -0.03 -1.00 -1.00
July 0.27 0.00 0.15 —0.15 0.25 —0.42 0.25 —0.36 0.56 -1.00
August Null 0.00 Null 0.00 Null Null Null 0.00 Null Null
September 0.00 0.00 —0.04 —0.03 —0.07 —0.07 —0.07 -0.07  -1.00 -1.00
October 0.33 0.00 0.30 —0.04 0.46 —-0.10 0.46 —-0.08 0.93 —-1.00

November 0.25 0.44 0.16 0.35 0.28 0.64 0.28 0.52 0.65 0.91
December 0.68 0.83 0.34 0.55 0.52 0.67 0.51 0.71 0.82 1.00

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke skill
score; ORSS: odds ratio skill score.
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Table SXIII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM at the Ninfas station.

Dichotomous statistics, Ninfas station PM;
ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 0.67  0.61 1.00 .20 0.74 080 026 0.3 045 0.73 074  0.67
February 093  0.82 1.00 1.04 09 092 0.04 012 033 1.00 096  0.88

March 0.80 0.74 1.00 092 088 0.81 0.12  0.13 0.60 0.60 088  0.88
April 093  0.87 1.00 093 096 090 0.04 0.04 1.00 1.00 096  0.96
May 0.80  0.61 1.00 1.7 050 033 050 08 013 032 050 020
June 093  0.90 1.00 050 050 0.00 0.50 1.00  0.04 004 050 0.00
July 0.63  0.61 0.90 140 040 060 056 057 025 038 044 043

August 0.93 0.84 1.000  4.00 0.00 0.00 1.00 1.00  0.03 0.13 0.00  0.00
September 0.93 0.97 .00 0.00 0.00 0.00 1.000 Null 004 0.00 0.00 Null
October 0.93 0.97 1.00  0.00 0.00 0.00 1.00  Null 0.03 0.00  0.00 Null
November 0.72  0.70 1.00 0.80 020 0.00 0.80 .00 0.17 0.16 020  0.00
December 0.70  0.65 0.95 .14 0.77 082 0.19 0.28 050 0.78  0.81 0.72

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability of
detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SXIV. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM at the Ninfas station.

Dichotomous statistics, Ninfas station PM;

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.58 0.57 0.16 0.04 0.28 0.07 0.28 0.08 0.54 0.20
February 0.92 0.82 0.45 —0.04 0.63 —0.08 0.63 —0.09 0.96 -1.00
March 0.79 0.72 0.16 0.10 0.28 0.21 0.28 0.18 0.66 0.47
April 0.93 0.87 -0.02  -0.03 -0.04 -0.10 -0.04 -0.05 -1.00  -1.00
May 0.33 0.14 0.23 0.01 0.38 0.01 0.38 0.01 0.75 0.03
June 0.33 0.00 0.30 —0.02 0.46 —0.04 0.46 —-0.05 0.93 —-1.00
July 0.27 0.33 0.08 0.11 0.15 0.22 0.15 0.20 0.33 0.42
August 0.00 0.00 -0.02  -0.03 -0.03 —-0.13 —-0.03 —-0.05 -1.00  -1.00
September 0.00 0.00 —0.02 0.00 —0.04 0.00 —0.04 0.00 -1.00 Null
October 0.00 0.00 —0.02 0.00 —0.03 0.00 -0.03 0.00 —-1.00 Null
November 0.11 0.00 0.02 —0.08 0.03 —0.16 0.03 —0.17 0.11 —-1.00

December 0.65 0.62 0.15 0.02 0.27 0.04 0.26 0.04 0.55 0.13

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke skill
score; ORSS: odds ratio skill score.
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Table SXV. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM at the UTP station.

Dichotomous statistics, UTP station PM,

ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 087 065 100 1.13 091 083 009 027 025 088 091 0.73
February 093 075 1.00 1.04 09 088 004 016 025 1.00 09 0.84

March 080 074 100 093 088 081 012 012 075 0.75 0.88 0.88
April 072 077 100 104 08 08 017 016 067 0.67 083 0.84
May 057 061 094 112 059 071 038 037 046 050 063 0.63
June 079 087 1.00 000 025 000 075 Null 0.12 0.00 025 Null
July 083 045 093 08 08 033 014 058 0.13 044 086 042

August 097 074 133 1.00 100 000 025 1.00 004 0.15 0.75 0.00
September 093  0.70 1.00 0.80 0.80 0.00 020 1.00 004 0.16 080 0.00
October 093 097 1.00 0.00 000 000 1.00 Nul 0.03 000 000 Nul
November 0.66 047 1.00 078 044 000 056 1.00 025 033 044 0.00
December 0.80 0.65 1.00 104 087 0.79 013 024 043 086 0.87 0.76

REMA: Red Estatal de Monitoreco Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability
of detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SXVI. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices adjusted
by ratio for PM at the UTP station.

Dichotomous statistics, UTP station PMy

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.83 0.63 0.49 —-0.03 0.66 —0.05 0.66 —0.06 0.94 —-0.19
February 0.92 0.75 0.55 —0.07 0.71 —0.13 0.71 —0.14 0.97 —-1.00
March 0.79 0.73 0.07 0.03 0.13 0.06 0.13 0.05 0.44 0.19
April 0.70 0.75 0.09 0.13 0.16 0.21 0.16 0.22 0.41 0.56
May 0.43 0.50 0.07 0.12 0.13 0.21 0.13 0.21 0.25 0.41
June 0.14 0.00 0.07 0.00 0.13 0.00 0.13 0.00 0.42 Null
July 0.71 0.23 0.50 —0.05 0.67 —0.10 0.67 —0.10 0.93 -0.22
August 0.75 0.00 0.72 —-0.07 0.96 —0.15 0.84 —0.15 1.00 -1.00
September 0.67 0.00 0.61 —0.08 0.76 —0.16 0.76 -0.17 0.98 -1.00
October 0.00 0.00 —0.02 0.00 —0.03 0.00 —0.03 0.00 —-1.00 Null

November 0.29 0.00 0.11 —0.15 0.19 -0.33 0.19 —0.36 0.41 -1.00
December 0.77 0.63 0.28 —0.03 0.44 —0.07 0.44 —0.07 0.80 -0.22

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke
skill score; ORSS: odds ratio skill score
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Table SXVII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices
adjusted by ratio for PM g at the Velédromo station.

Dichotomous statistics, Velodromo station PM;
ACCURACY BIAS POD FAR POFD SR
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS

January 070 058 083 250 017 067 08 073 0.17 044 020 0.27
February 0.78 0.75 1.00 044 067 033 033 025 017 005 0.67 0.75
March 093 058 1.00 058 092 025 008 057 006 021 092 043

April 093 097 1.00 000 000 000 1.00 Null 0.04 0.00 0.00 Null
May 1.000 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null
June 1.00 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null
July 1.000 1.00 Null Null Null Null Null Null 0.00 0.00 Null Null

August 1.00 1.00 Null Null Null Null Null Null 000 0.00 Null Null
September  1.00 1.00  Null Null Null Null Null Null 0.00 000 Null Null
October 1.00 1.00 Null Null Null Null Null Null 0.00 000 Null Null
November 1.00 1.00  Null Null Null Null Null Null 0.00 0.00  Null Null
December 1.00 1.00 Null Null Null Null Null Null 0.00 000 Null Null

REMA: Red Estatal de Monitoreco Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; ACCURACY: accuracy; BIAS: bias score; POD: probability
of detection; FAR: false alarm rate; POFD: probability of false detection; SR: success ratio.

Table SXVIII. Comparison of dichotomous statistics of REMA and CAMS persistence air and health indices
adjusted by ratio for PM at the Vel6dromo station.

Dichotomous statistics, Velodromo station PM;

TS ETS HK HSS ORSS
Month REMA CAMS REMA CAMS REMA CAMS REMA CAMS REMA CAMS
January 0.10 0.24 0.00 0.08 0.00 0.23 0.00 0.14 0.00 0.44
February 0.50 0.30 0.33 0.20 0.50 0.28 0.50 0.33 0.82 0.80
March 0.85 0.19 0.76 0.02 0.86 0.04 0.86 0.04 0.99 0.11
April 0.00 0.00 -0.02 0.00 -0.04 0.00 —0.04 0.00 —1.00 Null
May Null Null Null Null Null Null Null Null Null Null
June Null Null Null Null Null Null Null Null Null Null
July Null Null Null Null Null Null Null Null Null Null
August Null Null Null Null Null Null Null Null Null Null
September Null Null Null Null Null Null Null Null Null Null
October Null Null Null Null Null Null Null Null Null Null

November Null Null Null Null Null Null Null Null Null Null
December Null Null Null Null Null Null Null Null Null Null

REMA: Red Estatal de Monitoreo Atmosférico (State Ambient Air Monitoring Network); CAMS: Copernicus
Atmospheric Monitoring Service; Null = null value; TS: threat score; ETS: equitable threat score; HSS: Heidke
skill score; ORSS: odds ratio skill score.



