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STUDY OBJECTIVES AND
CONTEXT

STATE OF ART



From the perspective of
atmospheric modeling, physico-
chemical processes affecting a
narrow valley have been interesting
due to the geography and human
activities on climate behavior and
pollutant dynamics [1,2].

STUDY OBJECTIVES AND CONTEXT
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GEOGRAPHY

The Aburrá Valley in the second largest metropolitan Area
in Colombia, It is situated in an Intertropical Andean Zone

with high population and industrital activities. Also it
experiences a diverse climate due to the variations in the

elevation of the mountains (1500 masl to 2500 masl).
Additionally it is surrounded by vulnerable and particular

ecosystems such as Páramos and High Andean Forests [3-8]. 

NARROW VALLEY
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CHEMICAL TRANSPORT
MODELS (CTM)

ATMOSPHERIC MODELLING TO
UNDERSTAND THE AIR

POLLUTION BEHAVIOUR
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LOTOS
EUROS

WRF-
CHEMISTRY

Long Term Ozone Simulation -
European Operational Smog Model,
was developed in 2004.
It was coupled with WRF (Weather
Research and Forecasting) as
NWPM (Numerical Weather
Prediction Model). 
LOTOS EUROS has been in use in
Colombia since 2017, and its
implementation allowed to develop
MAUI (Medellín Air Quailty
Iniciative), and the National
Scientific Iniciative 4DAir. 

Weather Research and
Forecasting (WRF) model coupled
with Chemistry. 
Its first implementation in
Colombia was in 2016, for PM10 in
the city og Bogotá, with data
assimilation.
It is automatically coupled with
WRF as NWPN. 
WRF Chem now is available at
EAFIT university in HPC, Apolo
EAFIT.  
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CTM SET UP

LOTOS EUROS SET UP WRF CHEM SET UP

 It takes into account the time simulation plus the
spin up time.
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NO2
OUR INTEREST DUE TO THEIR
IMPACTS ON NATURAL AND
VULNERABLE ECOSYSTEMS



LE SIMULATION
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WRF-C SIMULATION
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IN SITU DATA
(Aburrá Valley Early Warning

System). 
Local network for air quality
monitoring with more than 60

surface stations.  
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SIATA STATIONS

DATA COLLECTED

LOCATION
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STATISTICAL ANALYSIS

ENSEMBLE
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Time series for obs
(SIATA observations),
no2 (LOTOS EUROS

output) and no2.1
(WRFChem output)

and statistics such as
the average, mean
fractional bias and

median of the
observation and the
two outputs from the

models for each
station  
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The ensemble includes calculations of
the average, median, and mean
fractional bias of observations, along
with models results. The comparison
is made using three metrics widely
employed in atmospheric sciences: the
mean fractional bias (MFB), root mean
square error (RMSE), and correlation
factor (CF). 

METHODOLOGY
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SAMPLE
STATION 6
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TAYLOR DIAGRAMS
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STATISTICAL
RESULTS

ENSEMBLE DONE (6)

n: number of samples
FAC2: fraction of predictions within a factor of two
MB: the mean bias
MGE: the mean gross error.
NMB: the normalised mean bias.

NMGE: the normalised mean gross error.
RMSE: the root mean squared error
r: the Pearson correlation coefficient
COE: the Coefficient of Efficiency 18



DISCUSSION
FACT 1 FACT 2 

FACT 4FACT 3

Colombia faces a lack of remote sensing devices
or data collecting activities to improve the results

of the atmospheric modelling. 

Comparing the results of various models and evaluating
which performs best for a specific spatial domain, for

certain chemical species posing high risks to health and
ecosystems, can facilitate decision-making.

An ensemble of models with real-time statistical
analysis should be performed.

Offline models runs, such as LOTOS EUROS, WRF
CHEM, and CMAQ, have been conducted

throughout Colombia to understand dynamics in
major cities like Medellín, Bogotá, and Cali
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From the simulations and visualizations of the
models, it is possible to identify the
relationship between nitrogen compounds and
exposure to solar radiation.

Through this ensemble, WRF Chem shows a
better performance for the analysis of NO2 in
the timeframe, however, both models are quite
far from the observations. 

CONCLUSION
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We suggest inaccuracies in the predictions
due to model configurations, low precision of
the models, or difficulties in generalizing the
data. Geography also has an impact.

LOTOS-EUROS has been in use in Colombia
since 2017, and now WRFChem is available to
simulate the atmospheric composition in the
country, with this the ensemble perspective
can begin to be approached with the
statistical advantages this promotes.

CONCLUSION
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