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Motivation
Over 75% of citizens in urban areas are exposed to levels of pollution above the limits established by the World Health Organization [1], making air pollution an environmental issue of public interest. Several
pollutants can be found in cities, but as many studies indicate, particulate air pollutants (PM2.5, PM10, black carbon, dust, aerosols, etc.) can have a direct negative effect on health [2,3,4]. Such particulate air
pollutants are composed of a number of solid and liquid substances which can be derived both from human activity such as road traffic, industrial processes and construction works, and from natural sources such as
dust storms, volcanic eruptions and forest fires [5,6].

The main goal of the present use case is to implement and test a simplified potential flow-based urban-scale particulate air pollutant predictive tool in the city of Barcelona.
Succeeding in this work means that decision-makers will have a practical forecasting tool that can effectively guide them in the local-scale management of urban areas.
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STEP 1
SIMULATION START 

AND
PARAMETRIZATION

User executes simulation via Kratos Multiphysics software and 
parametrizes request for datasets - CAMS PM10, Wind u/v and which 
DT, bounding box, and a date range.

STEP 2
HDA PYSTAC DATASET 

SEARCH

Parameters are passed into Python script which accesses the DEDL via 
the HDA API, using PyStac, and searches for the appropriate datasets 
– CAMS and DT CC or Extremes, and applies the where clauses for 
bounding and dates. Available via Stack also.

The resulting datasets selected for CAMS and DT are retrieved and 
downloaded to Islet S3 storage, which is mounted on the Islet VM. 
This process can also be done via Stack’s Jupyter notebooks.

STEP 3
HDA

DATASET RETRIEVAL

STEP 4
PARSING WIND DATA 

AND FARFIELD 
CALCULATION

The wind datasets are converted to csv and clipped to the bounding 
box. A farfield surrounding the urban mesh dataset is generated by 
taking the average of the lat/lon points on the perimeter of the 
clipped dataset (the bounding box).

STEP 5
RESOURCE PARSING 

FOR PM10 DATA

The CAMS data is read from the grib file directly. The simulation 
accesses the file to get PM10 by latitude and longitude for each point 
present in the dataset (120 over the bounding box, given the 
resolution of the dataset), which correspond to the same point on the 
urban mesh (the corresponding latitude/longitude).

STEP 6
SIMULATION 
EXECUTION

STEP 7
SIMULATION 
EXECUTION

Two-step simulation:
1. Estimate wind velocity over the city by solving the potential flow 

equation in a 2D FEM mesh [7]. This model is a proof of concept 
at the moment.

2. Transport the pollutant concentration over the streets by solving 
the advection-diffusion-absorption equation using a semi-
Lagrangian transport model [8]

The simulation results can be viewed via the GiD Simulation software, 
and the data is available in image, csv, and graphed formats.

DEDL datasets used Results

PM10 pollutant concentration (μg/m3) Wind vectors (km/h)

Correspondence of nodes

Monitoring urban-scale events

Digital Twin: Climate Change 
Adaptation / Climate 

Extremes
2m temperature and 30m 

wind forecast (u/v)

European Air Quality Forecasts
PM10 (10 ) particulate matter

(1.554252, 40.94932, 2.762153, 
41.858645)

Ai Q lit F
2D finite element method 
(FEM) mesh of Barcelona 

and environs:
(1.554252, 40.94932, 2.762153, 

41.858645)

Each node in the dataset (lat/lon) is
interpolated to a node in the urban
mesh (FEM).

The simulation loops through the
datasets (PM10 and wind) to retrieve
the values.

• A practical demonstration of use of the DEDL and possibilities for reuse of 
resources on the DestinE platform.

• A numerical tool prototype able to provide a fast, urban-scale and short-term 
prediction of the particulate matter immissions in any street of an urban area.

• A robust computational framework that can be easily adapted to other 
transport problems such as nitrogen dioxide, odors, allergens, etc.

• Upgrade the current 2D potential flow solver to a 3D CFD model (future plan).
• Parametrization of all inputs to allow dynamic use of models and datasets –

from DEDL and federated sources (future plan).
• Implement a web interface for easier end-user interaction and automatic 

triggering of threshold events (future plan).

Highlights and future plans
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