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> Introduction

In this work, we introduce the upwind urban background scheme that provides background
concentrations using CMAQ depending on the wind speed and direction avoiding double
counting emissions and using CMAQ outputs without need to re-run the model. We combine
observations and upwind urban background scheme results to analyse NO2 and O3 back-
ground influence on urban NO2 in the Barcelona city.

> Methodology

CALIOPE

CALIOPE is a mesoscale air quality modelling system that provides 48 hour air quality
forecasts at 12 km horizontal resolution over Europe, 4 km over Spain and 1 km over urban
areas (e.g. Barcelona city). It integrates the Weather Research and Forecasting meteorologi-
cal model (WRF), the High-Elective Resolution Modelling Emission System (HERMES), the
Community Multiscale Air Quality Modeling System (CMAQ) and the mineral Dust REgional
Atmospheric Model (BSC-DREAM8b).

Upwind urban background scheme

To avoid double counting traffic emissions in CMAQ and R-LINE and to take into account
mesoscale meteorological patterns, a new method is under development. The upwind urban
background scheme makes a selective choice of CMAQ cells as sketched below. This method
is inspired by Berkowicz (2000).

For each hour, a polygon covering air masses retro trajectory (white) is created. Grid cells
values are averaged to produce the background estimate.

Figure 1: Upwind urban background scheme concept. Squares represent CMAQ cells. White
polygon covers air masses retro trajectory. wd is wind direction.

Observations

Ambient street-level pollutant and meteorological measurements collected during a field
study in April 2013 within the structured grid of Eixample neighborhood (Amato et al. 2014)
are used to explore contributions to urban NO2 in combination with observations from the
official network. This period presents an air quality episode from the 12th to 18th April.

> Results

Influence of background NO2 - O3 on urban NO2 using model and observa-
tions

The upwind urban background scheme selects CMAQ cells depending on wind conditions
leaving out the cell over the estimated area, to avoid double counting.

Figure 2: NO2 and O3 background for 17/4/2013 from 6 am to 12 pm (UTC). Triangular
shapes represent scheme polygons for each hour, colors are background levels and numbers
are time of the day. We can see north eastern winds entering from the river basin turning to

sea breezes during the afternoon.

The upwind background scheme overestimates O3 levels at midday as expected. For NO2 it
gets closer to observations at the afternoon minimum compared to CMAQ over the city.

Figure 3 and Figure 4: O3 and NO2 background levels at Ciutadella background station (black
line), upwind background scheme (red) and CMAQ values over the city (blue), from 15th to
18th April 2013 over Carrer Valencia No. 455, a site of the experimental campaign. This period
represents background levels during the air pollution episode.
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> Results (con’t)

Hourly NO2 levels produced by R-LINE using GRS chemistry and local meteorology given
different options of background concentration input. NO2 background has a marked

influence in urban NO2 results temporal pattern.

Figure 5: Hourly NO2 levels given different options of background concentration input:
upwind urban background scheme (red), CMAQ over city (blue) and Ciutadella Park back-
ground station observations (green). The simulation is run over Carrer Valencia No. 455
site, a highly trafficked street, during the same period (15th to 18th). NO2 background has a
marked influence on model results temporal pattern. For instance, on the 17th at 7h R-LINE
using background observations (green) gives a morning peak overestimation directly related
to the high peak found at the same time in Ciutadella Park observations in Figure 4. The
afternoon minimums are better represented by R-LINE using upwind background scheme
and this configuration slightly improves peak results compared to R-LINE using CMAQ city
as background.

> Conclusions

A method to estimate background concentrations using CMAQ, the upwind urban back-
ground scheme, has been introduced. CMAQ grid cells are chosen depending on wind
conditions, tracing air masses retro trajectory. The scheme avoids double counting emissions
and provides background concentrations to urban models without re-running CMAQ.
Scheme results show its ability to inject O3 from outside the city on the afternoon with moder-
ate winds. In addition the scheme provides more precise estimates of afternoon background
levels compared to using a CMAQ grid cell falling over the city as background. However, on
its current state of development morning and evening peak values are still similar to CMAQ
over the city.
The results show that in cities with a high vehicle density with a majority of vehicles being
diesel as Barcelona, urban background NO2 highly influences urban NO2 concentration levels.
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