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Outline

* CALIOPE-Urban v1.0: overview and evaluation for NO,

* Local traffic contribution to black carbon horizontal and
vertical profiles using CALIOPE-Urban v1.0
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Motivation - NO, a health issue

Building density

Potential exposure of the
population to the annual
mean NO, concentration
for 2016
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CALIOPE: Air Quality Forecasting System for Spain
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Problem definition
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Objective

* Simulate more accurate NO, concentrations at street-scale level.

e Use valuable information from a mesoscale model (i.e.,
meteorology and air quality) forecast.

* Give a more realistic estimate of NO, spatial distribution and

temporal variability across the city for regulatory purposues.
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Air quality measures on April-May 2013 (Amato et al., 2014)

212 passive dosimeters for two weeks on Feb-March 2017
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Methodology

CALIOPE

Meteorology

Hourly wind and
stability parameters

@ Background

Hourly NO, and O3
concentrations

Emissions

Hourly NO, NO, and NMVOC
emissions per road-link,
road geometry

Street-specific and
averaged by area
parameters

Urban
geometry

X, Y, Z coordinates

Receptors

location

NO,

hourly
concentrations




HERMES - Traffic emissions

Traffic flow data

»

NOx emissions in g/m/h

Emission factors

Fleet composition
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HERMESV3, a stand-alone multi-scale atmospheric emission

TOMTOM® MAPS modelling framework — Part 1: global and regional module
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R-LINE world view
open terrain, one
meteorological input
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Adapting R-LINE meteorology to Barcelona

2. atmospheric stability 3. Adjust

1. Roughness length
parameters meteorology

x: 242040 | y: 5073585 | epsg: 3857 | proja: +prog 37 +b=6378137 Hlat_t5=0.0 +ion_0=0.0 +x_0=0.0 +y_0=0 +k=1.0 +units=m +nadgrids=@null +no_defs | lon 2.17436 | lat: 41.41390 | zoom: 18
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Ustreet
3m

Ustreet(6) = Uroof (z = 3m) * cos(8)




Upwind urban background scheme

BSC-ES/AQF WRFv3.5.1+CMAQV5.0.2+HERMESv2 Nitrogen Dioxide (pg/m?3)
00h forecast for OOUTC 01 Nov 2015 - Catalonia Domain Res: 1x1km
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High spatial (1x1 km?) and Select c.oncentratlon.s from CMAQ

temporal resolution (1h) depending on the wind speed and

over Barcelona direction provided by WRF.
Inspired by Berkowicz (2000)
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R-LINE for Barcelona

Open terrain Channelled winds
R-LINE (Snyder et al. 2013) R-LINE Street
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Results
Barcelona NO, concentrations on 4/11/2013 at 10 m x 10 m

OuTC 7 UTC

12 UTC 18 UTC




Average dlurnal cycle evaluatlon
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European model quality objective

MQI values below 1 (i.e. green shading area) are considered to comply
with the model quality objective

CALIOPE CALIOPE-Urban
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Spatial evaluation
CALIOPE CALIOPE-Urban
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Major sources of uncertainty

" a)Good “" b)Bad

m——— H“ , Sl

.li

09 10
Tim Hheda ( TC) T fheda ( )
B3 Observations = WRF &3 Observations @ WRF

¢) Good d) Bad
1501 1501

NO; (ug/m’)
(ug/m°)

NO, concentrations at

o s o olon ve . Sl 1 + |
T i

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
T 1 heda ( ) Time of the day (UTC)
8 CALIOPE-Urban &3 Observatiol m CALIOPE-Urban & Observations

e) Good f) Bad
1501

NO, concentrations at a
background urban site
vs model background

((m..,m Numu—.‘mawumw | m M‘w W

NO (Hg/m®)
(ug/ )

r lheda(UC) T lheda( )

Centro Naciona! de Suparcampulacion
model &8 surface model & Observations 8 Background model & Background surface model & Observation:




Conclusions

CALIOPE-Urban methodology adapts dynamically to street conditions by coupling
the meteorology and background using street-specific surface roughness based
on urban geometry.

CALIOPE-Urban agrees better with hourly-resolution observations than CALIOPE
at the five traffic sites evaluated, where the contribution of local emissions
predominates.

CALIOPE-Urban performs better than CALIOPE at the dosimeters located close to
traffic because R-LINE explicitly resolves road traffic emission dispersion

simulating the high gradients of NO,.

We find larger CALIOPE-Urban errors under stable conditions with light winds and
low PBL height, and a significant sensitivity to background concentrations.
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Traffic pollution spatial gradients matter
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Objective

* Quantify the local and nearby traffic contribution to Black Carbon
(BC) concentrations at street level.
e Assess CALIOPE-Urban v1.0 reproducing horizontal and vertical

decay of BC concentrations.




Observed horizontal and vertical BC profiles by
distance to road in different areas of the city

Horizontal profiles Vertical profiles
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Perpendicular distance to road emitting pollutants (m)

Normalized BC
= Plaza Espana (open road) = Street canyon <= Torrent_de |'Olla (old district)

Observations described in Amato et al. (2019)

+ Clutadella (urban park) <+ Diagonal (open road) = Eixample (street canyon) -+ Gracia (old district) = Ring roads

* Horizontal: more than 50% decay
within initial 50 m with steep
decay in first 5 m.

* Vertical: decay below 75% above
15 m height.




Methodology

Street Granados - Aragén (street canyon) - 16 UTC

contributions
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CALIOPE-Urban v1.0 model
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b)

Results

Villarroel (street canyon) - 8 UTC
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Sensitivity to meteorological inputs

Granados - Aragoén (street canyon) - 16 UTC
c) Mesoscale inputs
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Conclusions

Strong decay observed in horizontal profiles the first 5 -10 m very difficult to
capture, much better agreement beyond.

High BC concentrations observed and modeled along the vertical profiles with
small decay until the top of the building heights are reached.

Strong sensitivity of CALIOPE-Urban v1.0 to meteorological inputs.

Tagging results show complex behavior depending on the local features of the
city (e.g., street morphology, emissions).

CALIOPE-Urban v1.0 can not explain observed BC concentrations only considering
local traffic emissions, the background contribution is very high.
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