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What is the optimal place to reduce transport emissions?

Photo by Gabriel Bouys/AFP

NETWORK APPROACH

AIR QUALITY PLANS TO MEET AIR

QUALITY STANDARDS IN CITIES
WHERE TO IMPOSE TRAFFIC

RESTRICTIONS?




Network representation

Dispersion from an
emission source

,r ‘.‘; 7

The emission-receptor
network

Streets = Nodes
Emission-Impact > Links

The weight matrix A

Emission-Impact
quantification




The linear assumption

Linear relation
C — A Q p) between emissions
* and concentrationsin
the street network

Urban plume

Washout and rainout

X Polluted air
leading to wet deposition
f A
Acid rain damages aquatic . L ' : Dry dep«\)smon and settling

and terrestrial ecosystems

Leaf damage reduces growth
of forests and croplands

Pollutants adversely impact
health of urban populations
Particles and greenhouse gases change
radiative transfer, visibility and climate

Pollutants corrode materials, damage
buildings and infrastructure

Background air

Oke, Timothy R., et al. Urban climates. Cambridge University Press, 2017.




South Kensington case study
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Building matrix A

METEOROLOGICAL PHYSICO-CHEMICAL
SIRANE software: NO2 PREPROCESSOR PROCESSES
concentration in the city of Lyon Validation in Lyon (NO2) :
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Soulhac, Lionel, et al. "The model SIRANE for atmospheric urban pollutant dispersion; part I, presentation of the model." Atmospheric environment 45.39 (2011): 7379-7395.



Building matrix A

SIRANE

Inert tracer emission (O3+ Night+ No precipitation) QH

Urban Air Quality Model * Null background concentration
* Neutrally stratified boundary layer > Albedo=1
* External wind U,, ®

T

* Unit passive scalar emission from street j (Q; = 1)
columnjis filled (C.;)

* 1hsimulation for each j to fill the entire matrix A(U,, ¢)

* Simulations are repeated for 8 wind directions

Emission-Impact matrix A

C=AQ




Building the exposure matrix E

People in a street (p;) Exposure matrix E
_  Hiliw Total living space
51 =2 Hp for street e; = qp;C; [g/h]
Y. 2H; L;w/Hg Living space for e = o C = 0o AO = E
Sp = L a resident ap ap Q Q
Nror
p; = ZHiLiW Nror _ H;L; i
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Testing the linear assumption for the inert scenario

l.  Construction of matrix A(U,, ®)

II. Random n emissions Q and find C with
linear model: C = AQ

lll. Simulations with SIRANE for same Q

IV. Comparison of concentrations

V. Testrepeated 20 times for each ®

0% i :
m'g f . Wind Direction
5 | ] * North
Z10% E * Northeast
i t 1 * East
= * Southeast
E. 5 * South
s 107 ; * Southwest
| : * West
K| !' * Morthwest

107 =

1 ﬂﬂ L . . . i . J X

10 10
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QH.turb
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Qpart,gr

Why does the linear assumption hold?

Q+Q; = QH,turb + Qaav + anr/t + %h

Negligible re-entrainment
from roofs

Q + UsWHCy,, = ugWLC + UsWHC

f

Cup * Q

I Once matrix A(U,, @) is built, all the possible emission scenarios in the city can be easily computed!
[




Wind speed correction

A(UOJ CD)

AN

Q + UsWHCyp, = u,WLC + UsSWHC

Longitudinal mean velocity
in a street canyon

USOC u,

T Je

NN
:k

Vertical exchange
velocity at roof level

1
Us, Uy € u, xU — AOCE

U
AU, ®) = Ao(9)

Dispersion matrix
for a general wind
intensity




Wind speed correction

SIRANE prescribes a minimum u,

l.  Construction of one matrix Ay(®) for single wind intensity U,
Il.  Construction of matrix A(U, ®) using wind correction:

UO 10°f
_ ' Wind Speed
Gl * 1lm/
lll. Random n emissions Q and find C with linear model: £ ot . 2mis
= - * 3m/s
; * dm/s
C=A = * 5m/s
Q E * 6m/s
=) * Tm/s
& andt
IV. Simulations with SIRANE for same Q and simulating different U % 10%) . Smis
V. Comparison of concentrations - 10m/s
VI. For each U simulations are repeated for different wind
directions @ 102
10° 10° 10 10°

SIRANE [ug/m’]

Once a single matrix Ay (®) is built, all the possible emission scenarios in the city can be easily computed
e also for different wind intensities!



Reducing network complexity
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I The number of links in the network can be severely reduced without significantly alter the results.
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Where to reduce emissions?

Perturbation of emission-exposure model

e=qpoC=qp°AQ = EQ
oe = E6Q

OUTDEGREE
in NETWORK
0Q SCIENCE
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Total exposure reduction obtained by
reducing emission in street j




Where to reduce emissions? Up

R; =~ 6Q E;; = 6Q qp; Aj; = 8Q q p; U Agii
Rj=_2,6ei=6Qz,EU ~ 4. = 1
i i Qi + Us i WiHCypy = ugWiL;C; + UsiWiH;C;  — So,ii U WL
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since A is diagonally dominant




Where to reduce emissions?

Consider all the
connections except
the self-interactions
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Mean for ¢
(no self-interactions)

R] = —z_6ei = 6Q2EU
l l

Strong interconnectivity

Exposure Reduction[mg/h]
[ -

0.06 0.125 0.258 0.535 1.108 2.293




Extension to photochemical smog ” ﬁ

* Driven by solar radiation

* Due to traffic emissions (NO,) ky

( .
* Irritate the eyes and the respiratory tract NOz + hlf —NO+0
* Complex chemical reactions that can be { O+ 0,505
. o fe . _ _ k
simplified in the NO, — NO — O3 cycle | NO + 03 % NO, + 0,

Oz] — [NOo|*

after transport.

PHOTOSTATIONARY ASSUMPTION
08 | :
* |
The timescales of chemical reactions *gmg /! |
are very short compared to the 5270'6 ' o |
timescales of turbulent transport. g o |
Q<04 t o |
= o |
Chemical reactions can be applied s Lo |
|
|

Soulhac, Lionel, et al. "Evaluation of Photostationary and Non-Photostationary Operational Models for NOX Pollution in a Street Canyon.” Atmospheric Environment 297 (2023): 119589.



MEIOS
. : 2 ; o
Extension to photochemical smog = 7| [P Direction
‘é / * Northeast
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Cno = AQno, o |7
_~ E 101 .
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SIRANE [pg/m’]
[I. NULL-CYCLE CHEMISTRY —10*
% Wind Speed
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C= f(C) = 9g(Cnoy) 20 - o
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I1l. COMPARISON WITH SIRANE 2 | : gﬁz
SIMULATIONS FOR DIFFERENT WIND e s
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(ADOPTING VELOCITY CORRECTION) = 10! - -
10! 10° 10° 10*

SIRANE [ug/m’]

I Multiple scenarios of chemical pollutant dispersion can be achieved starting from a single transport matrix A
[ ]



Where to reduce emissions considering chemical reactions?

Perturbation of emission-exposure model

e=qpoC=qpoAQ=EQ ——— e=qpoC=qpof(C)=qpef(AQ)
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Where to reduce emissions?

Exposure Reduction/Increase[mg/h] to
NO,, NO, O; by decreasing the emission
of NO,, NO (NOy)

R] = —2.581'
l

* Exposure reductions are linear functions of
the passive scalar case

* Areductionin NOy emission is responsible
for a concentration increase of ozone

Max for ¢ Mean for ¢ Mean for ¢

P
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Exposure Increase to O3 [mg/h]

I |

0.004 0.011 0.026 0.066 0.163 0.407

(no self-interactions)

NO




Conclusions

VI.

MULTIPLE SCENARIOS FROM A SINGLE
TRANSPORT MATRIX (A)

LINEAR SCALING FOR VELOCITY INTENSITY

. NETWORK REDUCTION

OUTDEGREE OF EXPOSURE MATRIX (E) PROVIDES
BEST PLACE WHERE TO REDUCE EMISSIONS

EXTENSION TO CHEMISTRY

SIMPLE AND MODULAR MODEL

e

and perspectives...

TRANSPORT MATRIX (A) FROM LES
SIMULATIONS

TEST FOR DIFFERENT STABILITY CONDITIONS
AND CHEMICAL MODELS

BETTER EXPOSURE MODEL
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