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o/ iSCAPE Session Overview

Overview
Summary of the key findings and recommendations
General urban planning — TUDO
PCS in open-road conditions & street canyons
« Hedges and trees in open road environment — UoS
« Treesin street canyons and Photocatalytic coating — UNIBO
« Low-boundary wall—UCD
Behavioural change — UH
Interactions between air pollution & climate change: key findings
Introduction — UoS
Climate change — FMI
AQ & Climate change — UNIBO
Concluding Remarks
Q&A




o'/ ISCAPE Speakers

Moderator:
Prashant Kumar, Professor, University of Surrey (UK)

Speakers:

Marisa Fuchs, Researcher, Technical University of Dortmund (Germany)
Prashant Kumar, Professor, University of Surrey (UK)

Erika Brattich, Assistant Professor, University of Bologna (Italy)

Bidroha Basu, Researcher, University College Dublin (Ireland)
Muhammad Adnan, Researcher, Hasselt University (Belgium)

Antti Makela, Head of Group, Finnish Meteorological Institute (Finland)




o'/ ISCAPE Contributing Partners
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ISCAPE Living Labs

DUBLIN
ILRELANDW{V

HASSELT
BELGIUM

BOLOGNA
ITALY

GUILDFORD
UNITED KINGDOM

Green infrastructure (hedges)

Green infrastructure (trees)
Photocatalytic coating

VANTAA
FINLAND
Green infrastructure |

My

BOTTROP
GERMANY
Urban design & planning

L
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LivingLabs

Platform




?‘I’fgmpe Intervention Evaluation Strategy

Synthesis of existing

l

knowledge base

Field Investigations
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Modelling Simulations

Sensors

Citizen Science e

Outreach
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c?{’f;mpe Intervention Evaluation Strategy
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Generalised Recommendations regarding
Passive Control Systems for Improved Air = 2
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Quality and Climate Change Mitigation
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e Vantaa LivingLab
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Stakeholders
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LivingLab
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:’%f;mpE Where Does iSCAPE Interventions Fit?

A

PASSIVE

Receptor control
masks, de-routing...

Between source and receptor
Green barriers; Trees, Green roofs; Green walls; Low-boundary walls; Photocatalytic coating

. GLOBAL CENTRE FOR
CLEAN AIR RESEARCH

UNIVERSITY OF SURREY




'SCAPE How Does Greening Works?

Attractive Green spaces

. can attract increased
. ~ Urban cooling due to hvsical activit
- Strategically placed roadside  { aas can reduce pny % y

~eo can reduce downwind energy consumption :

Pollutants ", pollution exposure and indirectly improve
deposited onto| air quality
A

. 1
vegetation
\
surfaces \

-

|
Ozonle formation
|

v ' NOX +sim|ight + bVOC

R

| *. Pollens
I Y A

|

|

|

Kumar, et al., 2019. Environment International 133, 105181.
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General Urban Planning

Key Findings and Recommendations
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Urban Planning and Development — Action Plan Approach

Administrative level

?

Status quo
analysis

SWOT

+

O+ o}

Derivation of
strategies & goals
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ACTION PLAN
APPROACH
(BOTTROP)

Preparation &
Conception

/
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Criteria analysis of
urban level interventions

Development
of fact sheets

e ——a ACTION
o
PLAN
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v Catalogue of
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Qualitative weighing of
urban level interventions
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}}fgmpE Urban Planning and Development - Fields of Action

Content
green
|EVE| settlement infrastructures
development and green
elements

eco-friendly
transport and
mobility

1 Interactions (synergies or conflicts) &
L1 side effects regarding other interests

IRPUD 'l'U gicrmjige universitat
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Assessment of Urban Interventions (Workshop 1)

GREEN INFRASTRUCTURES AND GREEN ELEMENTS

Organisational urban level interventions

Effectveness to avoid
‘and reduce air polluton

SETTLEMENT DEVELOPMENT
Organisational urban level interventions
Effectiveness to avoid
and reduce ar poliution
]
s i
E g— . % g
&
H §§
Costs for implementation
and maintenance

Technical urban level intervention
Effectiveness to avoid
and reduce ar poliution
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Time-hortzon of
the implementation
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Costs for implementation
and maintenance

Technical urban level intervention

Effectiveness 10 avoid
‘and reduce air pollution

ECO-FRIENDLY TRANSPORT AND MOBILITY

Organisational urban level interventions

Effectiveness to avold
‘and reduce air pollution

b & ssousnoey3

‘spuers: 1eay uequn o idepe pue

Costs for implementation
‘and maintenance

Technical urban level intervention

Effoctveness to avoid
‘and reduce air pollution

i
3
GE

SPUBIS) 189U UBQN O 10EPE PUT
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Results of a criteria analysis
carried out by an
interdisciplinary team of local
experts from iSCAPE case city

Bottrop, Germany

IRPUD E%i?ﬂii‘;e universitat



o' TiSCAPE Assessment of Urban Interventions (Workshop 1)

GREEN INFRASTRUCTURES AND GREEN ELEMENTS ECO-FRIENDLY TRANSPORT AND MOBILITY

effectiveness to avoid and effectiveness to avoid and

reduce air pollution reduce air pollution

spuejs| 3eay ueqgsn o1 3depe

pue 21e8131W 0} SSBUDAIIIDYD
spuejsi 1eay ueqgsn o1 3depe
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time-horizon of the implementation
time-horizon of the implementation

costs for implementation and maintenance costs for implementation and maintenance
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Qualitative Weighing (Workshop 2)

SYNERGIES

a) Deconstruction of unused
building structures,
b) Creation of open spaces

Development and redesign of
parks

Preservation of open spaces

Preservation of connected
green areas

Preservation of parks

Using mobile green elements

Optimisation of road'space
and road space layout

Greening of public road space

Preservation of fresh alr areas

Use of photocatalytic coatings

JuEEEE)

Installing green facades

tensive roof greening

POSITIVE SIDE EFFECTS

Conflicts

Negative Side effects

Parking space concept

Preservation of fresh alr areas

Restriction of transit traffic in
inner city areas

' Providing an application-

based customised

coaching regarding
individual travel behaviour
Using mobile green elements

Installing green facades

Preservation of connected
green areas

Deconstruction of unused
building structures

Using mobile green elements

Greening of public road space

Oplimisalibn of road space
and road space layout

Parking space concept

Legal limitations of building
development

Determining the alignment
and position of buildings/Keep
free slopes and alr corridors

Preservation of open spaces |

mEEE)

Use ground-covering
vegetation

Optimisation of road space
and road space layout

Restriction of transit traffic in
inner city areas

Citizen climate measurements

European Energy Award

technische universitat
dortmund

\Delerminihg the alignmeni

and position of buildings/Keep |

free slopes and alr corridors

Environmental zone

Preservation of connected
green areas

Preservation of fresh alr areas

Preservation of open spaces

:Implementalion of building
efficiency standards

Installing green facades
Greening of public road space
Extensive roof greening
Intensive roof greening

Restriction of transit traffic in
inner city areas

Providing an application-
based customised coaching
regarding individual travel
behaviour

Results of a qualitative
weighing carried out by
an interdisciplinary
team of local experts
from iSCAPE case city

Bottrop, Germany
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Recommendations — Urban Planning

Analyse project implementation, BASIC |.NFORMATION.

investigate supplementary Collection and analysis

and update requirements of data and forecasts;
STAKEHOLDER identifying and evaluating

hazards and impacts

MONITORING Local politicians;

City-wide, small-scale and city administration, arTy PBOFILE & MODEL
long-term monitoring of all public, societies, Clear city profile as framework
important indicators businesses, associations, for decision and action

regional partners, ...

ACTION PLAN/PROGRAMME
City specific key points in
various fields of action;

KEY PROJECT/FIELD TRIAL
Concrete measures/interventions

vt kv Sclptinety exierTavsn developing and comparing (own figure based on

and integration of all actors

interventions and measures German Association of
v Cities 2013)

technische universitat German Association of Cities, 2013. Integrated Urban Development Planning and Urban Development Management —
dortmund Strategies and instruments for sustainable urban development: Position Paper by the German Association of Cities.
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o' | ISCAPE Recommendations — Urban Planning

Conditions and requirements of develoning and implementing an action plan effectively:

. O ¢
S
cooperation & political support involvement of & personnel resources,
networking acceptance by citizens financing & subsidies

w
4‘( i

implementation integrating in eX|st|ng implementation monitoring &
strategy instruments & tools evaluation

technische universitat
dortmund
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Open-Road and Street Canyons
Trees and Hedges

Key Findings and Recommendations

i’ﬁgm " GLOBAL CENTRE FOR
Guildford CLEAN AIR RESEARCH

LivingLab UNIVERSITY OF SURREY




Building Research Foundation

Open road

Street canyon
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Deterioration
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Improvement

Green wall Green roof

NA for Air Quality

EB Q Sign in News Sport  Weather iPlayer Sounds

NEWS

Home UK World Business Politics Tech Science Health  Family & Education

Science & Environment

Cities need 'hedges as well as trees' for
environment

By Roger Harrabin
BBC environment analyst

© 17 May 2017 B f © ¥ [ <« Shae

W

Abhijith, Kumar, et al., 2017. Atmospheric Environment 162, 71-86.



o' [iSCAPE Building Research Foundation

Open road

Street canyon

EE Q Sign in News Sport  Weather  iPlayer Sounds

Contents lists available at ScienceDirect OSPHERIC

ENVIRONMENT

Atmospheric Environment

ELSEVIER journal homepage: www.elsevier.com/locate/atmosenv

Review article

Air pollution abatement performances of green infrastructure in open @Cmsmﬂ(
road and built-up street canyon environments — A review

K.V. Abhijith ¢, Prashant Kumar *" ", John Gallagher ¢, Aonghus McNabola ¢,
Richard Baldauf “', Francesco Pilla %, Brian Broderick ¢, Silvana Di Sabatino ",
Beatrice Pulvirenti '

Deterioration

Improvement NA for Air Quality T b

Abhijith, Kumar, et al., 2017. Atmospheric Environment 162, 71-86.
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o' TiSCAPE Building Research Foundation

—_— —_— —_— —_— 5
Wind flow
Background concentratinn e

s g
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> a
s |£
Flow abatement S ]
7 § &8
i — [
Q 7 i A 4 =
Green porous barrier
)(_ Microscale models (~10-500 m) —3|
i< Macroscale models (~5-100 km) >!

Tiwari, Kumar, et al., 2019. Science of The Total Environment 672, 410-426

GLOBAL CENTRE FOR
CLEAN AIR RESEARCH

UNIVERSITY OF SURREY



o'[iSCAPE Building Research Foundation

Contents lists available at ScienceDirect

Science
Total Environment

Science of the Total Environment

Fl SEVIER journal homepage: www.elsevier.com/locate/scitotenv

Review

Considerations for evaluating green infrastructure impacts in microscale ‘:}u
and macroscale air pollution dispersion models —

Arvind Tiwari ¢, Prashant Kumar **, Richard Baldauf “9, K. Max Zhang ¢, Francesco Pilla !, Silvana Di Sabatino &,
Erika Brattich &, Beatrice Pulvirenti"

Tiwari, Kumar, et al., 2019. Science of The Total Environment 672, 410-426

. GLOBAL CENTRE FOR
CLEAN AIR RESEARCH
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o'[iSCAPE Building Research Foundation

Proven air pollution tolerance index, low pollen and bVOC emissions

Benefit-cost weighting can be
altered by barrier design...

...but context fundamentally
dffects the balance

E—
Street canyon environments Open road conditions
H/W>2 <—— H/W=0.5 CONTEXT

Barwise & Kumar, 2019. npj Climate and Atmospheric Science (under review).

.. GLOBAL CENTRE FOR
> CLEAN AIR RESEARCH

UNIVERSITY OF SURREY



o'[iSCAPE Building Research Foundation

Proven air pollution tolerance index, low pollen and bVOC emissions

Designing vegetation barriers for urban air pollution abatement:
a practical review for appropriate plant species selection

Yendle Barwise, Prashant Kumar!

Global Centre for Clean Air Research (GCARE), Department of Civil and Environmental
Engineering, Faculty of Engineering and Physical Sciences, University of Surrey, Guildford GU2
7XH, United Kingdom

URBAN
CONTEXT

Street canyon environments Open road conditions

H/W>2 <—— H/W=<05

Barwise & Kumar, 2019. npj Climate and Atmospheric Science (under review).

. GLOBAL CENTRE FOR
> CLEAN AIR RESEARCH

UNIVERSITY OF SURREY




o/ iSCAPE Street v/s Open Roads

(a) Road with no vegetation barrier

<« ‘1.0 e Wind flow
@0 ;‘.::0"‘"'. —

Wind flow

Wind flow
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Abhijith, Kumar, et al., 2017. Atmospheric Environment 162, 71-86.
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Open-Road Scenarios

Near-road scenario (<1m) Far-road scenario (>2m)

(a) HOy (b) HO, 12m

15m

(¢) TOy

(d) To,

15m
———
6m 7m
() TH,
@ 35 m

. .
@ WMeasuring point behind vegetation [ | Road Figures are notin scale
© Measuring point In front of vegetation Footpath

- Unpaved earth or grass

___ GLOBAL CENTRE FOR
) CLEAN AIR RESEARCH

UNIVERSITY OF SURREY

Instruments on tripod

Abhijith & Kumar, 2019. Atmospheric Environment 201, 132-147.



o'/ ISCAPE Open-Road Findings

Average concentration change: Along-road > Cross-road > Cross-Vegetation

|

° ___->. o \$ ®
Cross-road winds /' ,

o —

Breathin®
. ~

1c1'ghl .;\verage Coffcentration

ABC (-52%)
"""" APNC (-30%)
APM, (-31%)
APM, ¢ (-17%)
APM,, (-15%)

enfens

Abhijith & Kumar, 2019. Atmospheric Environment 201, 132-147.
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For the first time..

Dormancy Greenup Maturity

LAl <2.9
Dormancy

1.0

LAl > 2.93
Greenup

LAl ~7-8
Greenup
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CLEAN AIR RESEARCH Ottosen & Kumar, 2019. Sustainable Cities and Society. In press.

UNIVERSITY OF SURREY




Guildford field campaign

> CLEAN AIR RESEARCH

UNIVERSITY OF SURREY

- | Dormancy | Greenup | Maturity
N
Cinside Cinside
g0 | ~0.92 ~0.89
‘n outside outside
5
(]
o<, |
%
g,
210
O o 7
o |
o 1 T T T
S
oV
o Cinside Cinside
ko) _
(2] i &
-og- outside outside
O <o _|
3 -
ko)
(7]
£ ]
@)
o _|
© | | | |
Mar Apr May Jun
Ottosen & Kumar, 2019. Sustainable Cities and Society. In press.
. GLOBAL CENTRE FOR




o/ iSCAPE Open-Road Recommendations

e o ° '“10. .T wind flow

.. GLOBAL CENTRE FOR
> CLEAN AIR RESEARCH




o' TiSCAPE Street Canyon Recommendation

< W >
H/W <0.5 05<HMW<2 H/W 2 2
wide street canyons street canyon deep street canyons
Trees Q Trees Q Trees Q
Hedgesw/ Hedge&/ Hedges Q
Green walls/ Green waIIs/ Green walls/

.. GLOBAL CENTRE FOR
> CLEAN AIR RESEARCH
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o' TiISCAPE Transforming Complex Science into Guidance ...

MAYOR OF LONDON

ki
I N F RASTRU CTU RE MANAGEMENT AND PLANT SPECIES SELECTION
TO PROTECT o

Implementing Green Infrastructure
for Air Pollution Abatement:

PEOPLE FROM AIR
POLLUTION

April 2019

Prashant Kumar, KV Abhijith, and Yendle Barwise | 2019

GLOBAL CENTRE FOR
CLEAN AIR RESEARCH

UNIVERSTTY OF SURREY
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o' ISCAPE Co-created ideas from conception to public use

Further a need for simple tool that people can allow people design their hedges emerged from those
events.........

o) HedgeDATE y ’ T Wy § W —— e

- I —— —

Pollutant concentrations at your doorstep may be reduced by up to 99.79%, depending on the species that you choose to plant and
how you manage your hedge.

Before the intervention, pollutants flow

freely from the source to the front door HIRRELON .

— 2 . oo|0
,., o . . |oojIO

After introducing a sufficiently tall hedge, .
pollutants are either filtered by the

barrier or redistributed upwards; both of W'ND FLOW 10 melers
which result in lower concentrations at

your doorstep ume “,m HE D

5 meters

geDATE

Hedge Design for Abatement of Traffic Emissions

Barwise, Kumar, et al., (2019). In preparation.

GLOBAL CENTRE FOR
CLEAN AIR RESEARCH

UNIVERSITY OF SURREY
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Trees in Urban Street Canyons

Key Findings and Recommendations

e
o | ISCAPE

g ALMA MATER STUDIORUM

LivingLab UNIVERSITA DI BOLOGNA




JiSCAPE Multi-Scale & Multi-Approach Methodology

Modelled using ADMS-Urban

WRF Simulations Climate change
wwr ADMS Simulations T T § S . To R remy -V 2050 rcoes
s L g wa S

- @

i % 1 ¢ 1 8 % % 1%

¥ ¢ % 4 § @ £ 1 %8 % ¥ %
1

CFD Simulations

Pilots in real
environment 196 20.8 220 232 244 256 268 280 292 30.4

T2[C]

¥ ¥ % & & 2 £ 1.8 8 % %
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-
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Trees in Urban Street Canyons:

e
o |ISCAPE The Bologna Experimental Field Campaigns
2 experimental campaigns BOLOGNA

/ >-: JA’(
J xi" ~

ke ATorino

Role of vegetation in altering
ventilation and thermal comfort in
urban street canyons, and how this

Genova .. Bologna

X a}{ .
. AL K
relates to pollutant concentrations

Pisa Firenze  San:Marino
5 3

50 KM b




Trees in Urban Street Canyons:

o |ISCAPE The Bologna Experlmental Fleld Campaigns

Marconi Street Laura Bassi Street

NO TREES TREES

b‘wm lf

'
) Jl ity (I wfﬁ
0 J u_nr,‘ |
DI\ 4 -




iSCAPE Trees in Urban Street Canyons: Air Quality

30 minutes average, 20-24 Sep 2017

Pollutant concentrations inside the street
canyon are mainly affected by: 25+

Marconi
Laura Bassi

+» Traffic volume, type and emissions
+» Street canyon aspect ratio
¢ Vicinity of multiple sources

D A A i i i I i i
0 12 24 36 48 60 7V2 B84 96 108 120
Time (GMT+1)
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Trees in Urban Street Canyons:
Urban Thermal Comfort

-~ vegetated canyon
. —— non-vegetated canyon
30 —e— rural station

~2°C
DIFFERENCE!

e T e
1200 16:00 20:00 24:00 04:00 08:00 12:00
time (hh:mm)



Trees in Urban Street Canyons:

o [ISCAPE CFD Simulations

Marconi St.

Average concentration on a

section: 0.87 mg m-3
Height (m)

10
0

=P
Ju . o
|2 Air temperature: 26.9°C




Trees in Urban Street Canyons:
CFD Simulations

Populus tremula
LAD: 2.03 m? m3

o

r 3
e—_ ——e} & e, B
X e > TR B e -
11!»"'-'. Rl ol
. -

Fagus sylvatica
LAD: 0.97 m? m™3 58




Trees in Urban Street Canyons:

o [ISCAPE CFD Simulations

1 High LAD —3.5m

ii%il

3?//.’
P2 5

- A

B

\

3 Low LAD-7m

'\




Trees in Urban Street Canyons:

o [ISCAPE CFD Simulations

1 High LAD — 3.5m
Average on a section:
0.58 mg m-

2 High LAD- 1.75m
Average on a section:
0.52 mg m=3

4 Low LAD — 3.5m
Average on a section:
0.64 mg m

3 Low LAD — 7m
Average on a section:
0.62 mg m3

5 Low LAD —1.75m
Average on a section:
0.63 mg m3




Trees in Urban Street Canyons:

o [ISCAPE CFD Simulations

2 High LAD—- 1.75m
Air temperature: 26.5°C

1 High LAD — 3.5m
Air temperature: 26.6°C

3 Low LAD — 7m
Air temperature: 26.5°C

4 Low LAD - 3.5m
Air temperature: 26.4°C

5Low LAD — 1.75m
Air temperature: 26.4°C




%» Trees in Urban Street Canyons:
> [ISCAPE CFD Simulations

Average on a section
at pedestrian height
(1.5 m)

Average on Local
canyon volume temperature

+* Trees with smaller crown and higher
LAD give the Ilowest averaged
pollutant concentrations

s Trees with larger crowns give lower
air temperature

Third scenario 0.61 0.52 26.5

First scenario 0.58 0.48 26.6




j%:o Trees in Urban Street Canyons:
' {ISCAPE ADMS-TH Simulations

Marconi St.

Temperature

Difference
("C)

P o016-015
[ o014-010
[ Joo09-005

[ Joo04-0

The impact of adding trees over air temperature extends over larger areas than that of the intervention!




Trees in Urban Street Canyons:
Effects in the Future Scenario

O
o' | ISCAPE

Without trees

Air temperature =~ 2°C reduction

=0.3 mgm3
(40%) reduction

With trees




Trees in Urban Street Canyons:

O
o'[ISCAPE Conclusions

Inserting trees is a win-win approach:

* lower average distribution of pollutants along the street canyons and local pollutant
hotspots

* improved thermal comfort, also over surrounding neighborhoods
Smaller crowns and higher LADs = lowest pollutant concentrations.
Larger crowns = highest reduction on air temperature

Both positive impacts are maintained in the future climate scenario
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Recommendations:
Trees in Urban Street Canyons

DISTANCE

Better to decrease the distance between crowns

LEAF AREA DENSITY

Fagus sylvatica Populus tremula

T

Lower LAD for air
quality improvement

Higher LAD for urban
thermal comfort
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Photocatalytic Coatings

Key Findings and Recommendations

by
o | ISCAPE

Bologna

LivingLab

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA




o' TiSCAPE Photocatalytic Coatings

Experimental field campaign in a neighborhood of the Municipality of Bologna located
outside the city center

2 street canyons:
+ Same orientation
s A= painted canyon

B = reference canyon




Photocatalytic Coatings:

o[ ISCAPE Analysis of Meteorology and Turbulence Levels

a) b)
Arooftop! Aroofto
40 T T T T T A surface 1 4 Asurface L———
351
w 37
2
East
=l
@ 2
&
- 15F
£
= 17
0.5
sple v v v ol v e
036 9121518212427303336394245485154576063666972 03 6 91215182124273033363942454851 54576063 666972
<) d)
[——— Brooftop |
40 T ——— Brooftop 4T Brooftop |
375 F . Bsurface J 3.5 . B surface

35 = 3
i
325 | E s
o
E 30 S‘g 2
=
275 5 1.5
£
25 F =
25 | 1 0.5
20 Pt S S S S
0 3 6 9121518212427 30 33 36 30 42 45 48 51 54 57 60 63 66 6972 03 6 912151821242730333639424543851 5457 60 63 66 60 72

Time [GMT+2] Time [GMT+2]

Canyon A: stagnation regimes and decoupling from rooftop
Canyon B: flows are well coupled and scale only with the dimension of the air volume allowed by the morphology.




Photocatalytic Coatings:

O
o | ISCAPE Analysis of NOx Concentrations
1009 a) : g 604 b : ;

(=] (=]
= =
i |
-
-
= —&
-
.
|
m
T
—
[
=
' —
- -
-
=
—
e
—a -
B

e

ki \%«.ﬂ" wmj 1Y e u‘ bl IR

1 L]
12 18 00

ra
||||||||
mna121aunua121aunm121a 000612130108

unm 12 1amua 12 13000& 12 13 1000812 18 00 068 12 18 00
Before the painting After the painting Before the painting After the painting

NOx concentratrions generally tend to be higher in canyon A due to different aspect ratios & circulation in

the 2 canyons
— 3 independent methodologies to remove the effect of confounding factors




B Photocatalytic Coatings:
o |ISCAPE CFD Simulations

Without photocatalytic effect With photocatalytic effect

7 Molar Concentration of NO (kmol/mA3) 7
Ly 0.0000 3.50002-09 7.0000e-03 1.0500=-08 1.4900e-08 1.7500e-08 LY Molar Concentration of NO (kmol/m»3)
= . 0.0000 3.5000e-09 7.000Ge-09 1.0500e-08 1.4000e-08 1.7500e-08
s o -~

i

Reduction of pollutant concentration up to 40% near the wall in the lower part of the canyon




o' TiSCAPE Photocatalytic Coatings

%

% Factors that impacts on performance: meteorological conditions A

(e.g. solar radiation, wind direction), geometry of the buildings \I\J—\
.‘;‘5@92?
+» Highest reduction: VTN

o the walls and the street are exposed to the maximum UV
radiation — at about noon

o with wind perpendicular to the painted wall
wind



https://www.google.it/imgres?imgurl=https://image.shutterstock.com/image-vector/cloud-rain-vector-sketch-icon-260nw-433159222.jpg&imgrefurl=https://www.shutterstock.com/search/rain%2Bdrawing&docid=T14UmGv6UhZjKM&tbnid=QKUrYQffLhFDCM:&vet=10ahUKEwj5yIrX56XlAhUm3uAKHUVODMMQMwhUKBIwEg..i&w=260&h=280&bih=1074&biw=2133&q=rain drawing&ved=0ahUKEwj5yIrX56XlAhUm3uAKHUVODMMQMwhUKBIwEg&iact=mrc&uact=8

. Conclusions
o [ISCAPE Photocatalytic Coatings

+» Experimental field campaign to study the different circulation in the 2 canyons
and its impacts on pollutant concentrations

+* 10-20% NOx reduction on average

+* CFD simulations indicate a maximum 40% reduction near the wall




;%fQCAPE Recommendations: Photocatalytic Coatings

DEEP or NARROW (H/W = 2) MODERATELY DEEP or SHALLOW or WIDE (H/W < 0.5)
REGULAR (W=H)

'V, v

Lowest activation Moderate activation Largest activation!




< TiSCAPE Recommendations: Photocatalytic Coatings

R/

*¢ Height: the largest efficiency in NO, reduction appears in the first 3m height

7/

*¢ Distance: the largest efficiency on NO, reduction appears near the painted
walls (25 - 50 cm)

Case 17/08/2018: UTC 14 - North wall d=50 cm
O ' I I I

g Case 17/08/2018: UTC 14 - North wall d=25 cm 5
& T T T T T T v 5
—&— with photocatalitic effect —E&—with photocatalitic effect
8 —&— without photocatalitic effect 8r —S— without photocatalitic effect |
N ly th lls, but also the ' |
ot only the walls, but also the
6 6F
roads should be painted = =
Ngl Ng b
3 3F
2 2+
1 1t
0 e : ; | | g o . e . <l
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Low-Boundary Walls

Key Findings and Recommendations

t}%f;CAPE.
Dublin

LivingLab
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Key Findings on LBW PCS




o/ iSCAPE Key Findings on LBW PCS

7
0’0

Vehicular emissions: primary air pollution source in the urban environment
» High-rise buildings: reduces the exchange of fresh air at roof level and polluted air near street level
Three options that can reduce air pollution
i) controlling the quantity of pollution (g)
ii) controlling the emission intensity (g/km)
iii) controlling source-receptor pathways (g/m3)
¢ PCS: increase dispersion, reduced pollutants concentration at target locations
¢ Solid barriers: low boundary walls, road-side noise barriers, parked cars, rooftop deflectors

o

7
0’0




o/ iSCAPE Key Findings on LBW PCS

Wind direction

=

Buildings Buildings

LBWs

¥y w®

Road




o' [iSCAPE Key Findings on LBW PCS

L X4

X3

%

L X4

3.00e-08

4.00e-09
2.81e-08 5.736-09
2.61e-08 3.47e-09
2.42e-08 3 90600
2.22¢-08 5 93600
2.03e-08 2.67e-09
1.83e-08 2.40e-09
1.645-08 2.14e-09
1.440-08 1.87e-09
1.25e-08 1.60e-09
1.05¢-08 | 34000
8.59e-09 1.07e-09
6.64e-09 8.03e-10
4.69e-09 5.37e-10
2.75e-09 2.70e-10
8.00e-10 4.00e-12

LBWSs: both positive/negative impact on air quality
CFD simulations: 16-19% reduction in air pollution at certain sections of the footpaths
LBWs: improve air quality in sensitive locations of the street: schools, hospitals and office/building entrances
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Key Findings on LBW PCS

*

>

L)

*

>

L)

*

>

L)

*

>

L)

Change in air pollution due to LBWs: depends on meteorological
factors (wind speed, wind direction) and canyon geometry

Climate change analysis for Dublin indicated: slow increase in
Temperature and Rainfall, Solar Radiation to remain the same

The wind speed and wind direction is expected to change
considerably in the future

Assuming same traffic volume and emissions from vehicles,
pollution concentration is expected to increase considerably in
the future scenario for both summer and winter months

Simulation studies showed that LBWs can improve in air quality
for future scenario, and the improvement is expected to be more
in summer months

[T N ¢ I - N H - R V-]

Wind speed {m/s)

[}

=

o

Summer 2050 Winter 2050
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Key Findings on Baffle Plate PCS

** LBWs can increase air
pollution at certain
sections of the canyon

¢ Installation of PCS
(LBWs, trees/hedges)
restricts movement of
pedestrians and traffic

¢ Application of rooftop
deflectors/baffle plate

ik (\3’]

Dimensions in meter

mm)

Wind direction

Inlet

Buildings

Outlet

Buildings




o iSCAPE Key Findings on Baffle Plate PCS

Res [=2]

[+

Concentration( g/ ma)
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o .'ECAPE Recommendations on LBWs

¢ Continuous LBWs create maximum efficiency in reducing air pollution for
pedestrians

¢ Gaps in the LBWs needs to be provided at the junctions of roads, near bus stops,
buildings and schools

¢ For visibility of drivers, cyclists and pedestrians, LBWs should be within 0.5-1m

¢ LBWs should be light-weight, durable and easily transferable, but should not get
displaced due to high wind

** LBWs can have reverse effect, so optimal design is necessary

*»* Rooftop deflectors might be an alternative option to be explored
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Behavioural Change Initiatives

Key Findings and Recommendations
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o/ iSCAPE Behavioural Change Initiatives (1)

Based on overall mobility behaviour of Citizens

¢ Short trips within 1-km and 3-km by
active travel modes (walk and bicycle)

+¢ Car trips replaceable from reasonable
Public transport option

+* Reduce participation in non-mandatory
outdoor activities

) ('.|~. 1
Bils

Informational based Behavioural Intervention Studies

T

[»»|uHASSELT|
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Key Findings

Considerable replaceable
potential was found that
should be exploited

HASSELT 0 0 3.28
BOLOGNA 1.28 0.22 4.06

GUILDFORD 1.62 0.08 a4.77

Consequences of
replaceable car trips
within 3 km to cycling in a
5-days week per person

[»»|uHASSELT

Car Trips (Mean values per person for 5-working days)

Within Walking Within  Bicycle  Total Tranzug'r'faﬁon
1km potential 3 km Potential trips port
Potential

0.92 (28%) 7.68  1.68(21%)

0.56 (13%) 11.72 3.39 (29%)

1.23 (25%) 15.54 2.38 (15.35%)

CO, Emissions Physical Activity
Reduction (%) Level Improvement (%)

CITY

HASSELT 3.01 10.65
BOLOGNA 1.00 3.01

GUILDFORD 2.77 9.85



JiSCAPE Key Findings

- Car Trips (Mean values per person for 5-working days)
rr\ncinlor—'\hlo roanlaraahlAa

I Personal and Ubiquitous Computing
¢ https://doi.org/10.1007/s00779-018-1187-5

ORIGINAL ARTICLE

@ CrossMark

Estimating pro-environmental potential for the development
of mobility-based informational intervention: a data-driven algorithm

Shiraz Ahmed ' - Muhammad Adnan ' (» - Davy Janssens ' « Erika Brattich? - Ansar-ul-Haque Yasar' - Prashant Kumar? -

Silvana di Sabatino? - Elhadi M. Shakshuki*

5-days week per person BOLOGNA

GUILDFORD 2.77 9.85

[»»|uHASSELT




o[ISCAPE Key Findings

 40% of participants expressed & adopted at least one provided suggestion

/

«* Statistical analysis of control and treatment group indicates that there is

significant

 Reduction in car use for short trips (under 3 km) that causes significant
increase in use of active travel modes (more on bicycling).

* Nosignificant changes are observed for increase use of PT and decrease
in cold starts.

[»»|uHASSELT




o/ iSCAPE Behavioural Change Initiatives (2)

Home to school

T Oy

route exposure [=Y-} [=Y-}
to air pollutant's i i .....
o “eo,"

Informational based Behavioural Intervention Studies

[»»|uHASSELT

Based on route to school followed by children
and escorting parents/guardians

% Exposure to pollutant (NO,) for followed
routes and available alternatives routes

+ Alternative routes are suggested that
are less polluted (as a customized
informational intervention)
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Key Findings

% Participant’s exposure category shift from actual to alternative routes
Alternative Current Routes
Routes Low Moderate
Low 30
Moderate 3
High 0

77 % of the participants adopted the suggested alternative routes

[»»|uHASSELT

Ahmed et al. 2019. Sustainable cities and Society, Under review.



JiSCAPE Key Findings

A Route to school Informational Intervention for Air
Pollution Exposure Reduction

Shiraz Ahmed, Muhammad Adnan, Davy Janssens, Geert Wets
Transportation Research Institute- IMOB, Hasselt University, Agoralaan, 3590 Diepenbeek,
Belgium

_m—

77 % of the participants adopted the suggested alternative routes

Ahmed et al. 2019. Sustainable cities and Society, Under review.

[»»|uHASSELT




o/ iSCAPE Behavioural Change Initiatives (3)

——
- —

. Asimulation model chain follows an activity-based
‘' approach

Behavioural
\ Simulation
v Framework

N L7 ¢ Estimation of dynamic exposure to
e pollutants for assessment of health impacts
R s Assessing the effects of mobility-based hard
Environmental \\
Smulaton interventions
A  Car access restrictions/ Electric mobility
-7 * Improvement of Public transport
T infrastructure
Exposure and A . . ey .
Health Impacts ! * Opening times of facilities

-~ -—
] -
— —
e e

[»»|uHASSELT




Hasselt

Key Findings

ISCAPE

o
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Hasselt

Key Findings

ISCAPE

o
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e
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o[ iSCAPE Key Findings

Cit Increase use of Changes (Population PM;,
. Segments) Reductlons Reductions

Non-Workers

Increase Bus Frequency

Car- Access Restriction Sz * kX
Retired Person

Increase Bus Frequency @ Students * *
Electric Centre with Car E Low income people * % *

Access-restriction Students

Bologna

Opening times of facilities @ - - -

Females
Car- Access Restriction é Students * *

[»»|uHASSELT




FiSCAPE Exposure Estimates and Health impacts- Key Findings

% Difference in Years of life lost based on Dynamic Exposure for NO, -

) _——— ‘o Age category 30-54 years (Hasselt)
: = Base Case — Car Access Base Case — Increase Bus
: Restriction Frequency
1
P Joumey2  Pollutant 67a% | 2.25% ]
Time ; Concentration Map
i 532% | 1.95% il
Journey 1 % Difference in Years of life lost* based on (Dynamic — Static) Exposure
\ ¥ for NO, - Age category 30-54 years (Hasselt)
ke Y Base Case Car Access Increase Bus
Aom? Restriction Frequency
) . 3.98 % 3.25% 3.87%
| L4

2.78 % 2.45% 2.65%

[»»|uHASSELT




o[ISCAPE Recommendations (1)

Informational Intervention are effective if following points are considered

** Customized individual coaching approach is followed

(R )

*%* Behavioural change is easy to adopt (contains not too much efforts)

(R )

%* Behavioural changes bring short and long term benefits

(R )

*%* Intervention is based on the relevant issue ( i.e. Society in general is

concerned with the issue)

L)

4

*%* Intervention can be more effective if target audience is specific and more

vulnerable to the issue

[»»|uHASSELT




o[ISCAPE Recommendations (2)

% Informational & structural interventions should be coupled for optimal
results.

» Restricting car traffic intervention is more effective in relation to efficient
mobility, air quality and health impacts, however, could raise equity
issues.

% Structural interventions that are improving mobility may not always bring
desirable improvement in air quality and health impacts and vice versa.

» Integrated agent-based simulators provide a profound framework for
assessing structural interventions.

[»» [UHASSELT|




JiSCAPE Linkage Between Air Pollution and Climate Change

CLIMATE RELATED POLLUTANTS

Some solar radiation is
re-emitted from the

earth’s surface as infrared
radiation and passes

ATMOSPHERE
OZONE LAYER

Solar radiation

Some of the
infrared radiation
is absorbed and

HEALTH RELATED POLLUTANTS

O
o'TISCAPE
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Air Quality and Climate Change

Key Findings and Recommendations

L
o | ISCAPE

g ALMA MATER STUDIORUM

LivingLab UNIVERSITA DI BOLOGNA




'X}” Interactions between
o |ISCAPE Air Pollution & Climate Change

Southern EU Central EU Northern EU

v ¢ i _ﬁ : y
d O
s <
\

O, tend to increase across Europe in the future




Interactions between

Air Pollution & Climate Change

ISCAPE
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P Identification of Episodes Liaising Air Quality &
o' ISCAPE

Climate Change
1.

O, peaks during summer heat waves, which are going to increase in frequency and duration (EEA,
2016; Coumou et al., 2015)

Exceedance of the 180 pg/m3 ozone information threshold

Interpolated around urban and rural stations
Temperature anomaly in July e
2003 relative to July 2001 L]

‘umbecofday
o1

- 10008

ol saters
wsn

Data provided by the MODIS Land Science Tea

Temperature Anomaly ('C)




P Identification of Episodes Liaising Air Quality &
@' [ISCAPE Climate Change

1. O; peaks during summer heat waves, which are going to increase in frequency and duration (EEA,
2016; Coumou et al., 2015)

2. Strong, hot winds from Africa transporting high concentrations of PM

Summer 2019: heat wave end of June

35 .
o 4 PM10 in Bologna
2650 1 .
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20°M 0 | |
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P Identification of Episodes Liaising Air Quality &
@' [ISCAPE Climate Change

1. O; peaks during summer heat waves, which are going to increase in frequency and duration (EEA,
2016; Coumou et al., 2015)

2. Strong, hot winds from Africa transporting high concentrations of PM

3. Increase in stagnation events because of higher persistence of blocking anticyclones
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Identification of Episodes Liaising Air Quality &

o' ISCAPE Climate Change

1. Attribution of single events to climate change not straightforward

2. Need to compute the change in likelihood of the events under interest
(such as heat waves, droughts and heavy precipitation events) in a
climate with and without anthropogenic forcing

3. Plans need to consider both air quality & climate change

4. Need close collaboration between stakeholders & scientific experts of
various disciplines, i.e. in climate, meteorology, air pollution
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Climate Change

Key Findings and Recommendations
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Climate Change

Europe Africa Asia

(=]
g

Latin America and the Caribbean Northern America Oceania

o o o o

8 & 5 8 =

— -— — o~ o o~
= Rural = Urban

(*) United Nations data are based on national definitions; as such there may be a discrepancy with respect to the Eurostat data used elsewhere in this publication.

*%* Cities are coming more
and more populated

*%* Cities must adapt to the
changing climate

Share of urban and rural populations, 1950-2050"
(% of the total population).

Source: World urbanisation prospects — United
Nations, Department of Economic and Social
Affairs, Population Division (2014).




o' iSCAPE Climate Has Already Changed

Global Land and Ocean
January-December Temperature Anomalies

1.00°CH 1.80°F
0.70°CH 1.26°F
0.50°CH 0.90°F
0.30°CH 0.54°F
0.10°CH 0.18°F
-0.10°C ““r' --0.18°F
-0.30°CH ~-0.54°F
-0.50°C T T T T T T T T T T T T -0.90°F

T
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2018

Annual global (land and ocean) temperature anomalies with respect to the 20" century average. From: NOAA National Centre for Environmental Information, Climate at a Glance: Global
Time Series, published August 2019, retrieved on September 7, 2019 from https://www.ncdc.noaa.gov/cag/.

S


https://www.ncdc.noaa.gov/cag/

A [ [ [ L]
o'[ISCAPE Climate Change Emission Scenarios

REPRESENTATIVE CONCENTRATION PATHWAYS (RCP)

For the Fifth Assessment Report of IPCC, the scientific community has defined a set of four new

greenhouse gas scenarios, referred to as the Representative Concentration Pathways (RCP).

. RCP8.5
25 ' Emissions of greenhouse gases continue to grow at current rate
. . _______________________________________________________________________|
3z -
U L]
o 20 )
[ . RCP 6.0
- '
z :
A P » . RCP6.0 2.2°C (14 -31°C)
E g E RCP 4.5
a 1
vwo 10
woa
Sa
.
22 5 RCP4.5 1.8°C (11-2.6°C) RCP2.6
8 é 8 RCP2.610°C (0.3-17°C) Substantial reductions of greenhouse gas emissions
= e

1980 2000 2020 2040 2060 2080 2100




Key Findings

o | ISCAPE Projected Warming in iSCAPE Cities

Change (°C)

Change in climatological annual mean temperature

——Bologna
—»—Bottrop
Dublin
—Guilford
——Hasselt

——Vantaa

I”

usua

S

RCP8.5 GHG scenario
(i.e., “business as
emissions) 5

Multi-model mean scenarios
based on 28 CMIP5 Global
Climate Models (GCMs)

Projected changes in 30-
year means with respect to
1981-2010

CO, emssions (PgC /yr)

000 020 2040 2060 2080 2100



Key Findings

Projected Warming in iSCAPE Cities

Change (°C per decade)

Change (°C)
w

O
o" | ISCAPE
Annual mean temperature

6

Bologna
5 | =w— Bottrop

Dublin
4L Guilford

Hasselt
Vantaa

0 e L L 1 Il
2000 2020 2040 2060 2080
Year

0.8

Change (%)

Annual mean precipitation

2000 2020

Trend in mean temperature by the 2050s, RCP8.5

0.7 |
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0.4
0.3
0.2
0.1
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Change (% per decade)

Month
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1 2 3 4 5 6 7 8 9 10 11 12
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Year

Precipitation trend by the 2050s, RCP8.5

3.0 ¢
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1.0
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-1.0 |
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1 2 3 4 5 6 7 8 9 10 11 12

Month

Predicted change in annual mean
temperature (left) and precipitation
in iISCAPE cities according to the
RCP8.5 scenario.

Monthly trends in mean
temperature (left) and
precipitation in iSCAPE cities
by the 2050s according to
the RCP8.5 scenario.



'X}” Key Findings
o’[iSCAPE Climate Change According to RCP8.5

DUBLI VANTAA
IRE D FINLAND
ow Boun Green infrastructure

. F‘v
The projected long-term trend of BN I 3
Behavioural change )t

warming is weakest in Dublin among . o

7

ISCAPE cities. o ,

BOLOGNA

ITALY

Green infrastructure (trees)
Photocatalytic coating

BOTTROP
GERMANY
Urban design & planning

GUILDFORD

Y
Green infrastructure (hedges)
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Generalised Recommendations regarding
Passive Control Systems for Improved Air
Quality and Climate Change Mitigation

D7.2
October 2019

nding from the Union's Horizon 2020
programme und greement No 689954
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Scientific reports
Reports produced by iSCAPE are listed and described below.
Journal publications
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» Local stakeholders report (August 2019) NEW
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Newsletter archive

ost sensing platforms
» Report on footprint of passive control systems (Updated October 2018)
« Report on solutions at urban level (FULL REPORT NOW AVAILABLE FOR DOWNLOAD)
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Concluding remarks
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Pilot/Experimental
field campaign

Validation of the
simulation setup

Simulation model
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if» scenarios solution




Trees in Urban Street Canyons:

o [ISCAPE Analysis of Meteorology & Turbulence
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defined katabatic flow at night, and rotation during day Clear homogeneity in the signals inside
Typical diurnal summertime temperature pattern and above the canyons




iSCAPE Trees in Urban Street Canyons: Air Quality
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After emission by motor vehicles, the residence time of the NO component is too short to reach the street
sides (where air quality measurements are carried out), except for Marconi Street
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Photocatalytic Coatings: Analysis of
NO,-NO-O; Equilibrium Ratios
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Identification of similar days
before and after the painting of
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++ Similar solar radiation levels
** Weak synoptic forcing
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Similar diurnal and nocturnal patterns in the 2 canyons
in both canyons during the days after the painting
equilibrium moved towards O, destruction leading to an
increase of NO, & NO levels
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Photocatalytic Coatings: Analysis of

O
o'[ISCAPE NO,-NO-O, Equilibrium Eatios
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The ratios between NO, (or NO,) concentrations Differences in the ratios in thé 2 car]1yons depend
after/before independent on meteorological on other differences (the coatings):
conditions (same over the two canyons) and * Mostly negative during daytime
canyon geometry (same in the 2 periods), as * Null or positive during nighttime (no UV light)

indicated by the similar pattern in the 2 canyons  _Efficiency 13-17% on NO, (15-21% NO,)



Photocatalytic Coatings:

ADMS Simulations
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The simulations agree well with the observations at
night (no activation) but overestimates the
concentrations observed during day

Efficiency 8-13% NO, (15-21% NO,)

Geometry of the main buildings
and of the two canyons considered
in the setup of the ADMS-Urban
simulations




c?%fgmpe Recommendations: Photocatalytic Coatings

Activated carbon /
inorganic fiber honyecomb

Dispersion Paint

Coating applicability

Durability

Photocatalytic
powder
photocatalysis
Photocatalytic
sol

Adherence (to concrete tiles)

TiO,

Performance (NOx and VOC reduction)

Ceramic ball

Photoactivity and response to visible/UV-light




Interactions between
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Air Pollution & Climate Change
(1) Meteorology (stagnation vs. well-ventilated boundary layer)
FORCING & -
: Degree of mixing
| = strong ¥
LU A= S Boundary layer depth
A Emissions | Aclimate | B mixing i g
X pollutant sources
A Atmospheric A Air pollution i - . e
Chaailsery i (2) Emissions (biogenic depend strongly on temperature; fires)

A Surface air
quality

From Jacob and Winner, 2009
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(3) Chemistry responds to changes in temperature, humidity
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Interactions between

o' ISCAPE Air Pollution & Climate Change

Short lived climate pollutants (SLCPs), such as black carbon and ozone, can exacerbate climate change,
altering the frequency, duration, and location of heat waves and cold spells, storm intensity,
precipitation patterns, and, possibly, ultra-violet radiation exposure, indirectly threatening urban lives
and livelihoods (Mitchell et al., 2016).

A warmer climate can have an impact on biogenic volatile organic compound emissions, the rate of
atmospheric chemical reactions, and the depth of the atmospheric boundary layer, all affecting surface
pollutant concentrations (Heal et al., 2013).

Changes in meteorological variables can modify global sea level pressure patterns, with consequences
on local circulations and distribution of air masses (iSCAPE D1.4).

Climate change induced by enhanced pollutant emissions will in turn increase pollutant concentration
(iISCAPE D1.4).

A positive feedback is established, leading to an intensification of climate change in those regions highly
affected by air pollution (iSCAPE D1.4).




jgl;,o Interactions between
o |ISCAPE Air Pollution & Climate Change

NOx Southern EU Central EU Northern EU

Delta NO, concentration (%)
022-012

Together with the difficulties and uncertainties previously indicated when estimating the net effect of NO, on
climate, these spatially-varying changes make it very hard to estimate the impact of air quality on climate change
in the future




