An evaluation of ADMS-Urban
model performance using real-world
emissions estimates

Jenny Stocker

ADMS-Urban & ADMS-Roads User Group Meeting
12" November 2015
Manchester

Cambridge Environmental Research Consultants

Environmental Software and Services



Contents

* Project background

- ADMS-Urban model configuration
— Emissions
— Meteorology
— Background concentrations
— Road parameters
— Receptor network

* ADMS-Urban model results
— NO,, NO, and O,
- PM,,and PM, ;

* Lessons learnt

C E R C ADMS-Urban & ADMS-Roads User Group Meeting 2015



Project background

 NERC-funded project ‘CureAir’:

Coupled Urban and Regional processes: Effects on AIR quality
(project reference NE/M003906/1)

« Partners
— School of GeoSciences, University of Edinburgh
— School of Chemistry, University of Leeds
— CERC
— Centre for Ecology & Hydrology (CEH), Edinburgh

« Work Packages:
— WHP1: Create a modelling framework for simulating regional to local air quality
— WRP2: Detailed evaluation from field measurements and 0-D MCM for London
— WHP3: Evaluation of UK-wide decadal coupled model simulations of air quality
— WP4: Quantifying weather-sensitive chemistry processes during recent heatwaves
— WP5: Assessing the impact of climate change on future O; and PM events
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Project background

* CERC involvement:
— Develop and validate a regional to local scale modelling system for 2002 - 2013
— Focus on state-of-the-art chemistry at all scales
— Assess the influence of the Urban Heat Island on pollutant concentrations:
- Dispersion
« Chemistry
— Predict regional and local climate and pollution at the end of the century 2091 — 2100

ADMS-Urban Regional Model Link (RML)
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Project background

« CERC involvement:
— Develop and validate a regional to local scale modelling system for 2002 - 2013
— Focus on state-of-the-art chemistry at all scales
— Assess the influence of the Urban Heat Island on pollutant concentrations:
Dispersion
Chemistry
— Predict regional and local climate and pollution at the end of the century 2091 — 2100

* Year 1:

— Modify CERC’s ADMS-Urban RML to run on the UK’s national supercomputer used
by academic institutions: ARCHER v

— Compare the results of CERC's simplified GRS chemistry scheme (7 reactions) with
those from the Master Chemical Mechanism (>10 000 reactions) ongoing

— | Validate ADMS-Urban for London 2012 v
— Validate ADMS-Urban RML for London 2012 & then 2002 — 2011, 2013 ongoing
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ADMS-Urban model configuration

Emissions

«  Some published road traffic emission factors are not robust
« The recent VW vehicle scandal highlights the issue with NO, emissions from

diesel vehicles:

— Monitored NO, & NO, not decreasing in line with emissions estimates
Real-world tailpipe measurements do not agree with vehicle manufacturer data

Vehicle Fuel / Euro Sample NO,/ NO,/ NO,/
H o

type [ type class size CO, CO, NO, %
Passenger car Petrol 0 204 85.1 +10.7 05 +04 06+04
Passenger car Petrol 1 392 541 £ 65 07 0.3 13+06
Passenger car Petral 2 2848 /I + 24 05 + 0.1 14+04
Passenger car Petrol 3 5503 153 + 1 03 + 0.1 21 +05
Passenger car Petrol 4 2843 103 £ 07 04 =01 41 £07
Passenger car Petrol 3 | a8 48 =07 04 +0.1 24 +3
Passenger car Petrol hybrid 4 154 16=+1 02+ 04 1259 + 278
Passenger car Petrol hybrid > 605 7T +32 11 04 15+858
FPassenger car Diesel 0 15 47 + 87 72+2 153 £ 5
Passenger car Diesel 1 62 557 +74 768+ 15 137 £33
Passenger car Diesel 2 363 655 + 4.1 5.7 + 0.5 g7 +049
Passenger car Diesel 3 2610 629+15 103 £ 04 163 + 08
Faggengercar Diesel g SEIR A7 7 L N0 136 04 284 L 09
EES;E“E'EFF“ E;“l 2 New insights from comprehensive on-road measurements

ndon taxi . . . .
el B Met 3 of NO,, NO, and NH; from vehicle emission remote sensing
London taxi TX1 2 in London, UK, David C. Carslaw, Glyn Rhys-Tyler,
London taxi Met 3 . .
R B e 2 Atmospheric Environment, Volume 81, December 2013
London taxi MV111 4 504 641 +13 11.9 £ 049 1B6+15
London taxi Tx4 4 4719 482 07 6E+03 123 + 05
London taxi T4 5 185 TAT+£T74 158 £ 2 199 +32 .
London taxi MV113 5 329 629 + 3.1 236 + 1.2 176+27 eeting 2015
Van (N1) 1 26 T48 + 146 93+ 28 125+ 45




ADMS-Urban model configuration

Emissions

«  Some published road traffic emission factors are not robust
« The recent VW vehicle scandal highlights the issue with NO, emissions from

diesel vehicles:

— Monitored NO, & NO, not decreasing in line with emissions estimates

— Real-world tailpipe measurements do not agree with vehicle manufacturer data

« By calculating the
corresponding CO,
emission factors, for
each vehicle category, it
is possible to estimate an
adjustment factor

CERC

Remote Remote
: Emission sensing / sensing

Vehicle Type standard Standard primary NO,
factors (NO,) % (%)
Diesel Car Euro1 170 14
Euro? 175 9
Euro3 139 16
Euro4 134 28
Euros 172 25
HGV trucks Euro?2 136 21
= 12 tonnes Euro3 147 18
Euro4 214 8
Euros 217 8
HGV trucks Euro?2 144 12
=12 tonnes Euro3 153 24
Euro4 206 3
Eurod (239 J .
Petrol Car Euro1 376 1
Euro2 471 1
Euro3 343 2
Frirnd an? 4

bting 2015




ADMS-Urban model configuration

Emissions

Some published road traffic emission factors are not robust
The recent VW vehicle scandal highlights the issue with NO, emissions from

diesel vehicles:

— Monitored NO, & NO, not decreasing in line with emissions estimates
— Real-world tailpipe measurements do not agree with vehicle manufacturer data

By calculating the
corresponding CO,
emission factors, for
each vehicle category, it

is possible to estimate an

adjustment factor

These factors can be
entered directly into
EMIT

CERC

L{Vehice sub-category name

« Edit Road Emission Factors = s
Help
Emission Factors: |N.ﬁ.EI 2012 Urban :J
Pollutant: |NEI:-: j
'ou can tpecify a percentage of the onginal factors for each wehicle sub-categomy. v'ou cannot alker the pear-dependency or the
zpeed dependency. The percentages apply to all calculations in this database with these emizsion factars. IF you edit PFM10, consider
editing PM2.5. Similar considerations apply for HOx/M02 and WOC/BENZENE /BUTADIENE METHAME.

Wehicle sub-categony Wehicle sub-categony description Percentage :J
RO33 Diesel Car <2.5 tonnes [1400-2000 cc) Euro 4 100
R033a Diesel Car <2.5 tonnes [1400-2000 cc) Euro 4 Particle Trap 1EIEI_|
RO34 Diezel Car <2.5 tonnes [1400-2000 cc] Euro 5 100
R34 Diesel Car <2.5 tonnes [1400-2000 cc] Euro 5 Failed Catalypst 100
RO35 Diesel Car <2.5 tonnes [1400-2000 cc)] Euro B 100
R 035¢ Diesel Car <2.5 tonnes [1400-2000 cc) Euro B Failed Catalpst 100
RO36 Diesel Car <25 tonnes [> 2000 cc) Pre-Euro 1 100
RO37 Diezel Car <2.5 tonnes [>2000 cc] Euro 1 100
RO38 Diesel Car <2.5 tonnes [>2000 cc] Euro 2 100
RO39 Diesel Car <2.5 tonnes [>2000 cc)] Euro 3 100
R039a Diesel Car <2.5 tonnes [>2000 cc) Euro 3 Particle Trap 100
RO40 Diesel Car <2.5 tonnes [ 2000 cc] Euro 4 100
RO40a Diezel Car <2.5 tonnes (2000 cc] Euro 4 Particle Trap 100
RO41 Diesel Car <2.5 tonnes [>2000 cc] Euo & 100
RO41¢ Diesel Car <2.5 tonnes [>2000 cc) Euro 5 Failed Catalyst 100
RO42 Diesel Car <2.5 tonnes [>2000 cc)] Euro B 100 -

Copy Close |




ADMS-Urban model configuration

Emissions

«  Some published road traffic emission factors are not robust
« The recent VW vehicle scandal highlights the issue with NO, emissions from

diesel vehicles:

— Monitored NO, & NO, not decreasing in line with emissions estimates
— Real-world tailpipe measurements do not agree with vehicle manufacturer data

« By calculating the
corresponding CO,
emission factors, for
each vehicle category, it
is possible to estimate an
adjustment factor

 These factors can be
entered directly into
EMIT

CERC

» Edit Road Emission Factors

Help

Emission Factors: 1N.f3.EI 2012 Urban

=l

Pollutant: ] MO

=]

YY'ou can specify a percentage of the ariginal factors for each vehicle sub-category. 'ou cannot alter the year-dependency or the
speed dependency. The percentages apply to all calculations in this database with these emiszion factors. [F pou edit PFM10, consider
editing PM2.5. Similar conziderationz apply for MOx/MNO2 and YOCBEMZENE ABUTADIEME /METHAME.

WVehicle sub-category Wehicle sub-category description Percentage _:J
R118 Diesel HGY - rigid [3.5-7.5 tornnes] Euro W 217
R119 Diesel HGY - rigid [7.5-12 tonnes) Pre-Eura | 136
R120 Diesel HGY - rigid [7.5-12 tonnes) Eura | 136
121 Diesel HGY - rigid [7.5-12 tonnes) Eura |l 136
R121a Diesel HGY - rigid [7.5-12 tonnes) Eura [l Particle Trap 136
R122 Diesel HGY - rigid [7.5-12 tonnes) Eura ] 147
R122a Diesel HGY - rigid [7.5-12 tonnes) Eura Il Particle Trap 14704
123 Diesel HGY - nigid [7.5-12 tonnes) Eura [V 214
F124 Diesel HGY - rigid [7.5-12 tonnes) Eura 27
F12de Diezel HGY - nigid [7.5-12 tonnez] Eura ' EGR 27
R125 Diezel HGY - rigid [7.5-12 tonnez) Eura Yl 213
R126 Diezel HGY - nigid [12-14 tonnesz] Pre-Euro | 144
R127 Dieszel HGY - nigid [12-14 tonnes) Euro | 144
R128 Dieszel HGY - ngid [12-14 tonnez] Euro 1l 144
FA128a Diezel HGY - ngid [12-14 tonnez] Euro || Particle Trap 144
A129 Diezel HGY - nigid [12-14 tonnez) Euro 1] 153 =

Copy Cloze ] | I

Fercentage of onginal factor [0 to 10000)

=




ADMS-Urban model configuration
Emissions

«  Some published road traffic emission factors are not robust
« The recent VW vehicle scandal highlights the issue with NO, emissions from

diesel vehicles:

— Monitored NO, & NO, not decreasing in line with emissions estimates

— Real-world tailpipe measurements do not agree with vehicle

manufacturer data

. By calculating the Figure 4 Comparison of London emissions functions with COPERT 4 functions
corresponding CO, PR
emission factors, for | = o E it [mndcniiie
each vehicle category, it " e COPERT Euro 4
is possible to estimate an LA Euro 6 London driving
adjustment factor ® COPERT Euro 6

- These factors can be e’ . T .
entered directly into 5 - E
EMIT R o . .

* Is it valid to use speed- e RO o et
independent e .o T Sl R
adjustments? :

A 0 IIO 2I0 3I0 4ID SIO 6I0 }'IO 8‘0 9I0

CERC In-service performance of Euro 6/VI vehicles — A summary
of testing using London drive cycles, TfL, September 2015

bh
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ADMS-Urban model configuration
Emissions

«  Some published road traffic emission factors are not robust

- PM,, and PM, ; road traffic emissions have a high non-exhaust component:
- Traffic PM,, emissions are ~ 75% non-exhaust
— Traffic PM, ; emissions are ~ 50% non-exhaust

— Non exhaust emissions comprise brake, tyre and road wear, and resuspension of
particulates on the road surface

« Some published factors have coarse categorisation but have qualitatively correct

behaviour eg EMEP / CORINAIR factors EMEP / CORINAIR PM,, brake wear
0.06 ~ emission factor for heavy vehicles
S
-
S~
[+1]
S 0.04 -
(&)
£
c
2
8
£ 002 -
o
i
=
o
O I I I I I
CERC 0 25 50 75 100 125 e
Speed (km/hr)




ADMS-Urban model configuration
Emissions

«  Some published road traffic emission factors are not robust

- PM,, and PM, ; road traffic emissions have a high non-exhaust component:
- Traffic PM,, emissions are ~ 75% non-exhaust
— Traffic PM, ; emissions are ~ 50% non-exhaust

— Non exhaust emissions comprise brake, tyre and road wear, and resuspension of
particulates on the road surface

« Some published factors have coarse categorisation but have qualitatively correct
behaviour eg EMEP / CORINAIR factors

- But measurement component analyses at hotspots indicate non-exhaust
component may be much higher, particularly for brake wear

« LAEI uses adjustment factors, calculated from measurements at Marylebone
Road:

« These approximate factors can be included as adjustments to the base case

Base method Base method New method New method Scaling factor
emissions g/km/s proportion emissions g/km/s proportion (or emission
Exhaust 0.0227 0.54 0.0227 0.22
Tyre wear 0.0077 0.18 0.0084 0.08
Brake wear 00119 0.28 0.0431 0.42

Resuspension - - 0.0290 0.28 -



ADMS-Urban model configuration
Meteorology

« Use Heathrow measured meteorology data, as prevailing wind from South West
«  Wind speeds decrease in urban areas compared to rural / airport locations due
to the presence of buildings

«  ADMS-Urban allows for this decrease in wind speed, using 2 methods:
— Basic adjustment: Setting a different roughness length at the met site and the

dispersion site
3 : : . ADMS-Urban wind rose for
Using the Urban Canopy flow field option Heathrow
U
330° 1500 30°
1200
300° e 60°
600
. .
S0t
SN
270° fsﬁ""‘é 90°
L= y
240° 120°

CERC



ADMS-Urban model configuration
Meteorology

« Use Heathrow measured meteorology data, as prevailing wind from South West
«  Wind speeds decrease in urban areas compared to rural / airport locations due
to the presence of buildings

«  ADMS-Urban allows for this decrease in wind speed, using 2 methods:

— Basic adjustment: Setting a different roughness length at the met site and the
dispersion site

— Using the Urban Canopy flow field option
B ADMS Mapper

Urban Canopy flow field

* Requires 3D buildings data
as input

* ArcGIS Tools available to
pre-process buildings data

* Model calculates the spatial
variation of roughness
length, giving a spatial
variation of wind speed
related to building density

i prefll i ] .
J I | 2 T  JIG
g ) " --'"I ﬁ ! ._.?" J o \ V.&“‘

CERC © Crown Copyright and Database Right 2015. &
Ordnance Survey (Digimap Licence)



ADMS-Urban model configuration
Meteorology

- Use Heathrow measured meteorology data, as prevailing wind from South West

*  Wind speeds decrease in urban areas compared to rural / airport locations due
to the presence of buildings

«  ADMS-Urban allows for this decrease in wind speed, using 2 methods:
— Basic adjustment: Setting a different roughness length at the met site and the
dispersion site

— Using the Urban Canopy flow field option Roughness (m)

Urban Canopy flow field ) T 5 222225
* Requires 3D buildings data -  lo05-1
as input bt 1 -2
 ArcGIS Tools available to . . aaa B -2
pre-process buildings data IH EmEEm
* Model calculates the spatial fiam e W o e
variation of roughness / Saiiel h 4
length, giving a spatial * =
variation of wind speed ey mmgfa”
related to building density e 3
AR

CERC 015



ADMS-Urban model configuration
Background

- Base case run: use measured data
« ADMS-Urban RML: upwind background taken from regional model

 Alternative approach to calculating background:

— Minimum value over the domain

— Ensure that the NO,, NO, and O, are from the same location for any
London

articular hour SO
B e a5 S
R o O AT Tl
X SRy R . .
() AR P ISy
LI, emissions
SN
g ol 7 W Bk AN =
” 7 Q“. Ny by t
=t Inventory

Minor road, commercial and
domestic sources defined at
lower resolution (1 km grid)

Major road sources

explicitly defined
Background

PM,,

1o A v,
Z f: A

A et } iy A
I et S Q»‘i’q_«,&\@ﬁ&%ﬁ%

L
SOROLPA
Ly 2R
& e AR et
R e LRI
s QAN
J

Point sources
explicitly defined

CERC
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ADMS-Urban model configuration
In-road parameters

« Many road and kerbside receptors are located within street canyons

«  Wind flow and dispersion within ‘street canyons’ differs considerably from open
road locations

«  ADMS-Urban allows for street canyons, using 2 methods:
— Basic canyons: add canyon height and width information in the model interface
— Using the Advanced Canyon option

Advanced Canyon parameters
* Requires 3D buildings & road network data as input

 ArcGIS Tools available to pre-process data Example comparison of
in-road concentrations

Upstream wind

Note: — Concentration

; No canyon Basic canyon Advanced canyon 600
An estimate of the road 2 y -t B y — = 550
width is required, eg: . . I S—_— e

— Default based on 350

road classification
— 0.7 x canyon width

300
250
200
150

CERC

Road



ADMS-Urban model configuration
Receptor network

956 receptors
Full range of receptor types modelled
Validation for 2002 — 2013 for all pollutants except PM, ; (from 2009)

2012 as ‘pivot’ year for emissions

©
(] () c %
12152 2| w
glg|52a|®R
gl el 8l 2
(af)]
NO, |24 |6 | 16 | 6 | 52
NO, |24 | 6| 16 | 6 | 52
0, 8 | 1| 13 | 4 | 26
PMy, | 21 | 5 | 13 | 5 | 44
PMye | 7 | 1| 4 | 2 | 14

CERC

I| o
&
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ADMS-Urban model configuration
Receptor network

« Check location for each receptor Detailed buildings
data

o ol
R
¢ .

Measured road
width (Google
Earth) input at

Canyon width
calculated using
buildings data in
ArcGIS

© Crown Copyright and Database Right 2015.
CERC Ordnance Survey (Digimap Licence)



ADMS-Urban model results
NO,, NO, and O,

* NO, urban background annual average concentrations before and
after adjustment

1 1line O COPERT 4 emission factors /
---Within a factor of 4/3 of the observed ® Adjusted emission factors
120 | == =====————==——- 25 7| |mprovement in NMSE as well as bias
. | |
/ o
(X . 2

— 90 - - .
E o (o] P L 1.5 .
X ; © -~ 0° 22)
> 60 - o .0.0 o O o S
8 °© o < 1 -
T o X0
3 o 0
2 30 - ,9'66 %

° NO. 05 -

X
0 1 1 1 1 O 1
0 30 60 90 120 -15 1.5
Observed NOx (ug/m3)
CERC Chang & Hanna, Air quality model performance evaluation.

Meteorol. Atmos. Phys. 87, 167—-196 (2004)



ADMS-Urban model results
NO,, NO, and O,

* NO, annual average concentrations: all receptors for 2012 after
adjustment

350

300

M M
o )
o o

Modelled NO, (pg/m3)
=
o
o

100

>0

CERC

7 L]
f,} .
/ o Agreement also
I L e good at roadside
-® and kerbside sites
oo’ ®
-—==> e m o e e
g -
’ ’.’
¢ o NO,

0 50 100 150 200 250 300 350

ObservedNO, (ug/m®) 1.1 ine
---Within a factor of 4/3 of the observed



ADMS-Urban model results
NO,, NO, and O,

* NO, and O; annual average concentrations: all receptors for 2012 after

adjustment
120 - v 60 -
, ®
100 - S e
E’E‘ /// . E"_‘ /,/‘
< 80 - . ] - E 40 -
= *e%e o = °
S "o - 5 * o
2 60 - 7 ® Q- o) K .. ’0
T & b o @ L
@ o - Q .
= oF% o o . ®
Q - o] P
g 40 - o 5 20 -
S ) 2 °
Rt p N02 O3
20 4 g ®
0 - 1 1 1 1 I 1 0 - T T 1
0 20 40 60 80 100 120 0 20 40 60
Observed NO, (pg/m3) Observed O, (pg/m3)
—1:1line

---Within a factor of 4/3 of the observed
C E RC ADMS-Urban & ADMS-Roads User Group Meeting 2015



ADMS-Urban model results
PM,, and PM, ¢

- PM,, and PM, ; annual average concentrations before and after

adjustment
50 -
40 -
£
oo ®
=30 - S
— .. . //”
2 o quo °
o d O
L 20 - % O
[ /8
'U '
O ’
b
10 -
PM,,
0 - 1 1 1 1 1
0 10 20 30 40 50
Observed PM,, (pg/m3)

o Original emission factors

Modelled PM, ¢ (pg/m?3)

CERC ® Adjusted emission factors

25

20

10

-
2 @
f/ 0 -
: .
, .. O.-
e HJ’
PM, -
5 10 15 20 25
Observed PM, . (pg/m3)
—1:1line

---Within a factor of 4/3 of the observed



ADMS-Urban model results
PM,, and PM, ¢

- PM,, and PM, ; annual average concentrations before and after

adjustment
I:)M1O I:>M2.5
14 - 14 -
12 - 12 -
1 - 1 -
L 0.8 - w 0.8 -
= =
Z 0.6 - Z 0.6 -
0.4 - 04 -
0.2 - 0.2 -
0 . 0 .
15 -0.5 0.5 15 ‘15 15
Improvement in NMSE FB
as well as bias for PMq o Original emission factors
—1:1line ® Adjusted emission factors
CERC ---Within a factor of 4/3 of the observed



ADMS-Urban model results
Final statistics for all pollutants, over all sites

Statistics relate to modelling for 2012 (ADMS-Urban 3.4.3)

mean

1107 1057 072  -0.05  0.70 0.72
No2 498 499 028 0002  0.71 0.83
0, 331 330 024  -0001 077 0.67
PM, 238 221 036  -008 063 0.88
PM, . 148  15.6 0.29 0.06 0.75 0.83
2%(‘;‘2? nla nla 0.0 0.0 1.0 1.0

C E RC ADMS-Urban & ADMS-Roads User Group Meeting 2015



ADMS-Urban model results
“Focus on state-of-the-art chemistry at all scales”

* Assess model predictions on an hour-by-hour basis

i / | Counts
200 % / ST

150 —

Example \
roadsidg site : Much greater
g concentration
variation at

50

roadside site

Data capture
for both sites

E I b 100
xample urban > 03%

background
site

Modelled

50

C E R C 50 100 150 -Urban & ADMS-Roads User Group Meeting 2015
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ADMS-Urban model results
“Focus on state-of-the-art chemistry at all scales”

* Assess model predictions on an hour-by-hour basis

Example
roadside site

Example urban
background
site

CERC

Modelled

Modelled
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| essons learnt

« Using adjustment factors based measurement data
Improves model performance...

« ...and may remove the need for post-modelling adjustment
factors!
Modelling tips:

* When modelling chemistry, use upwind direction-dependent
background concentrations

* To allow for flow field variations over the domain, use the urban
canopy module

* To allow for complexities of dispersion in the urban areas, use the
advanced canyon and tunnel model options

» Locate road / kerbside receptors on the pavement, within the canyon,
at the correct distance from the kerb

C E R C ADMS-Urban & ADMS-Roads User Group Meeting 2015



