MRC-PHE

Centre for Environment & Health INGS
College

Imperial College
London

LONDON

The effectiveness of air quality
measures in London

Gary W. Fuller & Anna Font,
YAy3Qa [/ 2ftfS3AS [ 2

190 April 2016, AIRUSE, Barcelona.

1



Which air pollution management
policies are working?

EURO emission standards for passenger cars, g/km
Tier Date CO NOXx PM P [#/km]

. . . 9 dzN2  m3ul-922.72 (3.D1i§)se| - 0.14
A A large number of policy initiatives [z =% .2 . 2
are being taken in London, the UK [z e oo or o

Euro 6 Sep-14 0.5 0.08  0.0056x10*

and the EU to improve air quality I )

9 dzNB  M3ul-922.72 (3.16)

I TfL bus retrofit program, LEZ, & 2% & o

Euro 4 Jan-05 1 0.08

Euro5  Sep-09 1 0.060.005* -
E U R O C I aSSGS y EtC . EE:E 6 SZE-M 1 0.060.005% 6x10*

A Difficult to evaluate which policy is
working best / at all?
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Which policies are working?

A If we had just one policy to be tested we could set up
a experiment with an intervention and a control

A But we have policies everywhere and different ones
In different places.

A So why not look for the places where air pollution is
Improving fastest to find the best policy package?




Which policies are working?

AC2NJ 4a2YS &SI NARA 4SQ@OS f 22]
across similar locations.

A Although useful, they can ma: '
a wide heterogeneity in the
Impact of policies across an
urban area.

Abut which transport policies are
working?
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Auro 4; Jan 2005.
AEuro 5: Sept 2009
Auro IV Oct 2005
AEuro V Oct 2008
AEuro VI Jan 2013
A EZ 2008, 2012.




-0.82 [-1.21, -0.4] units/year ***
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Methods

ANO,(ng m™°)

A 65 trafficlocations in London
A Trends in roadside increments e w0
A (background concentration removed) of air pollutants (

A > 75% data capture

A Trendscalculated betweer200509 and2010-14 (inc)

A nNG, NNO, NPM;, NPM, 5, NBCNCQ

A Trends calculated using thiéheilSen estimatoradjusted for
seasonality: trend and 95% confidence interval

A Overall trend calculated byeta-analysis(linearrandom-

effects mode)
I more weight is given to sites with less variancggdmd more
precision {v; = 1/v)




Results: trends 20052009
trends inhPM,,
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Greenwich — Westhorne Avenue
Greenwich - Trafalgar Road
Croydon - George Street
Hackney - Old Street

Newham - Cam Road

—— -234[-282,-1.89
Greenwich - Plumstead High Street —e— : wee —1.71[-2.33,-1.04
Camden - Swiss Cottage HH : s —1.55[-1.81,-1.25
Lambeth - Brixton Road —e— ; wee —1.47[-1.99, -0.87
Kensington and Chelsea - Earls Court Rd —— wr —088[-1.36,-041
Kensington and Chelsea - Cromwell Road - e —086[-1.15,-0.51
Lambeth - Christchurch Road o we —080[-126,-038
Brent - lkea —e- woe —077[-1.27,-044
Ealing - Acton Town Hall FDMS —H v —062[-110,-0.36
Bexley — Thames Road North —8— + -044[-115, 003
Enfield - Bowes Primary School o " -040[-0.73,-0.04
Hammersmith and Fulham - Broadway —e— -039[-119, 0.18
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Richmond Upon Thames - Castlenau ]
Greenwich and Bexley - Falconwood HH
Bexley - Thames Road South —@—
Harrow — Pinner Road H&H
Sutton - Wallington HH . , 0.
Hillingdon - South Ruislip HH -014[-038, 0.14
Greenwich - Blackheath e . , 0.
Hillingdon - Hillingdon Hospital "]
Bromley — Harwood Avenue ——
Lewisham — New Cross HH
Enfield - Derby Road —8—
Ealing - Acton Town Hall oA
Hounslow - Chiswick High Road —@—
Hillingdon - Oxford Avenue HH
Bexley — Thames Road North FDMS —e4

Hounslow - Brentford —— 023[-047, 085
Barnet - Tally Ho Corner - e 0297 011, 046
Greenwich — Woolwich Flyover —o— 0.29[-0.31, 0.84
Crystal Palace - Crystal Palace Parade HH 0 0.30[ 0.01, 0.55
Westminster - Marylebone Road —8— 0.33[-0.36, 0.94

Redbridge - South Woodford HH *x 035[ 0.16, 0.56
Haringey — Haringey Town Hall HH [ 0.08,
Camden - Shaftesbury Avenue —@— 046[-0.07, 092
Redbridge - Gardner Close L " 062[ 020, 1.18
Greenwich — A206 Burrage Grove ;. HH - 076[ 057, 1.04
Havering — Romford : —— whk 1210073, 183
Westminster — Marylebone Road FDMS : —e— . 1.58[ 099, 216
Overall (RE) . -0.19[-0.34 , -0.03]
[ [ I | | I |
-3.00 -1.00 000 1.00 200 3.00

trend APMqp(ug m? year’1j
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Results: trends 20052009

trends InZANG,

Trends 2005 - 2009 Trends 2005 - 2009
Lambeth - Brixton Road —— : wxn -24.67[-30.77, -17.53 Lambeth - Brixton Road —— : wxn -8.20[-10.33, -5.60
Redbridge - Fullwell Cross H— * -4. 14[ ~6.67, -0.55 Redbridge - Fullwell Cross - + -1.207 -2.15,-0.01
Kensington and Chelsea - Cromwell Road HH: wrx -357[ -5.83, -1.34 Islington - Holloway Road e * -1.07[ -2.30,-0.03
Sutton - Wallington HH + =352 -5. 44, 0.00 Kensington and Chelsea - Cromwell Road —H -0.32] -1.58, 046
Barnet - Tally Ho Carner = = -316[ 704, 145 Croydon - George Street HH -008[ -0.75, 0.63
Craydon - Purley Wa HH * -293[-5.26, -0.72 Sutfon - Wallington HH 013[ -0.96, 1.57
Islington - Holloway Road HH + -263[ -533, 003 Redbridge - South Woodford =+ 047 -071,1.27
Brent - lkea 8 =237 =701, 121 Greenwich - Blackheath » * 058 010, 113
Havering - Romford T * -165[ =333, -0.15 Croydon - Purley Way -+ 070 [ -029, 160
Greenwich - Blackheath ] + -1.181 -2.70, 0.18 Croydon - Norbury o 097 -051, 269
Craydon - Norbury 8 -080[ -578, 446 arnel Tally Ho Corner —8— 1.00 [ -055, 262
Craydon - George Street HH -036[ -237, 164 Haringey - Haringey Town Hall HH 101[ =010, 2.08
Greenwich — A206 Burrage Grove m -026[ -2.77, 237 Bexley - Thames Road South HH - 1.08] 037, 1.79
Greenwich - Westhorne Avenue 018] -254 267 Ealing - Hanger Lane Gyratory e 120[ -0 98, 287
Bexley - Thames Road South HH 020[ -182, 281 Greenwich - Westharne Avenue T HH ren 1281 065, 201
Haringey - Haringey Town Hall 7] 034] -113, 248 Westminster - Marylebone Road —— 1291 =103, 382
Faling - Acton Town Hall HH 035] -325, 241 Newham - Cam Road H— ¥ 1.30 { 027, 303
Hounslow - Chiswick High Road HM 057 -196, 246 Greenwich - A206 Burrage Grove HH * 130 025, 226
Greenwich and Bexley - Falconwood = 2 063] -278, 387 Kensington and Chelsea - Knightsbridge — + 143[ 028, 276
Tower Hamlets - Mile End Road HH 064[-191, 318 Bromley - Harwood Avenue T HH * 1561 060, 257
Crystal Palace - Crystal Palace Parade HH 070[ -129, 332 Kensington and Chelsea - Kings Road D HH ** 156 058, 249
Kensington and Chelsea - Knightsbridge —H 076 -4.09, 379 Ealing - Acton Town Hall CHH ren 161 065, 246
Enfield - Derby Road ] 087[ -027, 202 Greenwich - Trafalgar Road D HH ren 162[ 059, 256
Lambeth - Christchurch Road ] 095] -0.54, 2.02 Tower Hamlets - Mile End Road © HH naw 1.83[ 097, 281
Newham - Cam Road HH 101[ =153, 411 Hillingdon - Hillingdon Hospital :HH ** 1921 106, 268
Hillingdon - South Ruislip ] 115] -063, 265 Enfield - Derby Road DM ** 193] 136, 238
Redbridge - South Woodford e 1.35] -1.42, 4.1 Brent - lkea - * 198] 054, 3.14
Kensingfon and Chelsea - Kings Road H 139 -1.05, 329 Hounslow - Chiswick High Road N - 200 062, 352
Greenwich - Trafalgar Road HH 140[ -079, 362 Redbridge - Gardner Clase T OHH ** 203[ 127, 284
Harrow - Pinner Road =+ 157 -1.61, 467 Crystal Palace - Crystal Palace Parade T HH ™ 204 125, 3.08
Greenwich - Plumstead High Street HH 170 -0.53, 359 Harrow - Pinner Road = - 211[ 083, 3.62
Hillingdon - Oxford Avenue » * 1.70 [ 038, 307 Greenwich - Plumstead High Street HH naw 228[ 134,329
Hillingdon - Hillingdon Hospital i | * 203 085, 310 Havering - Romford D - 231[ 083, 3.24
Ealing - Hanger Lane Gyratory —e— 209 -4.21, 8.03 Lambeth - Christchurch Road P HH ™ 238[ 126, 3.19
Hounslow - Brentford - 200[ -0.73, 455 Greenwich and Bexley - Falconwood T HH rax 242 127, 3.57
Bromley - Harwood Avenue HH [ 2.20[ 0.19, 4.06 Richmond Upon Thames - Castlenau D HM . 2451 182, 317
Havering - Rainham B . 233 1.01, 407 Bexley - Thames Road North DO ™ 274 222, 339
Lewisham - New Cross = 269[ -205, 6.86 Hillingdon - South Ruislip | ™ 280 230, 3.37
Richmond Upon Thames - Castlenau ™ 3.05[ 1.86, 4.07 Westminster - Charing Cross Library S 283 139, 438
Redbridge - Gardner Close ‘HH * 336 066, 537 Havering - Rainham s nex 2911 190, 367
Camden - Swiss Cottage —— 3.75[ -1.10, 834 Hackney - Old Street D HH . 3.05[ 197, 4.00
Hackney - Old Street P H ™ 458 241, 675 Greenwich - Waolwich Flyover B o IR 310[ 1.70, 5.09
Bexley - Thames Road North ] wox 5.20[ 304, 6.79 Camden - Swiss Cottage = = BT 3] 174, 446
Camden - Shaftesbury Avenue D HH . 6.20] 2.91, 999 Hillingdon - Oxford Avenue : HH . 315[ 244 396
Westminster — Marylebone Road —e— 6.71[ -2.60, 13.84 Lewisham - New Cross D — 338[ 092, 511
Greenwich - Woolwich Flyover : nen 8.80 l 422 1404 Hounslow - Brentford : = T 437 325, 518
Westminster - Charing Cross Library I 1395[ 987, 1746 Camden - Shaftesbury Avenue HOH #+x 474 370, 5.86
Overall (RE) _ 0.87[0.07,1.68] Overall (RE) ¢ 163[1.25,2.01]
[ | | | [ I I [ I | [ I I
-40.00 -20.00 0.00 10.00 -15.00 -1000 -5.00 0.00 5.00 10.00
trend ANOy (ng m 3year ') trend ANO3 (ug m 3year 1)




Remote exhaust measurement

Contents lists available at ScienceDirect

Atmospheric Environment

FI SEVIER

journal homepage: www.elsevier.com/locate/atmoseny

New insights from comprehensive on-road measurements of NOy, NO2
and NH3 from vehicle emission remote sensing in London, UK™

@ClmMJrk

David C. Carslaw™", Glyn Rhys-Tyler "

*King's College London, Environmental Research Group, Frankiin Wilkins Bulding. 150 Stamford Street. Lorton SE1 SN, UK.
" Transport Operations Research Group, School of Civil Engineering and Geas ences, Newcaste University, Newcasti- upon-Tyne NE 7RLL LK
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Results: trends 20102014

trends innNQ, trends INNNG,

Wandsworth — Putney High Street —— : wnn -22.38[-33.21, -15.88 Wandsworth — Putney High Street —p— : wa -13.71[-18.54 , -10.51
Wandsworth — Putney High Street Facade———g——1 : wan -18.24 [-30.80, -11.20 Lambeth — Brixton Road —— : wa -11.52[-16.07 , -6.38
Merton - Morden Civic Centre 8 : — -12.068 [-16.77, -7.07 Wandsworth — Putney High Street Facade +—@—1 : — —-10.18[-14.81, -6.58
Lambeth — Brixton Road —— . -7.B2[-1441, —1.80 Merton — Morden Civic Cenfra HgH : nnx -840 —0.45, -G.88
Kensington and Chelsea — Earls Court Rd i wnn —-8.40[ —9.84, -2.37 Camden — Euston Road —— : wux -7.88[-11.08, -4.58
Camden — Shaftesbury Avenus HB— a -8.22[ 887, -2.23 Ealing — Hanger Lane Gyratory HH nnn —423[ -5.85, -240
Greenwich — A206 Burrage Grove g wan -6.06[ -7.83, -3.88] Camden - Shaftesbury Avenue HM nax -388[ -5.30, -2.65]
Tower Hamlets — Blackwall HH v -5.54[ -TE9, -3.74] Kensington and Chelsea — Earls Court Rd HMH wan 381 404, -2080]
Ealing — Hanger Lane Gyratory —a— + -521[-10.81, D.34 Kensington and Chelsea — Kings Road HH wnw -333[ 483, -217
Croydon — Morbury —— -3.74[-10.03, 486 Tower Hamlets — Blackwall - wun -323[ 388, -234
Greenwich — Trafalgar Road » wnn -353[ 444, —282 Kensington and Chelsea — Knightsbridge HEH .. —-3.03[ 475, -0.88
Sutton — Wallington HH wan -3.22[ 485, -1.84] Lewisham — Mew Cross L unn -300[ -4.08, -2.32]
Lewisham — Mew Cross Hi— =3.00[ -6.70, D40] Camden — Swiss Cottage HEH : wnn -237[ -343, -0487]
Kensington and Chelsea - Kings Road g + -287[ -68.05, 028 Greenwich — A208 Burrage Grove [T wa -232[ -288, -1.45
Greenwich — Woolwich Flyower g -288[ -888, 1.13 Kensington and Chelsea — Cromwell Road [ wnn -228[ -3.10, -1.43
Camden — Swiss Cottage e -278[ -8.80, 247 Croydon — Morbury e + -221[ 418, -0.12
Kensington and Chelsea — Cromwell Road HH + -240[ -46G, 040] Harrow — Finner Road [ e nax =2.01[ -2.60, -1.209]
Kensington and Chelsea — Knightsbridge —— -224[ -8.93, 3.83] Westminster - Marylebone Road - u =1.89[ -4.00, -0.28]
Harrow — FPinner Road [ B w -1.78[ -288, -0.680 Sutton — Wallington i wa -1.62[ -245, -0.82
Greenwich - Westhorne Avenue H -1.38[ -368, 067 Sutton — Worcester Park W wa -1.51[ -2.38, -0.63
Camden — Euston Road —8— -1.35[-1058, 7.23 Greenwich — Trafalgar Road - - -132[ -2.15, -0.53
Sutton — Worcester Park = -1.30[ -5.20, 2.51 Islington — Holloway Road HH + -1.08[ —2.20, 0.08
Tower Hamlsts — Mile End Road HH -1.29[ -3.84, 0D.87 Croydon — George Street [ . -0.87 [ -1.82, -017
Greenwich — Plumstead High Street o -0.89[ —1.87, 0D.25 Richmond Upon Thames — Castlenau ™% nnn -beg[ —-1.58, -0.37
Greenwich and Bexley — Falconwood - -0.83[ -480, 283] Enfield — Bowes Primary School ] + -0.83[ -1.58, 002]
Redbridge — Gardner Close HIH -0.50[ -2.87., 218] Greenwich — Plumstead High Street "] -0.48[ —-1.17., 0.18]
Richmond Upon Thames — Castlenau ] -012[ —142, D.84 Havering — Romford o -0.42[ —0.892, 037
Croydon — George Strest W 015[ —1.33, 1.80 Greenwich — Westhorne Avenue ) -0.41[ —1.17, 0.28
Enfield — Derby Road ] 017 [ —1.30, 142 Greenwich and Bexley — Falcomwood HH -0.05[ —1.05, 1.00
Greenwich — Blackheath - 0.75[ -0.897, 2.55] Enfield — Derby Road [ ] 0.20[ -048, 088]
Islington — Holloway Road HH De4[ -182, 422] Redbridge — Gardner Close M 023[-071, 1.37]
Havering — Romford ] w J2[ 053, 282 Greenwich — Woolwich Flyover HgH 0D3B[ -0DOG6, 183
Ealing — Western Avenue HMH g 268[ 048, 481 Tower Hamlets — Mile End Road HgH 040[ -1.07, 1.84
Havering — Rainham H— 308[ -1.06, 858 Brent - lkea - 058 -0.26, 1.88
Enfield — Bowes Primary School HH o 482 228, 7.37] Greenwich — Blackheath HH 083[ —-0e2, 1.70]
Haringey — Haringey Town Hall HH ana g70[ 387, 8.15] Ealing — Western Avenus ‘W . 104 032, 1.891]
Hackney — Old Street H wan Go8[ 506, 850 Havering — Rainham == = 144 -083, 340
Greenwich — Fiveways Sidcup Rd A20 e e B T34 351, 1288 Haringey — Haringey Town Hall THH us 177[ 067, 278
Brent - lkea e e I B42[ 383, 1470 Hackney — Old Street ‘HE wan 202[ 121, 270
City of London — Walbrook Wharf —a—- Bag[ 021, 17.41] Greenwich — Fiveways Sidcup Rd A20 © g nnx 311 145, 488]
Westminster — Marylebone Road —i— - B.ed[ 1.56, 15.98] City of London — Walbrook Wharf i 362[ 058, 7.85]
Overall (RE) N -1.11[-2.27,004] Overall (RE) 'S -1.65[-2.27,-1.03]
[ I I I I I 1 [ I I I I I 1
—40.00 —Z20.00 0.00 20.00 —Z20.00 —10.00 0.00 5.00
trend ANOy (ug m? \,rear'1] trend ANCs (ng m? year )

Annual mean: 116.68 [ 106.34 , 127.02 ] Annual mean: 34.12 [ 31.55, 36.68 ]
Overall trendnNQ,: -0.95% yeat Overall trendINO,: -4.84% yeat



Results: trends 20102014

trends innPM, trends INNPM, 5

Greenwich — Blackheath

Wandsworth — Putney High Street
Croydon — George Street

Greenwich - Westhorne Avenus
Greenwich — Fiveways Sidcup Rd A20
Ealing — Western Avenue

Greenwich — Plumstead High Street
Havering — Romford

042[-0.20, 1.02] - :
0.52[-0.11, 0.88] Hackney — Old Street |—.—.—|
e 071[ 0.37, 1.22] :
" 078[ 0.32, 1.38] Greenwich — Plumstead High Street e
+ D.86[-0.04, 1.87] :
e 081[ D57, 1.40] Radbridge — Gardner Close s
e 108[ 047, 1.09] :
e 121[ 075, 1.79]

-0.42[-0.85. 0.10]
—0.24[-0.56, 0.03]

+ 0.91[-0.05, 1.80]

Camden - Swiss Cottage —— . -1.31[-2.06.-0.00]
Westminster — Marylebone Road FOMS —g— : e -1.25[-1.81,-0868]
Sutton — Wallington —e— - =1A7[-1.71,-0.41]
Ealing — Hanger Lane Gyratory —i— . =1.14[-1.72.-0.21]
Westminster — Marylebone Road —a— + -0.75[-1.44, D17]
Greenwich — A206 Burrage Grove - - -0.70[-0.83,-0.37]
Redbridge — Gardner Close — “052[-145. 1.25]1  Greenwich - AZ06 Burrage Grove @ s —172[-297,-1.34]
Enfield — Bowes Primary School —— —0.41[-1.03, 0.24]
farf:t::,'f': H::;T;g;;"mer l—.—l. . _E::g { _3:?; : g:gg } Greenwich — Woalwich Flyover —— u —1.15[-1.76, -0.44 ]
Tower Hamlsts — Blackwall —— -0.37[-D.93, 0.24]
Camden - Shaftesbury Avenue 8 -0.28[-0.85, D.22] Westminster — Marylebone Road FOMS —@— -1.iz2[-1.62,-0.59]
Kensington and Chelsea — Cromwell Road —p— -0.21[-0.78, 0.32]
Brent — John Keble Primary School 8 -0.16[-0.65, 0.16] Camden - Swiss Cottage —— ane -0.81[-1.24,-0.50]
Hackney — Old Street g -0.12[-0.53, 0.26]
Islingten = Holloway Rioad -0.08[-0.82, 0.55 - — —440 -
EIrE-r?l e y —a— oo E -y EI.EB} Tower Hamlets — Blackwall —— T 0.73[—1.10,-0.358]
Greenwich — Trafalgar Road 0.13[-0.14, D48 . .
Richmond Upon Thga mes — Castienau '-‘1.1_| + 018 { -0.01, 0.30 % Haringey — Haringey Town Hall H— .- -070[-0.88.-0.32]
Kensington and Chelsea — Earls Court Rd —g— 0.18[-0.37, DA9] :
Greenwich and Bexley — Falconwood FDMS g 0.21[-0.22, D.85] Greenwich and Bexley — Faleonwood FDMS |—'—-—| + -063[-1.18, 0.13]
Greenwich and Bexley — Falcomwood i 0.21[-0.22, D.85] :
Lewisham — New Cross —a— 0.24[-0.44, D.75] Greenwich - Westhorne Avenue [ u -0.56[-0.86 , -0.20]
Sutton — Weorcester Park —— 028 [-0.13, 1.07] :
Harrow — Pinner Road —g— 0.32[-0.05, D.B5 _ ¥ N e
Haringey — Haringey Town Hall —e— 0.24 { -0.31, 1.13 } Brent - lkea : * 051[-089, 0.O0]
——
—a—
H—
——
——
H—
—a—
i
——

City of London — Upper Thames Street : o 146[ 063, 2.35]
Enfield — Derby Road : —e— 188 1.16, 3.22]
; Overall (RE) -
Overall (RE) PY 0.07[-0.13, 0.27]
[ I I I I I I | [ I I | I ]
-3.00 -1.00 1.00 2.00 3.00 4.00 -300 -200 -100 OO0 1.00 2.00
trend APMqglug m? year'1:| trend APMs s (Lg m 'year'1]

~0.70[-097,-042]

Annual mean: 6.33[5.72, 6.95 ] Annual mean: 2.47[1.78 , 3.17 ]
Overall trend PN} 1.11% yeat Overall trendnPM, .. -28.4% yeat
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Results: trends 20102014
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