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CERC

CERC founded in 1986 – Links to University 

• practical application of state of the art environmental 

science

• initially focussed on research

• subsequently software development

• by year 2000 over 20 highly qualified staff

History of CERC

CERC
Strategic Environmental Impact in urban 

and industrial areas – focus air quality
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CERCADMS-Urban I

• ADMS-Urban is designed to model the impact of the full 
range of emission types across an urban area at very 
high resolution;

• Advanced-Gaussian type model nested in regional 
trajectory model;

• Includes chemical reaction scheme(s), meteorological 
preprocessor, effects of changes in roughness and terrain 
elevation;

• Allowance for up to 6,500 sources: upto 3,500 explicit 
sources - road (1,500, each with up to 50 vertices), point, 
line area and volume (1,500), aircraft jet sources (500); 
grid sources upto 3,000;

• Fully integrated street canyon model based on OSPM;

CERCADMS-Urban II

• Calculates emissions from traffic flows or accepts 
calculated emissions;

• Integration with Geographical Information Systems (GIS) 
and an Emissions Inventory Database (EMIT);

• Output via GIS includes high resolution pollutant 
concentration maps;

• Can consider Air Quality Management and Mitigation 
Options e.g. Low Emission Zones, Technical Options, 
Traffic management; source apportionment;

• Model first released in 1997 – has been used in many 
cities worldwide including in London, Paris, Rome, 
Beijing, Shanghai, Singapore, Barcelona, Vienna … 
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CERCComparison with data 

• Model validation at Automatic Sites – Annual Means NO2,

NOx,O3,PM10(annual mean and 90.4th percentile) 
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CERC
ADMS-Urban – Validation at Shaftsbury Avenue
From DEFRA model inter-comparison exercise (D Carslaw)

Weekday, hourly , monthly profiles
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CERCAssessment  of Air Quality - London

N O 2 ( µ g / m ³ )

> 5 6

5 2 - 5 6

4 8 - 5 2

4 4 - 4 8

4 0 - 4 4

3 6 - 4 0

3 2 - 3 6

2 8 - 3 2

2 4 - 2 8

2 0 - 2 4

< 2 0

0 5 1 0 K i lo m e t e r s

F i g u r e 6 . 4

L o n d o n 2 0 0 1

A n n u a l a v e r a g e N O 2 c o n c

N O 2 ( µ g / m ³ )

> 5 6

5 2 - 5 6

4 8 - 5 2

4 4 - 4 8

4 0 - 4 4

3 6 - 4 0

3 2 - 3 6

2 8 - 3 2

2 4 - 2 8

2 0 - 2 4

< 2 0

F i g u r e 4 .1 b

L o n d o n 2 0 1 0 - 2 0 % N O 2

A n n u a l a v e r a g e N O 2

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y
#Y#Y

#Y

#Y

#Y #Y

#Y

#Y

#Y#Y

#Y

#Y#Y

#Y

#Y

#Y#Y#Y

#Y

#Y

#Y

#Y

#Y

#Y #Y#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y#Y

#Y

#Y#Y #Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y

#Y
#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y#Y

#Y

#Y
#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y

0 20 40 60 Kilometers

#Y AURN sites

#Y LAQN Sites

Emissions Monitoring network

Modelled annual average NO2: 2001 and 2010

0 10 20 305
Kilometers

CERC

ADMS-Urban can  be used to test impact of action plans or policies 

(local, urban, regional or national scale) at local up to large urban 

scale. Examples of applications:

• Business as usual (e.g. implementation of legal requirements –

NECD, Vehicle EURO standards etc…) 

• UK Dept. Environment (2006) – Consultation on “options for further 

improvements in air quality” – included policy Measure Q:

- Programme of incentives for early uptake of Euro V and VI 

standard vehicles

- Programme of incentives to increase penetration of low 

emission vehicles

- Small combustion plant measures

• Traffic Management  measures e.g.  London Low Emission Zone/ 

Congestion Charging Zone  

• Multiplicity  of measures  e.g. Beijing - controls on industry/power 

supply; domestic coal burning; many traffic reduction policies.   

Impacts of different planning /policy scenarios
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CERC

No. days

>20 

10 - 20

5 - 10

0 - 5

Assessment – Business as usual. Number of days in which the 

8 hour maximum concentration of ozone exceeds 100µg/m3

2001 2010

2020

CERCLondon – Business as Usual

• London 2010 annual mean 

NOX concentrations, 

presented by traffic category, 

to identify the main sources 

of pollution

ASSESSMENT – LONDON, Source apportionment
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CERCPolicy Scenario – Measure Q

 2010 2020 

 Base Q Base Q 

Population weighted mean (µg/m³) 35.0 34.6 31.2 29.8 

% Area exceeding 40µg/m³ 12.8 11.9 6.2 4.5 

% Population exceeding 40µg/m³ 19.9 18.1 10.6 8.0 

 

Impact of Measure Q on annual average NO2 concentrations

 
Base Q 

Measure Q 
Reduction 

2010 13.8 13.7 1.1% 

2020 12.6 11.8 6.7% 

Year Reduction 9.0% 14.1%  

 

Impact of Measure Q on population weighted annual average 

PM2.5 concentrations

CERCHealth risk assessment to air pollution episodes: 

modelled exposures by postcode in London: 8th August  2003

148,000 postcode locations

entered as receptors in ADMS-Urban
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CERC

Area of the Zone

Same as the 

Congestion 

Charging Scheme 

Up to - but not 

including - the 

North South 

Circular

Heathrow

The Greater 

London boundary

Up to - but not 

including - the 

M25

An outer London 

area (stand-alone

London Low Emission Zone (LEZ) and Congestion Charging Zone

CERC2010 LEZ Reductions in PM10
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CERC
City of London Study 

Location of source apportionment receptors

CERC

Motorcycles
1%

Cars
15%

Taxis
21%

LGV
13%

Buses & 
Coaches

28%

Rigid
18%

Articulated
4%

City of London study

NOx emissions by source type 

Major Roads
64%

Minor Roads
3%

Domestic 
Gas
5%

Commercial 
Gas
26%

Other
< 1%
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CERC
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CERC
City of London - 2015 Congestion charging zone 

(CCZ) and North/South Circular scenarios

Name of 

scheme

Description of scheme Area 

affected

Pollutants 

assessed

Euro 4 CCZ 

15

Minimum standard of Euro 4 for all 

diesel vehicles
CCZ NOx

Euro 4 NS 15
Minimum standard of Euro 4 for all 

diesel vehicles

North/ South 

Circular
NOx

Euro 4 plus 

electric 15

Minimum standard of Euro 4 for all 

diesel vehicles & electric taxis
CCZ NOx

50% electric 50% of taxis vans & cars are electric CCZ
PM10, PM2.5

& NOx

Euro 4 plus 

electric & 

biomethane

Minimum standard of Euro 4 for all 

diesel vehicles, electric taxis & 

biomethane used by 50% lorries & 

large vans

CCZ NOx

Euro 6
Minimum standard of Euro 6 for all 

diesel vehicles
CCZ NOx

CERC
City of London study 

Different 2015 scenarios - annual average NO2

NO2 concentration (µg/m³)

< 36

36 - 40

40 - 44

44 - 48

48 - 52

52 - 56

56 - 60

60 - 75

75 - 100

> 100

0 500 1000 1500 2000250 Metres

OS Open Data: Contains Ordnance Survey data © Crown copyright and database rights 2010.

NO2 concentration (µg/m³)

< 36

36 - 40

40 - 44

44 - 48

48 - 52

52 - 56

56 - 60

60 - 75

75 - 100

> 100

0 500 1000 1500 2000250 Metres

OS Open Data: Contains Ordnance Survey data © Crown copyright and database rights 2010.

NO2 concentration (µg/m³)

< 36

36 - 40

40 - 44

44 - 48

48 - 52

52 - 56

56 - 60

60 - 75

75 - 100

> 100

0 500 1000 1500 2000250 Metres

OS Open Data: Contains Ordnance Survey data © Crown copyright and database rights 2010.

NO2 concentration (µg/m³)

< 36

36 - 40

40 - 44

44 - 48

48 - 52

52 - 56

56 - 60

60 - 75

75 - 100

> 100

0 500 1000 1500 2000250 Metres

OS Open Data: Contains Ordnance Survey data © Crown copyright and database rights 2010.

Base case

50% electric

Euro 4 plus 

electric 15

Euro 6



12

CERC
London Heathrow Airport

Emissions

• Major study of government plans for airport expansion

• Need to consider aircraft sources: take-off, landing, taxi 

out, APU (Auxilliary Power Units) etc.

CERC
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CERC
Impacts of developments on temperature

Olympic Parkland development (LUCID project) 

• 3 scenarios:

– Pre-Olympic, 

– Olympic Parkland 2012

– Olympic legacy

• Absolute temperature 

perturbations due to land use 

variations modelled

• Relative temperature changes 

due to developments 

calculated

Hackney 

Marsh

Olympic development 

(from plans)

CERC
Example case studies:

Olympic Parkland development (LUCID project) 

Temperature 

perturbation 

(degrees C)

Pre-Olympic

temperature 

perturbations to the 

upwind boundary layer 

profile at 2m due to 

land use variations 

19:00 on 10/06/2006 

overlaid onto a map. © 

Crown copyright, All rights 

reserved. 2009 Licence 

number 0100031673

3.5 km

Hackney 

Marsh
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CERC
Example case studies:

Olympic Parkland development (LUCID project) 

3.5 km

Temperature 

perturbation 

(degrees C)

Differences in predicted temperatures (2m) due to land use variations 

at „19:00 on 10/06/2006‟.

Olympic Parkland 2012 Olympic legacy

CERCBeijing’s air quality: emission controls

• Emission reduction over 10 years - energy, traffic, 

construction, industrial 

• Final stage on 20 July 2008

– reduction in the use of private cars

– further reduction in the use of government cars

– a temporary halt to construction during the Olympic 

period

– more cleaning of the roads to reduce dust

– the suspension of heavily polluting industry

– a reduction in production for coal-based 

enterprises

Green sticker 

for Euro I (III) 

or above for 

petrol (diesel) 

vehicles

Higher polluting 

vehicles banned 

on urban roads 

from 1 July to 20 

September -

no yellow stickers

Signs alert drivers to areas of

congestion and inform if the

roads are free flowing

Special dedicated 

lanes should ease 

congestion for 

vehicles associated 

with the Olympics 

entitled to use them

Vehicles restricted to operating

on alternate days according to

whether the final number on

their licence plate is odd or even
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CERCBeijing’s air quality: emission controls

Forecasted and monitored API in Beijing

ADMS-Urban in hindcast mode

0

50

100

150

200

05/07 15/07 25/07 04/08 14/08 24/08 03/09 13/09

2008

A
P

I 
in

d
e

x

ADMS-Urban (average = 82) MEP (average = 68) EPB (average = 66)

Forecasted and monitored API in Beijing

ADMS-Urban in hindcast mode, no emissions reduction after 19 July

0

50

100

150

200

05/07 15/07 25/07 04/08 14/08 24/08 03/09 13/09

2008

A
P

I 
in

d
e

x

ADMS-Urban (average = 110) MEP (average = 68) EPB (average = 66)

With emission

reduction measures

Without emission

reduction measures

CERC

plume 

rise

changes in 

surface 

roughness

flow over 

complex 

terrain

wet 

deposition
dry 

deposition

dispersion 

around 

buildings

plumes or 

puffs

NOx chemistry 

radioactive 

decay and 

gamma 

dose

odours

plume 

visibility 

fluctuations

time 

varying 

emissions

Industrial sources 

Features of ADMS



16

CERC

NO2     NO

h

O3

•OH

Amines

Nitrosamines

Nitramines

h

NOx

CCS Mongstad

Amine base carbon 

capture and storage

- dispersion and 

chemical 

transformation

CERCSingapore: 99.97th percentile of 1-hour mean SO2

CERC

99.97th percentile of 1-hour
average SO2 

concentrations

National Environment Agency
Singapore

SO2 (µg/m³)
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CERCConclusions

• ADMS-Urban is used routinely across the world for 

assessing the impact of local, regional and national 

planning and policy assessment on air quality at the 

local up to large urban scale. 

David.Carruthers@cerc.co.uk www.cerc.co.uk

mailto:David.Carruthers@cerc.co.uk

