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Executive Summary
This report constitutes the Detailed Assessment of fine particulate matter (PM10) concentrations in High
Street Linlithgow. The study involved detailed dispersion modelling of emissions of PM10 from sources in
High Street Linlithgow from the junction with Falkirk Road / Main Road to the junction with Blackness Road /
Edinburgh Road. The results of the dispersion modelling were compared against national air quality
objectives to determine if there are any potential exceedences.
The study included emissions from road traffic sources with emissions from other sources in the study area
were included as volume sources. Data for the volume sources were obtained from the National
Atmospheric Emissions Inventory, which provides information on aggregated pollutant emissions for km grid
squares. Predicted concentrations were compared against measured concentrations to verify the
performance of the model. The model compared well against measured PM10 concentrations with an under
prediction of less than 10%.
After adjustment, analysis of the modelling predictions indicated that the annual mean PM10 objective was
being exceeded along the length of the High Street and at both the Falkirk Road / West Port / Main Road
junction and the Blackness Road / Edinburgh Road / High Street junction.
The measured annual mean PM10 concentration in 2009 was 18g/m3. Although this indicates that the PM10
objective is currently being met at this location the analyser is at a greater distance from the roadside in
comparison with the locations of the nearest receptors and therefore is not representative of the worst case
location. it is expected, therefore that the PM10 concentrations at locations closer to the roadside will be in
excess of the annual mean PM10 objective.
On the basis of both the modelling results and the measured concentrations the Council should proceed with
declaring an AQMA in High Street Linlithgow to include the predicted areas of exceedences for the PM10
annual mean objective.
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1.0

INTRODUCTION

Golder Associates (UK) Limited (Golder) has been commissioned by West Lothian Council to conduct their
Local Air Quality Management (LAQM) Detailed Assessment of PM10 concentrations from traffic emissions in
the High Street, Linlithgow. The Detailed Assessment forms part of the LAQM framework which requires
local authorities to review and assess air quality within their area on a regular basis.
Linlithgow is an historic market town which still retains a lot of its original features including historic buildings
and a narrow main access route through the town, namely the High Street. The High Street in Linlithgow is a
busy street which runs through the centre of Linlithgow and is the only through route available. The main air
quality issues in the High Street are associated with a large volume of traffic and significant congestion
caused by parked cars and delivery vehicles which impede traffic flow at times to a single lane with queuing
traffic in both directions. There are also a number of pedestrian crossings along the street so traffic is
seldom free flowing. Linlithgow is a popular tourist attraction therefore even during the weekend there are
issues with congestion and queuing traffic.
The assessment comprises dispersion modelling using the most recent transport and other relevant emission
data combined with current monitoring data to identify if there is potential for exceedence of the PM10 air
quality objectives contained within the Air Quality Strategy for England, Scotland, Wales and Northern
Ireland 2007 (NAQS)1.

2.0

BACKGROUND

The Environment Act 1995 and subsequent regulations require local authorities to assess compliance of air
quality in their area with the standards and objectives set out in the Air Quality Strategy for England,
Scotland, Wales and Northern Ireland 2007 (NAQS). For local authorities within Scotland further regulations
are set out in the Air Quality (Scotland) Regulations 2000 and Air Quality (Scotland) Amendment Regulations
2002.
The LAQM framework requires that local authorities carry out regular reviews of air quality. The first round of
Review and Assessment commenced in 1998 and comprised a four stage approach to the assessment of air
quality.
The Review and Assessment process was revised in 2009 and comprises a phased approach. The first
phase of the Review and Assessment is an Updating and Screening Assessment (U&SA). The U&SA
considers any changes that have occurred in pollutant emissions and sources since the last round of Review
and Assessment that may affect air quality. The second phase is the completion of a Progress Report which
is required to be completed annually, apart from the years when an U&SA is being completed
The LAQM guidance requires that where the U&SA or Progress Report has identified a risk of exceedence of
an air quality objective at a location with relevant public exposure then a Detailed Assessment is undertaken.
A Detailed Assessment will consider any risk of exceedence of an objective in greater depth in order to
determine whether it is necessary to declare an Air Quality Management Area (AQMA).
Previous rounds of the Review and Assessment process have indicated that no air quality objectives were
being exceeded in Linlithgow for any pollutant until 2009 although annual PM10 levels have been close to the
objective level for a number of years. Based on measured concentrations in 2009 the 2010 Progress Report
indicated that the 2010 PM10 annual mean objective may not be met in High Street, Linlithgow and as such
that the council should undertake a Detailed Assessment.
The principal pollutants of concern in Linlithgow is fine particulate material (PM10). The air quality objectives
for this pollutant in Scotland are set in the NAQS and are presented in Table 1.

1

The Air Quality Strategy for England, Scotland, Wales and Northern Ireland (Volume 1), Defra et al, July 2007.
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Table 1: Air Quality Objectives for PM10 in Scotland
Pollutant

Concentration

Measured as

PM10

40μg/m3
3
18μg/m
3
50μg/m

Annual mean
Annual mean
24-hour mean

3

24-hour mean

50μg/m

Permitted Exceedences/
Equivalent Percentile
--35 Exceedences
th
90.4 Percentile
7 Exceedences
th
98 Percentile

Compliance Date
31/12/2004
31/12/2010
31/12/2004
31/12/2010

The air quality objectives apply at areas of relevant public exposure as defined in LAQM Technical
Guidance. Long term objectives, such as the annual mean objectives, should be applied at all locations
where members of the public might be regularly exposed, for example, residential properties and institutional
buildings. Relevant public exposure for short term objectives includes all locations for which the annual
mean objectives are relevant as well as all other outdoor locations where the public might reasonably be
expected to spend the applicable exposure period for the objective.

3.0

AMBIENT MONITORING

West Lothian Council began monitoring PM10 in the Linlithgow in December 2005 using a TEOM analyser.
In 2008 the Council received funding from Scottish Government to upgrade the analyser to a TEOM / FDMS.
Details of the automatic monitoring site are presented in Table 2 with its location annotated in Figure 1,
Appendix C.
Table 2: Details of Automatic Monitor
Site Name
Linlithgow

Site Type
Roadside

OS Grid Reference
299992
677091

Monitoring Technique
TEOM / FDMS

All monitoring data from 2007 to 2010 have been provided by the Council fully ratified and adjusted to
gravimetric equivalence where required. The Council applied a factor of 1.3 and 1.14 to their 2007
monitoring data for gravimetric equivalence. The TEOM monitoring data from 01/01/2008 to 28/04/2008
were corrected using the Volatile Correction Model (VCM) which was then averaged with the FDMS ratified
data for the period 10/07/2008 to 31/12/2008.
PM10 monitoring data have been compared to both the annual mean and 24-hour mean objectives and are
presented in Tables 3 and 4 respectively. The monitoring data from 2007 onwards have indicated that the
2010 PM10 annual mean objective may not be met. The comparison with the 24-hour mean objective
indicates that this objective is currently being met at Linlithgow.
There were a number of operational difficulties at the Linlithgow monitoring site in 2010 resulting in poor data
capture. Unfortunately at the time of carrying out this study the ratified monitoring data for 2010 were not
available and as such no data for 2010 are presented. The modelling study is therefore based on a
comparison with 2009 monitoring data.
Table 3: Comparison of PM10 monitoring with Annual Mean Objective
Site name
Linlithgow

2006 (1.3)
18
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Annual Mean concentration (g/m3)
2006(1.14)
2007(1.3)
2007(1.14)
18
15
16

4

2008
16

2009
18

LINLITHGOW HIGH STREET

Table 4: Comparison of PM10 with 24-hour Mean Objective

3
No of exceedences of 24-hour mean objective (50mg/m )
th
( where data capture <90% 98 percentile is included in brackets)
2006
2007
2008
0
5
2(41)

Site Name
Linlithgow

4.0

2009
2

ATMOSPHERIC DISPERSION MODELLING

Pollutant emissions were modelled using the advanced atmospheric dispersion modelling software ADMSRoads, developed by Cambridge Environmental Research Consultants (CERC). ADMS-Roads is an
advanced dispersion model which allows up to 150 road sources and 35 industrial sources (including point,
line, area and volume sources) to be modelled simultaneously. The model uses a number of input
parameters to simulate the dispersion of pollutant emissions, predicting ambient pollutant concentrations.
The input parameters include information on pollutant emissions, local meteorological conditions and
background pollutant concentrations.

4.1

Modelled Domain and Receptors

Modelling predictions were undertaken over a modelled domain consisting of a 1.5 km by 0.5 km Cartesian
grid pattern which encompasses the Linlithgow town centre area. The number of calculation points was set
at 100 by 100 which provides predicted concentrations at an approximate maximum resolution of 15 x 5m.
The option of “intelligent gridding” was selected whereby the model predicts pollutant concentrations at a
higher spatial density (finer resolution) close to the emission sources and at a lower spatial density at
background locations.
The model can also predict pollutant concentrations at specific locations where relevant public exposure may
occur and at monitoring locations which are used to verify the model predictions. Sixteen locations within the
assessment area were specified as receptors. The receptor locations are presented in Table 5 and
annotated on Figure 2, Appendix C.
Table 5: Specified Receptors
Grid Reference
Easting

Northing

FDMS

299989

677090

Blackness Rd 1

300487

677168

Blackness Rd 2

300500

677183

Council Offices

300156

677109

Hall Falkirk Rd

299399

677059

High Street 1

299892

677064

High Street 2

299938

677056

High Street 3

299958

677062

High Street 4

299967

677083

High Street 5

300311

677127

High Street 6

300326

677147

High Street 7

300397

677115

High Street 8

300455

677145

Library

300136

677136

Main Rd

299452

677015

School

300484

677216

West Port 1

299525

677054

West Port 2

299663

677039

West Port 3

299713

677064
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4.2

Meteorological Data

ADMS-Roads uses hourly sequential meteorological data to calculate atmospheric dispersion. The data file
contains a number of parameters including wind speed and direction, cloud cover and solar heat flux. The
nearest site that records all required parameters is located at Gogarbank, close to Edinburgh Airport, which
is approximately 20 km south east of Linlithgow. Meteorological data for 2009 were used in this study, in
order to allow a direct comparison with measured PM10 data. The wind rose for this year at this location
presented in Chart 1.

Windrose - Edinburgh 2009
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Chart 1: Edinburgh Wind Rose 2009

4.3

Surface Characteristics

The surface characteristics of an area have an influence on the dispersion of atmospheric pollutants through
the generation of turbulence. The surface roughness factor used in the model is a measure of this
turbulence. The surface roughness value of 0.5 m has been used in this assessment which is representative
of the turbulence generated by urban areas

4.4

Building Effects and Street Layout

The geometry of each road was determined through a combination of GIS mapping data and a site visit by a
Golder Air Quality Specialist. The geometry of each road was defined in terms of the kerb-to-kerb road width
and, where appropriate, the height of any street canyons.
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ADMS-Roads does not allow buildings to be included explicitly but allows various street parameters to be
input to simulate the local flow around buildings and other obstacles in the vicinity of the road. The street
parameters included in the model are road width, street canyon height and road elevation.
Street canyons can be included in the model for roads where there are high rise buildings on either side
which act as barriers to the air flow and can channel wind along the road or cause localised air circulations
that trap pollutants at street level. Canyon effects are significant for streets where the height of the buildings
is at least equivalent or greater than the width of the street. Linlithgow High Street has a number of sections
along its length which are considered to be street canyons.
In order to take account of the differing road layouts High Street was divided into five sections, two of which
were classified as street canyon, then further divided into eastbound and westbound carriageways. In the
two areas defined as a street canyon the model requires the traffic flow to be a single lane of traffic
combining both the eastbound and westbound traffic flows. Presented in Chart 2 is the five High Street
sections, section 1 and section 4 have been identified as street canyons. The full extent of all modelled
roads is presented in Figure 3, Appendix C.

Chart 2: High Street

4.5

Road Traffic Emissions

Atmospheric emissions from road traffic were calculated by the model based on information of traffic flows
and an in-built database of vehicle emission factors. Information on traffic flows on roads were obtained
from Traffic Scotland and from road traffic counts carried out in Jan 2011 by Count on Us on behalf of Golder
at four locations around High Street, Linlithgow. The Council’s transport department advised that the growth
June 2011
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between 2009 and January 2011 would have been negligible therefore it was assumed, for the purposes of
this study, that these counts would be representative of traffic counts for the study year 2009.
Traffic count data were manipulated into ADMS Roads format, which requires the data to be input as vehicle
counts per hour, vehicle speed, and road type. The data was further classified into the ADMS Roads vehicle
classes; motorcycles, cars, light good vehicles (LGV), buses and heavy goods vehicles (HGV). ADMS
Roads then uses information from the in-built emissions factors database to calculate an overall pollutant
emission for each road in grams/second/km. The emission factors depend in part on assumptions made of
vehicle types of different types of road i.e. Urban, Rural or Motorway.
Modelling was undertaken for 2009. Although 2009 is not the most recent year for which monitoring data
were available, the data capture for 2010 is only 54% which means it is not suitable for model verification.

4.5.1

Diurnal Traffic Profiles

The ADMS Roads model requires traffic data to be input as an average vehicle flow per hour. The accuracy
of the traffic flow information can be improved by use of time varying emissions factors which details the
diurnal profile of the road. The time varying factors allow the average hourly traffic flow to be multiplied by a
factor representative of the expected traffic flow at each hour of the day. The traffic flow factors are
calculated as a ratio between the hourly flow and the average flow.
Detailed hourly traffic flow data were available for some of the roads modelled and a diurnal profile was
calculated where available for each road. Each diurnal profile was applied to each respective road.

4.5.2

Queuing Traffic

Traffic is known to become congested at various locations along the High Street during peak commuting
hours in the morning, early evening and in some locations during the mid-day periods. A method of
modelling queuing traffic using ADMS-Roads proposed by model developers CERC has been used to
represent the periodic congestion along the High Street. The method assumes that during congested
periods a representative traffic flow rate must be estimated.
Assuming that the vehicles are travelling at the lowest speed that can be modelled using ADMS-Roads
(5 km/hr), with an average vehicle length of 4m, and are positioned close to each other during congested
periods. The annual average hourly traffic (AAHT) flow is calculated by dividing the speed of the vehicles by
the average vehicle length, which gives a representative AAHT of 1250 vehicles per hour during congested
periods. The AAHT is then factored by the respective composition percentages of light and heavy vehicle
types.
Queuing traffic road sections were included for all roads approaching junctions at which congestion is known
to occur. A time varying profile was applied to each queue section to account for the congestion periods.

4.5.3

Non-exhaust Traffic Emissions

ADMS-Roads calculates pollutant emission rates from vehicles based on exhaust emissions only; additional
road traffic sources were included to represent PM10 emissions from non-exhaust emissions. Road traffic
processes other than fuel combustion include tyre wear, brake wear, clutch wear, road surface wear,
corrosion of chassis, body and other vehicle components, all contributing collectively to road dust. Nonexhaust emissions for each road segment were calculated using PM10 emission factors in g/km from the
National Atmospheric Emissions Inventory (NAEI)2 and the number of vehicles per day.

4.6

Other Emission Sources

Emissions from other sources in the study area were included in the modelling as volume sources. Data for
the volume sources were obtained from the NAEI, which provides information on pollutant emissions in
tonnes per year on 1km2 grid squares. Emissions are categorised into sectors including energy production;
commercial; institutional and residential combustion; industrial combustion; industrial processes; fossil fuel

2

www.naei.org.uk
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production; road transport; other transport (non-road); waste treatment and disposal; agriculture; and nature.
The most recent available NAEI data is for 2008; therefore in the absence of more recent data, it is assumed
that the emissions will be unchanged in 2009.
The volume sources were modelled as 1km square grids with a depth of 10m. To avoid double counting of
road traffic emissions, no road traffic emission were included in each grid square as the model included
explicitly modelled roads. The volume sources included in the modelling study are presented in Table 6 and
in Figure 4, Appendix C.
Table 6: Volume Sources
Volume Source
Volume Source 1
Volume Source 2
Volume Source 3
Volume Source 4

4.7

Grid Reference
299500
300500
299500
300500

PM10 g/m3/s
3.611E-09
1.769E-09
3.622E-09
3.258E-09

Grid Reference
676500
676500
677500
677500

Chemistry scheme and background concentrations

ADMS-Roads has an optional chemistry scheme which models the conversion of sulphur dioxide (SO2) to
sulphate particles, which influence PM10 concentrations. Background PM10 concentrations were obtained
from a monitoring site operated by Glasgow City Council at Waulkmillglen reservoir which is a rural
monitoring site on the outskirts of Glasgow. SO2 is not measured at the Waulkmillglen site therefore
background concentrations of SO2 were taken from the automatic monitoring site at Glasgow Centre. The
background concentration data were entered into ADMS-Roads as hourly averaged concentrations. As well
as providing the information required by the chemistry module of ADMS-Roads, the Waulkmillglen
measurements also represent the regional background contribution (from sources outside the study area) to
atmospheric pollutant concentrations in Linlithgow. Waulkmillglen is the only AURN rural monitoring site
located within the Central Belt of Scotland which monitors the pollutant required to be used as a background
data within the model The annual mean background concentrations measured in Waulkmillglen in 2009 are
presented in Table 6.
Table 7: Background Concentrations 2009
Year
2009

5.0
5.1

PM10 (µg/m3)
12.3

SO2 (µg/m3)
3.6

MODELLING RESULTS
Model Verification

In order to assess the model performance, predicted PM10 concentrations from the model are compared with
measured PM10 concentrations. The PM10 monitoring station is located within the High Street and is the only
PM10 analyser within the study area. The analyser is located approximately 7 m from the kerbside however
the closest receptor is located at a distance of 4 m from the roadside. Comparisons of the measured and
predicted PM10 concentrations are presented in Table 7.
Table 8: Comparison of modelled with monitored 2009
Receptor
Name

Monitor type

Site type

Regional
Background
3
PM10 (µg/m )

Monitored
total PM10
(µg/m3)

Modelled
total PM10
(µg/m3)

% difference

Linlithgow

CM

Roadside

12.3

18.0

16.4

-9
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The comparison of modelled PM10 concentrations with monitored PM10 is an under prediction of 9%, this is
well within the limits of +/-25% which TG (09) recommends before model adjustment is required. As this is
the only monitoring site within the study, TG (09) paragraph A3.240 also advises that multiple sites should be
used to verify the modelling results and the use of one continuous monitor alone is not recommended.
Although the technical guidance does not recommend model adjustment under these conditions, the Scottish
annual mean objective is 18 g/m3, therefore an under prediction of almost 2µg/m3 could be significant. In
order to assist the council in identifying a possible AQMA boundary, model adjustment has been carried out
following the suggested methodology in TG (09). Full details of the adjustment are presented in the
Appendix A.

5.2

Modelling Results

The modelling results for PM10 for 2009 are presented in Table 9 and Figures 5 and 6, Appendix C.
Table 9: Predicted Annual Mean PM10
Annual Mean PM10 ( g/m3)

Adjusted Annual Mean
3
PM10( g/m )

Blackness 1

15.2

16.4

Blackness 2

15.2

16.4

Council Offices

13.7

14.2

FDMS

16.4

18.0

Hall Falkirk Rd

14.2

14.9

Specified Receptor

HIgh Street 1

19.3

22.1

HIgh Street 2

16.2

17.8

HIgh Street 3

16.8

18.7

HIgh Street 4

17.8

20.0

High Street 5

14.7

15.7

High Street 6

18.2

20.5

High Street 7

15.3

16.5

High Street 8

15.7

17.0

Library

14.4

15.2

Main Rd

14.5

15.4

School

13.5

14.0

West Port 1

17.3

19.3

West Port 2

14.3

15.1

West Port 3

15.2

16.3

After adjustment the model predicted exceedences of the 2010 PM10 annual mean objective at six specified
receptor locations. The highest predicted concentration at a specified point was 22.1g/m3 at High Street 1.
Analysis of the adjusted 2009 PM10 annual mean contour plot of ground level concentrations in Figure 6
indicates that the objective is being exceeded along the High Street with the highest concentrations
predicted within sections 1 and 4 of the High Street and at locations adjacent to the eastbound carriageway
of West Port.

6.0

POPULATION EXPOSURE

The modelling has indicated that the PM10 annual mean objective is being exceeded within Linlithgow High
Street. The Council has provided details of the number of residential properties within the High Street and
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based on national statistics3 the average Scottish Household have 2.18 householders. From the adjusted
2009 PM10 annual mean contour plot of ground level concentrations, based on concentrations greater than
18g/m3 and using the information provided by the Council the number of residents exposed to the predicted
exceedence have been estimated and are presented in Table 10.
Table 10: Population Exposure
Road Section
West Port
High Street Section 1
High Street Section 4
High Street Section 5

7.0

No of residential properties
28
62
60
4
Total

Population
61
135
131
9
336

CONCLUSIONS

Detailed dispersion modelling of emissions from road traffic has been conducted around High Street
Linlithgow to investigate the potential for exceeding the 2010 PM10 annual mean objective of 18µg/m3 at
relevant receptor locations.
Predicted PM10 concentrations were compared against measured
concentrations from the Council’s monitoring site. The modelling predictions were shown to be 9% lower
than the measured PM10 concentrations. Although this is well within the tolerance allowed in the Technical
Guidance TG (09) to allow the Council to determine a worst case scenario an appropriate adjustment factor
for the modelling predictions was determined following the methodology suggested in TG (09).
After adjustment the modelling predictions indicated that the PM10 annual mean objective is being exceeded
along the length of the High Street and at the West Port / High Street junction and the Blackness Road/
Edinburgh Road/ High Street junction.
The 2009 monitoring result of 18ug/m3, indicates that the PM10 objective is currently being met at the location
of the FDMS however the analyser is not representative of worst location.
On the basis of both the modelling results and the measured concentrations the Council should proceed with
declaring an AQMA in High Street Linlithgow to include the predicted areas of exceedences for the PM10
annual mean objective.

3

http://www.gro-scotland.gov.uk/press/news2010/increase-in-households.html
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Model Verification
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APPENDIX A
Model Verification

Site ID

Monitor
type

Linlithgow

Automatic

Site Type

Background
PM10

Monitored
Total PM10

Modelled
Total
PM10

% Difference
(modelledmonitored)/monitored
PM10

Roadside

12.3

18.0

16.4

-9%

Comparison of modelled v's monitored

Monitored

y = 1.1x
20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
0.0

5.0

10.0

15.0

20.0

Modelled

Site ID

Monitored
PM10

Waulkmillglen
Background PM10

Monitored
road PM10
(total background

Modelled
PM10

Modelled road
contribution
PM10 (excludes
background)

Linlithgow

18

12.3

5.70

16.36

4.06

y = 1.402x

Monitored Road PM10
Contribution

Road Contribution PM10
6.00
5.00
4.00
3.00
2.00
1.00
0.00
0.00

1.00

2.00

3.00

4.00

Modelled Road PM10 Contribution
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APPENDIX A
Model Verification

Site ID

Ratio of monitored
road contribution
PM10 / modelled
road contribution
PM10

FDMS

1.4
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Adjustment
factor

Adjusted
modelled
road
contribution

Adjusted
modelled total
PM10 (inc
background
PM10)

Monitored
total PM10

Pm10 %difff

1.4026

5.7

18.0

18.0

0%
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APPENDIX B
Traffic Flow Summary

Table 1: Average Daily Traffic Flow (AADT)
Road name

Source

Motorcycles

Cars

Buses

LGV

HGV

West Port

Traffic
Counts Jan
2011

156

20312

137

655

729

High Street

Traffic
Counts Jan
2011

119

14682

212

629

279

Blackness
Road

Traffic
Counts Jan
2011

53

10375

105

532

160

High Port

Traffic
Counts Jan
2011

61

6324

81

303

41

Mains Road

DFT

10

1736

18

208

53

Falkirk Road

DFT

31

4066

41

626

117

June 2011
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APPENDIX C
Figures
Figure 1: Monitoring Locations
Figure 2: Modelled Domain and Specified Receptors
Figure 3: Roads Modelled
Figure 4: Volume Sources
Figure 5: Annual Mean PM10 ug/m3
Figure 6: Adjusted Annual Mean PM10 ug/m3
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