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1 Introduction 

1.1 Purpose of the Document 
The purpose of this document is to report on the layout plans showing existing and 
additional traffic and air quality sensors to be used and installed in the test site of 
Glasgow. It also contains all necessary information for the deployment and 
operations of the test sites. 

At the moment of finalization of this document some decisions were still pending. A 
later version of the document will give an update with the final data. 

As this deliverable is made public this document is to be reviewed by a Glasgow 
stakeholder representative, Mr. Vincent McInally of the Glasgow AQ Department. 

1.2 Document Scope 
The installation and test plan deals with two related aspects: 

1) The evaluation plan, to evaluate the performance of the CARBOTRAF 
system. The evaluation plan describes the approach to evaluate if the 
stakeholders’ aspirations as well as the project goals have been attained. 
The evaluation plan leads to specification of the data requirements for 
evaluation, as well as to the definition of the software tools needed to 
process the measured data. 

2) The installation plan for the entire physical infrastructure that is needed and 
has to be installed at the test sites. It deals both with the ITS equipment 
needed to implement the ITS measures (e.g. VMS) and the measurement 
equipment to fulfil all the data needs during the test phase of the project.  

1.3 Management Summary 
This document contains the general evaluation plan and the test site planning for 
Glasgow.  

Partners that have contributed to this document:  

� VITO, AUK, AIT, ETS 

Other deliverables that have been consulted are: D2.1, D2.2, D3.1, D3.2, D3.3, 
D4.2., D6.1, D6.7. 
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1.4 Definitions, Acronyms and Abbreviations 
 

Acronym Description 

AQMA or AQM area Air Quality Management area 

BC Black Carbon 

CCTV Closed-circuit television cameras 

cKPI KPI value calculated by the DSS 

 

D deliverable, see DoW for a definition of Ds  

DSS Decision Support System 

GCC Glasgow City Council 

ITS intelligent transport system 

KPI Key Performance Indicator 

iKPI Predicted KPI  value by the DSS. This was first named ‘interpolated’ 
resulting in a prefix i 

LUT Look-up Table 

mKPI measured KPI value 

 

NA not applicable 

NO/NO2/NOx nitrogen oxides 

PM10 particulate matter (with aerodynamic diameter < 10 μm) 

P & R Park and ride 

RT Real time 

SCOOT Split, Cycle and Offset Optimisation Technique 

Adaptive traffic flow optimisation technique 

sKPI KPI value simulated off line by micro-simulation chain  

VMS Variable message sign 

WP work package, see DoW for a definition of WPs  



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  6 of 72 

1.5 References 
[1] Agency, U.S.E.P. Causes of Climate Change. 2013. 

[2] Bond T.C., et al., Bounding the role of black carbon in the climate system: 
A scientific assessment. Journal of Geophysical Research: Atmospheres, 
2013. 118(11): p. 5380-5552 

[3] Zhang, Y., Chen, X., Zhang, X., Song, G., Hao, Y. and Yu, L. Assessing 
effect of traffic signal control strategies on vehicle emissions, Journal of 
transportation system engineering and information technology, Vol. 9, No. 
1, pp. 150 – 155, 2009. ISSN 15706672. doi: 10.1016/S1570-
6672(08)60050-1. URL 
http://linkinghub.elsevier.com/retrieve/pii/S1570667208600501. 

[4] Keuken, M.P., Jonkers, S., Wilmink, I.R., Wesseling, J. (2010). Reduced 
NOx and PM10 emissions on urban motorways in the Netherlands by 80 
km/h speed management. Science of the Total Environment 408, 2517-
2526 

[5] Gunwoo Lee, Shinhye Joo, Cheol Oh, Keechoo Choi, (2013) An 
evaluation framework for traffic calming measures in residential areas, 
Transportation Research Part D: Transport and Environment, 25, 68-76. 
http://dx.doi.org/10.1016/j.trd.2013.08.002. 

[6] Huang, D., Huang, W. (2003). Traffic Light Synchronization. Journal of 
American Physical Society, Vol. 6 7(5). 

[7] Stevanovic, A., Stevanovic, J., Zhang, K., Batterman, S. (2009). 
Optimizing Traffic Control to Reduce Fuel Consumption and Vehicular 
Emissions, Transportation Research Record: Journal of the 
Transportation Research Board, Vol. 2128. 

[8] Unal, A., Nagui M., Rouphail, H. (2003). Effect of Arterial Signalization 
and Level of Service on Measured Vehicle Emissions. Transportation 
Research Record: Journal of the Transportation Research Board, Vol. 
1842, 47-56. 

[9]  Alena Erke, Fridulv Sagberg, Rolf Hagman, Effects of route guidance 
variable message signs (VMS) on driver behaviour, Transportation 
Research Part F: Traffic Psychology and Behaviour, Volume 10, Issue 6, 
447-457, ISSN 1369-8478, http://dx.doi.org/10.1016/j.trf.2007.03.003. 

[10]  Claudia Guattari, Maria Rosaria De Blasiis, Alessandro Calvi, The 
Effectiveness of Variable Message Signs Information: A Driving 
Simulation Study, Procedia - Social and Behavioral Sciences, Volume 53, 
3 October 2012, Pages 692-702, ISSN 1877-0428, 
http://dx.doi.org/10.1016/j.sbspro.2012.09.919 

[11]  Shiquan Zhong, Lizhen Zhou, Shoufeng Ma, Ning Jia, Effects of 
different factors on drivers’ guidance compliance behaviors under road 
condition information shown on VMS, Transportation Research Part A: 



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  7 of 72 

Policy and Practice, Volume 46, Issue 9, November 2012, Pages 1490-
1505, ISSN 0965-8564, http://dx.doi.org/10.1016/j.tra.2012.05.022. 

[12] Kottapalli A., Hani S Mahmassani, Chandra Bhat, and Oak Ridge. 
Intelligent Transportation Systems and the Environment. Technical report, 
Center for Transportation Research, Austin, USA, 2003. 

[13]  Harrison, R.M., Jones, A.M., Lawrence, R.G. (2004). Major 
component composition of PM10 and PM2.5 from roadside and urban 
background sites. Atmospheric Environment 38, 4531-4538. 

[14] Thorpe, A.J., Harrison, R.M., Boulter, P.G., McCrae, I.S. (2007). 
Estimation of particle resuspension source strength on a major London 
Road. Atmospheric Environment 41, 8007–8020.  

[15]  Dijkema, M.B.A., van der Zee, S.C., Brunekreef, B., Strien, R.T. 
(2008). Air quality effects of an urban highway speed limit reduction. 
Atmospheric Environment 42, 9098-9105. 

[16]  Keuken M.P., Moerman M., Voogt M., Blom M., Weijers E.P.,  
Röckmann T., Dusek U. (2013) Source contributions to PM2.5 and PM10 at 
an urban background and a street location. Atmospheric Environment 71, 
26-35. 

[17] Baldauf R., Heist D.,  Isakov V., Perry S.,  Hagler G.S.W., Kimbrough 
S., Shores R.,  Black K., Brixey L. (2013) Air quality variability near a 
highway in a complex urban environment. Atmospheric Environment 64, 
169-178 

[18]  Van Poppel M., Int Panis L., Govarts E., Van Houtte J., Maenhaut W. 
(2012) comparative study of traffic related air pollution next to a motorway 
and a motorway flyover. Atmospheric Environment, 60, 132 – 141 

[19] Baldauf, R., Thoma E., Hays M., Shores R., Kinsey J., Gullett B., 
Kimbrough S.,  Isakov V. et al. (2008). Traffic and Meteorological Impacts 
on Near-Road Air Quality: Summary of Methods and Trends from the 
Raleigh Near-Road Study. J. Air & Waste Manage. Assoc. 58, 865–878  

[20] Karner, A.A., Eisinger, D.S., Niemeier, D.A., 2010. Near-roadway air 
quality: synthesizing the findings from real-world data. Environ. Sci. 
Technol. 44, 5334-5344.  

[21] Keuken, M.P., Jonkers, S., Zandveld, P., Voogt, M., Elshout, van den, 
S. (2012). Elemental carbon as an indicator for evaluating the impact of 
traffic measures on air quality and health. Atmospheric Environment 61, 
1-8. 

[22] Lefebvre, W., Fierens, F., Trimpeneers, E., Janssen, S., Van de Vel, 
K., Deutsch, F., Viaene, P., Vankerkom, J., Dumont, G., Vanpoucke, C., 
Mensink, C., Peelaerts, W., Vliegen, J. (2011). Modeling the effects of a 
speed limit reduction on traffic-related elemental carbon (EC) 



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  8 of 72 

concentrations and population exposure to EC, Atmospheric 
Environment, 45, 197-207.  

[23] Whitlow T.H., Hall A., Zhang K. M., Anguita J. (2011) Impact of local 
traffic exclusion on near-road air quality: Findings from the New York City 
“Summer Streets” campaign. Environmental Pollution 159, 2016-2027.  

[24] Zhu, Y.F., Hinds, W.C., Kim, S., Sioutas, C., 2002. Concentration and 
size distribution of ultrafine particles near a major highway. Journal of Air 
and Waste Management Association 52, 1032-1042. 

[25] Owen B. (2005) Air quality impacts of speed-restriction zones for road 
traffic. Science of the Total Environment 340, 13–22.  

[26] Invernizzi G., Ruprecht A., Mazza R., De Marco C., Mocnik G., 
Sioutas C., Westerdahl D. (2011). Measurement of black carbon 
concentration as an indicator of air quality benefits of traffic restriction 
policies within the ecopass zone in Milan, Italy. Atmospheric Environment 
45, 3522-3527  

[27]  Atkinson R.W., Barratt B., Armstrong B., Anderson H.R. , Beevers 
S.D., Mudway I.S., Green D., Derwent R.G., Wilkinson P.,  Tonne C., 
Kelly F.J. (2009). The impact of the congestion charging scheme on 
ambient air pollution concentrations in London. Atmospheric Environment 
43 (2009) 5493–5500. 

[28]   Westerdahl, D., Wang, X., Pan, X., Zhang, K.M., 2009. 
Characterization of on-road vehicle emission factors and 
microenvironmental air quality in Beijing, China. Atmospheric 
Environment 43, 697-705.  

[29]  Wang, X., Westerdahl, D., Chen, L., et al., 2008. Evaluating the air 
quality impacts of the 2008 Beijing Olympic Games: on-road emission 
factors and black carbon profiles. Atmospheric Environment 43, 4535-
4543. 

[30]  Friedman, M.S., Powell, K.E., et al. (2001). Impact of changes in 
transportation and commuting behaviors during the 1996 Summer 
Olympic Games in Atlanta on air quality and childhood asthma. Jama-
Journal of the American Medical Association 285, 897-905. 

[31]  Callaghan D., Air Quality Progress Report for Glasgow City Council. 
April, 2011.  

[32] Callaghan D., 2012 Air Quality Updating and Screening Assessment 
for Glasgow City Council, June 2012. 

[33] Hansen T., (2005). The AethalometerTM, Magee Scientific. 
http://www.mageesci.com/images/stories/docs/Aethalometer_book_2005.
07.03.pdf  



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  9 of 72 

[34] product specifications, AE22, AE31. 
(2010),http://www.aerosol.si/images/stories/docs/AE22-
31_specSheet_oct2010_rev02_web.pdf   

[35] Virkkula A., Mäkelä, Hillamo R., Yli-Tuomi T., Hirsikko A., Hämeri K., 
Koponen I., 2007. A simple procedure for correcting loading effects of 
aethalometer data, J. Air and Waste Manage. Assoc., 57, 1214 – 1222.   

1.6 Notation 
KPI’s are based on calculated, measured and predicted values; the corresponding 
prefix refers to the origin of the data:  

iKPI (predicted by the DSS -> previously called ‘interpolated’ by the DSS, therefore 
the prefix is i),  

mKPI (measured during test phase),  

rKPI (measured during reference period before the test phase),  

sKPI (simulated by models).  

Ai refers to the action that is implemented.  
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2 General requirements for the test sites 
The installation and test plan deals with two related aspects: 

1) The evaluation plan, to evaluate the performance of the CARBOTRAF 
system. The evaluation plan describes the approach to evaluate if the 
stakeholders’ aspirations as well as the project goals have been attained. 
The evaluation plan leads to specification of the data requirements for 
evaluation, as well as to the definition of the software tools needed to 
process the measured data. 

2) The installation plan for the entire physical infrastructure that is needed and 
has to be installed at the test sites. It deals both with the ITS equipment 
needed to implement the ITS measures (e.g. VMS) and the measurement 
equipment to fulfil all the data needs during the test phase of the project.  

Chapter 3 and Chapter 4 of this document deal with the data needs for the Decision 
Support System (DSS) and for the evaluation (Figure 1). These chapters start from 
the KPIs that are defined in D2.2, D3.2. Some of the data will be measured. Others 
will be derived directly from calculations in the DSS or will be based on calculations 
performed on the measurement data. The evaluation plan thus gives input to the 
installation plan as well as to D7.3, the Design and Implementation of a collection of 
SW tools for the evaluation. This part is largely similar for both test sites in Glasgow 
and Graz. Chapter 4 describes the evaluation plan and starts with a literature 
review of evaluation of traffic measures on Air quality traffic and emissions. The 
evaluation plan will implement lessons learned from literature, taking into account 
restrictions of the current test sites.  

Chapter 5 describes the test site and installation plan for the site of Glasgow in 
detail. It starts from the test site specifications and ITS measures described in D3.1  
and from the measurement needs for the evaluation plan and the DSS. Next to the 
type of ITS and measurement equipment needed, the number and the exact 
locations are specified. These depend very much on the specific ITS measures 
selected, the specific road networks and other geographical specificities of the test 
site. These aspects are discussed in detail in 5.1 and 5.2. 
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Figure 1 Structure of this document and relation to other Deliverables 

3 DSS and KPIs 
Key performance indicators (KPIs) have been defined in D2.2, D3.1 and D3.2 
(Table 1). These KPIs are derived from the stakeholders’ aspirations and data 
requirements of the Decision Support System (DSS).  

The DSS uses real-time traffic-related KPIs provided by the macro-simulation 
model as well as real-time meteo data. The data requirements for the macro model 
are described in D3.3 in generic terms. The macro-model requires all in-/out-flows 
of traffic into the test site to be specified through appropriate sensor locations. The 
model then simulates the actual initial state. The traffic data needs are partially 
covered by existing traffic loops, and partially by additional Smart Eye sensors. One 
set of meteorological data measured in the centre of the test area is sufficient. Real 
time meteo data is needed as input for the DSS. (existing requirement) 
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Figure 2 Schematic overview of off-line simulations and prediction model. 
The micro-simulation chain consists of the micro traffic model, the emissions 
model and the air quality model. 

The DSS will minimize the emissions. Therefore it calculates the total CO2 and 
black carbon (BC) emissions in the test site area (Table 1, KPI_13 and KPI_14) 
related to the actual initial state for each relevant ITS action. These emissions are 
used as inputs for its cost function to select recommended actions. 

Also travel time will be calculated by the prediction model (DSS) to give feedback to 
the operator on this traffic parameter (KPI_02).  

The operator will also receive feedback on local AQ. AQ KPI (KPI_15) will be 
predicted at selected locations. The feedback on AQ will be available in the refined 
DSS. 

All other KPIs are used to evaluate the results of the ITS actions as discussed in 4 
Evaluation plan.  

All emission and air quality related KPIs are common to both sites. The specific 
locations of interest for the air quality KPIs are specified further in 5.5. Most traffic 
related KPIs are common for both sites. The specific geographic locations are 
specified further in 5.4. Some KPI values will be calculated by the DSS. Some can 
also be measured. This is further specified in 4 Evaluation plan. 

Except for the traffic and meteo data mentioned above none of the traffic, emissions 
or air quality models needs real time measured input data during the test phase.  

KPI 15 is measured at two selected roadside locations and additionally at the AQ 
monitoring station Graz North. KPI16 and KPI17 are measured at the AQ 
monitoring station Graz North. No additional measurements are foreseen in the 
project for KPI 16 and KPI 17. 
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Table 1 KPIs (adapted from D2.2, D3.1 and D3.2). 

KPI 
Category 

KPI ID  KPI description  Measured (mKPI) 
Predicted 
by DSS 
(iKPI) 

Stored 
in LUT 
(sKPI) 

Traffic  KPI_01 
Average distribution of number of 
vehicles on test site corridors during 
one time unit. 

Traffic count sensors 
(temporal resolution 
one hour or more) 

No   Yes 

Traffic  KPI_02 
Average journey time on key test site 
corridors during one time unit 

(Floating car data)  Yes  Yes 

Traffic  KPI_03  Bus journey time  AVL data  No   No 

Traffic  KPI_04 
Total vehicle delays inside the test 
site (time in comparison to free flow 
conditions) in one time unit 

No excess  No   Yes 

Traffic  KPI_05  P&R utilization in Graz  Traffic counts at P&R  No   No 

Traffic  KPI_06 
Total number of vehicles leaving the 
test site (outflow) within one time 
unit (throughput capacity) 

Vehicle counting 
sensors at all test 
site exits  

No   Yes 

Traffic  KPI_07 
Local speeds at selected cross 
sections 

Traffic sensors 
(Smart eye sensors) 
at selected locations 

No   Yes 

Traffic  KPI_08 
Speeds distribution at test site 
corridors 

Traffic sensors 
(Smart eye sensors) 
at selected locations 

No   Yes 

Traffic  KPI_09 
Total vehicles*km travelled at 
network and corridor level 

No   No   Yes 

Traffic  KPI_10 
Total vehicles*min at network and 
corridor level 

No   No   Yes 

Traffic  KPI_11 
Average speed at network level and 
corridor level 

No   No   Yes 

Traffic  KPI_12  Degree of saturation (flow/capacity)  
Traffic counts and 
capacity 

No   Yes 

Traffic  KPI_20 
Difference in degree of saturation for 
the test site corridors  

Traffic counts and 
capacity 

No   Yes 

Traffic  KPI_22  Log of changes to fixed time plans 
Details of the plan 
overriding scheduled 
fixed time plans 

No   No 

Emission  KPI_13 
Traffic related  CO2 emission to air in 
test site area in kg, sum of all 
emissions in a defined area 

No   Yes  Yes 
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Emission  KPI_14 
Traffic related BC emission to air in 
test site area in kg, sum of all 
emissions in a defined area 

No   Yes  Yes 

Air 
Quality 

KPI_15 
Concentration in ambient air of BC at 
selected roadside locations in the test 
area) in µg/m3 

BC concentration 
measurements 

Yes  Yes 

Air 
Quality 

KPI_16 
Concentration in ambient air of PM10 
at selected roadside locations in the 
test area in µg/m3 

PM10 concentration 
measurements only 
at official monitoring 
stations

No   Yes 

Air 
Quality 

KPI_17 
Concentration in ambient air of 
NO2/NOx at selected roadside 
locations in the test area in µg/m3 

NO2/NOx 
concentration 
measurements only 
at official monitoring 
stations 

No   Yes 

Overall 
project 
success 

KPI_21 
Implementation of suggested ITS 
actions 

Ratio number of 
suggested ITS 
actions implemented 
by the 
operators/total 
number of 
suggestions 

No   No 

 

4 Evaluation plan 

4.1 Literature on evaluation of traffic measures 
This paragraph describes the literature of evaluation approaches of traffic measures 
found in literature. 

4.1.1 Introduction 
Traffic affects liveability and the global (and local) environment, not only through 
objective and subjective accident risks, but also through noise production and the 
emissions of air pollutants. The global impact of CO2 and BC emission via climate 
change is recognized by policy [1] [2]. The air pollution however not only has a 
global component that depends on the overall emissions, but also a local 
component for which the location of the emission is important. Health impacts of 
pollutants such as BC, fine and ultrafine particles have also been established. 

Classical mitigation of traffic related air pollution focuses on vehicle fleet 
composition and traffic volume. Vehicle operation parameters are often abstracted 
by assuming that all vehicles travel at a constant speed. This classical approach 
disregards the opportunities created by detailed traffic management. Traffic 
management can alter not only the total traffic volume but can influence both the 
speed and acceleration and deceleration patterns of vehicles. And, since these 
traffic parameters are main determinants in pollutant emissions, these kinds of 
actions can have significant effects on the resulting environmental impact. 
Acceleration and deceleration result in incomplete combustion and emissions of 
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CO, NOx, and carbon based particulate matter. Since BC emissions are mainly 
produced during the breaking and accelerating phases [3], traffic measures that are 
able to reduce stop and go phases have the potential to reduce BC emissions. 
Speed and acceleration also influence CO2 emissions. In order to evaluate the 
impact of specific traffic measures on the driving patterns and the emissions, both 
the local and overall components need to be taken into account.  

E.g. Keuken et al. [4] showed that traffic measures that result in improved traffic 
flow and less congestion result in reduced traffic emissions. Reduction of traffic 
dynamics from high (congested) to low (free-flowing) dynamics reduces both PM10 
and NOx emissions by almost 50%. This means that measuring the congestion, in 
addition to number counts and average speed,  is of interest to assess the emission 
reduction impact, also for measures that aim to reduce the number of vehicles or 
the average speed. 

 

4.1.2 Effects of traffic management schemes 
Significant research effort has already been dedicated on the assessment of the 
impact of traffic management schemes. In this section the results of a literature 
study on different traffic management schemes are presented. Both the applied 
methods for evaluation and the observed effects of the measures on traffic and 
environment are hereby addressed. Specific attention is provided to the traffic 
measures that are implemented in the CARBOTRAF project, i.e. traffic signal 
control strategies and VMS implementation.  

 

Concerning the evaluation methods used to estimate the impact of traffic 
measures, a recent paper from Lee et al. [5] describes an evaluation framework 
that can be used to evaluate traffic calming measures. The framework evaluates 
the effectiveness of various traffic calming measures from the perspectives of traffic 
performance, safety, environmental and public health impacts. It builds upon the 
following methodology: 

- A field experiment was conducted using probe vehicles equipped with GPS 
devices to obtain vehicle trajectory data to use in model simulations 

- A vehicle emission model was used to evaluate the environmental and public 
health impacts 

- GPS data were only collected after the installation of the traffic calming 
measures, so no ‘before and after’ effectiveness evaluation of the measures 
could be made 

The evaluation framework from Lee et al. [5] therefore combines both 
measurements and modelling results to obtain realistic results.  

A study of Keuken et al. [4] showed that emissions are dependent on traffic 
dynamics and that traffic measures aiming at reducing speed also can result in 
reduced congestion and therefore less traffic dynamics. Reduction of traffic 
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dynamics from high (congested) to low (free-flowing) dynamics reduces both PM10 
and NOx emissions by almost 50%. They concluded that the maximum emission 
reduction at an 80 km/h speed reduction zone depends on ratio of congestion 
without and with implementation the zone. This means that measuring the 
congestion, in addition to number counts and average speed, is of interest to 
assess the emission reduction impact, also for measures that aim to reduce the 
number of vehicles or the average speed. In their study, traffic dynamics were 
estimated from the standard deviation of the traffic speed within an hour. The study 
showed that the 80 km/h measure significantly decreases both the average speed 
and traffic dynamics. 

Concerning the evaluation of measures that involve traffic signal control 
strategies, city planners often focus on the synchronization of traffic lights (the so-
called ‘green wave’). A green wave is an intentionally induced phenomenon in 
which a series of traffic lights (usually three or more) are coordinated to allow 
continuous traffic flow over several intersections in one main direction. The 
coordination of the signals is either done dynamically by using the sensor data of 
currently existing traffic flows or statistically by the use of timers. Traffic light 
synchronization is employed basically to maximize traffic flow while minimizing 
stops for a given traffic volume, but the useful added benefits could be realized in 
improvement of air quality around the intersections due to emission reductions.  

Huang et al. [6] argued that the green-light wave solutions can be realized only for 
under-saturated traffic. While coordinating of the traffic lights is simple enough to 
implement, the bigger challenge comes when the traffic volume is near saturation. 
A green wave has a disadvantage that slow drivers may reach a red signal at the 
traffic lights, with a queue of traffic may build up behind them, thus ending the 
wave. In general, stopping and then starting at a red light will require more time to 
reach the speed of the wave coming from behind when the traffic light turns to 
green. Huang et al. [6] hereby rely on the following methodology to support their 
findings: 

- The impact of traffic signal synchronization was studied by examining micro 
simulations of traffic flow with different settings of the signal period.  

- The study did not include the observation of the impact in real life; no 
measurements within the study area were taken into account. 

The concept of optimizing signal timings to reduce fuel consumption and emissions 
was also addressed in a study by Stevanovic et al.[7] by linking emissions models 
to optimize signal timings.  Stevanovic et al. [7] concluded that minimized fuel 
consumption, local and CO2 emissions could be achieved by optimizing signal 
timings. Based on this study, when estimated fuel consumption is used as an 
objective function, fuel savings of 1.5% were estimated. Their study applied the 
following methodology: 

- The authors claim to use a ‘fresh approach’ by integrating existing state-of-
the-art tools (i.e. microscopic traffic model and microscopic emission model) 
for assessing and minimizing fuel consumption and CO2 emissions 
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- A 14-intersection network in Park City, Utah, was used as a case study 
- Research results were obtained by integrating a microscopic traffic simulator, 

a microscopic emission estimation model and a stochastic signal 
optimization tool  

- Field measurements were not performed. However, in their ‘future research’ 
section, the authors mention the need to validate the simulation testing by 
field measurements 

In a study conducted by Unal et al. [8] Fehler! Verweisquelle konnte nicht 
gefunden werden., the relationship between the signal coordination and emissions 
is presented. For the selected test vehicles, the emissions rates were highest 
during acceleration and tend to decrease for cruise, deceleration, and idle. The 
study also concluded that the emissions were lower at the congested conditions 
than uncongested conditions. Concerning the methods applied by Unal et al. 
Fehler! Verweisquelle konnte nicht gefunden werden.  the following aspects can 
be mentioned: 

- An empirical approach was used based on real-world, on-road vehicle 
emission measurements  

- Eight gasoline fuelled light-duty vehicles were selected as test vehicles on 
two signalized arterials in North Carolina 

- Via on-board emission measurement systems the impact of changing signal 
timings on emissions and fuel consumption was measured, hereby taking 
into account variations in vehicle operation 

- Authors mention that key factors in the study design are the selection of 
vehicles and drivers  

- The overall impact of signal coordination on vehicle emissions could not be 
assessed since the study only took into account the main through 
movements of a corridor. Non-priority movements (side street and turning 
movements) were not considered. 

When examining the impact of VMS on traffic flows and emissions, a thorough 
study on the compliance rates is indispensable. This compliance rate is influenced 
by a variety of factors including of course also the actual message displayed. In the 
last decades a variety of papers has already been published on compliance to VMS 
using different ways to evaluate the compliance of drivers: taking into account 
observations from traffic counts and loop detectors, surveying drivers or using 
virtual driving simulators. Table 2 summarizes the results from different papers.  

Effects of VMS on speed and route choice can be investigated by comparing route 
choice and driving behaviour between vehicles approaching the VMS while 
messages are displayed and without messages as stated by Erke et al [9]. Guattari 
et al. [10] also focus on the impact of VMS information on approaching cars. Their 
results show that significant differences in driving conditions can occur depending 
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on the clarity of the message to the driver. E.g. the VMS approaching speed can 
decrease more than 5% if the sign is not understood.  

Another method to collect relevant data involves the use of questionnaire surveys to 
analyse the compliance behaviour and its influencing factors (Zhong et al. [11]) 

Table 2: Summary of compliance rate documented in literature 

Study Method Low High 
Brocken and v.d. Vlist (1991)  Simulation 1%  27% 
Cummings (1994)  Survey 4%  7% 
Tarry (1995)  Survey 2%  5% 
Zhao and Shao (2010)  Survey 7%  21% 
Lindkvist (1995)  Survey 5%  25% 
Davidsson and Taylor (2003)  Survey 6%  41% 
Lee et al. (2004)  Survey 34%  67% 
Chatterjee et al. (2002)  Survey 24%  32% 
Chen et al. (2008)  Survey 5%  43% 
Kattan et al. (2011)  Survey 21.4%  37.8% 
Høye et al. (2011)  Survey 14% 
Swann et al. (1995)  Survey 16% 
Kurauchi and Tanaka (1995)  Observation 4% 
Chatterjee et al. (2002)  Observation 5% 
Erke et al. (2007)  Observation 29%  45% 
Ramsay and Luk (1997)  Observation 15%  33% 
Albrecht and Everts (1978)  Observation 5%  80% 
Schlaich (2010)  Tracking 3%  17% 
 

When looking at the impact of VMS on traffic parameters and vehicle emissions, 
few studies have analysed the impact on emissions. Very little effort has been 
dedicated so far to assess the impact of VMS on emissions when e.g. re-routeing 
strategies are activated to reduce congestion and emissions.  

The potential impact of VMS has however been recognised by Zhang et al. [3] who 
have integrated micro simulation traffic and emission models as well as used real 
data to evaluate the impact of different traffic control strategies and demand 
variation on CO, HC and NOx emissions.  

Also, studies from the Working Group on ICT for Clean and Efficient Mobility 
conclude that a 2-8% reduction in emissions is achievable by using VMS [12] . The 
actual emission reduction is hereby dependent on the compliance rate. And, further, 
the study also mentions that significant emission reductions can occur at local level 
but can be minor at network level. 

 

4.1.3 Impact of traffic emissions on ‘near-road’ air quality 
In this paragraph we first shortly discuss the impact of traffic on (near-road) air 
quality to understand the influencing factors. Next we give an overview of studies 
performed on evaluating traffic measures. In the next paragraph the main 
conclusions will be listed, together with the conclusions of traffic and emission 
evaluation. Lessons learned for CARBOTRAF will also be mentioned there. 
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Several studies have been performed to investigate the impact of traffic on air 
quality. Overall it was concluded that: 

- Pollutant concentration decrease with increasing distance to the road 
- Temporal variability of pollutants  have  been observed , demonstrating the 

impact of traffic activity and meteorology  
- Street configuration and orientation to the road also affect the concentrations 

in relation to traffic 

Several studies assessed the contribution of traffic to local concentrations by 
subtracting urban background concentrations (e.g. Harrison [13], Thorpe [14] 
Keuken (2010) [4] Dijkema [15] Keuken (2013) [16]) or use upwind concentrations 
as reference (Baldauf et al. (2013)  [17], Van Poppel et al. [18]). 

A study of Baldauf et al (2008) [19]  showed increased BC concentrations at 20 m 
and 300 m from the road. With wind directions from the road, BC concentrations 
were higher at 20 m as compared to 300 m. Diurnal variations in pollutant 
concentrations  demonstrated the impact of traffic activity and meteorology on near-
road air quality. Baldauf et al (2013) also indicated the impact of roadway 
configuration on resulting near-road concentrations.  

Harrison et al. [13] measured at four sets of paired roadside and urban background 
locations in London and Birmingham. The resulting average mass increments of 
PM10 and PM2.5 were respectively 11.5 and 8.0  µg/m3. The roadside increment is 
comprised very largely of EC (Elemental Carbon), organic compounds, and iron-
rich dusts. EC accounted for 55% of the roadside increment. All of the roadside 
samplers were located within 1 m from the kerbside.  

Keuken et al. (2010) [4] showed that the road impact is function of the distance that 
monitoring devices are located from the road. They also pointed out that apart from 
traffic volume, also traffic compositions and congestion are important factors that 
influence EC emissions. Finally, they showed that dispersion characteristics 
strongly influence resulting concentrations for a given emission. 

Karner et al (2010) [20] synthesized findings from real-world data on near-road air 
quality. From the survey, they conclude that meteorology (wind speed and 
direction) strongly affects near-road pollutant concentrations. Also traffic volume 
and fleet composition and other factors (e.g. presence of a noise barrier) have an 
effect. 

Dijkema et al.(2008) [15] mentioned that meteorological conditions might not only 
affect the background concentrations but also the impact of traffic sources on the 
local AQ contribution. Corrections for changing background concentration can be 
made relatively easily, whereas impact of meteo on local concentrations is much 
more complicated. In CARBOTRAF the impact of different meteo conditions is 
studies by modelling. 
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Some studies investigated the impact of traffic measures on Air Quality. A 
summary of these studies is given below. Given the variability of air quality impact 
from traffic (see above) related to different factors, the evaluation approach has to 
take this into account by its design. Below, some studies investigating the impact of 
traffic measures on Air quality will be explained, with a focus on the approach used. 
Most studies investigate other pollutants than BC, however the general approach 
can also be transferred to BC. 

 

Keuken et al 2012  [21] showed that EC (Elemental Carbon) is a better indicator to 
evaluate traffic measurements. EC and BC are both measures for the same 
compound of PM, however they are measured using another technique: both 
compounds are related to the combustion-related fraction of PM. In their analysis, 
they used both BC and EC to support their statement. Also Lefebvre et al. (2011) 
[22] showed that EC is a better indicator to evaluate the impact of traffic measured 
by modeling. 

The ratio of average annual concentrations between street sites (directly impacted 
by traffic emissions) and urban background sites across Europe was between 1.5 – 
2.7, whereas for PM2.5 the ratio was only 1.1 – 1.3, with highest values for EC 
observed in NW and Central Eastern Europe. (data taken from TRANSPHORM: 
www.transphorm.eu ) 

The authors compared the increase in measured EC concentration at two traffic 
sites (in a street canyon and near a motorway) to an urban background site 
resulting in a ‘traffic increment’ at both traffic sites. The resulting traffic increment for 
annual EC concentrations was calculated for weekdays, Saturdays and Sundays. 
The traffic increment was compared to annual EC emissions from traffic resulting in 
a linear relation for both locations. Increase in concentrations is similar for street 
canyon and motorway, despite the fact that emissions on motorway are higher by a 
factor of 3-5. This is explained by the limited dilution and dispersion at the street 
canyon when compared to the motorway, showing the impact of local street lay-out 
on concentrations. The authors used the slope of the regression line 
(concentrations versus emissions) as an indicator for dilution characteristics at both 
locations. (see also further Keuken et al 2010 [4]) 

A study in Rotterdam showed that speed management is effective in reducing EC 
emissions on working days on a motorway by reducing the speed from 100 to 80 
km/h. Depending on the distance from the motorway, the annual effect was in the 
range of 50 – 100 nm/m3 and 100-200 nm/m3. However, it can be expected that 
higher reductions are observed for specific meteo conditions.  

The study of a low emission zone for HDV showed an almost negligible effect on 
EC emissions due to the limited proportion of HDV who contribute less than 5% of 
the emissions. 

They conclude that reducing the overall traffic volume is likely to be only an 
effective measure to reduce the health impact of people living along inner-urban 
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roads with intense traffic. This shows that the impact of traffic measures is best 
monitored close to the roads.  

Dijkema et al. (2008) [15] investigated the impact of speed limit reduction on an 
urban highway (92000 veh/day).  

PM10, PM1, Black smoke and NOx were measured at a monitoring station of the 
Amsterdam Air Quality Monitoring Network, located adjacent to the intervened road 
section (at 6.7 m East of edge of the highway).  

Concentrations were measured one year after the interventions and compared to 
concentrations measured in the year prior to the intervention. The intervention 
effect was adjusted for daily traffic flow, congestion and downwind exposure. The 
traffic contribution was calculated by subtracting background concentrations at 
urban background from observed roadside concentrations. The concentration 
changes were compared with those at the section of the same ring highway where 
the speed limit reduction had not been reduced (140000 veh/day).  

The study observed high spearman correlations between background sites (R = 
0.75 for BS: Black Smoke) in the area and between the mean background and 
roadside concentrations (R = 0.64); this reflects that meteo and other long range 
atmospheric processes affect the concentrations over the whole city in a similar 
way.  

Traffic congestion was estimated based on additional vehicle hours, AVH (is the 
total of hours to complete the respective motorway stretch compared to a normal 
driving speed of 70 km/h). 

Daily ‘traffic contribution’ was assessed by subtracting same day mean background 
concentrations for both traffic stations. In addition, wind direction was considered to 
assess the impact of traffic contribution; if daily mean predominant wind direction 
was within 180° from parallel to the road to directly towards the monitoring station, 
that day was considered as downwind.  

The analysis is based on daily mean concentrations, only August was excluded 
from the analysis because of untypical pattern due to holidays and maintenance 
works. 

The analysis used was performed in three steps: 

- effect of roadside concentration using linear regression 

- effect of traffic contribution using linear regression 

- the influence of traffic flow (TF), traffic congestion (using AVH) and WD was taken 
into account using the multivariate regression equation:  

Traffic contribution concentration = α + β1 TF + β2 AVH + β3 WD + β4 ‘intervention’ 

(‘intervention’ is yes/no variable) 

This analysis was performed for both AQ locations (affected and not affected) 

Roadside concentrations of BC and PM10 and traffic contribution to PM10, PM1 and 
BS were found to be significantly reduced after the intervention. For NOx, no 
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significant reduction was observed. Adjustment for daily traffic flow, congestion 
(AVH) and wind direction made no difference to these findings. The figure below 
shows the estimated adjusted difference in traffic contribution between the year 
before and the year after the interventions for intervened and non-intervened 
motorway stretch. 

 
Figure 3: Intervention effect of speed limit reduction for different pollutants at 
intervened and non-intervened road stretch  

 

The study also showed that local street layout has an impact on resulting 
concentrations. The impact of traffic density on air pollution was larger at the more 
enclosed location, leading to higher concentrations despite the lower traffic density. 
Daily concentrations are also influenced by other local sources and long range air 
pollution and meteo. (Dijkema, 2008) 

Estimated emission reduction was 14% for PM10 and 10-15% for NO2. The 
expected impact on AQ was estimated at 0.5 – 1% and 2-4% for PM10 and NO2 
respectively. 

 

Keuken et al (2010) [4] investigated the effect of speed limit reduction on urban 
motorways on air quality. They also estimated the impact on traffic emissions, 
which was actually the main focus of their study. 

The evaluation of the speed limit reduction on emissions was performed by 

 Measurements and by modelling the contribution to NOx and PM10 concentrations on 

both sides of the motorways 

 Estimating the effect of traffic dynamics  and the effects on emissions 
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For the first approach, measurements were performed at both sides of the 
motorway. Monitoring of PM is performed with PM optical counters in a dedicated 
set-up (not using available monitoring sites) during six months prior to the measure 
was in place and 1 year after the measure was implemented. The authors indicate 
that the main criteria for site selections were power supply and vandalism 
prevention to the instruments. Instruments were located at both sides of the 
motorway at 40 to 80 m from the motorway. The difference in hourly monitoring 
data from both the stations provides the contribution of the traffic emissions to 
concentrations at the exposed location. In this way, using selected wind directions 
hourly contributions of PM10 were measured during the periods without and with 
implementation of the 80 km/h zones.  

To calculate the motorway emissions at the downwind locations only hours were 
selected during which wind directions were perpendicular to the motorway within ± 
30° and WS>1m/s. Only data with measured contribution larger than 2 µg/m3 were 
included, in view of monitoring uncertainty. Measured data were compared to 
modeled contribution (using dispersion model) for PM10 for both periods with and 
without implementation of the 80 km/h zone.  

The same traffic PM10 emission factors were used for the modelling before and 
after implementation of the measure. A linear regression of the measured and 
modeled contribution for PM10 for both periods with and without 80 km/h measure 
was performed. The change in slope is a measure for the change in PM10 and NOx 
emission factors for the period without as compared to the period with 80km/h 
measure. As input for the model, actual meteorology and traffic intensity data were 
used for each of the selected hours with a measured PM10 contribution.  

For PM10, the slope changed from 0.33 to 0.37, therefore it was concluded that the 
emission reduction of PM10 was 8%. Based on t-test applied, the result was not 
significant at a 95% confidence level. According to the authors, the non-significant 
result was probably related to the low contribution of traffic emissions as compared 
to the background concentrations of PM10. 

A second approach used in this study to evaluate the impact of the 80km/h zone on 
PM10 and NOx emissions, was by studying the impact of speed management on 
traffic dynamics, and subsequently on emission factors. Traffic data measured at 
zones with and without traffic management showed that traffic dynamics have been 
significantly reduced as a result of speed management. Based on the observed 
traffic dynamics (%free flow at 80 km/h or 100 km/h and congested) and average 
speed emission factors were applied and resulting emissions reductions were 
calculated. Estimated emission reductions by both approaches were in the order of 
5-20% and 20-30% for PM10 and NOx respectively. 

 

Whitlow et al (2011) [23] investigated the impact of local traffic exclusion on near-
road air quality. The study area included 5 blocks along a major Avenue in 
Manhattan. The intervention consisted of the closure of a main Avenue on 3 
Saturday mornings between 7:00 – 13:00. 
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Monitoring stations were placed at the kerbside of the intervened road section and 
at the kerbside of a cross street with uninterrupted traffic. Monitoring was performed 
during the Friday prior to the intervention and during the Saturday of the 
intervention.  

PM was measured continuously at the two locations and UFP (Ultrafine Particles) 
were measured by moving the instrument along multiple locations (along the 
Avenue).  

One of the aims was to study neighbourhood scale effects of PM dispersion along 
the Avenue axis (which was closed for traffic) 

No relationship was found between traffic flow and PM2.5 concentrations when 
traffic was apparent. However, for one day indications were found between the 
periodic effect of the traffic light and the PM2.5 concentrations indicating a relation 
between the transient factor (stop and go at traffic lights) of traffic and PM2.5 
variation. This was investigated by Fourier analysis on the relationship between 
PM2.5 and traffic. The observed ratio of traffic counts at both monitoring sites and 
UFP concentrations showed that traffic volumes is correlated with average UFP 
concentrations (R2 = 0.86).Taking the ratio of parameters at two different locations 
is another way of comparing different locations, e.g. if no background station is 
available. 

The study also investigated the ‘return period’ of pollutants after traffic has re-
introduced in the street. This is only possible after a long period of exclusion and 
not applicable to CARBOTRAF test sites. 

The authors also showed the impact of local dispersion condition on PM2.5 
concentrations: e.g. higher PM2.5 concentrations were observed in the morning 
due to more stable atmospheric conditions and resulting less convective mixing. 

The study also observed an exponential decay in UFP number concentrations size 
distribution as function of distance to the non-intervened road. As was also 
observed by others (e.g. Zhu et al. 2002 [24]) 

During the morning of intervention, UFP concentrations were reduced. , However, 
also in the afternoon reduced UFP concentrations were measured that was partly 
attributed to meteo conditions.  

The authors reported that their study was the first documenting the effect of street 
closure on local near ground air quality.  

 

Owen et al (2005)  [25] investigated the impact of six 20 mph zones in the NW of 
England. The zones include road traffic signs together with traffic calming measures 
(such as road humps) to introduce a reduction in vehicle speed. Within each zone, 
three roads were studied and beyond the influence of the zone, one road was 
selected as a control (control site).  

Site locations were selected using the following criteria: 
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 Each site should be located at a similar distance from the kerbside to ensure consistency 

between the sites allowing comparison between the site data 

 Sites should be as close to the kerbside as possible to (preferably  1‐5 m) to enable 

concentration changes arising from emissions on affected roads to be identified 

 The samplers should be positioned at a similar height above ground level to ensure 

consistency between the sites 

 The samplers should not be located adjacent to or in the proximity of any significant point 

source of pollution (central heating flue or industrial source) 

Owen et al. (2008) explain in their methodology that despite the large contribution 
and variability of background concentrations, the proximity of the monitoring site 
locations to the affected roads (less than 5 m from the kerbside) allows any 
significant changes in emissions and therefore concentrations to be identified.  

At two ‘zones’ (each including three affected and one control location), monitoring 
was performed during 5 and 9 months prior to the implementation and during 12 
months after the implementation of the zone. The observed changes at the traffic 
sites were compared to the observed changes at the control site, in each zone. 
Changes were observed at the affected sites, however observed effects were within 
the range of measurement accuracy for NO2 diffusion tubes and in most cases 
similar effects were observed at the control sites.  

At four other locations, one month was monitored prior to the implementation and 
3+12 months after implementation (where the first three months were treated 
separately to consider adjustment needed to the introduction of the speed humps 
and driving conditions). Where possible at the 20 mph zones, diffusion tubes for 
one of the after periods were deployed in the corresponding calendar month as the 
before period to minimize the seasonal variation in the data resulting in the change 
in the conditions affecting the dispersion of the pollutant emissions. 

For these sites a large difference was observed when the impact was calculated for 
the first three months after implementation or the 12 months after implementation. 
E.g. one site showed a difference of -44% to -54% at traffic compared to -47% at 
control site after three months whereas a difference of 10% to -35% at traffic 
compared to 12% at control site was observed after 12 months. 

In general, the difference observed at the control site showed the same trend when 
both periods were compared, indicating the impact of prevailing meteorological 
conditions on observed concentrations. This shows that an extensive period prior to 
the start of the measure is needed to evaluate the impact of the measure on AQ.  

Whereas the study used diffusion tubes with a temporal resolution of typically 1 
month, some of the general principles of the sampling strategy can be used as a 
reference in CARBOTRAF. The disadvantage of diffusive tubes is their low 
temporal resolution, therefore effects apparent during certain time of the day or 
days of the weeks are ‘averaged out’. 

A road traffic survey (automatic traffic counts and manual counts) was performed 
and analysed to determine the effect of the 20 mph zone on traffic flow, traffic 
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composition, average speed, deceleration and acceleration. The traffic data show a 
significant decrease in traffic volumes entering and exiting five of the six zones. At 
one of the sites, a very significant decrease was observed in traffic volumes over 
the 12 months after the implementation. However, there was no corresponding 
reduction in concentration of NO2 or benzene so it can be assumed that the 
concentrations of these pollutants were influenced mainly by background emissions 
in the area.     

 

Invernizzi et al (2011) [26]  investigated traffic restriction policies in Milan. 

The monitoring campaign was performed in three different days, measuring BC and 
PM concentrations at three monitoring stations, located at main radial road 
connecting the outskirts to the city centre, each with three segments: 1) an outer 
one with no traffic restriction, 2) an intermediate one subject to congestion traffic 
charge called “Ecopass”, where a ticket is required for car with engines prior to 
Euro 4 standard, 3) the pedestrian zone 

Results showed a sharply declining gradient in BC levels from the outer zone 
without traffic restrictions to the inner zone. However, this study was not an 
intervention study so the approach is slightly different. 

The BC concentrations in the no restriction zone were 2 – 4 times higher as 
compared to the pedestrian zone. The average of all measuring days was 1.7 and 
4.9 for pedestrian and no restriction zone.  

The authors conclude that BC is a highly relevant metric of traffic pollution and 
should be taken into consideration in demonstrating the effectiveness of air quality 
mitigation measures. 

 

Atkinson et al. (2009) [27] investigated the effect of the congestion charging 
scheme (CCS) on Air pollution in London.  

They compared changes in concentrations at roadside and background monitoring 
sites. Temporal changes in pollutant concentrations within the congestion charging 
zone were compared to changes observed at monitors that were unlikely to be 
affected by the CCS and in the boundary zone. Similar analysis was done for CCS 
hours during weekend when CCS was not operating. 

They concluded that based on a single roadside monitor within the CCS zone, it 
was not possible to identify any relative changes in pollution concentrations 
associated with the introduction of the scheme. However using background 
monitors, there was a good evidence for a decrease in NO and an increase in NO2 
and O3 relative to the control zone.  

Roadside locations had sample inlets between 1-5m from kerbside of the road, 
while background locations had sample inlets at more than 10 m from any major 
source and were representative for city-wide background concentrations.  
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A congestion charge scheme was introduced in London on 17 February 2003 with 
the aim of reducing congestion in the city centre. The CCS was introduced together 
with other traffic measures. In the first year traffic volumes entering the city were 
reduced by 18% and congestion – defined as the time taken to travel 1 km - was 
reduced by 30%. A 2-year period was considered prior and post implementation. 
The authors have chosen this long period to minimize the impact of short-term 
temporal factors (e.g. school holidays) and to balance out seasonal factors. 

NOx and NO concentrations were reduced by 5% and 9.5% at the roadside location 
in the CCS area. In comparison, average changes at the other 16 roadside 
locations outside the area were respectively reduced by 4.4% and 9.4%. 

A weekend analysis was performed to provide a further ‘control’ for the main 
analyses by investigating days when CCS was not operating but which were 
subject to the same temporal and seasonal confounders present in the main 
analyses. Traffic volume measurements showed that weekend traffic volumes were 
unaffected by the implementation of the charging scheme. The temporal-spatial 
changes in weekend pollution concentrations were found to be broadly comparable 
to those observed in the week analysis. This suggests that the observed effects are 
not only due to the implementation of the CCS.  

 

Several studies have investigated the impact of traffic on Air pollution during 
large-scale traffic exclusions associated with the Olympic Games: e.g. in 
Atlanta in 1996 (Friedman, 2001) and in Beijing in 2008 (Westerdahl, 2008; Wang, 
2009)) the advantage of this kind of events is that there is a significant impact of 
traffic change. 

Westerdahl et al (2009) [28] investigated the effect traffic control actions by a four-
day traffic control experiment in Beijing. The evaluation was done by mobile 
measurements and ambient measurements at a background location (280 m from 
the road) and at a kerbside location. The proposed control actions were the 
restriction of vehicles with odd or even license plate at certain days (traffic control 
days). Ambient and on-road measurements were conducted on both normal days 
and traffic control days. However, measurements at the kerbside locations were 
only performed during normal days.  The effectiveness of the traffic control was not 
clear for reducing the median values pollutant levels (e.g. BC), probably owing to 
the short test period and variable meteorological conditions.  

Wang et al, (2009) [29] investigated the effect of traffic control actions during 
Olympic Games in Beijing. Traffic restrictions are in place in a period prior to and 
during Olympic Games. Traffic restrictions include the ban of high –emitting 
vehicles and the odd-even restriction. The ban of heavy duty diesel trucks during 
the day (6:00 – 24:00) 

The monitoring location measuring BC is located at 100 m from the centre of the 
road. Two aethalometers were installed at two different elevations (6 m and 20 m 
above the ground). 
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BC concentrations are lower during the period of traffic control days. Measured 
values are 5.25 (3.52 – 7.40) µg/m3 3.65 (2.25 – 5.04) µg/m3 and 13.90 (7.39 – 
19.90) µg/m3 respectively during non-Olympic traffic-control days, Olympic traffic 
control days and post-Olympic non-traffic control days.  

However it is not clear if the observed reduction can be fully attributed to the traffic 
control, since the authors mention that the government also implemented air quality 
improvement measurements in other sectors.  

Friedman et al. (2001) [30] evaluated the impact of Olympic games in 1996 in 
Atlanta. AQ data were taken from available AQ monitoring stations and no 
dedicated monitoring approach was set-up. The aim of the study was to investigate 
the effect on people’s exposure and health.  

Times series were analysed comprising a preolympics, Olympics and post-
Olympics period. The reductions in concentrations were compared to monitoring 
stations outside of Atlanta to assess the impact of effects not due to the Olympics. 

The percentage change in mean values during the Olympic period was compared 
with the summertime 1996 baseline period. One-way analysis of variance t testing 
(p<0.05) was used to determine if daily air pollutant, meteo and traffic count values 
differed significantly between the two study periods.  

An autoregressive time-series model analyzed the change in ozone concentration 
in Atlanta and the three reference sites; the model was used to adjust for day of 
week (weekend versus weekday) and trends in weather condition (WS, T, solar 
radiation, atmospheric pressure). The model found minimal serial correlation in 
ozone levels. 

Ozone concentrations were decreased by 27.9% during the Olympic period. 
However, ozone concentrations at the three sites outside the intervened area were 
also decrease by 11.1 -18.5%. After correction for weather variables and day of the 
week the resulting ozone reductions were 13% (p=0.06) compared to reduction at 
the reference sites of 2-7%.  

 

4.1.4 Conclusions from literature 
A literature review pointed out that different studies have already analysed the 
impact of traffic measures on traffic parameters, vehicle emissions and air quality. 
Hereby the setup, results and conclusions differed largely between the different 
studies. However, we can learn from the applied methods and observed/estimated 
effects from these studies in order to improve the Carbotraf system and develop its 
evaluation plan.  This section therefore provides an overview of some important 
‘lessons learned’ from literature and its implications for the CARBOTRAF project.  

Concerning the evaluation on traffic and emissions, literature review provided the 
following information and/or recommendations: 
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- It is important that the ‘overall impact’ of the traffic measures can be 
evaluated. Measures that take place at a main corridor can e.g. have severe 
implications for the traffic on side streets. 
 Local experts need to be consulted in order to gain more insights into 

possible side effects from measures taken at a certain location 
 The study area (both for modelling and for measurement purposes) 

needs to include locations that ‘might’ be affected by the applied 
measures 

 The impact on emissions can be evaluated both locally and over the 
entire study area since large differences might occur when looking at 
the relative impact 

- To evaluate the effectiveness of the traffic measures a ‘before and after’ 
evaluation of the measures needs to be performed 
 Reference measurements need to be carried out during a reference 

period where no measures are in place 
 The reference period needs to be long enough to capture normal 

daily-weekly-monthly variations in traffic (but this is also or even more 
important for the air quality evaluation -> see next) 

 Also, for the modelling, a reference scenario (or base scenario) needs 
to be developed in order to compare the results from the traffic 
scenarios with baseline results 

- Traffic management schemes that include traffic signal coordination actions 
can have a strong influence on vehicle operation parameters (speed, 
acceleration,…) .  
 Microscopic models therefore need to be applied instead of using 

macroscopic traffic/emission models 
 Accurate measurements of the vehicle speed at different locations 

need to be available (instead of monitoring only average speed at a 
fixed location). 

- The impact of traffic signal control strategies can depend on the saturation of 
the traffic 
 The evaluation plan needs to distinguish the results based on the 

saturation of the traffic 
- When evaluating the impact of VMS on traffic and emissions, the compliance 

rate deserves special attention 
 In the modelling study different compliance rates (i.e. different traffic 

scenarios) can be assumed to capture a potential variety within the 
actual compliance rate 

 In the measurements, the actual/observed compliance rate can be 
measured in order to further refine the modelling scenarios.  
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Concerning the evaluation on air quality, different approaches are used: analyzing 
data from existing monitoring stations or putting up a dedicated monitoring 
campaign. Studies showed that BC is a better indicator to study traffic interventions 
as compared to PM2.5. 

- Effects are most apparent if monitoring is performed very close to the road 
since pollutant concentrations from traffic decrease very fast as function of 
distance from the road. 

- Most studies compare the measure over a period of one year. If 
intervention is over a shorter period, similar periods (seasons) are 
compared and studies show that estimated effects can be strongly affected 
by the reference period considered. 

- Best way to study effects is use a background or unintervened locations as 
reference 

Most of intervention studies estimating the effect on AQ are based on a reference 
year and on year after intervention. In CARBOTRAF, after the CARBOTRAF 
system has been implemented, the intervention is only valid over a limited period of 
time (during morning rush hour). 

In the test site planning for AQ sensors we will implement the following suggestions 
from literature: 

-use a reference location or an unaffected site to compare to the affected site 

-locate the AQ locations close to impacted road 

-compare measurements during a reference period before and a test phase after 
implementation 

 

4.2 Scope and general approach 
The evaluation has to demonstrate that project goals as well as specific 
stakeholder’s aspirations have been met. On the whole the CARBOTRAF system 
should lead to continuous improvement of traffic control and management. 
Continuous improvement of traffic control and management should lead to emission 
reductions for CO2 and BC. The latter can in its turn lead to improvements in air 
quality. The DSS is optimized by CO2 and BC emission reduction of the individual 
ITS measures. As a result, the evaluation also focusses on the efficiency of CO2 
and BC emission reduction of the individual ITS measures. However, the evaluation 
will also be looking at the effects of the ITS measures on traffic conditions and on 
air quality. The aim of introducing a CARBOTRAF system is to reduce CO2 and BC 
emissions and improve air quality by optimizing the traffic flows. 
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The basic questions for the evaluation are thus: 

- how large are the overall emission reductions realised by the CARBOTRAF 
system? 

- how large is the emission reduction of specific ITS actions? 

- how do ITS actions affect traffic conditions? 

- how do ITS actions affect air quality? 

In additions to these questions underlying models are validated and evaluated 
because of their crucial role in the evaluation process. 

To follow up and evaluate the effects of the ITS actions a set of key performance 
indicators (KPIs) has been defined. The full set of KPIs (Table 1) takes into account 
project objectives and specific stakeholders’ aspirations.  

As a general rule evaluation of the overall benefits of the CARBOTRAF system will 
be based on comparison of KPIs during the test phase with a reference period 
before the test phase. The assumption is that the macro-traffic situation is basically 
similar in the evaluation period and in the reference period. Depending on the KPI, 
the evaluation can be based on model simulations and/or measurements. 

Table 3 below summarizes how the above questions will be addressed. These will 
be explained in more detail below.  
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Table 3: Overview of main evaluation questions and how these will be addressed 
  Evaluation using  

DSS predictions 

Evaluation using  

Measurement results 

Evaluation using 
Modelling results 

 

a) Effect on overall 
emission 

DSS emission predictions + GUI logs 
 
Using: iKPI_013, iKPI_014 

Not possible to measure   

b) Effect of specific 
ITS actions on 
emission 

DSS emission predictions + GUI logs 
 
Using: iKPI_013, iKPI_014 

Not possible to measure Emission results from micro-
simulation (in LUT) 
-sum of all emissions 
-emissions on specific test site 
corridors 
Using: sKPI_013, sKPI_014 

 

c) Effect of ITS 
actions on traffic 

DSS journey time predictions + GUI 
logs 
 
Using: iKPI_002 

Traffic mKPIs available in real time 
database 
For Graz: measured journey times 
mKPI_002 (Bluetooth travel time sensor) 
For Glasgow: estimated journey times 
from loop data + TDS cameras (needs a 
simple model flow journey time) 
mKPI_006, mKPI_007, mKPI_012 

Traffic sKPIs available in the LUT  
 
 
 
 

d) Effect of ITS 
actions on AQ 

(DSS AQ predictions + GUI logs) may 
be available only later in the project 
 
iKPI_015 

Measured from BC stations 
 
Graz: 2 Wiener Strasse/Graben strasse  
 
Glasgow: 1 Byres rd.  
 
mKPI_015 

AQ results available in the LUT: 
-at 11 receptor locations in 
Glasgow  and average and P75 
value of 50m buffer along the 
network 
-at x receptor locations in Graz and 
average and P75 value of 50m 
buffer along the network 
using sKPI_015 

Reference (urban 
background): Graz-Nord 
 
Reference (not affected): 
Dumbarton Rd. 

 



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  33 of 72 

 

The overall effect of the CARBOTRAF system on emission reduction will be 
assessed by comparing the DSS emission predictions for the applied actions to the 
emission predictions for the base scenario. The DSS will provide every time 
predicted emissions of the base scenario and the predicted emissions of the ITS 
scenarios. By comparing the sum of the emissions of the applied scenario to the sum 
of the emissions of the base scenario, integrated over the entire test period, the 
overall effect on emissions can be calculated. 

 

The emission reduction of specific actions will be assessed based on model 
results of micro-simulations and DSS emission predictions: 

  Based  on  micro‐simulations:  The  total  emissions  of  each  individual  ITS  action  will  be 
compared to the base scenario. Impacts will be distinguished into different traffic boundary 
conditions. Also, besides analyzing the overall impact on emissions for the entire study area, 
emission effects at  specific corridors will be analysed, giving more  insight  in where effects 
can be expected. This analysis gives  information over  the  theoretical effect not  taking  into 
account encounterd situations.  

 Based  on DSS  emission  predictions:  The DSS  provides  overall  emissions  estimates  for  the 
base scenario and  for each  ITS scenario. By comparing the sum of the estimated emissions 
per scenario, integrated over the entire test period, the overall effect of each action/scenario 
on emissions can be calculated. This analysis provides  information over  the  realistic effect, 
taking into account occurring traffic conditions.  

 

The effect on traffic will be assessed based on model results of micro-simulations, 
measurements and DSS predictions (only for travel time): 

 Based on micro‐simulations:  various traffic KPIs will be calculated for the base scenario and 
for each ITS scenario under different traffic boundary conditions. The  list of these sKPIs can 
be  found  in Table 1. By comparing  the  traffic KPIs  for each of  the simulated scenarios,  the 
impact per  traffic KPI  and per  scenario  (compared  to  the base  scenario) will be  assessed. 
Besides analyzing the overall  impact for the entire traffic network, traffic effects at specific 
corridors/locations will be analysed, giving more insight in where effects can be expected. 

 Based  on  measurements  results:  various  traffic  KPIs  will  be  calculated  based  on  the 
measured traffic parameters. The  list of these mKPIs can be found  in Table 1. Follow‐up of 
short‐term  changes  in mKPI  and  comparisons  between measurements  in  the  test  phase 
versus the reference phase will be used for evaluation. 

 Based on DSS predictions for travel time: The DSS provides predictions for travel time for the 
base scenario and for each ITS scenario. By comparing travel time prediction of the applied 
scenario  to  predictions  for  the  base  scenario,  integrated  over  the  entire  test  period,  the 
overall effect of the CARBOTRAF system on travel time can be calculated.  

 

The effect on air quality will be estimated using results of the AQ simulations, AQ 
measurements and DSS predictions for AQ. 

 Based  on  AQ  simulations:    simulated  AQ  results  will  be  stored  in  the  LUT  for  receptor 
locations.  Also the average and P75 value of a buffer of 50m buffer along the network will be 
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stored  in  the  LUT  to  assess  the  overall  effect.  BC  concentrations  will  be  compared  for 
reference scenario and ITS actions at 252 meteo condition. 

 Based on measurement results: BC concentration at 1 site in Glasgow and 2 sites in Graz will 
be compared to reference site for ITS actions (background site in Graz and not‐affected site 
in Glasgow) 

 Based on DSS predictions for AQ: The DSS provides predictions for AQ at selected locations. 
These take into account actual meteo conditions and traffic state. However, not all selected 
locations  that are  in  the LUT can be calculated because  this  requires a separate prediction 
model for each location. Therefore, the number of locations that can be evaluated based on 
predicted values is limited. 
 

It is unlikely that exactly the same traffic and weather situations will occur during the 
test phase and the reference period before the installation of the DSS. Therefore a 
background site will be used in Graz and an unaffected site in Glasgow as reference 
for AQ measurements. This will be further explained. 

 

4.3 Available data 
In general we can distinguish three types of KPI values that can be used during the 
test phase: 

- KPI values simulated directly (or derived from simulated parameters) in the off 
line micro-simulations stored in the LUT (sKPI) 

- KPI values calculated directly (or derived from calculated parameters) by the 
DSS through prediction model of the scenarios stored in the DSS (iKPI) -> 
initially, this was called an interpolation model, resulting in a subscript ‘i’. 
However, currently a regression model will be used so the data are now 
referred to as ‘predicted’ values. The term iKPI is used further in the 
document. 

- Measured KPI values (or derived from measured parameters) (mKPI) 

An overview of the data that can be used, is given in Table 1. 

Emission KPIs (KPI_13, KPI_14) cannot be measured directly, neither are the 
measurements of traffic parameters sufficient to calculate the emissions. They are 
therefore estimated by the DSS based on the micro-simulation results available in the 
look-up tables (LUT) for all the associated scenarios with ITS actions (Figure 4). 
(requirement for DSS, see Table) Indirect parameters to verify emissions are traffic 
speed and acceleration, traffic flow and fleet composition. In the test phase no 
measured emission data are available for an independent evaluation of the vehicle 
emission models.  

For traffic KPIs and air quality KPIs both measurements and model simulations are 
available.  

For air quality actual values will be measured continuously at key locations in the test 
area for KPI_15. For pragmatically and budget reasons air quality measurements will 
only be carried out at a limited number of locations. These locations are chosen 
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using the same criteria as for the initial validation of the air quality model, i.e. 
locations that are expected to be affected by the ITS actions and background 
locations. If possible these locations coincide with hot spot locations defined by the 
stakeholders. Air quality monitors are installed close to the roadside (as 
recommended in literature), taking into account practical constraints.  

Some traffic variables are measured constantly, such as number of vehicles (KPI_01, 
KPI_06, PKI_12, KPI_20), vehicle distribution (KPI_01), speed (KPI_07, KPI_08) or 
acceleration at specific locations using traffic sensors. Other were initially planned to 
be monitored temporarily, such as average journey times using floating car data 
(KPI_02). However, in Glasgow floating car data will not be performed but averaged 
journey time can be calculated off-line by the micro simulation (sKPI) and 
interpolated by the interpolation model for every situation encountered (iKPI). Still 
others cannot be measured directly and can only be simulated (e.g. KPI_09, KPI_10 
and KPI_11).  

Values for air quality KPIs and most traffic KPIs values are available in the look-up 
tables (LUT) for all off line simulated scenarios with ITS actions (sKPI, Figure 4).  

Traffic flows, speeds and travel times, and the resulting BC emissions and 
concentrations are calculated off line by the micro simulation modeling chain for 
various combinations of the ITS actions and initial traffic boundary conditions that are 
derived by the historical data. Both Paramics and VISSIM produce a file with vehicle 
positions and speed at second basis from which travel times can be calculated.  

 

 

Figure 4 Schematic overview of off line simulations that feed the look-op tables 
(LUT) of the DSS 

During the test phase the regression model in the DSS will predict KPI values for a 
specific end scenario based on the actual initial traffic state Sa (Figure 5). This set of 
interpolated KPI values, iKPI, is thus gradually growing as more initial traffic states 
are encountered. iKPI will be calculated for travel time (KPI_02), vehicle emissions 
(KPI_13, KPI_14) and air quality (KPI_15). (requirement for DSS) This information 
will allow the DSS to rank the ITS actions according to their impact on emissions and 
travel time. Also, this will allow to evaluate the (potential) impact of these actions on 
air quality. For AQ a selection of key locations are in the LUT (mKPI). The selection 
of these locations is explained in 5.5.3. To able to use assess the impact at these 
locations during the test phase, the predicted values have to be calculated by the 
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DSS (requirement). However only four of these will be calculated by the DSS (iKPI) 
(info IBM).  

 

 

Figure 5 Schematic overview of real time calculation of KPIs in the DSS  

 

For two KPIs only external data are available. They will not be available in real time 
in the CARBOTRAF database. However, they can be used off line for evaluation 
purposes. 

- KPI_03 Bus journey time : this will be evaluated based on AVL data obtained 
from the Bus company.  

- KPI_22 Log of changes to fixed traffic light time plans - Details of the plan 
overriding scheduled fixed time plans. Only data on suggested ITS actions will 
be available. This means that if the operator decides to change a fixed time 
plan apart from the CARBOTRAF DSS suggestion, the data will not be 
available; however, this is very unlikely to happen. For SCOOT, only the 
background plan is available (logged) and no details on optimization strategy, 
due to data volume (see further) 

4.4 Three levels of evaluation 
The evaluation of the CARBOTRAF system can thus start from a powerful set of 
measured and calculated data. However, the use of measurements for evaluating 
KPIs is only possible when the effect of the action on the KPI is large enough to be 
distinguished from normal hour-to-hour or day-to-day variability in the measured 
parameter. As will be explained below, this can be problematic for air quality. Also for 
traffic variables the normal variation might be higher than the effect of the specific 
ITS actions. 

Thus, both for evaluation of emissions and air quality model, as well as for some 
traffic KPIs, simulations are crucial, and therefore it is of paramount importance that 
the underlying models are validated and evaluated.  

This gives rise to three levels of evaluation:  

- Level 1 will evaluate if the DSS correctly predicts the outcome of specific ITS 
scenario’s in terms of traffic, emissions and air quality. Focussing on the 
analysis critical assumptions, e.g. anticipated effects. 

Real time operation

RT Traffic data

RT Meteo data

Traffic
macro-

simulation

Actual initial
state Sa

iKPIaj

ITS Actions Aj
j = 1 - m 

Interpolati
on model 

IMj



D7.1 : Installation and test 
plan for city of Glasgow   

Version 2.0 

Date 2013-08-28 

 

  37 of 72 

- Level 2 will evaluate what the effects of the specific ITS measures are in terms 
of reduced emissions, and what the effects are on traffic flow and air quality.  

- Level 3 will evaluate what the benefits of the entire system are. Level 3 does 
take into account the number of times that ITS actions are implemented. It 
includes also the choices made by the operator. 

In the following paragraphs we will discuss the general principles of the three levels 
of evaluation, and describe for the three groups of parameters ((emissions, traffic, air 
quality) how these principles are translated in evaluation actions, and what the 
general implications are for the test site set-up and for the evaluation software tools. 
Further details on the available data and the additional data collection points for 
Glasgow are given in chapter 5.  

4.5 Level 1 - Evaluation of estimations by the DSS 
Level 1 basically checks if the DSS correctly predicts the outcome of the ITS actions 
during the test phase. In theory, this includes a comparison of measured (mKPI), 
simulated (sKPI) and predicted KPIs (iKPI) during the test phase. However, 
measured and interpolated KPIs  can only be compared to modeled values if 
dedicated model runs are performed, taking into account current traffic and meteo 
conditions.  In addition historical data are used for model validation.  

The micro-models that are used to simulate the scenarios in the LUT are validated 
prior to the test phase based on historical data without the envisaged ITS actions. 
This is described in D4.2 for the emission and air quality models, and it will be 
described in ‘Glasgow micro simulation modelling report’, which will be attached to 
the D3.3 for the traffic models. For Glasgow, also data during the reference period 
(prior to DSS installation) are used for AQ model validation including model runs 
using actual meteo data. For Graz, similar extra validation runs are planned. The 
DSS will calculate KPIs (iKPI) for the end scenarios based upon a trained 
interpolation model. This is described in D6.6. 

Level 1 evaluation will assess if the modeling chain (traffic – emissions – 
concentrations) has correctly taken into account the effects of these ITS actions in 
the end scenarios stored in the LUT. This evaluation will be done in general for KPIs 
at critical locations and with focus on critical assumptions made regarding ITS 
actions.  

In general, the idea is to evaluate at critical locations if the predicted KPIs (traffic, air 
quality) correspond to the measured values. This requires a comparison of KPI 
values calculated by the DSS, iKPI, to corresponding measured values mKPI. 

For emissions no measured KPIs are available so the only comparison is possible 
with the simulated emissions. However, this would require extra simulations based 
on encountered traffic scenarios (Sa measured) and this is not possible given the 
resources available.  

For Air Quality, measured values are available at two selected locations in each city. 
The number of predicted values (iKPI) for AQ is limited because every location needs 
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a separate interpolation model. Therefore the interpolated values should be at least 
at the monitoring locations.   

For traffic, predictions are only made for travel time and measured values for this KPI 
are only available in Graz (based on BLITS).  

The focus is also on critical assumptions that are made regarding the ITS actions, 
i.e. regarding the response of drivers towards recommendations on variable 
message signs (VMS). These assumptions have to be verified specifically as they will 
have a crucial effect on the whole modeling chain. In the case of a VMS sign 
displaying rerouting options traffic sensors at appropriate locations after the VMS 
sign are required. (new requirement) All possible effects of the ITS measures on the 
network should be taken into account. These are the intended effects but also 
possible side effects. All rerouting options should be modeled and measured. For 
rerouting options that are left out of the model traffic flows will be monitored before 
and after the installation of the VMS to check if routes are not affected, e.g. Hyndland 
Street in Glasgow. (new requirement, see table) In this way one is sure that traffic 
and emissions are not simply displaced out of the study area. 

The acceleration from the traffic micro-simulation serves as input for the emission 
model. Therefore also the correct assessment of this acceleration has to be 
evaluated (this is part of the micro model validation). This will be based on a 
comparison of simulated acceleration with measured acceleration. The comparison 
of the simulated and measured acceleration is performed in Vienna to tune the Graz 
micro model (VISSIM) before the start of the test planning. Results are presented in 
D5.1. For Glasgow, however, the used micro model (Paramics) does not allow to 
implement new acceleration profiles. Therefore, the impact of ITS measures is 
implemented on vehicle speed and stop-and go traffic, but not on changes of 
acceleration profiles of individual vehicles. 

 

 

Figure 6 Schematic overview evaluation level 1 

When differences are found between the measured and the interpolated values this 
can be due to errors in the interpolation model or in the micro-simulation models 
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used to simulate the scenarios in the LUT. To check accuracy of the prediction model 
additional model runs will have to be carried out based on the actually encountered 
initial traffic states (sKPIa). (requirement: model validation interpolation model). 
Whereas this would be interesting from an evaluation perspective, it was decided not 
to include any additional model runs because of resources available.  

By comparing measured and modeled values, the micro-simulation chain will be 
assessed. This is done prior to the test phase as part of model validation, as 
described above.  

In general, for this level of evaluation we depend on the actual traffic and 
meteorological scenarios, and on the ITS actions that are selected by the DSS and 
implemented. However, we can assume that actions that are not selected during the 
year of operation, are of little relevance. 

Table 4 gives an overview of the data and calculations that are needed for this 
evaluation step. 

Table 4 Data and calculations for Level 1 evaluation 

Input Parameter From 

interpolated KPI values (iKPIs) DSS 

measured KPI values (mKPIs) Sensors 

simulated KPI values (sKPIs) Micro-simulation for X initial states Sa 

Calculations Tools 

Differences iKPI – mKPI; sKPI – mKPI; 
(iKPI – sKPI) 

Additional model runs for sKPIa 

Queries and calculations on sKPI, iKPI, 
mKPI   

Store and report results 

R2, RMSE, bias, … iKPI – mKPI; sKPI – 
mKPI; (iKPI – sKPI) for daily time series 

R2, RMSE, bias, … iKPI – mKPI; sKPI – 
mKPI; (iKPI – sKPI) for cumulated time 
series 

 

This evaluation will be applied to:  

- concentration in ambient air of BC (KPI_15) at selected locations: measured 
versus predicted value;  modeled values are compared to historic data and 
data of the reference period  

- travel times over specified trajectories (KPI_02 in Graz).  

- Compliance rate of VMS based on traffic counts at selected locations 

 

4.6 Level 2 - Effects of specific ITS actions 
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Specific ITS actions will be evaluated based upon different data sets: 

A first a priori evaluation (level 2a) will be done based upon the scenarios and KPIs 
stored in the LUT: 

- Calculate the effect of the ITS action under specific initial conditions: KPI 
values for each end scenario with ITS action Aj will be compared to the same 
scenario without action Aj. This allows to calculate the effect of the action Aj 
under specific conditions. 

- Compare the effect of the ITS action to an alternative action under the same 
initial conditions: KPI values for each end scenario with ITS action A1 will be 
compared to other possible actions Ai for the same initial scenario.  

- Evaluate how the effect of the ITS action depends on the weather conditions 
or on the initial traffic situation: KPI values for initial state S1 with action Aj will 
be compared to the scenario with the same action Aj for another initial 
scenario S2. 

If the models are properly validated (level 1) then the simulated KPIs, sKPI, stored in 
the LUT (Figure 4) can be used to carry out these comparisons. The validation of the 
model gives confidence in the ability of the model to quantify the effect of the ITS-
measures at the required spatial and temporal level. 

The current approach used different anticipated effects (three different compliance 
rates for VMS) and the most appropriate will be chosen after validation.  No 
recalculations of scenarios are planned. 

This evaluation only takes into account the discrete scenarios stored in the LUT.  

 

Table 5 Data and calculations for Level 2a a priori evaluation 

Input Parameter From 

simulated KPI values for each end 
scenario with ITS action Aj (sKPIij)* 

simulated KPI values for each end 
scenario without ITS action (sKPIi0)* 

Off line micro-simulation for LUT 

Calculations Tools 

For all initial states Si : Difference sKPIij - 
sKPIi0 

For all ITS actions A1, …, Ax, Ay, …, Am: 
Difference sKPIix - sKPIiy 

For all initial states S1, …, Sx, Sy, …, Sm: 
Difference sKPIxj – sKPIyj 

Queries and calculations on sKPIij in LUT

Store and report results  

(*) for AQ different meteo situations will be calculated for each sKPIi0 and sKPIij see 
D 4.2. 
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This approach will be applied to all KPIs simulated directly in the off-line micro-
simulation or calculated based upon output parameters of the micro-simulation, i.e. : 

- total emissions of CO2 and BC (KPI_13 and KPI_14), and total weighed 
emissions of both; emissions of CO2 and BC on specific test site corridors 

- concentration in ambient air of BC (KPI_15), PM10 (KPI_16), NOx (KPI_17) at 
selected locations and average and P75 of 50m buffer  

(decisions on locations based on discussion with traffic, emissions and AQ 
experts: for Glasgow Skype 28/2/2014; for Graz tbd).  

- traffic flows needed to calculate distribution of vehicles, throughput or 
saturation (KPI_01, KPI_06, KPI_12 (only Graz), KPI_20 (only Graz));  

- traffic speed (KPI_07, KPI_08) at selected locations and average traffic speed 
over test area (KPI_11) as indicators for effects on traffic fluency;  

- travel times over specified trajectories (KPI_02, KPI_04); 

- total vehicle*km and vehicle*min travelled (KPI_09 and KPI_10).  

 

Effects can also be evaluated based on interpolated KPIs for real-time traffic 
states (level 2b). In the test phase the DSS will predict KPIs (iKPI) based on real-
time traffic states. To estimate the specific impact of the ITS action Aj the KPI values 
iKPIaj have to be compared to iKPIa0 for the same initial state without ITS action 
(Figure 7). iKPIa0 is also calculated by the DSS. In theory, the same comparisons as 
mentioned above can be made based on these iKPIs. In this case the results will 
keep on growing as new initial states are encountered. The impacts will be 
averaged/integrated for each action Ai. It has to be taken into account that the real-
time traffic states can be influenced already by actions taken in the previous period. 

Whereas initially, it was planned to interpolate all KPI’s that are listed in Table 1, this 
was not feasible since a regression model has to be developed for each individual 
parameter. Therefore, a selection of predicted KPIs (iKPIs) was made based on the 
needs for DSS and evaluation, taking into account that only a limited set could be 
predicted. Focussing on the project aim (reducing emissions and air quality) this 
resulted in the selection of KPI_13, KPI_14, KPI_2 and KPI_15 at selected locations. 
This means that other traffic KPIs and AQ KPI at other locations cannot be evaluated 
for the encountered traffic and meteo conditions. 
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Figure 7 Schematic overview evaluation level 2b based on real-time traffic 
states 

 

Table 6 Data and calculations for Level 2b evaluation based on real-time traffic 
states 

Input Parameter From 

Calculated KPI values for actual initial 
state Sa with ITS action Aj (iKPIaj)  

Calculated KPI values for actual initial 
state Sa without ITS action (iKPIa0)  

DSS 

Calculations Tools 

For each encountered actual initial state 
Sa: for all recommended ITS actions Aj: 
Difference iKPIaj – iKPIa0 

Calculate average differences, sum up 
total  reduction, daily, weekly, monthly, 
whole period 

Store all iKPIAj 

Queries and calculations on iKPIAj 

Store and report results 

 

 

This approach will be applied to all KPIs that are calculated directly by the DSS or 
that are calculated based upon output parameters of the DSS, i.e. : 

- total emissions of CO2 and BC (KPI_13 and KPI_14);  

- concentration in ambient air of BC (KPI_15) at selected locations; 

- travel times (KPI_02).   

 

Finally, the impact of the ITS actions on traffic and air quality can also be evaluated 
based on the measurements (mKPI) (level 2c) that are carried out during the test 
phase.  

Two options can be distinguished: 

- follow-up of short-term changes in mKPI once an action is implemented, by 
comparing the data just before the action implementation and during its course 
e.g. half hour or one hour before and after start of the action (Figure 8); 

- compare mKPI during ITS action to a comparable situation without the ITS 
action (Figure 9). In this case reference  measurements (rKPI) should be 
available for the corresponding initial traffic state and meteo conditions without 
ITS measures, or they can be corrected for differences in traffic state and 
meteo 
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Figure 8 Evaluation level 2c based on measurements – short term changes  

 

Figure 9 Evaluation level 2c based on measurements – comparison to 
reference period  

 

In both cases the effect of the action on the KPI should be large enough to be 
distinguished from normal hour-to-hour or day-to-day variability in the measured 
parameter.  

The first option allows to see the immediate impacts of the ITS action. This option 
can be useful for traffic parameters, i.e. : 

- traffic flows needed to calculate distribution of vehicles, throughput or 
saturation (KPI_01, KPI_06, KPI_12, KPI_20);  

- traffic speed (KPI_07, KPI_08) at selected locations. 

- The only measured data for travel times (KPI_02) are floating car data and 
BLITS in Graz.   
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For traffic light optimization traffic flow and speed will be measured to check if traffic 
becomes more fluid. For traffic light synchronization in one direction one should 
monitor the opposite direction and side routes. It might be possible that the smoother 
traffic is compensated by slower traffic in the opposite direction or side streets. 

The second option needs data for the corresponding initial state without ITS actions. 
Therefore KPIs have to be measured already before the test phase.  

As a conclusion, traffic and air quality measurements have to be carried out during a 
reference period before the start of the test phase. The measurement period will be 
long enough to make sure several traffic states are encountered. In theory a 
reference period of one year would be advisable to cover all seasonal effects.  In 
practice, most traffic and air quality monitoring devices will be fully operational during 
minimum three months reference period with normal traffic before the start of the test 
phase. (new requirement) 

Table 7 Data and calculations for Level 2c evaluation based on measurements 

Input Parameter From 

Measured KPI values (mKPI) Sensors (real time) 

Reference KPI values (rKPI) Sensors (stored data) 

Calculations Tools 

For ITS action Ai started at time t: 
Difference AVG(mKPIt-∆t -- mKPIt) – 
AVG(mKPIt -- mKPIt+∆t) with ∆t = 30 or 60 
minutes 

Store all mKPI 

Queries and calculations on rKPI and 
mKPI 

Store and report results 

For each encountered actual initial state 
Sa: for all recommended ITS actions Aj: 
Difference AVG(mKPIaj) – AVG(rKPIa0) 

Store all mKPI 

Queries and calculations on rKPI and 
mKPI 

Store and report results 

 

It is much less evident that this approach is applicable for air quality (KPI_15). AQ 
measurements are necessary during the test phase for evaluating and improving the 
model, as described in 4.5. In addition, it is a requirement that AQ will be measured 
during the test phase for evaluation. However, the relative effect of ITS measures on 
AQ will be small compared to the hourly or day-to-day variability of AQ. ITS actions 
are also not independent of meteo. Comparing to an identical situation without the 
ITS action (corresponding base scenario) will be difficult. Despite these drawbacks, 
we will compare AQ KPIs for both options mentioned above by taking into account a 
reference location (urban background in Graz and non-affected site in Glasgow). The 
difficulties related to changes in meteo conditions and the approach suggested are s 
further explained and documented in the text box below. Additional parameters such 
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as wind speed and wind direction will be taken into account, using techniques such 
as pollution roses.  

 

The relative effect of the ITS-measures on AQ will be small compared to the variability: taking into 
account this variability by background or non-affected sites 

The relative effect of ITS measures on AQ will be small compared to variability. One way to take this into account 
(cfr literature) is use background locations or traffic locations that are not affected. This will be illustrated in the 
‘theoretic example’ below. 

Suppose that we have an ITS measure that decreases 20% of the emissions of a certain road. In order to assess 
the resulting impact on local AQ concentrations, we have to estimate the origin of the BC concentration measured 
at this location and assess the contribution of local traffic. Suppose that we have 1 µg/m³ in background 
concentrations, 2 µg/m³ coming from the affected road and 1 µg/m³ coming from the other local roads for a total of 
4 µg/m³ in the base case. This represents a measurement location which is already quite close to the major axis. 
As a result, after the implementation of the ITS-measure the concentration contribution from the affected road will 
be only 1.6 µg/m³ leading to a total concentration of 3.6 µg/m³, or a decrease of 10%. Thus, in theory, it should be 
possible to discern this effect in the measurements, if meteorological conditions and dispersion from source to 
receptor point are identical.  

However, we cannot do a repeated experiment under identical conditions: one with and one without the ITS 
measure, in order to compare them. As a result, if we do this experiment on two days with exactly the same traffic 
distribution (if that would be feasible), the meteorological conditions will be different. 

Therefore it is possible that meteorological conditions on the day that an ITS action is applied, have an opposite 
effect on AQ concentrations; If for instance the day with the ITS-measure has a very stable atmosphere leading to 
a doubling in concentrations, resulting in a concentration of 4 µg/m³ (without ITS) to one of 7.2 µg/m³ (with ITS). 
This would lead to the wrong conclusion that the ITS-measure is bad for the air quality. 

If an urban background site is used as a reference that is affected by background and some local roads than we 
will measure there  2 µg/m³ in the same conditions that ITS was not implemented and 4 µg/m³ in the conditions 
that ITS action was implemented. This means an increase of concentrations of 100% at background and 80% at 
ITS affected site. The ratio of both % changes will give the estimate of the ITS effect on AQ: = 80%/100% = 0.9 or 
10 % reduced. 

A similar reasoning can be given for a non affected traffic site. However, in this case concentrations are 
comparable to the ITS site: e.g. 4 µg/m³ before the ITS action and 8µg/m³ when ITS action is taken showing an 
increase of 100%.  

 

 

4.7 Level 3 - Overall benefits of the CARBOTRAF system 
Level 3 evaluates the overall benefits of the CARBOTRAF system. The question here 
is if the implementation of the CARBOTRAF system leads to overall reductions in 
emissions and improvement of AQ. As such it does not only deal with the (potential) 
outcomes of the individual actions, but as well with the number of times specific 
actions are implemented, and if the whole of all implemented actions leads to 
considerable reductions in emissions and/or improvement of the air quality. The 
operator is not forced to follow the recommendations of the DSS. The impact of the 
overall system thus depends both on the potential effect of proposed actions and on 
the number of times the operator follows the proposed actions. An important point will 
be to understand when and why the operator does not follow recommended actions. 
Therefore the system will log all proposed and implemented strategies and reasons 
(FR_005). Whenever the operator overrules the suggestion of the DSS, he will be 
asked to indicate why. He will be presented a list of possible reasons (e.g. negative 
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impact on traffic flow at location X, travel time increase, no significant emission 
reduction, negative impact on air quality at location Y, …), and a free text field for 
additional information.  

In a first approximation the overall effects of the implemented ITS actions can be 
totalized by comparing at each moment the predicted KPIs with and without ITS 
actions, and adding the differences. At each moment in the test phase the proposed 
actions (and corresponding calculated emissions) take into account the actual traffic 
state. However, there are actually no data available for the theoretical situation in 
which no DSS would be available since this actual traffic state can of course be 
influenced by the decisions taken in the previous period. This will be applied for 
(available) predicted KPIs : KPI_02, KPI_13, KPI_14, KPI_15. 

In a second approach evaluation is based on comparing the observations from the 
test period to a reference period.  The total effect of CARBOTRAF during the test 
phase is hereby dependent on the choices made by the operator. This analysis gives 
an idea of the actually realized reductions, and not on the reductions that would 
theoretically be possible if the operator would always follow the decisions suggested 
by the DSS. 

- Traffic parameters are measured and, for travel time, also DSS predictions are 
available. To evaluate the overall impact of the CARBOTRAF system the impact on 
these parameters will be assessed by comparing the observations during the test 
period to the observations during the reference period. 

- Emissions are not measured. To evaluate the overall emission reductions realized by 
the CARBOTRAF system the total calculated emissions during (a period in) the test 
phase will be compared with the total calculated emissions during a reference period 
before the test phase. This approach is possible under the condition that the macro-
traffic situation is basically similar in the evaluation period and in the reference period. 
During the test phase emissions will be calculated by the DSS for each implemented 
end scenario. These emissions will be totalized for a selected period. The same 
calculations have to be carried out by the DSS for the reference period based on the 
encountered traffic states. (new requirement) (to be checked with IBM) 

- The overall benefits of the CARBOTRAF system on AQ will also be calculated by 
comparing concentrations during the reference period and during the evaluation 
phase (DSS is in operation).  To take into account differences in meteo, a reference 
location will be used (see above) and average concentrations will be compared for 
the same months as reference period. This is an approach that is used frequently in 
literature, however mostly for permanent traffic measures starting at a specific point in 
time. Therefore CARBOTRAF system is considered here as one traffic measure (for 
this evaluation level) and not as individual ITS actions. 

In addition to evaluation in terms of traffic, emissions and AQ, this level of evaluation 
also includes other variables. 

-Implementation of suggested ITS actions: the % of time that a specific ITS actions 
and all ITS actions have been implemented 
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-The % of time data from CARBOTRAF sensors (traffic cameras and BC monitors 
installed for the project). Test operation logs are available at the ECP. As part of the 
evaluation the % of time data are available will be summarized. 

-the % of time the DSS was out, due some technical or other issues.  

 

4.8 Conclusions for the test site set-up and for the evaluation 
software tools 

The specific requirements for the evaluation are summarized in Table 8. Next to 
requirements for the test site planning the evaluation plan leads to additional 
requirements for the model outputs, i.e. for the KPIs calculated by the interpolation 
model (iKPI). A large part of the evaluation will necessarily be based on modeled 
data as measured data are in some cases not available (e.g. for emissions) or might 
lack enough discriminating power to distinguish between effects of ITS actions and 
normal variability in the KPI values. 

Therefore the output of both the micro-models and the interpolation models, although 
validated prior to their use, should be verified thoroughly, i.e. because the micro-
traffic models will contain assumptions on the impact of ITS actions that can only be 
verified with data measured during the test phase. 

To be able to evaluate the effects of ITS measures traffic data is needed before and 
after the installation. Three months with normal traffic should be enough as a 
reference. 

Whereas traffic should be monitored extensively in the test area, the need for air 
quality monitoring equipment is mainly dictated by the evaluation of the air quality 
simulations. However, AQ data will also be used for evaluation purpose. The exact 
number and location for both depends on the actual ITS actions that are be 
implemented and will be specified in 5.4. For AQ, only a limited number is possible 
given resource restrictions (2 AQ sites in each city). In total 5 traffic cameras will be 
installed in each city. 

All necessary calculations and software tools to carry out the evaluation (D7.3) will be 
based on the evaluation plan described in this chapter. The table below gives an 
overview of requirements defined based on the evaluation plan.  

 

Table 8 General requirements for the evaluation of the ITS actions 

 Description Needed for 

NFR 23 All in-/out-flows into the test site shall be 
measured 

Input for traffic 
macromodel; Evaluation 
level 2c KPI_06 
(throughput capacity test 
area) 

NFR 14, one set of meteo data shall be Evaluation for air quality 
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FR 27 measured in the centre of the test site 
area 

model 

FR 10 

FR 75 

FR 76 

the DSS shall return predicted values for 
real traffic states with and without ITS 
actions for: 

 total emissions of CO2 and BC 
(KPI_13 and KPI_14), and total 
weighed emissions of both*;  

 concentration in ambient air of 
BC (KPI_14) and PM10 (KPI_16) 
at selected locations*;  

 travel time (KPI_02)*  

Evaluation level 1, level 2b 

FR 28, 
FR 74,  
FR 73 

All the road sections affected by the ITS 
measures shall be equipped with traffic 
measurement devices** 

Evaluation level 1, level 2c 

FR 28, 

FR 74 

traffic sensors shall be installed  after 
the VMS sign on all roads affected by 
rerouting options** 

Evaluation level 1, level 2c 

FR 73 traffic sensors shall be installed at all 
junctions with traffic light optimization to 
measure traffic flow and speed in all 
directions** 

Evaluation level 1, level 2c 

FR 29 Air quality sensors will measure BC 
concentration during the test phase at 
relevant locations** 

 

NFR 40 Additional model simulations shall  be 
carried out based on the actually 
encountered initial traffic states.*** 

Evaluation level 1 - check 
accuracy of the micro-
simulation chain 

NFR 39 Traffic measurements shall be carried 
out during a reference period of three to 
four months with normal traffic before 
the start of the test phase 

Evaluation level 2c, level 3 

NFR 38 Air quality measurements shall be 
carried out during a reference period of 
three to four months with normal traffic 
before the start of the test phase 

Evaluation level 2c, level 3 

FR 72 The DSS shall calculate emissions for 
the reference period based on the 
encountered traffic states 

Evaluation level 2b, level 3 

NFR 13 The DSS shall ask the operator to Evaluation level 3 
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indicate reasons for overruling the DSS’ 
suggestion  

FR 3 The System shall allow operators to 
record any changes to the fixed time 
plans 

Evaluation level 2, 3 

FR 5 The System shall log all proposed and 
implemented strategies and reasons 

Evaluation level 2 and 3 

FR 27 Meteo data is available in the database 
in each city 

Evaluation level 2 and 3 

NFR 37 Traffic data includes correction factors Evaluation level 2 and 3 

 

Some remarks on the requirement table above: 

* a full evaluation would require the prediction of all KPIs for evaluation. However not 
all KPIs will be interpolated by the DSS due to a restriction of the number of 
prediction models that can be built. Therefore the evaluation can only be performed 
for actual traffic state and meteo condiction during the evaluation for a selected 
number of KPIs. The priority KPIs are defined by the evaluation and project scope 
CO2 and BC emission reduction.   

** taking into account available resources, the number of sensors is limited  

*** additional modelling will not be performed 

 

5 Test site and installation plan of Glasgow 
This chapter describes the characteristics of the test site in Glasgow. For further 
details we refer to D 2.1 and 3.1, describing respectively the test site characteristics 
and ITS actions. 

5.1 Details test site 
More details on the test site and ITS actions are given in D2.1 and D3.1. Below, we 
briefly summarize the main issues.  

5.1.1 City characteristics 
Glasgow is the largest city in Scotland (600,000 inhabitants). The wind is prevailing 
south westerly from the Irish Sea and Atlantic Ocean (at approximately 30 km).  

Glasgow has a history of air quality issues. Glasgow has defined 3 AQMAs: ‘city 
centre’ AQMA, ‘Byres Road Dumbarton Road’ AQMA and ‘Parkhead Cross’ AQMA. 
According to the air quality progress report (2011) [31] monitoring results from 2010 
show exceedences of the annual limit value for NO2 at a number of locations outside 
the existing AQM areas. Therefore the city has extended the current ‘city centre’ 
AQMA and ‘Byres Road Dumbarton Road’ AQMA to cover the areas of 
exceedences. Queen Margaret Drive was proposed to be included in the ‘Byres 
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Road Dumbarton Road’ AQMA. Monitoring results show that in 2010, the PM10 
annual mean objective is exceeded at every monitoring station inside the city, except 
for Glasgow Anderston. Lower concentrations were measured in 2011, showing only 
exceedance of the annual limit value at Glasgow kerbside and Glasgow Byres 
Road.(Callaghan D., 2012 [32]) The PM10 daily limit value was exceeded at six 
locations within the city in 2010. Based on the results of 2010, GCC declared an 
AQMA covering the entire city in respect of the PM10 objectives. Currently, the City 
Centre was also declared in respect of the hourly mean NO2 objective. 

In 2014, Glasgow will be host for Commonwealth Games. This will result in specific 
transport measures and current construction works in the east part of the city. An air 
quality monitoring station has been established near to the main games site. 
(http://www.glasgow2014.com ) 

 

5.1.2 Test site selection 
Initially, Glasgow was selected for its potential for CARBOTRAF because a new 
highway connection will have opened by the time the CARBOTRAF test installation 
starts. A new section of motorway (M74 extension) was planned to be built to 
complete the complete ‘box’ motorway network; this should remove considerable 
volumes of traffic, previously using the M8 to pass through Glasgow. The old 
connection, although longer in terms of distance, will remain as an alternative route 
relieving the new highway if necessary. However, the work was finished ahead of 
schedule and the new motorway stretch was in use before the start of the 
CARBOTRAF project. 

Local stakeholders expressed their preference to the Byres road (B808) area in the 
West end of the city. This part of the city is currently an Air Quality Management 
Area for both PM10 and NO2. Byres road is a link between two main western arterial 
roads to the city centre and is a classical ‘high street’ with extensive shopping, cafes 
and restaurants. As a result, the Council is keen to investigate methods to improve 
the local environment. (see also D2.1 and D3.1) 

This area has congestion and pollution problems due to the physical barriers of the 
river to the south, railway on the west and being destination of many trips to the 
University and other local sites. 

The test site covers the following key roads (see Fehler! Verweisquelle konnte 
nicht gefunden werden.): 

 Dumbarton Road / Argyle street 

 Byres Road 

 Great Western Road 

 Kelvin Way / Bank Street 

 University Avenue 

The test site was restricted compared to the initially planned test site limited by the 
main arterial roads: M8 between junctions 17 and 20 on the E, Great western Road 
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(A82) on the N, Balshagray Avenue/crow Road (A739) on the W and Pointhouse 
Road/Clyde Expressway (A814) on the S. 

We decided to restrict the test site area because of large data requirements of the 
macro model.  A consequence is that the AQ model validation might be difficult, 
because not all traffic flows and resulting emissions are included in de micro-
modelling.  

 

 
Figure 10: Test site and streets included in the micro simulation 

The test site includes two streamline corridors (Corridor 1 Great Western Road and 
Corridor 2 Dumbarton Road), where a number of transport improvements have been 
implemented that needs to be taken into account when identifying the ITS actions. 
More details on both streamline corridors are given in D3.1. 

5.1.3 Stakeholder aspirations in Glasgow 
Stakeholder aspirations in Glasgow include monitoring and modeling of traffic and air 
pollution (SA_001). This will be done by installing dedicated traffic and AQ monitoring 
sensors (described in detail below). In addition a DSS will be installed (SA_002) that 
delivers on-line recommendations for optimal ITS measures in relation to emission 
reduction. Details on the DSS set-up are given in D6.1. The decision support system 
will always be aware of the current traffic management strategies (SA_018) this 
means that the DSS shall allow operators to record changes in fixed time plans; 
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however, this will only be recorded for time plans suggested by CARBOTRAF DSS. 
This is translated in FR_003, and will be described in D6.7. 

The system must be able to provide traffic control operators with all required data 
(SA_004). The effectiveness of different ITS measures shall be evaluated by 
CARBOTRAF focusing on congestion and environment (emissions and AQ) 
(SA_005, SA_003). The DSS will show and store the current ITS action (SA_018) In 
addition, the optimization should take into account constraints in relation to (possible) 
deterioration in traffic flow. An explicit SA (SA_007) states that the traffic control team 
has the main responsibility. Therefore, the system should include a threshold in 
reduction of traffic related KPI. 

Specific SA for the city of Glasgow are that traffic KPIs will include (SA_006) network 
journey time, bus journey times from AVL and degree of saturation from SCOOT. 
The latter will probably not possible, due to the large amount of data (see further). 
Network journey time will be available from modeling and bus journey time will be 
available from AVL.   

The choice of the location is steered by SA_012. Local stakeholders also expressed 
their interest in improving the air quality or reduce CO2 emissions (SA_024)  

The SA that have practical implications on the test site will be further discussed 
below. 

 

5.1.4 Requirements 
Based on the SA functional and non-functional requirements are defined. A list of 
functional and non-functional requirements is available at the ECP. In this paragraph, 
we discuss the requirements that have impact on the test site planning and 
operation. 

Functional requirements that are important for evaluation and test site installation are 
discussed in this deliverable. Based on the evaluation plan described above a table 
of general requirements resulting from evaluation plan is presented; some of these 
were already covered by the functional or non-functional requirements (as indicated 
in Table 8). 

Requirements defined before that have impact on test site planning are summarized 
in the table below. 

 

Table 9: List of functional and non-functional requirements that are important for test 
site planning 

 FUNCTIONAL REQUIREMENTS 

FR_012 The System shall process real-time traffic and environmental data to assess 
impact of actuated strategies 

FR_027 The System shall receive meteo data (e.g. wind speed and direction, 
temperature at ground level and 100m) from existing sources to estimate 
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pollutant concentration 

FR_028 The System shall include additional traffic sensors at test site to ensure good 
coverage (N. 5 sensors) 

FR_029 The System shall include additional AQ sensors at test site to ensure good 
coverage (N. 2 sensors) 

FR_030 The System shall include additional meteo sensors at test site to ensure good 
coverage if needed (N. 1 sensor for each test site): not required 

 NON-FUNCTIONAL REQUIREMENTS 

NFR_001 The System shall produce at least 12 full months of data for evaluation 

NFR_006 The time interval for traffic data aggregation shall be 5 min 

NFR_007 The time interval for AQ data aggregation shall be 30 min 

NFR_009 Free text input for Operator comments (e.g reason why an action has not been 
implemented) associated to a time stamp (UTC). 

NFR_014 The meteo data shall have a spatial resolution of 100m and temporal resolution 
of 10min or at least 1 hour 

NFR_015 The AQ measurement location shall be expressed in Lat/Long with 6-digit 
precision 

NFR_018 co-location of traffic sensors and AQ sensors 

NFR_019 BC concentrations must be measured at locations relevant for AQ modelling 
evaluation 

NFR_020 traffic will be measured at locations relevant for traffic modelling evaluation 

NFR_021 test site installation shall comply with local safety regulations 

NFR_022 all instruments shall be calibrated  according to their service and calibration 
requirements 

 

FR_12 resulted in the development of an evaluation plan (as presented above). In a 
next step software tools will be designed to process the data. 

In addition also FR_003 and FR_005 are important for evaluations. However, they 
have no implications on the test site planning  

 

5.2 Details ITS actions 
ITS actions are discussed in D3.1 in general. The exact implementation including site 
selection was subject to discussion and approval of the stakeholders and was 
adapted during the process as function of stakeholder requirements. The selected 
ITS actions in Glasgow are briefly discussed below.  

It is important to include both current ITS actions (in simulation) and new ITS actions 
that will be evaluated within CARBOTRAF. It will be discussed below what is 
feasible. 
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5.2.1 General 
A number of ITS is already in place in Glasgow: VMS and CCTV 

 A number of VMS are on the motorways in and around the city and two VMS 
are on the approaches to the Clyde tunnel. Also a mobile VMS is available. 
GCC usually operates the VMS at the tunnel. However, these are not 
operated in the test site area,  covered by the model. Therefore, these ITS 
actions are not included.  

 CCTV: 70 standard cameras are installed in Glasgow to support the operators 
in the traffic control centre. These are operated by Traffic Scotland and can 
only be visualized by GCC. Therefore, these are not included in the model. 
Bus lane enforcement has been introduced in April 2012. Roads that are 
dedicated to bus traffic are included in the model; in this way, the bus lane 
enforcement is included.  

Streamline Corridors 1 and 2 are included in the test site area (see Fehler! 
Verweisquelle konnte nicht gefunden werden.). Corridor 1 runs along Dumbarton 
road and crosses Byres Road to Argyle street. Corridor 2 runs along Great Western 
road. A number of transport improvements have been implemented on these 
corridors. The signalized junctions are controlled by the BIAS system which includes 
an adaptive traffic control and bus priority system. Ideally, this needs to be modeled 
correctly in the traffic models. Junctions that use fixed time plans can be included in 
the CARBOTRAF project to be improved by varying the time plans. The actual time 
plan (signalization) should be registered in the data acquisition system. However, this 
is only possible for the fixed time plans included in the CARBOTRAF ITS actions.  

Unfortunately Paramics does not allow to model SCOOT easily (BIAS is based on  
SCOOT). Therefore these junctions are modeled as fix time plans using the SCOOT 
background plans for different times of day. Implementing the actual plan 
(green/cycle time) at all SCOOT junctions is not possible due to the amount of data 
(update of SCOOT every 0.25 seconds) and the limitations of the GCC 
communication network.  

Data on bus lane priority will not be included in the CARBOTRAF simulation. 

 

5.2.2 ITS action to be evaluated in CARBOTRAF 
ITS actions that will be implemented within CARBOTRAF are: 

 VMS rerouting 

 Traffic signal control 

 Combination of both 

Other ITS actions that have been considered but are not included after stakeholder 
consultation are reported in D 3.1.  
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5.2.2.1 VMS rerouting 
VMS is used in CARBOTRAF to reroute drivers away from congested area where BC 
and CO2 emissions are expected to be high and air quality can be improved by 
decreasing the amount of traffic and decrease the stop-and- go.  

Three locations for the VMS have been suggested and were reported in v1.0 of this 
deliverable:  

• A739 /Balshagray Av. before the Clyde tunnel towards North.  

• Dumbarton Road                  

• Great Western Road westbound on the approach to junction with Byres Rd. 

After a stakeholder consultation, it was suggested to select site 2.  However,  AQ 
stations were already installed taking into account that the first VMS option would be 
selected as agreed with stakeholders. In this scenarios, both AQ locations would be 
influenced by the VMS.  

However, site 1 was not selected because of modeling implications. Installing a VMS 
at the tunnel (site1) would have given many rerouting options to the drivers, so it 
would have been very difficult to control and evaluate the impact. Also traffic models, 
both micro and macro, need to include all these routes. However the macromodel 
requires a significant amount of data from detectors, which were not available on all 
the possible re-routes. The VMS on Dumbarton rd (site 2) gives only one key 
alternative route (Argyle/Kelvin Way), so it is more “controllable” in the sense that it 
should be easier to capture any difference in flows during the evaluation. The reroute 
on Argyle/Kelvin Way is equipped with some detectors so it can be modeled in the 
macromodel. 

Finally it was decided after stakeholder consultation to select the location at Beith 
street for the traffic heading Northbound before the junction with Dumbarton road. 
This location is shown in Figure 11. It was identified in order to be able to affect traffic 
Northbound approaching Byres road and directed towards the city centre. The 
location has been chosen also taking into account the installation constraints on site.  

The aim of the VMS at this location is to reroute some traffic from Byres road towards 
Argyle street and Kelvin Way, where the building layout and the park allow for a 
better dispersion of pollutants; while the building height on Byres road creates a 
canyon effect, therefore high concentration of pollutants. Also the presence of many 
shops along Byres road implies that there is a high volume of pedestrians, who are 
exposed to these emissions. Therefore the proposed strategy should bring benefits 
also in terms of exposure.  

The expected impact of this strategy is higher volumes of traffic on Argyle street and 
Kelvin Way and a reduction of traffic flows on Byres road. The alternative route to 
Byres road is as shown in Figure 11. 
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Figure 11: Re-routing of VMS in Glasgow 

 

VMS currently used by GCC display “problem/affect/location/gain”; the ‘gain’ is often 
a generic message e.g. use alternative routes rather than an indication of a specific 
route.  
The text displayed on the VMS at Beith street is:  
“CONGESTION BYRES ROAD USE ALT ROUTE”  
 
 
ID number of ITS 
action  

VMS 

Location of VMS Beith street 
Trigger  Byres Road 
Message to display “Congestion Byres road use alt route” 
Expected impact  Increased flows on Argyle St/Kelvin Way 

 Decreased flows on Byres Road 
 Possible increase in emissions on Argyle St/Kelvin 

Way and reduction in emissions on Byres Road 
 A side effect can be that people take Hyndland street 

resulting in increased flow and emissions there (this is 
not in the model)

How to measure 
effectiveness 

 Measure traffic flows on Byres Rd, Argyle St and 
Kelvin Way (and model emissions) 

 Traffic KPIs on Byres Rd, Argyle St and Kelvin Way 
 Environmental KPIs on Byres Rd, Argyle St or Kelvin 

Way (and Hyndland Street)
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To be implemented in evaluation data: ‘VMS on’ or ‘VMS text’ on. (new requirement). 

 

5.2.2.2 TSC (Traffic signal Control) 
In the streamline corridors (Great Western road and Dumbarton road), signal plans 
are already optimized by SCOOT. As a result, these are not candidates for potential 
ITS actions within CARBOTRAF.  

The Byres Road corridor was selected after stakeholder consultations given the 
significant congestion and emission problems. The BIAS system, which uses SCOOT 
to optimize signal plans is installed at the junctions of this corridor. However some of 
the traffic signals on Byres road are currently running on fixed time plans, therefore 
they provide possible locations for implementing the ITS actions. The available 
junctions on Byres Road where CARBOTRAF can test different scenarios are shown 
in Figure 12. D7.1_v1 describes the selection of two junctions at Byres road: at the 
crossings Highburgh Road/University Ave and Church Street.  

In the first stage of the project two traffic signal control strategies have been 
considered and simulated: 

 TSC1: optimised signal plan at junction Byres rd/University av. + Byres 
rd/Church st 

 TSC2: TSC1 + signal coordination on Byres rd. 
 

However after liaison with the traffic operators in Glasgow, these two strategies had 
to be reconsidered due to implementation problems on site as they proposed a 
change from 4 stage plan to 2 stage plan. Therefore one more scenario was 
produced in accordance with the traffic operator requirements: TSC3, which edited 
the signal plan only at the junction Byres rd/University av. The new traffic signal plan 
proposed at the junction Byres/University avenue keeps the same cycle time as in 
the original plan in order to maintain the signal coordination with the junction at 
Church street, whose plan is not edited. The new plan within TSC3 increases the 
green time to the traffic streams approaching the junction from South and from East. 
Consequently the green time is reduced to the traffic streams from North and West.  

The expected benefit of this signal plan is a reduction of congestion and emissions 
on Byres road in the Northbound direction. Moreover TSC3 should complement well 
the VMS strategy in the combined scenario as they both try to reduce emissions on 
the Byres corridor.   

Expected impact is reduced emissions and better traffic at South and East of the 
junction. 

Whereas all three are loaded in the LUT, only TSC3 will be implemented by DSS. 
Therefore the first two are not considered for the evaluation strategy. 
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Figure 12: Signalised junctions at the test site 

 

5.2.2.3 TSC and VMS 
This strategy entails the implementation of the ITS strategy TSC3 together with the 
VMS rerouting as described in the above sections. 

Expected impact of the combined strategies is reduced emissions on Byres road, as 
the VMS should reroute traffic away from this corridor and the new signal plan should 
further increase the throughput Northbound along Byres road and at the same time 
keep the signal coordination with Church street / Byres road junction.  
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Figure 13: locations in test site area of Glasgow that are affected by ITS actions (zones 
for AQ and traffic sensor) 

 

5.3 ITS equipment and locations 
ITS equipment needed in Glasgow is a variable message sign for re-routing. This will 
be installed at Beith Street.   

Different types of VMS have been considered. The selected VMS is a solar powered 
unit type MVMS 320 RS Amber. http://www.mobilevms.co.uk/ 

The other ITS action, TSC, implemented in Glasgow does not need any further 
equipment. Light control will be adapted and some input is needed to the evaluation 
tool to understand which ‘signal timing’ is applied. 

 

5.4 Traffic sensor equipment 
Figure 13 shows the areas that are affected by the ITS actions. Available and newly 
installed sensors have to cover these areas. 
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5.4.1 Available traffic sensors 
A schematic overview of all traffic sensors (loop detectors) is shown on the figure 
below. We only focus on the traffic sensors that are located at the West End of 
Glasgow.  (see  also figure 3.7 and 3.8 in D3.1.)  

 

 
Figure 14: Traffic sensors (non SCOOT in green, SCOOT in red) available in the test 
site 

 

All of the available traffic sensors are loop detectors. There are 72 SCOOT detectors 
at the test site. The data has been provided by Glasgow City Council for 2012. 
(There are gaps in the data in some cases due to broken down detectors or failure of 
the communication network.) The data to be used in the project refers to Monday to 
Thursday 8-9am as traffic profiles seem to follow different patterns on Friday and 
outside the AM peak.  

The SCOOT detectors measure Link Profile Units, a unit based on the time the loop 
is occupied by a vehicle. In order to use this data, manual counts are required to 
calculate a conversion factor which converts the link profile units into vehicles/hours. 
The conversion factor is site specific, therefore one factor should be calculated for 
each detector. This implies that a significant number of surveys should be 
commissioned to collect manual counts; however this was not compatible with the 
available resources. After internal review of each detector location, those critical for 
CARBOTRAF have been identified and the conversion factor has been calculated 
(for 32). In few additional cases the site of adjacent detectors has been investigated 
on streetview to assess if the site characteristics in terms of number of lanes and 
allowed turns are the same. In this case being the detectors also adjacent it was 
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Installation 
height 
7,5+ m 

Lamp pole 

Control cabinet 

Bluetooth 
system 
(optional)

  

TDS 

reasonable to assume that flow composition is very similar, therefore the same factor 
has been adopted. The data from the SCOOT detector can be used by the DSS 
because it can be provided in real-time. An interface has been built and tested 
between the common database owned by Glasgow City Council, where all detector 
data is stored, and the Carbotraf database used by the DSS. The SCOOT detectors 
can be also used for the off line evaluation of the ITS actions. When used for 
evaluation, the conversion factors need to be included in the values in the database. 
(new requirement) 

In addition to the SCOOT detectors, there are also 7 screenline detectors at the test 
site, which count directly traffic flows. These detectors cannot be used by the DSS 
because the data is not available in real-time. Therefore they have been used to 
calibrate the micro simulation model and they will be also used for the off line 
evaluation of the ITS actions. 

 

5.4.2 New traffic sensors 

5.4.2.1 Sensor types 
Loop detector give information on traffic intensities affected by both measures. 
Added value of the smart eye cameras is to measure acceleration distribution. 
Therefore they are very useful to validate the micro model simulation 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: TDS smart eye traffic data sensor (left) and system layout of test site 
installation (installation on a lamp post, right) 

 

Table 1: Specifications of TDS smart eye traffic data sensor 

Dimensions 14 x 34 x 11 cm (H x L x D) 
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Housing aluminium, weatherproof IP 65 

Weight 1,8 kg 

Temperature -30 to 55 °C 

Voltage 230 V, optional 12 V 

Power consumption max. 8,5 W (without heating) 

Interface RJ 45 / Ethernet 

 

5.4.2.2 Sensor locations 
The selected locations in the Glasgow test area are shown on the figure below. In 
D7.1-v12 the following locations had been selected:  

- 2 installations on Dumbarton Road (one near the VMS (A) and another at the 
crossing that will be affected by traffic light optimization (B) 

- one at Byres Road (C) and University avenue (D) crossing  

- one at Kelvin Way (Gibson Junction) (E) 

The selection was done with the location of VMS at Dumbarton Road in mind. 
However, this was later changed to Beith Street. Therefore two traffic sensors 
installed on Dumbarton are not ideal. It was decided (Skype 8/3/2014) to change one 
to Dumbarton Road AQ location so this station can serve as a non-affected traffic 
location with AQ and traffic measured at the same location (requirement: co-
location). The other one was located at Hyndland crossing since this might be an 
alternative route if VMS is active and this alternative is not included in the model so 
has to be checked by measurements (see requirement). Location C and D will 
evaluate the effect of TSC and VMS and location E will measure alternative route of 
VMS.   
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Figure 16: locations of TDS, and AQ stations in Glasgow 

 

5.4.2.3 Implementation plan: 
Three of the traffic sensors are installed in July/August 2013. Other sensor locations 
were subject to problems related to approval for installation. These will be installed in 
April 2014.  

5.5 AQ measurement and meteo equipment 
It was agreed among the project partners to try to co-locate traffic and AQ sensors 
for evaluation purposes (NFR_18).  

 

5.5.1 Available AQ equipment 
An overview of all current automatic AQ monitoring stations and pollutants measured 
is given in the table and figure below. An overview of all air quality measurements is 
available on the website: http://www.scottishairquality.co.uk/ 

Automatic monitoring equipment is located at 12 sites with two of the units forming 
part of the department for Environment, Food and Rural Affairs (DEFRA) Automated 
Urban and Rural Network (AURN).  

Two AQ monitoring stations of the Glasgow network have recently been closed: City 
Chambers (urban background, 16/3/2011), Battlefield Road (road site, 20/2/2012); 
One station is temporarily closed due to road works: Glasgow Centre (urban centre, 
16/08/2012 temporarily closed). This will be opened again later (2013). 

In addition to this, a non-automatic monitoring network is operated for NO2 at almost 
100 sites around the city. Diffusion tubes utilized by GCC are prepared and analysed 
by GCC Scientific Services.  (At 4 sites also benzene diffusion tubes are used) 

These data can give additional information of spatial variability within the city; 
However, this will give no information on time-resolved patterns. 

There is already a roadside1 air quality monitoring station at Byres Road which 
provides a starting point for our analysis and historical baseline. The station includes 
PM10 and NOx. In May 2012, a roadside AQ station was installed at Dumbarton road 
measuring PM10 and NOx.  

Table 10: Overview of AQ monitoring stations in Glasgow  

Name Measured 

Pollutants^ 

Meteo Site type Lat long 

 

                                            
1 Roadsite AQ stations are located at more than 1 m from the kerbsite (between 1 m and the back of 
the pavement): typically 5 m but could also be 15m  

(http://www.scottishairquality.co.uk/about.php?n_action=monitoring&t=3#site) 
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Gl. Kerbside NO, NO2, NOX 

PM10, PM2.5 

Hydrocarbons 

(T, WS, 
WD)^^ 

Kerbside 55.859170,-
4.258889 

Gl Anderston 

(Gl St Patricks*) 

NO, NO2, NOX 

PM10 

CO, SO2 

T, (WS, 
WD)^^ 

Urban 
background 

55.861667 

-4.271389 

Gl. Byres Rd. NO, NO2, NOX 

PM10 

(T, WS, 
WD)^^ 

Roadside 55.874167, 

-4.294722 

Gl. Dumbartdon 
Rd. 

(since 5/2012) 

NO, NO2, NOX 

PM10 

(T, WS, 
WD)^^ 

Roadside 55.870766, 

-4.318448 

Gl. Broomhill PM10 (T, WS, 
WD)^^ 

Roadside 55.876030, 

-4.318754 

Gl. Abercromby 
str. 

PM10 (T, WS, 
WD)^^ 

Roadside 55.850556 

-4.231111 

Gl. Nithsdale Rd. PM10 (T, WS, 
WD)^^ 

Roadside 55.836256, 

-4.270768 

Gl. Burger St. NO, NO2, NOX 

PM10 

(T, WS, 
WD)^^ 

not defined 55.851071, 

-4.197140 

Gl. Centre** 

(temp. closed 
since 16/8/2012) 

NO, NO2, NOX 

PM10, PM2.5 

CO, O3, SO2 

 Urban 
centre 

55.857730, 

-4.255161 

Gl. Waulkmillglen 
Reservoir 

NO, NO2, NOX 

PM10 

O3 

(T, WS, 
WD)^^ 

Rural 55.794120, 

-4.354968 

* black dot on the map; is currently not available on the website, data are available 

** temporarily closed (since 16/8/2012) due to road works and will re-open end of 
2013 

^PM10 and PM2.5: volatile and non-volatile (TEOM-FDMS), except Dumbarton Road 

^^ only modeled 
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Figure 17: Overview of AQ monitoring stations in Glasgow. The rural site and 
temporarily Glasgow Centre are not on the map 

Other AQ monitoring sites (outside Glasgow) that might be of interest for validation 
purpose are given below (with blue circles indicated on the map). At all locations NO, 
NO2, NOX and PM10 are measured. All three sites are roadside, meaning that also 
local traffic will have impact on pollutant levels. 

East Dumbartdonshire Bishopbriggs (on top) 

South Lanarkshire Rutherglen (middle) 

East Renfrewshire Sheddens (bottom) 
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Figure 18: AQ stations in and around Glasgow 

 

AQ stations that can be used within CARBOTRAF are Dumbarton Road and Byres 
Road. They are both traffic locations (installed close to the road) and located in the 
test site.  

Another site as background for model validation is Anderston, Broomhill or 
Waulkmilglen Res. Anderston is not good because the near M8 is not in the traffic 
models. Broomhill is too small to have an additional monitor. Waulkmillglen Res. is 
an option since it is used by the local authorities as reference site to assess incoming 
air to the city. 

 

5.5.2 New AQ sensors 

5.5.2.1.1 Sensor locations 
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Byres road at the corner of Byres Road and University Avenue and Dumbarton Road 
are AQ stations that are equipped with BC monitors. These are both in the AQ zone 
of the city so additional information on BC would be of interest for the stakeholders. 
In the original plan (D7.1_v1) they were both expected to be influenced by traffic 
modeled and ITS actions implemented. Therefore, at both existing AQ stations a BC 
monitor was installed at the existing AQ sites.  

However, by relocating the VMS to Beith Street, Dumbarton Road is no longer be 
effected by ITS action implemented in CARBOTRAF. After an expert Skype call on 
this issue (8/3/2014), taking into account lessons learned from literature and given 
the fact that a lot of data has been collected for the reference situation, it was 
decided to keep this location. This location is now considered as a non-affected site 
as reference to the affected site at Byres Road. 

AQ station A is installed at Dumbarton Road. This was also one of the stakeholders 
aspirations. The location was chosen at the available AQ station because due to 
known AQ issues and because this location was supposed to be affected by the VMS 
installed at the Clyde tunnel, thereby affecting this AQ location by reducing the traffic. 
However, after installation of the AQ equipment, it was decided to install the VMS at 
Beith Street (more to the east). Therefore, it is not expected that there will be direct 
impact. However, this location is very valid for model evaluation and as reference 
(non-affected site).  

AQ location B was installed at Byres Road close to the TDS location.  

At both locations AQ sensors are co-located with traffic sensors (requirement). 

In addition to AQ sensors, also meteo data is needed for model validation and as 
input for DSS (to choose the correct meteo scenario). Two options are possible: the 
station Waulkmillglen Res in SW of the test site or a new meteo to be installed at test 
site at a height not influenced by buildings. 

After consulting the AQ modellers, it was decided that Waulkmillglen Res is suitable 
for meteo. So no additional meteo sensors are needed. This means that this meteo 
data should be in the database for evaluation purpose.(requirement) 

A Meteo sensor was installed at Dumbarton Rd AQ site anyway and have been live 
since 12/2013. Data is available in real time (15min) for WS, WD, Temp , RH, 
Pressure, Precipitation Intensity and Type. Height of sensor is 2.5m above ground so 
this is the meteo at the monitoring location in the canyon NOT prevailing meteo. 
Prevailing wind is provided by the meteo mentioned above. 

5.5.2.2 Sensor types, pollutants 
Additional instruments are installed at monitoring sites to measure BC (Black 
Carbon) 
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Figure 19: Picture of test site Byres road (right) and  AE22 (Magee) installed in 
monitoring station (left) 

 

5.5.2.3 Operational aspects 
Instruments, calibration strategies and correction algorithms are similar for all sites: 
both in Glasgow and Graz. (NFR_22) 

The units will be calibrated and maintained according to the manufacturers guidelines 
as discussed below. [33][34] [5,6] 

The instruments are run in normal mode (no filter saving mode) and no preclassifier 
is used.  

Filter tape is changed automatically, dependent on the filter loading (at ATN of 125). 
A correction for a known loading effect will be applied to the raw data automatically 
by our software, to remove any artefacts in the final data. The loading algorithm 
applied is described by Virkkula, (2007)[35] 

The filter type used is the (cellulosic) reinforced quartz fibre sampling tape (Magee). 
It last for months to years depending on the aerosol concentration. The filter tape has 
to be replaced before it is finished to guarantee continuous monitoring. There is no 
warning on the approaching of the end of filter tape as with the newer models 
(AE33). Experience in Brussels (communication Guy, ETS) showed a need for 
change of tape every 3 - 4 months depending on the loading. Therefore a visit to the 
stations in the beginning every 3 months is recommended. New tapes will be 
provided by AUK. When filter tape is replaced, the internal counter should be set to 
100%. The replacements of the filters is guaranteed by AUK in Glasgow. 

All older MAGEE BC monitors (like AE-22 & AE-42 used within CARBOTRAF) use 
sigma values IR ( BC@ 880nm = 16,6; UV (BC@ 370nm=  39,5. These sigma values 
are conversion factors to translate the observed absorption in BC mass.  
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The units are calibrated according to the manufacturers guidelines and also 
compared against the national BC network in the UK by NPL who are an 
independent QA/QC agent for the networks. As such, the instruments used at the 
test sites have been checked against the national network units in co-location studies 
by NPL. It is our intention to re-check these at the end of the project to ensure that 
the units stayed in calibration throughout the term. There are diagnostics checks 
carried out throughout the project period that will indicate if any calibration drift or 
other fault was to occur. In this case appropriate remedial action will be taken. 

There are diagnostics checks (see also table below) carried out throughout the 
project period that will indicate if any calibration drift or other fault was to occur. In 
this case appropriate remedial action will be taken. 

An overview of service aspects are summarized in the table below. [1, 2] 

 

Table 11: Overview of service actions during the operational phase 

Service actions Responsible 
partner 

Time interval 

Check AE for normal operation 

(no errors, normal values): on-line by data-
acquisition 

AUK daily check for 
normal values 

Replace filter tape  

Set internal counter to 100% after tape 
exchange 

AUK Every 3 

 Months** 

New tapes provided AUK Every 3 

 Months 

External flow check -> this should be < 10% 
difference 

AUK Every 6 

 Months 

Cleaning of optical and analysis cylinder 

(according to manufacturer’s guidelines, [1]) 

AUK (if needed) 
(to be combined 
with 6 month 
visits) 

Every 1-2 year* 

 

Replacement of bypass filter cartridge AUK (if needed) 

(to be combined 
with 6 month 
visits) 

Only if cartridge 
is visibly black 

Check with optical test strip?  ? 

inter-comparison of instruments (few days) AUK At the start and 
end of the 
project 
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* If new instruments are installed, this is not required during the CARBOTRAF project 

** depending on the rest tape, visits can be prolonged to 4 months or more, however, 
season changes have to be taken into account 

 

5.5.2.4 Implementation plan 
Currently, all AQ stations are operational (see Table) 

 

Table 12: Implementation plan for AQ stations in Glasgow 

Location Installation Date  

Byres Road AE22 installed at existing AQ 
monitoring station 

Nov 2012 

Dumbarton 
Road 

AE22 installed at existing AQ 
monitoring station 

February 2013 

 

5.5.3 Locations for evaluation based on modelled results 
The locations used for evaluation based on model results (mKPI) and predicted 
results (iKPI) are actually not part of the ‘test site installation’. However they are 
defined by: 

-location of ITS actions and resulting expected impact 

-locations of AQ and traffic sensor installation for comparison of predicted to 
measured values. 

Therefore, the rationale for selection of AQ location in the LUT are part of the 
evaluation plan and are discussed here. The final decisions on these locations were 
taken after a discussion with AQ, traffic and modelling experts. (Skype call 
28/02/2014). The selected locations are displayed in Figure 20. 
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Figure 20: Selected locations for validation based on modeled AQ values (in LUT) 

 

The rationale for this selection is the following: 

 1 and 2 allow direct comparison to measurements at the AQ monitors on site, with 1 expected to 
be unaffected by the Actions and 2 expected to be affected. 

 3 looks for any effect on the queue on Beith St of the VMS actions (and also it seems to be 
affected by TSC 3) 

 6 corresponds to the junction at the end of the VMS re‐route segment where the changes in 
relative flows from University Ave and Kelvin Way under VMS may have affected the junction 
performance (it’s a priority junction at the moment and seems quite sensitive). There is also a 
traffic camera located there 

 4, 5, 7 and 8 that are approximately the mid‐blocks of the four segments most affected by the 
VMS action, and that will be represented in the GUI as corridors (4+5 and 8+7) 

 7, 8, 9 and 10 that capture the inflow queues at Byres Rd/University Ave which we expect to be 
affected by TSC3 

 11 that we expect to be affected by rerouting traffic under VMS and by changes in queue 
locations under different TSC plans. The change in queue positions associated with the different 
traffic signal control plans – in several cases (especially TSC1 and TSC2, but also TSC3 to some 
extent) the queues that form at Byres Rd/University Ave are partially relocated to the approach 
to Byres rd/GWR due to the increases in green time available to specific movements (the ones 
with high proportions of traffic moving to the northern section of Byres Rd). 

In addition the average and P75 of the concentration in a 50 m buffer of roads in 
study area are calculated to assess the overall effect.  

If the concentrations at these locations are predicted by the DSS, the AQ effect can 
be evaluated the actual encountered meteo and traffic conditions. However, the DSS 
will only predict at 4 locations (call on 27/3/2014). Therefore the AQ can only be 
assessed using off line data in LUT for different traffic states and meteo conditions.  
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6 Conclusions 
This deliverable describes the installation and test plan. First, the general evaluation 
plan describes the approach to evaluate if the stakeholders’ aspirations as well as 
the project goals have been attained.  

The basic questions for the evaluation are: 

- how large are the overall emission reductions realised by the CARBOTRAF 
system? 

- how large is the emission reduction of specific ITS actions? 

- how do ITS actions affect traffic conditions? 

- how do ITS actions affect air quality? 

In additions to these questions underlying models are validated and evaluated 
because of their crucial role in the evaluation process. 

The evaluation plan leads to specification of the data requirements for evaluation, as 
well as to the definition of the software tools needed to process the measured data. 
Some of the data will be measured (mKPI). Others will be derived directly from 
calculations in the DSS (iKPI) or will be based on calculations performed on the 
measurement data. Off-line model results are also available for evaluation (sKPI).  
Evaluation will be performed on different levels and using these different type of data. 
Details are described in Chapter 4.  

Final decisions have been made related to test site locations , taking into account the 
implemented ITS actions that will be evaluated.  

Some issues were encountered during this process. The evaluation of ITS actions in 
real world is very interesting. However, the real-life aspect also resulted in discussion 
with local stakeholders and questions related to the success of the actions. Final 
decisions on ITS actions and UI of DSS took more time than expected. Also approval 
of installation of sensors took some time. These are lessons learned for future work.  

AQ sensors are installed since 11/2012 and 02/2013 so a reference period of one 
year is available. Most traffic sensors are installed in July/August 2013. The test 
period will start when DSS is operational (planned March 2014). 

One of the AQ sensors is used as reference location (not affected by ITS) and the 
other is expected to be affected by all ITS actions. 

 

 


