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1 Novelty of the research topic

Transportation is a strategic sector of Western economies and a major contributor to social
and economic progress throughout the world. The prevalence of the transportation industry
is due to its recent growth and obvious importance in modern societies. In particular, road
transportation has significantly increased, sometimes showing an exponential growth pattern
in the use of motorized vehicles. Along with economic development and population growth,
there has been a dramatic increase in the demand for travel in cities worldwide over the
past few decades. This has led to a series of challenges, such as traffic congestion, energy
consumption, and vehicle emissions, impeding the sustainable development of cities.

Thousands of drivers and passengers that move from one place to another form various
traffic flows. Traffic flows appear as the consequences of human decisions, and they are
determined by rules of human behavior. In the real urban traffic system, bottleneck (e.g.,
traffic light, on-ramp, etc.) widely exists and may have some significant impacts on traffic
flow. For example, stop-and-go traffic and queue occur because of the above bottlenecks.

In order to overcome these issues, different traffic and transportation policies might be
applied. In fact, there are many different types of traffic management, but all have a goal to
influence traffic flow to achieve an underlying goal. Many goals exist for the application of
traffic management, such as congestion reduction, shorter travel times, improved throughput,
reduction in emissions, and a combination of them. The effectiveness of traffic management
is highly dependent on the ability to influence traffic flow. Traffic flow consists of large
individual particles, namely the vehicles and their drivers, which can be influenced. The
particles portray a relatively large amount of stochastic behavior, which is connected in a
large part to human driving behavior. The fluctuations that occur in traffic flow due to this
stochastic behavior have a large effect on the effectiveness of traffic management.

Unlike the previous studies in the literature that mainly focused on the sustainability
analysis of the traffic congestion, the main objective of the current dissertation is, firstly,
looking for providing the opportunity of analyzing traffic flow dynamics (e.g. providing the
opportunity of having a reliable traffic data) and then, taking the concept of sustainability
into account, addressing the linkage between dynamics of the traffic flow and sustainabil-
ity in urban roads by studying on the effect of different traffic conditions on road traffic
air pollutants (CO2, NOx, CO, PM and SO2) and Noise emission as well as their related
externalities in urban roads.
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2 Hypotheses

In the current dissertation, the following 5 hypotheses were formulated to be studied which
could be leaded to traffic flow dynamics sustainability analysis.

2.1 Hypothesis 1

The outputs of the loop detectors might not be reliable hence, by designing the diagnostic-
imputation algorithm they can be used in the traffic flow dynamics analysis.

2.1.1 Initial investigation of hypothesis 1

The initial visualization of the loop detector outputs showed a clear chatter and pulse break
up characteristic of the collected data as shown in Figure 1.

Figure 1: Chatter and pulse break up in loop detector data (Source: Own Edition)

2.2 Hypothesis 2

The urban traffic speed in different traffic conditions might follow different distributions
hence by applying the distribution fitting analysis the parametric distributions might be
obtainable.

2.2.1 Initial investigation of hypothesis 2

initial observations and visual analysis of the showed that distribution of traffic speed might
not necessarily follow normal distribution taking different traffic conditions into account as
shown in Figure 2.
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Figure 2: Visual inspection of empirical distribution of traffic speed (Source: Own Edition)

2.3 Hypothesis 3

Dynamics of the urban road traffic might generate different levels of road traffic air pollutants.

2.3.1 Initial investigation of hypothesis 3

Assigning different speed ranges to different traffic conditions (e.g. congestion, free flow)
and considering the direct relation of traffic speed and fuel consumption and air pollution,
the hypothesis 3 seems to be a meaningful hypothesis.

2.4 Hypothesis 4

Dynamics of the urban road traffic might generate different levels of road traffic noise.

2.4.1 Initial investigation of hypothesis 4

Assigning different speed ranges to different traffic conditions (e.g. congestion, free flow)
and considering the direct relation of traffic speed and road traffic noise, the hypothesis 4
seems to be a meaningful hypothesis.

2.5 Hypothesis 5

Dynamics of the urban road traffic might generate different levels of road traffic environmen-
tal externalities.
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2.5.1 Initial investigation of hypothesis 5

Taking the available unit costs related to each level of air pollutants and noise into consid-
eration, the hypothesis 5 seems to be a meaningful hypothesis.

3 Research methodology

3.1 Research methodology related to hypothesis 1

The data gathered by loop detectors may contain incorrect values. Diagnostics algorithms
are of great importance in terms of detecting incorrect values in the data set and imputation
algorithms play the role of filling the holes caused by already bad detected samples by
diagnostic algorithm. In fact, the samples will be either accepted or rejected based on the
assumption of what good and bad samples look like in diagnostic algorithm. The diagnostics-
imputation algorithms proposed in the current dissertation is based on the statistical analysis
of traffic flow characteristics and properties of loop detectors and uses the time series of flow
and occupancy measurements rather than making a decision based on an individual sample
(a pair of flow and occupancy). The details of the process is shown in Figure 3.

Figure 3: Designed diagnostic–imputation algorithm (Source: Own Edition)
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3.2 Research methodology related to hypothesis 2

Fundamental diagram, a graphical representation of the relationship among traffic flow,
speed, and density, has been the foundation of traffic flow theory and transportation engi-
neering for many years. Underlying a fundamental diagram is the relation between traffic
speed and density which serves as the basis to understand system dynamics. Empirical ob-
servations of the traffic speed versus traffic density show a wide-scattering of traffic speeds
over a certain level of density which would form a speed distribution over a certain level of
density. In this section, the distribution of traffic speed in different traffic conditions in the
urban road has been investigated using Maximum Likelihood Estimation method to estimate
parameters of candidate parametric distributions (θ) as follows.

L(θ) =
n∏

i=1

f(xi|θ) (1)

where
xi: observed traffic speed (km/h)
f(·|θ): density function of the candidate parametric distribution
Having fitted different parametric distributions to speed data, they were compared by three
goodness-of-fit tests (Kolmogorov-Smirnov, Cramer-von-Mises, and Anderson-Darling) and
two classical penalized criteria (Akaike and Bayesian information criteria) based on the log-
likelihood to tackle the over-fitting problems as follows.

KS : sup |Fn(x)− F (x)| (2)

CvM :

∫ ∞
−∞

(Fn(x)− F (x))2 dx (3)

AD : n

∫ ∞
−∞

(Fn(x)− F (x))2

F (x)(1− F (x))
dx (4)

where
Fn: empirical cumulative distribution function of the vehicles speeds
Fx: fitted theoretical parametric distribution

AIC : 2k − 2 ln(L̂) (5)

BIC : ln(n) k − 2 ln(L̂) (6)

where
k: number of estimated parameters in the model
L̂: maximum value of the likelihood function for the model
n: number of observations.
Figure 4 shows an example of distribution fitting process.

5



Dynamics of the Urban Road Traffic Flow and its Effect on Urban Road Sustainability

0 1 2 3 4

Cullen and Frey graph

square of skewness

ku
rto

sis

10
9

8
7

6
5

4
3

2
1 Observation

bootstrapped values
Theoretical distributions

normal
uniform
exponential
logistic

beta
lognormal
gamma

(Weibull is close to gamma and lognormal)

Histogram and theoretical densities

data

D
en

si
ty

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
5

1.
0

1.
5

2.
0 Weibull

Normal
Lognormal
Gamma
beta

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Empirical and theoretical CDFs

data

C
D

F

Weibull
Normal
Lognormal
Gamma
beta

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

P−P plot

Theoretical probabilities

E
m

pi
ric

al
 p

ro
ba

bi
lit

ie
s

Weibull
Normal
Lognormal
Gamma
beta

0.0 0.5 1.0 1.5 2.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Q−Q plot

Theoretical quantiles

E
m

pi
ric

al
 q

ua
nt

ile
s

Weibull
Normal
Lognormal
Gamma
beta

Empirical density

Data

De
ns

ity

0 10 20 30 40

0.0
0

0.0
1

0.0
2

0.0
3

0.0
4

0.0
5

0 10 20 30 40

0.0
0.2

0.4
0.6

0.8
1.0

Cumulative distribution

Data

CD
F

Figure 4: An example of distribution fitting process (Source: Own Edition)
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3.3 Research methodology related to hypothesis 3

The population growth and fast urbanization has resulted in increasing the number of vehicles
in the urban roads. Studying on the factors that would have effect on road transport air
pollutants, especially urban roads where people are more exposed to thees pollutants, is of
great importance since the road transport has a significant contribution on air pollution.
In this section, different traffic conditions have been simulated by Monte Carlo Simulation
technique following the distribution of traffic speed in different traffic conditions as shown
in Figure 5.
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Figure 5: Random speed generation by Monte Carlo (MC) Simulation (Source: Own Edition)

The randomly generated speeds in different traffic conditions were assigned to each and
every vehicle and the emitted CO2, NOx, CO, PM and SO2 of the vehicles were calcu-
lated based on the advanced EMEP/EEA air pollutant emission model in different traffic
conditions as follows.

EF CO2 = FC × EFCO2/fuel (7)

where
EF CO2 : CO2 emission factor (g CO2/km)
FC: Fuel consumption (g fuel/km)
EFCO2/fuel: Fuel consumption-specific emission factor (g CO2/g fuel)

Where Fuel consumption in the above Equation has been calculated as follows:

FC =
a+ C × V + e× V 2

1 + b× V + d× V 2
(8)
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where
FC: Fuel consumption (g fuel/km)
V : Speed of vehicles (km/h)
a, b, c, d, e: coefficients for each vehicle type

EF NOx = a+ C × V + e× V 2 (9)

where
EF NOx : NOx emission factor (g NOx/km)
V : Speed of vehicles (km/h)
a, c, e: coefficients for each vehicle type and pollutant

EF CO = 17.5× 10−3 + 86.42

1 + e
−V + 117.67

−21.99

−1 (10)

where
EF CO: CO emission factor (g CO/km)
V : Speed of vehicles (km/h)

EF PM = a+ C × V + e× V 2 (11)

where
EF PM : PM emission factor (g PM/km)
V : Speed of vehicles (km/h)
a, c, e: coefficients for each vehicle type and pollutant

EF SO2 = 2×KSO2/fuel × FC (12)

where
EF SO2 : SO2 emission factor (g SO2/km)
FC: Fuel consumption (g fuel/km)
KSO2/fuel: Weight related sulfur content in fuel (g SO2/g fuel)

3.4 Research methodology related to hypothesis 4

Road traffic noise is one of the most relevant sources in the environmental noise pollution of
the urban areas where dynamics of the traffic flow is much more complicated than uninter-
rupted traffic flows. In this section, the urban road traffic noise in different traffic conditions
have been estimated using the Japanese reference noise model as a base road traffic noise
prediction model which would deal with different traffic conditions including steady and
non-steady traffic flow that would cover the urban traffic flow conditions properly as follows.

LWA = a+ b log(V ) + c (13)

where
LWA: A-weighted sound power level (noise emitted by each vehicle) (dB(A))
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V : vehicle speed (km/h)
a and b: regression coefficients
c: correction term for road conditions (pavement type and road gradient)

LA,i = LWA,i − 8− 20 log ri + ∆Lcor,i (14)

where
LA,i: A-weighted sound pressure level (noise level at the reception point) (dB(A))
ri: direct distance from the ith source position to the prediction point (m)
∆Lcor,i: correction for diffraction, ground effect, and atmospheric absorption (dB(A))

LAE = 10 log

(
1

T0

∑
i

10 LA,i/10.∆ti

)
(15)

where
LAE: single event sound exposure level
T0: 1 s (the reference time)
LA,i: A-weighted sound pressure level in the ith section (dB(A))
∆ti: the time when the sound source exists in the ith section (s)

LAeq, T = 10 log

(
10 LAE/10.

NT

T

)
(16)

where
LAE: Sound Exposure Level (dB(A))
NT : Traffic volume during time interval (veh/investigated time period)
T : Time interval (s)

Lden = 10 log
1

24

(
12× 10

Lday
10 + 4× 10

Levening+5

10 + 8× 10
Lnight+10

10

)
(17)

where
Lday: A-weighted average sound level over 12 hours of the day (dB(A))
Levening: A-weighted average sound level over 4 hours of the evening (dB(A))
Lnight: A-weighted average sound level over 8 hours of the night (dB(A))

3.5 Research methodology related to hypothesis 5

Road transport generates negative externalities including air pollution, noise and climate
change linked to Greenhouse Gas emissions (GHG). On the one hand, increasing activities
and energy production to meet daily human needs are causing more pollutants to enter into
our environment, which can lead to issues such as severe air pollution and subsequent effects
on human and environmental health and on the other hand, noise exposure is not only a
disutility in the sense that it disturbs people; it can also result in health impairments and
lost productivity and leisure. Hence, studies on the factors that would have an effect on air
pollutants, GHGs and noise and their related monetary values are of great importance from
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transport policy point of view. In this section, the effect of road traffic dynamics on the
environmental external costs of the urban road has been investigated as follows.

ECHOT, i = EHOT, i × Ci (18)

where
ECHOT, i: External cost of hot exhaust emissions of the pollutant i (e 2010)
EHOT, i: Hot exhaust emissions of the pollutant i (tonne)
Ci: Damage cost of pollutant i from transport (e 2010/tonne)

ECNoise = Lden × CFLden
(19)

where
ECNoise: External cost for noise exposure (e 2010/year/person exposed)
Lden: Day-evening-night noise level (dB(A))
CFLden

: Cost factor for different levels of Lden exposure (e 2010/year/person exposed)

4 New scientific results

4.1 Thesis 1

I designed a diagnostic algorithm based on the fundamental relationship of the
traffic flow and the properties of loop detectors such that good and bad collected
sample data would be diagnosed.

4.2 Thesis 2

I designed an imputation algorithm in which the bad-declared samples would be
imputed by the potential good declared samples that are already diagnosed by
diagnostic algorithm.

The results showed that the algorithm could truly diagnose all the bad samples (no false
positive error) and a considerably high amount of good samples (4.99% false negative error).
The imputation algorithm showed the similar results since there was no false positive error
in the diagnostic algorithm. The overall results are shown in Figure 6. Detailed of the results
are available in the dissertation.

Related own publications to these Theses: [1], [2], [3] and [4].
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Figure 6: Results and validation of the proposed diagnostic-imputation algorithm

4.3 Thesis 3

I estimated the parameters of the potential candidate parametric Probability
Density Functions (PDFs) by Maximum Likelihood Estimation technique and
fitted them to the traffic speed in different traffic conditions and compared the
fitted PDFs by three goodness-of-fit tests and two penalized criteria to find the
best fitted distribution of traffic speed in different traffic conditions.

4.4 Thesis 4

I used Sensitivity Analysis tool to investigate the uncertainty of distribution of
traffic speed considering different levels of error in speed estimation.

The results showed that Normal, Log-normal, Beta, Chi-square, Gamma and Expo-
nential distributions were the best fitted distributions to traffic speed in under saturated
flow, free flow, accelerated flow, decelerated flow, congestion and over-saturated congestion
respectively. Moreover, the results of the sensitivity analysis showed that in best fitted dis-
tribution in decelerated flow, considering +30% and -20% of error in speed estimation, could
be changed to the best fitted distribution in free flow condition. The results of sensitivity
analysis for decelerated flow is shown in Table 1. Detailed of the remaining results are avail-
able in the dissertation.

Related own publications to these Theses: [5], [1], [2], [6] and [7].
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Table 1: Comparison of Goodness-of-fit results in decelerated flow considering different levels
of errors in speed (km/h) estimation

Goodness-of-fit tests Weibull Normal Log-normal Chi-Squared Logistic Error Level

Kolmogorov-Smirnov 0.07017497 0.07159481 0.04944783 0.03871958 0.05200988
Cramer-von Mises 0.08200117 0.08189015 0.05792295 0.02048399 0.05390933

Anderson-Darling 0.52790972 0.52451279 0.43051457 0.17394709 0.46953517 + 5%
Akaike’s Information Criterion (AIC) 753.9579 754.6487 753.7931 748.2034 757.5318
Bayesian Information Criterion (BIC) 759.4822 760.1730 759.3175 750.9656 763.0561

Kolmogorov-Smirnov 0.07017885 0.07159481 0.04944783 0.04293905 0.05200988
Cramer-von Mises 0.08199925 0.08189015 0.05792295 0.02258951 0.05390933

Anderson-Darling 0.52789862 0.52451279 0.43051457 0.20574382 0.46953517 + 10%
Akaike’s Information Criterion (AIC) 764.8435 765.5344 764.6788 759.1470 768.4175
Bayesian Information Criterion (BIC) 770.3679 771.0587 770.2032 761.9091 773.9418

Kolmogorov-Smirnov 0.07016279 0.07159481 0.04944783 0.04688528 0.05200988
Cramer-von Mises 0.08198816 0.08189015 0.05792295 0.02805678 0.05390933

Anderson-Darling 0.52787995 0.52451279 0.43051457 0.27014133 0.46953517 + 15%
Akaike’s Information Criterion (AIC) 775.2453 775.9361 775.0805 769.8442 778.8192
Bayesian Information Criterion (BIC) 780.7696 781.4604 780.6049 772.6063 784.3435

Kolmogorov-Smirnov 0.07016066 0.07159481 0.04944783 0.05056152 0.05200988
Cramer-von Mises 0.08199170 0.08189015 0.05792295 0.03648743 0.05390933

Anderson-Darling 0.52789471 0.52451279 0.43051457 0.36450384 0.46953517 + 20%
Akaike’s Information Criterion (AIC) 785.2042 785.8950 785.0395 780.3162 788.7781
Bayesian Information Criterion (BIC) 790.7286 791.4194 790.5638 783.0784 794.3025

Kolmogorov-Smirnov 0.07013587 0.07159481 0.04944783 0.05727033 0.05200988
Cramer-von Mises 0.08190228 0.08189015 0.05792295 0.06043900 0.05390933

Anderson-Darling 0.52761898 0.52451279 0.43051457 0.63209731 0.46953517 + 30%
Akaike’s Information Criterion (AIC) 803.9342 804.6250 803.7695 800.6567 807.5081
Bayesian Information Criterion (BIC) 809.4585 810.1494 809.2938 803.4189 813.0325

Kolmogorov-Smirnov 0.07013940 0.07159481 0.04944783 0.03879238 0.05200988
Cramer-von Mises 0.08191911 0.08189015 0.05792295 0.02861514 0.05390933

Anderson-Darling 0.52767222 0.52451279 0.43051457 0.22170578 0.46953517 - 5%
Akaike’s Information Criterion (AIC) 730.5383 731.2292 730.3736 725.4766 734.1123
Bayesian Information Criterion (BIC) 736.0627 736.7535 735.8979 728.2388 739.6366

Kolmogorov-Smirnov 0.07024338 0.07159481 0.04944783 0.04327660 0.05200988
Cramer-von Mises 0.08217810 0.08189015 0.05792295 0.04021206 0.05390933

Anderson-Darling 0.52843258 0.52451279 0.43051457 0.30919795 0.46953517 - 10%
Akaike’s Information Criterion (AIC) 717.8866 718.5774 717.7219 713.6326 721.4605
Bayesian Information Criterion (BIC) 723.4110 724.1018 723.2462 716.3948 726.9849

Kolmogorov-Smirnov 0.07008660 0.07159481 0.04944783 0.04790153 0.05200988
Cramer-von Mises 0.08171569 0.08189015 0.05792295 0.05799990 0.05390933

Anderson-Darling 0.52704242 0.52451279 0.43051457 0.44554787 0.46953517 - 15%
Akaike’s Information Criterion (AIC) 704.5115 705.2024 704.3468 701.4191 708.0855
Bayesian Information Criterion (BIC) 710.0359 710.7267 709.8712 704.1813 713.6098

Kolmogorov-Smirnov 0.07010143 0.07159481 0.04944783 0.05268503 0.05200988
Cramer-von Mises 0.08183545 0.08189015 0.05792295 0.08306093 0.05390933

Anderson-Darling 0.52743270 0.52451279 0.43051457 0.63651677 0.46953517 - 20%
Akaike’s Information Criterion (AIC) 690.3254 691.0162 690.1606 688.7906 693.8993
Bayesian Information Criterion (BIC) 695.8497 696.5405 695.6850 691.5528 699.4237
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4.5 Thesis 5

I generated different traffic conditions by Monte Carlo Simulation Method fol-
lowing the distribution of traffic speed in the urban roads (based on the param-
eters obtained from real traffic flow) and calculated the emitted CO2, NOx, CO,
PM and SO2 from each and every single vehicle using EMEP/EEA air pollutant
emission model.

Overall, the results showed that the traffic condition with the lowest speed profile (over-
saturated congestion) has theoretically emitted higher gram of pollutant compared with the
one with highest speed profile (free flow condition) in the urban roads inside the cities.
Furthermore, the results revealed the fact that CO was the most affected air pollutant (in-
creased by 340% in over-saturated congestion compared to free flow condition), and PM was
the least affected air pollutant (increased by 48% in over-saturated congestion compared
to free flow condition) taking different traffic conditions into account. Moreover, different
traffic conditions would have the same effect on CO2 and SO2 emissions. For the illustration
purpose, the results of the analysis related to CO2 and NOx are shown in Figures 7 and 8
respectively. Detailed of the remaining results are available in the dissertation.

Related own publications to this Thesis: [8], [9], [10] and [11].
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Figure 7: Analysis of the urban road air pollutants in different traffic conditions (results
related to CO2)
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Figure 8: Analysis of the urban road air pollutants in different traffic conditions (results
related to NOx)

4.6 Thesis 6

I estimated the emitted urban road traffic noise and noise level at a theoretical
receiver in different traffic conditions by applying the ”ASJ RTN-Model”. Fur-
thermore, taking the concept of transient noise into account, I have calculated
the Single Event Sound Exposure Level of the vehicles and compared the gen-
erated sound exposure in urban roads in different traffic conditions.

Overall, the results showed that the vehicles in free flow condition (traffic condition with
the highest speed profile) has theoretically generated sound pressure level in a higher range
compared to the other traffic conditions. Furthermore, vehicles in decelerated traffic flow
condition theoretically generated sound pressure level in a wider range compared to the
other traffic conditions. Also, the results showed the fact that vehicles in decelerated traffic
flow theoretically generated considerably lower sound energy compared to the other traffic
conditions. Moreover, comparing the generated sound pressure level and single event sound
exposure level in different traffic conditions showed the fact that dynamics of the urban road
traffic flow plays a key role in urban road traffic noise assessment. Investigating the distri-
bution of the generated noise showed that variations of the generated noise in congestion are
the lowest compared to the other traffic conditions. The results of the analysis of the urban
road traffic noise in different traffic conditions are shown in Figures 9 and 10. Detailed of
the results are available in the dissertation.

Related own publications to this Thesis: [12], [5], and [2].
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Figure 9: Analysis of the urban road traffic noise in different traffic conditions (distribution
of emitted noise and noise level at receiver)
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Figure 10: Analysis of the urban road traffic noise in different traffic conditions

4.7 Thesis 7

I have investigated and compared the effect of generated externalities related to
CO2, NOx, PM, SO2, CO and noise in different traffic conditions on urban road
traffic.

Overall, the results showed that the externalities associated with CO and SO2 are quite
lower compared to CO2, NOx and PM. Moreover, the results showed that on the one hand,
free flow condition theoretically generated the lowest total air pollutants and GHG exter-
nalities and on the other hand it generated the highest noise externalities compared to the
other traffic conditions. Hence, the magnitude and share of different externalities vary over
traffic conditions. The results of the analysis of the urban road environmental externalities
in different traffic conditions are shown in Figure 11. Detailed of the results are available in
the dissertation.

Related own publications to this Thesis: [13], [14], [12], and [11].
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5 Application of the scientific results

5.1 Application of the scientific results related to Thesis 1

The collected traffic data by different Traffic Sensing Technologies would be the basis of any
traffic flow analysis study. Therefore, diagnosing the good and bad collected data is of great
importance in this case. In this Thesis 1 a diagnostic algorithm has been designed such that
it would evaluate the accuracy of the collected data. This method has a quite widespread
application in real time traffic data analysis and in the error detection in Traffic Sensing
Technologies.

5.2 Application of the scientific results related to Thesis 2

Having a reliable traffic data set would be of significant importance for real time traffic
management. Normally, the diagnostic algorithms will generate some holes (by detecting
bad collected traffic data) in the data set that need to be filled by an other traffic data. In
Thesis 2 an imputation algorithm is designed such that the bad traffic data diagnosed by
diagnostic algorithm will be imputed by the good declared data in the imputation algorithm.
This method has a widespread application in making a rigid and reliable data set.

5.3 Application of the scientific results related to Thesis 3

The relationship between traffic speed and density roughly corresponds to drivers’ speed
choices under varying car-following distances which would be the basis of understanding of
traffic flow dynamics. Distribution of traffic speed is necessary for many traffic engineering
applications including generating vehicles in traffic Micro-simulation systems, activity-travel
scheduling simulation , theoretical analyses of traffic flow characteristics, planing traffic
operational measures etc. In Thesis 3 the distribution of traffic speed in different traffic
conditions have been investigated which can be further considered as the basis of urban road
traffic state recognition.

5.4 Application of the scientific results related to Thesis 4

Some times there are some degree of inaccuracies in speed estimation of traffic flow that
would influence the further traffic state recognition. In Thesis 4 a sensitivity analysis has
been performed to provide the opportunity of setting the maximum boundaries of error in
traffic state recognition algorithms.

5.5 Application of the scientific results related to Thesis 5

The expected growth of urban areas will result in increasing demand for mobility. If not
well managed, this will raise transport air pollutants GHG emissions. Hence, studying
on the factors that will effect on urban road air pollutants and GHGs as well as their
correct estimation and inclusion into modern transport planning has become a crucial issue,
acknowledged by the EU through the development of Sustainable Urban Mobility Plans. In
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Thesis 5, a comparison frame work has been introduced such that the effect of different traffic
conditions on urban road traffic air pollutants and GHGs will be estimated and compared
to each other.

5.6 Application of the scientific results related to Thesis 6

In urban areas, the concentration of both road networks and city dwellers makes of traffic
flow the main culprit of noise annoyance which has to be precisely estimated and treated.
Hence investigating the factors that will affect on urban road traffic noise is of significant
importance. In Thesis 6, the generated sound power level by traffic flow as well as received
sound pressure level at receiver has been analyzed. Furthermore, a comparison framework
has been introduced such that the effect of different traffic conditions on the generated Single
Event Sound Exposure level by urban road traffic noise will be estimated and compared to
each other.

5.7 Application of the scientific results related to Thesis 7

Economic investigation of transportation and traffic policies is a common practice in today’s
world. In Thesis 7, the generated externalities related to CO2, NOx, PM, SO2, CO and noise
from urban road traffic has been analyzed. This in-depth analysis can be further included
in the economic investigations of transportation and traffic policies.

6 Scope for the future study

6.1 Scope for Thesis 1

The scope for future research, regarding Thesis 1, is to determine the allowable range for
the urban road collected traffic data by not just loop detectors but the entire possible traffic
sensing technologies such that a comprehensive algorithm that contains all the possible traffic
flow data available in all means of traffic data collection will be created.

6.2 Scope for Thesis 2

The scope for the future research, regarding the Thesis 2, is to use regression line fitted to
the best available sample durations in order to estimate the desired sample durations rather
than inserting best available sample durations directly into the ”imputation analysis” for
filling the holes caused by missed or incorrect values.

6.3 Scope for Thesis 3

The scope for the future research, regarding the Thesis 3, is to calibrate a mathematical
model based on the traffic stream parameters as well as the operational characteristics of the
junctions (for instance, queue length) which would predict the distribution of traffic speed
in that place. Having that mathematical prediction model would drastically reduce the data
collection time and effort in real practice.
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6.4 Scope for Thesis 4

The scope for the future research, regarding the Thesis 4, is to insert a non-linear error in
speed estimation and apply the sensitivity analysis since the caused error in real time traffic
flow would not necessarily follow a linear pattern.

6.5 Scope for Thesis 5

The scope for the future research, regarding the Thesis 5, is to calibrate a mathematical
model for the generated urban road traffic air pollutants and GHGs the exclusively covers
the urban road traffic speed and acceleration parameters.

6.6 Scope for Thesis 6

The scope for the future research, regarding the Thesis 6, is to calibrate the range of emitted
noise in different traffic conditions in real practice and build up a comparison environment
based on the collected on-site values for further incorporation in the economic investigation
of the road traffic policies. Furthermore, the scope could be extended to investigate the
generated sound energy levels of the E-vehicles since the market penetration of the E-vehicles
is increasing in these days.

6.7 Scope for Thesis 7

The scope for the future research, regarding the Thesis 7, is to apply the urban road traffic
environmental externalities in the urban road traffic pricing strategies and build up a pric-
ing scheme such that the pollutant vehicles would be fined based on their environmental
externalities.
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