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Figure 11: Intersection Performance under Existing Network and Best Network Options
However, the network as a whole would perform better with the best option, with an average travel time
reduction of 245.4 seconds (33.4%), an average control delay reduction of 52.6 seconds (49.5%), and an
improvement in the performance index of 943.4 (26.1%).

Table 5. Network Performance Comparison between Existing Network and Best Network Option

Performance Measure Units Existing Network  Best Network Option % Difference
Travel Speed (Average) km/h 10.7 16.1 50.8
Travel Time (Total) veh-h/h 734.8 489.5 -334
Degree of Saturation 2.6 1.6 -394
Control Delay (Total) veh-h/h 470.3 240.6 -48.8
Control Delay (Average) sec 107.0 54.4 -49.2
Stop-Line Delay (Average) sec 107.0 54.4 -49.2
Queue Storage Ratio (Worst Lane) 1.0 0.8 -25.1
Performance Index 3617.3 2673.9 -26.1

When the best Network Option is implemented, the vehicles will be able to travel along the simulated routes
without interruption, resulting in better performance.

Existing Network Best Network Option
Figure 12: Time Space Diagram in Simulated Routes

4. Conclusion

In this study, the traffic control systems at two intersections in Kathmandu, Nepal were analyzed and optimized.
Simulations were run to determine the most effective phase configuration and signal timing strategies for both
isolated and coordinated intersections using pretimed and actuated signalization. The results showed that pretimed
signal coordination with an optimal network signal cycle was the most effective option. This option was compared
to the existing network in terms of individual intersection performance and network-wide performance. The use
of this strategy resulted in a 33.4% reduction in total travel time, a 48.8% decrease in total control delay, and an
average control delay reduction of 49.2%. It also led to significant improvements in intersection performance,
including a 62.1% decrease in the 95th percentile back of queue at the Keshar Mahal intersection and a 13.9%
decrease at the Durbar Marg intersection.
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Abstract

Road asset management (RAM) is a systematic process of maintaining, upgrading, and operating physical assets such as roads
and bridges in a cost-effective way. The Department of Roads (DOR) is the responsible agency established for the RAM of
Strategic Road Network (SRN) in Nepal. Maintenance planning and implementation activities are done by DOR to preserve
and maximize the service periods of road assets. The DOR faces the challenge to maintain over 95 percent SRN in fair to good
condition. The determination of the rates of deterioration of the road pavements is important for planning the appropriate
maintenance approach. However, the pavement condition deterioration curve for SRN in Nepal is not available to forecast
future deterioration. Based on the annual road condition survey data, an empirical method developed in the early 2000s is still
being used to prepare the integrated annual road maintenance plan. The deterioration process and deterioration rates depend on
the pavement’s characteristics, use, and environmental factors. The Markovian deterioration hazard model can be applied to
estimate and forecast the deterioration process of the pavement. In the model, the deterioration process is described by transition
probabilities. The deterioration states are categorized into several ranks based on inspection results and their deterioration rates
are estimated by the hazard models. The application of the Markov deterioration hazard model for describing the pavement
conditions of SRNs in Nepal using the Surface Distress Index and International Roughness Index data set from 2014 to 2022
is presented in this paper.

Keywords: Road asset management; Markov hazard model; exponential hazard function; Pavement deterioration;
Prediction.

1. Introduction

Road asset management (RAM) is a type of social infrastructure asset management that is applied
to road assets, such as roads, bridges, and other road components. The main purpose of this concept is
to implement a strategic management plan to minimize the life cycle cost of road assets through the
action of regular inspection, degradation forecast, and implementation of suitable repair activities at the
best time.

The implementation of RAM in Nepal can be traced to the Rana Regime (1846-1951). The road
office named ‘Bato Kaj Goshwara’ for road construction and ‘Chhembhadel Adda’ for maintenance
works was established which was later transformed into public work directive after the advent of
democracy in 1951. Department of Roads (DOR) was separated from public work directive in 1962 and
established as a service-oriented institution responsible for the construction and maintenance of Strategic
Road Networks (SRNs) in Nepal (Department of Roads (DOR), 2022b). Recently, the modern road
inventory management system with Geographic Information System interface is developed by DOR that
is accessible to concerned planners and policy makers to help in qualitative and informed decision
making for RAM. (Khatri P, 2022)

At present Nepal has 33,716 Km of road network constructed and maintained by various road
agencies (RA) like the DOR, Department of Local Infrastructure (DOLI), Department of Urban
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Development and Building Construction (DUDBC), municipalities, etc. (National Planning
Commission, 2019). The DOR is identified as the key RA for the construction and maintenance of SRN.
SRN includes National Highway, Feeder Roads, and Sub Urban Road Network of total length 14,618
km excluding the under-construction and planned highway of approximately 3,635 km (Department of
Roads (DOR), 2022a). DOR Strategy, July 1995 highlights the departmental policy document that was
developed with the strategies to attain the end goal - “the reduction of total road transport cost”. This
departmental end goal was also incorporated by National Planning Commission (NPC) into the 8th
National Plan (1991/92). The total road transport costs are the sum of independent costs of road
construction, road maintenance, and vehicle operating costs (Ministry of Works and Transport
Department of Roads, 1995). The comprehensive guideline of maintenance activities adopted by DOR
to preserve the road in a serviceable state for road users and defer the need for high-cost road
maintenance activities are well described in policy documents (Department of Roads (DOR), 1994).
There are four major performance measurements: i) surface roughness ii) surface distress iii) structural
capacity and iv) pavement texture are suggested to determine how well the pavement is performing and
meeting the serviceability of the road. (Department of Roads (DOR) & MRCU, 1995)

The annual budget for SRN maintenance is allocated by Roads Board Nepal (RBN). The road board
fund is composed of direct road toll collected from the road user, fuel levy, and vehicle registration fee
(Roads Boards Nepal, 2022). Under the funding of RBN, the DOR has been collecting inspection data
for International Roughness Index (IRI), Surface Distress Index (SDI), and Annual Average Daily Traffic
(AADT) on yearly basis. Based on these data, the simple empirical method developed in 1995 is used
to prepare the integrated annual road maintenance plan for all roads division offices (Department of
Roads (DOR) & Maintenance Branch, 2005). The Planned maintenance and the detailed methodology
for the selection of the roads are explained in “Standard Procedure for Periodic Maintenance Planning”,
published in November 2005. The annual road condition survey conducted for SDI in 2022 indicates 73
percent of the road network is in fair to good condition (SDI range 0.0-3.0). DOR is facing the challenge
to achieve one of its important maintenance policies to maintain over 95 percent of SRN in fair to good
condition. In the future aging road infrastructure and an increase in traffic will add up more difficulties
to achieving this target. Timely predictions on maintenance demands of the road assets in the future
along with the appropriate financial plans to implement the optimal repair strategy are important to
overcome this challenge. In addition, the rate of deterioration of the road pavement is important for
planning the appropriate maintenance approach. However, the pavement deterioration curve for the
condition of Nepal is not available to forecast future deterioration.

In this study, the Markov deterioration hazard model is applied for deterioration forecasting of SRN
using road condition data set from 2014 to 2022. The deterioration model can be applied to estimate the
hazard rates and residual life of pavement. Further, the average Markov transition probabilities (MTP)
matrix, the hazard rate for each transition state, the life expectancy, and the expected deterioration path
describing the average deterioration process during the life expectancy rating are presented in this paper.

2. Methodology

To forecast the deterioration progress of the pavement a statistical deterioration model based on past
inspection results is applied. The Markov deterioration hazard model is a statistical model used to
forecast the deterioration progress of pavement developed by (Tsuda et al., 2006). In this model, a rank
order is assigned as a condition state depending on the result of the past inspection data. The Markov
transition probabilities are estimated to represent the deterioration progress between the condition states.
This model is widely preferred for sound maintenance strategies and budget management policies. In
this paper, the application of the Markov deterioration hazard model for deterioration forecasting of SRN
in Nepal using the SDI and IRI data set from 2014 to 2022 is presented.
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The road condition data for the study is acquired from Highway Management Information System
Unit (HMIS) under Planning Branch within DOR. The data set contains annual road inventory data
recorded in the road register of SRN from 2014 — 2022 (Department of Roads (DOR), 2022a).

2.1 Model Description/Theory

The Markov deterioration hazard model helps to predict the hazard rate, life expectancies, and deterioration
curves of roads given with the historical inspection results and other variables concerning various environmental
impacts such as traffic volume, weather, temperature, axle loads, etc. These variables are termed explanatory
variables. For the application of the Markov hazard model, the following assumptions must hold true (Kobayashi
etal., 2010).

Assumptions of Markov model: -

1. There have been no maintenance and repair activities imposed and no measurement errors during the
inspection period.

2. Deterioration process of the road section occurs naturally as its condition state getting worsens over the year.

This deterioration process is explained graphically in Figure 1 with blue round marks. At time 1o the condition
state is in a good state with i = 1. Over the year condition state,i (i = 1, 2, ...,]) deteriorates and falls into a worse
condition. Inspection is carried out at T4 and tg. The condition state at inspection points is known but there is
difficulty to trace exactly when the condition states transitioned, T, and T, in the figure, between the two inspection
points. Thus, it is noted that condition state 2 at any arbitrary future time t,; cannot be deterministically predicted.
Moreover, the condition state at each time point in the time axis is restricted to the time at which the inspection is
done.

In figure 1, T represents the calendar time. The deterioration of the road pavement starts immediately after its
opening to the public use at initial time t,. The condition state is expressed by ranks representing condition state
variable i (i = 1,2, ...,]), where i = 1 represents the good or new situation. The increments of condition state i
indicates progressing deterioration and i = J indicate its service limit (absorbing state of the Markov chain). In
Figure 1 with green round marks, for each discrete time t; (i = 1, 2, ...,]), on the x axis, we can observe the
condition state changing fromitoi + 1. Therefore, T; refers to the time at which the transition from condition state
itoi+ 1 occurs.

The data regarding the deterioration process can be obtained from the periodic inspection results. Since the
continuous monitoring and inspection of infrastructure are difficult and cost consuming, therefore normal practice
is to conduct discrete periodic inspections during the service life of the infrastructure. The model assumes two
periodic inspections at times t, and tg on the time axis such that its interval is denoted by Z (Z = tg-T,4).

] 1A @ »o
= B
& :
§ 2 ‘ .. ..... .o
E y
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y
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Figure 1 : Deterioration process and inspection.

Figure 1 also explains the deterioration path of pavement condition using the concept of the Markov chain.
When deterioration status changes from i to i + 1 (refer to green round marks) at t;, the duration it remained at
condition state i can be expressed by ¢; (¢; = t; — Ti—,). The life expectancy of a condition state i is assumed to be
a stochastic variable with a probability density function f;(g;) and distribution function F;(;). The distribution
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function F;(T;) represents the cumulative probability of the transition in the condition state foritoi + 1 wheni is
set at the initial point y; = 0 (time t;_,). The cumulative probability F;(y;) of a transition in the condition state i
during the time points interval y; =0 to y; € [0, ] is defined as:

Fi(y) = [J'fi ()dg;
(1)

Accordingly, the survival function R;(y;) becomes R;(y;) = prob{({; = (yi} = 1 — F;i(y;). By using
the exponential hazard function, it is possible to represent the deterioration process that satisfies the
Markov condition. The probability density A;(y;), which is referred to as the hazard function, is defined
in the domain [0, o] as:

drj(y})
fily) _

dy:
MO = R0 ﬁ;i) = diyi(-logRi(yi)) 2

Using the hazard function A;(y;) = 6;, the probability R;(y;) that the life expectancy of the condition state i
remains longer than y; and its probability density function f;(¢;) are expressed by the following

yi
Ri(yi) = exp[~ [;" A;(w)du] = exp (=6;y;) 3)
fi(G) = 6iexp (—6;G) (4)
Referring to Figure 2, it is supposed that at time t,, the condition state observed by inspection is i (i =
1,2,...,] — 1). The deterioration process in future times is uncertain. Among the infinite set of possible scenarios

describing the deterioration path, only one path is finally realized. For simplicity there are four possible sample
paths described as follows (Tsuda et al., 2006):

iA Path 1
2 : : : Path 2
o i+l I R <
2 : "7 Path 3
=]
: .
s :
S it2 £ Path 4
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< >
>
TA Ti4 Ti4.14 T13 Tiz T8 T

Figure 2 : Condition states and possible deterioration paths (Kobayashi et al. 2010)

Path 1 indicates no transition in the condition state i during the periodic inspection interval.

Path 2 indicates the transition of the pavement from condition state i to i + 1 at time t7.

Path 3 indicates the transition of the pavement from condition state i to i + 1at time 3.

Path 4 indicates the transition of the pavement from condition state i to i + 1 and i + 2 at time t} and
T}, respectively. The condition state observed at tg is i + 2.

The transitions in the condition state are observed only at the time of periodic inspections (at t, and tg) and it
is not possible to obtain the information about the time in which those transitions occured (t} , tf,, , T3 T2 etc.)

2.2 Markov Transition Probability
The transition process of the condition state for road pavement is uncertain and forecasting future states cannot
be done deterministically. The Markov transition probability is used to represent the uncertain transition of the

condition state during two points in time. In other words, Markov transition probabilities are defined to forecast
the deterioration of pavement using the periodic inspection process shown in Figure 2. The observed condition
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state of the component at time T, is expressed by using the condition state variable h(t,). If the condition state
observed at time T, = i, a Markov transition probability, given a condition state h(t,) = i observed at time 71a,
defines the probability that the condition state at a future time tg Will change to h(tg) =j, that is

Prob[h(tg) =j | h(ta) =il = T Q)

The Markov transition probabilities matrix can be defined by using the transition probabilities between each
pair of condition states (i, j) as:

o7 2)

Where, 1 > 0
m; = 0 (when i > j) since the model does not consider the repair.
Z,Ll m =1

The final state of deterioration is expressed by condition state J, which remains an absorbing state in the Markov
chain if no repair is carried out. In this case mj; = 1.

(6)

2.3 Determination of Markov Transition Probabilities

From Figure 2 various deterioration paths are possible that are broadly classified into m;; , m;;,q, W; and ;.
The Markov transition probabilities for these possible paths are based on the exponential hazard model can be
explained for the three cases considering the condition state observed at periodic inspection time point as shown
in Figure 3.
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Figure 3 : Periodic inspection practice of the condition state.
Case 1 : The condition state i does not change during the inspection interval Z.

For a condition state i obtained at inspection time point y,, the probability that the same condition state is
observed at time point yg (= ya + z) is expressed by:

m;; = Prob[h(yg) = i|h(ya) = i] =exp(=6;Z) (72)

The equation (7a) indicates that ;; is dependent only on the hazard rate (8;) and inspection interval (Z). This
shows it is also possible to estimate transition probability without using the deterministic value of the time points

ya and yg.

Case 2 : The condition state changes from i to i + 1 during the inspection interval Z.
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For a contion state i observed at inspection time point y, to change to condition state i + 1 at time point y, the
transition is assumed to occur as 1) the condition state i remains constant between a time point y, to a time point
si =va + 2z, (z € [0,Z]), 2) the condition state changes to i + 1 at the time point y, + z;, and 3) it remains
constant between y,+z; and yg. Although the exact time in which the condition state transition from i to i+ 1
cannot be traced by periodic inspection, it is assumed that the transition occurs at a time point §; € [y,, yg]). The
Markovian transition probability that the condition state change from i to i + 1 during the time points y, and yg is
expressed by:

Tii+1 = Prob[h(yg) = i+ 1|h(ys) = i]
6
Miit1 = m{_exf)(_eiz) + exp(—6i412)} where, Ty, <1 (7b)

Case 3 : The condition state changes fromitoj (j > i + 2) during the inspection interval Z.

For a condition state i observed at inspection time point y, to change to condition state j at time point yg, the
transition is assumed to occur as 1) the condition state i remains constant between a time point y,, §; = ya + Z; €
[va, yg] . 2) the condition state changes to i + 1 at the time point 5, = y, + Z;, 3) the condition state i + 1 remains
constant during the time interval 5; = y5 + Z;, Si11 = §; + Zi+1 (< ys), and at this time point changes to i + 2.
After repeating the same process 4) the condition state changes to j at some time point s;_; (< ys) remains constant
until the time point yg.

The Markovian transition probability that the condition state change fromitoj (j >j + 2) during the time points
ya and yg is expressed by:

m;; = Prob[h(yg) = j[h(ya) = i]

;= in lrilile —ry Hm Koo me exp(—0yZ) , where (7¢)

Om
mke -0k

Hmle —1at(k<1+1)andH =lat(k=j).

In equation (7c), m;; [0 < m;; < 1], and mj; is arranged using the Markov transition probabilities
conditions as follows:

my=1- Z 1 Thj (7d)

In equation (7a) ~ 7(d) the multistage exponential hazard model has been defined. However, considering the
explanatory variable to estimate hazard rate 8; which is defined as the function of explanatory variables xX and
unknown parameters ;. where B; = (Bi1, ---» Bim), M (m =1, 2, ..., M) is the number of explanatory variable and
k(k=1,2,...,K) is an individual sample of inspection data.

Bk = f(x: B;) 8)

In summary, the elements of MTP matrix ;; are estimated using m;(Z¥, x*: B;). The unknown parameter B; (i=1,
2, ..., J-1) is determined with Bayesian estimation method to obtain the hazard function 6X (i =1, 2, ..., J-1), the
Ilfe expectancy of each condition state i can be defined by means of the survival function R;(yX).

1

LEf= [;” exp (= exp (By{)dy* =5 ’

Life expectancy from i to ] can be estimated using Z] ! LEk
(10)
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For detailed description it is recommended to refer the reference (Tsuda et al., 2006).
2.4 Bayesian Estimation for determining unknown parameter p.

Bayesian estimation is an iterative method of statistical inference that involves using prior knowledge and data
to estimate the parameters of a model. In the context of a Markov hazard model, Bayesian estimation can be
particularly useful to estimate the unknown parameter B; (i=1, 2, ..., J-1) for several reasons:

o Incorporation of prior knowledge: In Bayesian estimation, it allows to use prior knowledge about the
parameters of the model to inform our estimates. This can be particularly useful in case of some prior
knowledge about the parameters that we are trying to estimate.

o Robustness to small sample sizes: Bayesian estimation can be more robust to small sample sizes compared
to classical methods, as it allows us to incorporate prior knowledge and make use of partial information.

o Quantification of uncertainty: Bayesian estimation allows to quantify the uncertainty associated with
estimates, which can be useful for decision making and risk assessment.

o Flexibility: Bayesian estimation is generally more flexible compared to classical methods, as it allows to
specify different prior distributions and consider different model structures.

In Bayesian statistics, the posterior distribution of parameter is estimated by using a likelihood function,
inspection data and an assumed prior distribution of the model parameters. Hence, the posterior distribution m(f|%)
is proportional to the likelihood function L(|€) and prior distribution () (Kobayashi et al., 2012). That is:

m(Bg) o« L(BIE) m(B) 11)

where, B is a probabilistic random variable with prior probability density function () and € is the observed
inspection data. The posterior probability density function of unknown parameter B can be defined by the simplest
form of Bayes Theorem as:

_ _L(BIE) =®
(B8 = (B ap (12)

Where, L(%) = [ L(B|§)m(B)dB is the marginal probability of &, called the normalizing constant.

In conclusion, Bayesian estimation can be a useful method for estimating the parameters of a Markov hazard
model, particularly with limited data or prior knowledge that need to incorporate into estimates.

Bayesian method for estimation can be summarized in 3 steps:

Step 1: defining of the prior probability distribution m((3).

Step 2: defining the likelihood function L(B|€) by using newly obtained data .

Step 3: modifying the prior distribution m(f) using the Bayes’ rule and update the posterior distribution T (%)
for parameter .

In this paper we suppose that the observed data is defined by € = (£%,...., £X) and the inspection information of the
inspection sample k is £ = (8K, zK, ¥¥). The likelihood function L(B|Z) based on Bayes Rule is defined by using

ij»
m;;(z) such that:

e{‘ j—1 9{‘

LCBIE) = T2 Tl T Zhai T G T g

sk
ok exp(—elﬁik)}{"l (13)

=
where, 8 is a dummy variable, whose value is 1 when h(t}) =i and h(t) =j, otherwise 0.

Referring to step 1, to define the prior probability density distribution function of unknown parameter 3, we
defined a conjugate prior probability density function and assume that the prior probability density distribution
function of unknown parameter 3 follows the conjugate multidimensional normal distribution such that §; ~ Ny
(1, 2. This assumption is essential to overcome the computational problems related to non-convergence of
estimation results and to derive the similar function for the posterior probability density function. Thus, we can
express the probability density function of the M-dimensional normal distribution Ny, (w;, Z; ) as:
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9(Bili, %) = G &Pl 5 (Bi— WZT (B — w)) (14)

where, y; represents the prior expectation vector (or mean) of Ny (i, Z; ) and Z; is the prior variance — covariance
matrix. The symbol ' denotes the transposition. Substituting the value from equation (13) and equation (14), the
posterior density function T(f|%) in equation (11) can be defined as:

n(BIE) o L (BIE) T 8(Bilm, 34
n(BI) o 1) T T, (2 TS ek_eknl Cha ekexp( o8z L) exp{— (Bi— w)ZT'Bi— w)}  (15)

However, the normalizing constant L(§) = [ L(B[¥) ]'[{ 1g(B |, Z; )dP is difficult to calculate. To overcome
such limitation, we use Metropolis — Hasting algorithm often known as M-H algorithm in Markov chain Monte
Carlo (MCMC) simulation to directly obtain the statistical value regarding the posterior distribution of parameters
(Han et al., 2014). This method is suitable and can be applied when the normalizing constant for density function
is not known or difficult to calculate (Train, 2002). The M-H algorithm operates as follows:

Define initial value of parameter vector 3(0).
Calculate current probability density n(B(n)) by using current B(n).
Find a candidate value as f(n) = B(n) + &(n) ~ N (0,062) where ¢ is the step width of the random walks.

Calculate the proposal density by using f(n) as a candidate parameter 7 (B(n)).

a r wDNPE

Apply the updating rule by comparing (8(n)) and m(B(n)) with the following conditions.
() > n(B), B(n + 1) = B(n)

= R<rBn+1)=fn (16)

m(B) < n(pm) {Otherwife(, B(n J)r 1)B=( B)(n)

Where, r = 1t (B(n)) /m(B(n)), and R is a standard uniform for R~ U (0,1).

6. Do sufficiently large numbers of iterations from step 2 to step 5, until sequence ™ becomes a stationary
condition (that is close to convergence).

7. Cut burn-in samples and take the average of sample parameters.

B(n+1)=

The M-H algorithm also generates Markov chains as the transition probabilities from (n) to B(n + 1) that
independent of B(0). The MCMC does not include any method to confirms that the initial value 3(0) reaches
stationary distribution. To check the Markov chain reaches the convergence to a maximum, the Geweke’s test is
used. The Geweke’s test takes two sample groups (n,, n,) from the first 10% and last 50% of the Markov chain.
If the mean of the two groups is equal, it indicates the chain is stationary. A modified z-test can be used to compare
the two samples and the resulting statistics is termed as Geweke’s z-score. The detailed description for M-H
algorithm and the Geweke’s test to confirm the convergence of the Markov chain can be referred to (Han et al.,
2014).

3. Empirical Analysis

Among the four measures identified for a performance measure, DOR considers the following two primary
measures: i) surface roughness and ii) surface distress of pavement to determine how well the pavement is
performing and meets the serviceability requirement of the road. The Bayesian estimation for the Markov hazard
model is carried out with the actual inspection data based on these two performance measures of road pavement
of SRNs. The inspection data set includes the result of two inspection interval: Z, and characteristic variable: x.
To apply Markov transition probability the condition rating shown in Table 1 and Table 2 are used to rate the
pavement based on SDI and IRI respectively. The characteristic variable for this study is average annual daily
traffic. For analysis, all quantitative value of the characteristic variable is normalized so that the maximum value
becomes 1. The total number of 3,723 sets of road section data based on SDI and 3,314 sets of road section data
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Abstract

Road surface issues, human errors, mechanical problems are all contributing to Nepal's growing number of road fatalities,
despite an action plan. In spite of the increase in road construction, safety measures are limited on the road, resulting in road
fatalities. To reduce road fatalities to half by 2030, the Government of Nepal has committed to achieving UN Sustainable
Development Goal (SDG) target 3.6. Consequently, road users such as vehicle occupants, motorcyclists, pedestrians, and
cyclists should have a minimum three-star rating. The iRAP believes that achieving 3 stars on the road will reduce fatalities by
half.

Researchers conducted this research in NH14 (Rupani-Rajbiraj section) in order to determine the existing star rating and score
for the section. According to the official letter issued by the traffic police administration, six crash-prone locations were
provided for the study. Using the iRAP methodology, the researcher studied three crash-prone areas among six.

Existing road conditions vary from two to three-stars for vehicle occupants, motorcyclists, pedestrians, and bicyclists. Star
rating score (SRS) is found in the varying range of 6.85 to 17.29 for vehicle occupants, 9.61 to 21.82 for motorcyclists, 32.77
to 57.5 for pedestrians and 27.23 to 45.78 for bicyclists. In analyzing the results of all three studied locations, not a single
location meets the target. All the three locations area can be improved by maintaining of damaged road, improving the
delineation and providing the speed limit of the vehicle for reducing the risk of crash type like run-off either side of carriageway,
head-on collision due to loss of control and while overtaking, crash at intersection, moving along the road, crossing through
and side of the road. There is now a 3 stars rating for vehicle occupants, motorcycles, pedestrians, and bicyclists. Star Rating
Score is found in the varying range of 5.74 to 8.9 for vehicle occupants, 8.28 to 11.27 for motorcyclists, 17.11 to 38.03 for
pedestrians and 11.51 to 26.31 for bicyclists.

Keywords: Fatalities; Star rating; Star rating score; Sustainable Development Goal
1. Introduction

Road crashes are the eighth leading cause of death for people worldwide with one person dying on the
roads every 25 seconds, nearly 3,700 per day, over 1.35 million per year and as many as 50 million injuries
every year. (Sakarya & Of, 2018) Road traffic injuries are the leading cause of death among young people,
aged 5-29 years world-wide. (Sakarya & Of, 2018) (World Bank & World Health Organization, 2013)

§ Corresponding author. Tel.: +977-9851168091
E-mail address: mohandhoj@gmail.com
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Road crash fatalities and injuries are a growing problem in Nepal. The number of road fatalities in Nepal
is increasing alarmingly despite an action plan. Nepal has pledged to reduce road fatalities by 50 percent and
developed the Nepal Road Safety Action Plan (2013-20) to meet its global commitment of SDG target 3.6.
(Plan, 2013) However, road fatalities in Nepal have been increasing at an alarming rate and reached 2,541
deaths in fiscal year 2017-18, which is equivalent to a rate of 8.59 per 100,000 populations. (Sakarya & Of,
2018) During the recent decades several major efforts have been made to improve the highway safety at
various level. Numerous road fatalities have been found due to different factors related to road surface, human
error, mechanical problem etc. till date. Loss of life and property due to the crash is undefined. In fiscal year
2020, 10030 numbers of crash, 153 numbers fatality, 240 numbers serious injuries and 6684 numbers normal
injuries has been recorded in Nepal. (Nepal Police, 2018).

The rate of motor-related crashes in Nepal is found increasing day by day. At the same time construction
of new roads is increasing day by day. Some roads have been constructed without considering the safety
factors. This question has raised whether to construct roads in more quantity without considering the safety
factor or construct less but safer roads. Hence the road going to be constructed in near future should be
designed safe prior to construction and study should be conducted for each constructed road for making safer
roads. Causes of road traffic crashes are multifactorial, arising from three sources: driver-related (speeding,
drinking, overloading, and overworking), vehicle-related (mechanical and old vehicles) and road-related
(narrow, steep, graveled, not repaired). Road crashes are reducible. Road safety experts believe that, with the
right action, up to 5 million lives could be saved and 50 million injuries can be prevented in the coming 10
years. This would represent a reduction of about 50% on the predicted global death toll by 2020. (Amro et al.,
2015) (Plan, 2013)

The Rupani-Rajbiraj road section is the section of NH14 that connects the E-W highway with Saptari,
Rajbiraj's district headquarters. Rajbiraj is the center hub for the higher education, marketing, governmental
major offices like court, land revenue office and medical facilities. Thus attraction of people for fulfilling their
needs is high towards Rajbiraj and most of them travel through Rupani- Rajbiraj Road. Road edge is
deteriorated with potholes in different sections. Lack of delineation, safety signs and signal, road marking and
pedestrian crossing. Several losses of life and injuries have been found during road crashes along the Rajbiraj-
Rupani road section. Six locations have been identified as fatal areas by the traffic police office in written
reports. .(Traffic Police Office Rajbiraj ,Saptari Nepal Letter Date:7, 2020) To save life and property damage
due to road crashes is a burning issue nowadays. Therefore, finding the star rating and star rating score of the
selected location will help to make required improvements to make a better and safer road. There are three
study areas: -Unique hospital area, Raipur area and Nahar chowk area (Gahil pump area)

Harmarp.ﬂ(2 ! 1 s ” — Legend

Rupni-Rajbiraj Road

&» Rupni-Rajhiraj Road

Kataiya §3 5

< Z
- 4 km

Figure 1: Location of study area (Google Earth, 2022)

72



Conference Proceeding
2nd |nternational Conference on Integrated Transport for Sustainable Mobility

Objectives

<0lba

The main objective of the study is to conduct safety evaluation of the crash prone area at Rupani-Rajbiraj
road section of NH14. The specific objectives of the study are:

Rajbiraj road section of NH14
+» To identify the types of crash risk for the road users at study location.

2. Methodology

2.1 Theory

« To identify the possible measures for improving the star rating to a minimum of 3 stars

% To determine the star rating (SR) and star rating score (SRS) at crash prone area of Rupani-

Star Ratings are based on road inspection data and provide a simple and objective measure of the level of

safety which is ‘built-in’ to the road for vehicle occupants, motorcyclists, bicyclists and pedestrians. Five-star roads

are the safest while one-star roads are the least safe. (iRAP, 2021) Star Ratings can be completed worldwide, in

urban and rural areas and without reference to detailed crash data, which is often unavailable in low-income and

middle-income countries, or is sparse in high-performing high-income countries striving for vision zero outcomes.

(iRAP, 2019) (iRAP, 2021) (Rogers et al., 2012)

Table 1. Star rating of roads

Star Rating Pedestrian Bicyclist Motorcyclist Vehicle
No sidewalk, No cycle path, No motorcycle lane, | Undivided road width,
: undivided road, narrow centerline,
No S?fe No safe crossings, trees close to road, trees close to road,
~>ic . Poor road surface, winding alignment, | winding alignment,
60km/h traffic 90km/h traffic 100 km/h traffic
70 km/h traffic
Sidewalk On-road cycle On-road motorcycle | Wide centerline
present, lane, good road lane, undivided separating oncoming
pedestrian surface, street road, good road vehicles, >5m to any
refuge, street lighting, 60km/h | surface, >5m to any | roadside hazards,
lighting, traffic roadside hazards, 100km/h traffic
50km/h traffic 90km/h traffic
Sidewalk Off-road Dedicated separated | Safety barrier,
present, dedicated cycle motorcycle lane, separating oncoming
signalized facility, raised central hatching, no | vehicles and
crossing with platform crossing | roadside hazards, protecting roadside
refuge, street of major roads, straight alignment, hazards, straight
lighting, street lighting 80km/h traffic alignment, 100km.h
40km/h traffic

(Sakarya & Of, 2018)

UN Global Action mandates member countries to develop their individual national plans for the decade from
2011 - 2020 incorporating interventions under the following broader themes: Road safety management, Safer roads
and mobility, Safer vehicles, Safer road users, Post-crash response. To comply with the call made by the UN Global

Action Plan, Road and Traffic Unit, the Department of Roads has started the preparation of Nepal Road Safety
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Action Plan (2011-2020). And this document has been anticipated representing Nepal’s national action plan on

Road Safety. (Plan, 2013) (Report,2020)

Pillar 4
Safer road
users

Fillar 5
Post-crash
response

Pillar 3
safer
wehicles

Pillar 2
Safer roads
and mobility

Pillar 1
Road safety
managenment

Figure 2 : Pillars of road safety (Consunji et al., 2018)

2.1.1 Study variables

The main purpose of the study is to evaluate and identify
measures for improving to a minimum of 3 stars rating for

study section.

The study variables for star and star ratings evaluation are
categorized into two categories. These are dependent

variables and independent variables.

Dependent Variables

¢ Star rating and star rating score

Independent Variables

-

7
*

Standard cross section of road
Roadside attributes
Mid-block

Intersections

Traffic Flow

VRU facilities and land use
Speeds

*,

7
°

7
°

7
°

7
°

7
°

X3

S

Data Collection

Problem Identification

Jj- possible
Setting Research Objectives the
Identification of Research
Methodology

L

Studv Area Selection

!

Data Collection (Primary,
Secondary)

Data Analysis

> MS Excel and ViDA- iIRAP

J

Results & Discussion

1!

I Conclusion I

Figure 3: Research methodology of flowchart

To achieve the aim of the study different types of data are required and the data are categorized as; Primary
data and Secondary data. The main primary data are: Traffic Count, Pedestrian peak hour Flow, Bicyclist peak

hour flow, VRU facilities and land use, Operating Speed.

Data Analysis
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MS-Excel and ViDA (Visualize, Design, Assess) software is used for data analysis in order to safety
evaluation of the road section. ViDA (meaning ‘life’ in Spanish) is iRAP’s online software. (International Road
Assessment Programme [iRAP], 2022) ViDA is used to perform all iRAP star rating and safer road investment
plan analyses. This study is use ViDA software for free. Referring the inventory data sheet of the study area,
analysis has been made following the steps shown in processing diagram

Road Survey

N

Star Ratings for
Vehicle occupants,
Motorcyclists,
Pedestrians and

Record
Attributes

Bicyclists
Listing possible
safety counter
Star Rating measures for
Analysis 100m of road

Target
optimize star
ratings,
reduce
deaths and

Road

Update road Designs

4&

Attributes

Figure 4: Star rating processing diagram (iRap, 2019)

As per iRAP road is said safer if the star rating for the vehicle occupants, motorcyclists, pedestrians and

bicyclists in the study area is 3 star or more. Also the star rating score for the vehicle occupants at least in the range

of 5 to< 12.5, for motorcyclists at least in the range of 5 to< 12.5, for pedestrians at least in the range of 15 to<40

and for bicyclists at least in the range of 10 to<30 indicates safer. For complete safety, the star rating of the study

section for vehicle occupants, motorcyclists, pedestrians, bicyclists are Sstar and star rating score for vehicle

occupants, motorcyclists, pedestrians and bicyclists is zero (International Road Assessment Programme, iRAP,

2012) (Rogers et al., 2012) (Ambros et al., 2017) (EuroRAP, 2011). The Higher the star rating, the safer the road

is for the users. Star rating score is found increasing if the star rating is low. Higher the star least is the score.

Higher the star safer is the road. (EuroRAP, 2011) (iRAP, 2019) (IndiaRAP, 2020)

Table 2. Star rating bands and color

Star Rating (SR)

Star Rating Score (SRS)

75



Conference Proceeding

2nd |nternational Conference on Integrated Transport for Sustainable Mobility

Vehicle occupants Motorcyclists Pedestrians Bicyclists
5 0to<2.5 0to<2.5 0to <5 0to <5
4 2.5t0 <5 2.5t0<5 5to <I5 5t0 <10
3 5to0<12.5 5to<12.5 15 to <40 10 to <30

(International Road Assessment Programme, iRAP, 2012)

3. Results & Discussion

In this section, the star rating as well as the star rating score for three study locations, as well as the type of

risk of crash at existing and after improvement locations, are presented in tabular and histogram form.

The star rating, the star rating score, and the type of crash risk in Raipur

Raipur Area for the vehicle occupants, motorcyclists and pedestrians seems safer whereas bicyclist is
found unsafe as the star rating for the vehicle occupants, motorcyclist and pedestrians is 3 star and bicyclist is 2
star. Star rating score for vehicle occupants, motorcyclists, pedestrians and bicyclists are 6.85, 9,61, 32,77 and
30.57 respectively. Figure 5 shows that the risk of crash type for vehicle occupants is run-off passenger side
followed by run-off driver side, and head-on loss of control. Risk of crash type for motorcyclists is run-off
passenger side followed by run-off driver side, head-on loss of control, intersection and along the road. Risk of
crash type for pedestrians is while crossing through the road followed by along the road, and crossing side. Risk

of crash type for bicyclists is along the road followed by intersections.

. 1 Star
Il 2 Star

3 Star
4 Star
5 Star

Vehicle

Bicycle

Motorcycle Pedestrian

130

70

25 25 110

60

20 20 %0 [l Run-oft Driver-side
Run-off Passenger-side
Head-on Loss of Control
Head-on Overtaking

[ | Intersection

. Along

[l Access point

B Crossing through

[l Crossing side

| Run off

50

[t 40

50

. .
—

30

20

Figure 5: Existing star rate score and risk of crash type at Raipur area
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Table 3. Existing star rating score and star rating score of Raipur area

Star Rating
Description Remarks
Vehicle occupants | Motorcyclists | Pedestrians Bicyclists
Star rating 3 3 3 2
Existing condition
Star rating score 6.85 9.61 32.77 30.57

The counter measure is applied focusing on improving the star rating of bicyclists to achieve minimum
3 stars. A number of delineating factors could be improved, such as: center lines, lane markers, edge
lines, guideposts, delineators, road studs, and hazard markers, as well as signage (on the road and
posted). (Department of, 2022) (Prevent Pedestrian Crashes : Parents and Caregivers of Elementary

School Children,

n.d.)

Bicyclists are found safe as the star rating and star rating score is improved to 3 star and 26.31
respectively. From Table 4 it is clear that all the users are safe as the star rating and SRS for the users
at Raipur area is improved to 3 star and 5.74, 8.28, 31.26 and 26.31 respectively. Figure 6 shows that
the risk of crash type for vehicle occupants, motorcyclists, pedestrians is subsequently reduced by
16%, 14% and 5% respectively in compared to the existing result though the users were in safer range;
whereas risk of crash type for bicyclist along the road is reduced by 14% in compared to the existing
result to achieve the SDG target.

Table 4. Star rating and star rating score of Raipur area after improvement

Star Rating
Description Remarks
Vehicle occupants | Motorcyclists | Pedestrians | Bicyclists
Star Rating 3 3 3 3 After applying

Star Rating Score 5.74 8.28 31.26 26.31 counter measures
; : : l 1 Star
Vehicle Motorcycle o Pedestrian Bicycle g2str
3 Star

0

% % 0 4 Star
5 Star

2

20

90

70

50

30
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50

40
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[ | Run-oft Driver-side
Run-off Passenger-side
Head-on Loss of Control
Head-on Overtaking
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[ | Crossing through

[ | Crossing side

PR off

Figure 6: Star rate score and risk of crash type at Raipur area after improvement
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The star rating, the star rating score and the type of crash risk in Unique hospital area

Unique hospital area is unsafe as the star rating of the vehicle occupants, motorcyclist, pedestrians, and
bicyclist is less than 3 stars and the star rating score for vehicle occupants, motorcyclist, pedestrians and bicyclist
are 15.12, 20.53, 57.5 and 45.78 respectively. Figure 7 shows that the risk of crash type for vehicle occupants is
run-off passenger side followed by run-off driver side, and head-on loss of control. Risk of crash type for
motorcyclists is run-off passenger side followed by run-off driver side, head-on loss of control, along the road and
head-on overtaking least. Risk of crash type for pedestrians is while crossing through the road followed by along

the road. Risk of crash type for bicyclists is only along the road.

Table 5. Existing star rating and star rating score of Unique hospital area

Star Rating
Description Remarks
Vehicle occupants Motorcyclists | Pedestrians | Bicyclists

Star rating 2 2 2 2 Existing

Star rating score 15.12 20.53 575 45.78 condition

l 1 Star
l 2 Star

3 Star
4 Star
5 Star

Bicycle

Motorcycle Pedestrian

l Run-off Driver-side
Run-off Passenger-side
Head-on Loss of Control
Head-on Overtaking

[ | Intersection

l Along

l Access point

l Crossing through

l Crossing side

[ i off

Figure 7: Existing star rate score and risk of crash type at Unique hospital area

The counter measure is applied focusing to improve the star rating of vehicle occupants, motorcyclist,
pedestrians and bicyclist to achieve minimum 3 stars. Repair and maintenance of the damaged road edge pavement
along with improved delineation will ensure the road section is safe for all road users. (Department of, 2022)
(Prevent Pedestrian Crashes : Parents and Caregivers of Elementary School Children, n.d.) The table 6 clearly
reflects the safer road section. Existing condition star rate and star rating score is improved to 3 star and 7.62, 9.36,

38.03 and 21 respectively for the vehicle occupants, motorcyclist, pedestrians and bicyclist. Figure 8 shows that
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the risk of crash type for vehicle occupants, motorcyclists and bicyclists is nearly reduced by half whereas

pedestrians are reduced by 34% in comparison to the existing result to achieve the SDG target.

Table 6. Star rating and star rating score of Unique hospital area after improvement

Star Rating
Description Remarks
Vehicle occupants Motorcyclists | Pedestrians | Bicyclists
Star rating 3 3 3 3 After applying

Star rating score 7.62 9.36 38.03 21 counter measures
, . . st
Vehicle Motorcycle Pedestrian Bicycle s
3 Star
4 Star
5 Star

l Run-oft Driver-side
Run-off Passenger-side
Head-on Loss of Control
Head-on Overtaking

B Intersection

10 10 J Aorg
. 20 [ Access point
5 - 5 [ Crossing through
10 B Crossing side
[ Run off

Figure 8: Star rate score and risk of crash type at Unique hospital area after improvement

The star rating, the star rating score and the type of crash risk in Nahar chowk area (Gahil pump area)

Nahar chowk area for the vehicle occupants and motorcyclist is unsafe as the star rating for this user in
the section is less than 3 stars and star rating score for vehicle occupants and motorcyclist is 17.29 and 21.82
respectively. But pedestrians and bicyclist users are safe as the star rating and star rating score of the users are 3
stars and 36.74, 27.23 respectively. Counter measures should be taken for making the vehicle occupants and

motorcyclist safe.

Table 7. Existing star rating and star rating score of Nahar chowk area (Gahil pump area)

Star Rating
Description Remarks
Vehicle occupants | Motorcyclists | Pedestrians | Bicyclists

Star rating 2 2 3 3
Existing condition

Star rating score 17.29 21.82 36.74 27.23
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Figure 9: Existing star rate score and risk of crash type at Nahar chowk area (Gahil pump area)

As pedestrians and bicyclists already meet the 3-stars rating, the counter measure is applied focusing on
improving the star rating of vehicle occupants and motorcyclists to achieve minimum 3 stars. Road safety can be
improved by improving delineation and providing a speed limit of 45kmph (85 percentile speed) for vehicles to
operate in. (Department of, 2022) Table 8 clearly reflects the safer road section. Existing condition star rating and
SRS is improved to 3 star and 8.9, 11.27, 17.11 and 11.51 respectively for vehicle occupants, motorcyclist,
pedestrians and bicyclist. Figure 10 shows that the risk of crash type for vehicle occupants and motorcyclists is
nearly reduced by half whereas risk of crash type for pedestrians and bicyclist is reduced by 53% and 58%
respectively compared to the existing result.

Table 8. Star rating and star rating score of Nahar chowk area (Gahil pump area) after improvement

Star Rating
Description Remarks
Vehicle occupants | Motorcyclists | Pedestrians | Bicyclists
Star rating 3 3 3 3] After applying

Star rating score 8.9 11.27 17.11 11.51 counter measures
Vehicle = Pedestrian = ; z::;
3 Star
- £ - 70 4 Star
5 Star

20 20
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Figure 10: Star rate score and risk of crash type at Nahar chowk area (Gahil pump area) after improvement
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4, Conclusion

The researcher identifies the crash prone location and records the various road attributes for finding the star

rating and star rating score for the vehicle occupants, motorcyclists, pedestrians and bicyclist at the study location.

The study covers the three locations of selected roads. The three locations are: - Raipur area, Unique hospital
area, Nahar chowk (Gahil pump) area. Based on the output results of the software and analysis of researcher

following conclusions are drawn:

Star rating and star rating score for different road users at different crash prone locations was found. There
were 2 stars to 3 stars for the existing road condition for vehicle occupants, motorcyclists, pedestrians and bicyclists
whereas star rating score found in the varying range of 6.85 to 17.29 for vehicle occupants, 9.61 to 21.82 for
motorcyclist, 32.77 to 57.5 for pedestrians and 27.23 to 45.78 for bicyclists. Star rating and star rating score of all
study locations have not fulfilled the minimum requirement of the safer road. All three locations can be improved
at low cost by repairing and maintaining the damaged road, improving the delineation and providing the speed
limit of the vehicle. As a result of applying the stated countermeasures, improvements in the star ratings for vehicle
occupants, motorcyclists, pedestrians, and bicyclists have been found to be 3 stars. Star rating score is found in the
varying range of 5.74 to 8.9 for vehicle occupants, 8.28 to 11.27 for motorcyclists, 17.11 to 38.03 for pedestrians
and 11.51 to 26.31 for bicyclists. It has been found that crash risk for different types of road users can be reduced
by applying countermeasures, such as runoffs on the driver's side, runoffs on the passenger's side, head-on
overtaking, crashes at intersections, crashes while walking along the road, crashes while crossing the road, and
crashes while crossing the side of the road under existing conditions. As a result of the study, the road section can

be improved to make it safer, minimizing the loss of lives on the road.
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Abstract

Infrastructure Health Monitoring (IHM) system is a method of evaluating and monitoring structural health. In this study, a
novel method for monitoring road pavements using the Mobile Mapping System (MMS) and a deep learning crack
detection system was presented. Furthermore, this study estimated life expectancy of the crack of asphalt road pavement
using the Bayesian Markov Mixture Hazard Model. An optimal maintenance method through economic analysis was presented
targeting the pavement sections of Sejong City of South Korea. As a result of monitoring the pavement conditions, it was
confirmed that national highway, which are systematically maintained and managed through the Pavement Management
System (PMS) are managed relatively well compared to roads managed by local governments. It can be confirmed that
timely management leads to an extension of life expectancy of road sections.

Keywords: Infrastructure Health Monitoring; Mobile Mapping System; Deterioration Model; Bayesian Markov Mixture Hazard Model;
Pavement Management System.

1. Introduction

Infrastructure of Korea has already started to deteriorate, and the proportion of infrastructure used for more than
30 years is expected to increase rapidly from 10.3% in 2016 to 25.8% in 2026 and 61.5% in 2036. In the case of
local government-managed roads except for national highways and national roads, local governments should
establish management and maintenance plans in consideration of their financial conditions. On the other hand, road
condition monitoring is a very important management variable not only for traffic flow but also for improving
safety.

Road safety is very important not only for the movement of drivers but also for the stable supply of logistics.
Recently, studies for road condition inspection and safety improvement using infrastructure health monitoring
(IHM) techniques are being actively conducted in developed countries. IHM has been widely applied in various
engineering sectors due to its ability to respond to adverse structural changes, improving structural reliability and
life cycle management (Aktan et al., 1998).

In this study, a novel method for monitoring road pavements using the Mobile Mapping System (MMS)
and a deep learning crack detection system was presented. MMS is a technology for acquiring high-quality
spatial information data by mounting a receiver, GNSS, laser scanner, and digital camera in a vehicle. In this
paper, the deep learning system uses the YOLO-v2 algorithm to automatically determine the condition levels
of the road pavement surface. In addition, in order to accurately estimate life expectancy, environmental variables
such as traffic volume, equivalent single axle loads (ESAL), structural number of pavement (SNP), meteorological
condition, and deicing were applied to retain reliability of the estimation result (Do, 2011).

“Corresponding author. Tel.: +82 42 821 1192
E-mail address: msdo@hanbat.ac.kr
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2. Methodology

The development of the deterioration model of road condition is a key process of long-term life cycle cost
analysis. For the construction of deterioration model, national highway pavement monitoring data for about 10
years from 2007 to 2017 was used in this paper. Furthermore, this study estimated life expectancy of the crack of
asphalt road pavement using the Bayesian Markov Mixture Hazard Model (Han et al., 2013).

Furthermore, an optimal maintenance method through economic analysis was presented targeting the pavement
sections of Sejong City. Sejong city was founded in 2007 as the new planned special self-governing city of South
Korea. Figure 1 shows the road network in the target area and the processing flow of pavement condition data for

the study.
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Fig. 1. Overview of Survey

Ten years of national highway road pavement monitoring data fused with ESAL, SNP and average low
temperature, total rainfall, deicing were used for the deterioration modeling. A deterioration modeling was
performed through the Bayesian Markov Mixture Hazard Model.

A methodology to estimate the Markov transition probability model is presented to forecast the deterioration
process of road sections in this paper. The deterioration states of the road sections are categorized into several ranks
and the deterioration processes are characterized by hazard models. The Markov transition probabilities between
the deterioration states, which are defined by the non-uniform or irregular intervals between the inspection points
in time, are described by the exponential hazard models. Furthermore, in order to verify the validity of the proposed
method, the applicability of the estimation methodology presented in this paper is investigated by using the
empirical surface data set of the national highway in Korea (Kobayashi, et al., 2010; Han et al., 2016).

Table 1. Characteristics of Investigation Section

Length No. of AADT Composition of Traffic (o) Acquired Image
Name of Road .
(km) Lanes (vol/day) Small Medium Large (pics)
National Highway No.1 269 4 36,254 839 12 149 29,093
Hannuri Arterial Road 115 6 8355 87.6 2.5 9.9 13,259
Provincial Road No.691 165 2 2,370 84.7 0.8 14.6 19,963
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Target roads are set for national highway, municipal road (Hannuri arterial road) and provincial road, and their
characteristics are shown in Table 1. The road surface condition rates are divided into 5 levels as shown in Table
2. The field survey using MMS was conducted for one lane in both directions of each target route.

Table 2. Rating criteria by classified method

Classified criteria = " ‘

Rating Automatic -

Manual e
No. of Detected box PPM :

1 2% under No. of Box < 10 10 under -
2 2% ~ 10% 10 <No. of Box < 100 10~ 97 ‘
3 10% ~ 20% 100 < No. of Box <250 97 ~ 245 1
i
4 20% ~ 30% 250 < No. of Box <400 245 ~ 390 ) i

5 30% Over 400 < No. of Box 390 over

Source : Choi et al.,(2018).

The YOLO algorithm has the advantage of having relatively high searching speed and accuracy compared
to the CNN method. In this paper, YOLO-v2 was used as deep learning algorithm to automatically determine
the condition levels of the road pavement surfaces as shown in Figure 2 (Choi et al., 2018).
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Fig. 2. Yolo V.2 architecture

In this paper, economic analysis was performed using the Korean pavement management system (KoPMS)
developed for national highway pavement management. For user cost, vehicle operation cost, travel time cost,
environmental pollution cost and noise cost were applied. The benefit is calculated as the difference between user
costs when no maintenance is performed (do-nothing scenario) and when maintenance is performed. The authors
tried to calculated the difference in user cost according to maintenance standards and pavement types.

3. Results & Discussion

As a result of monitoring the pavement conditions, it was confirmed that national highway, which are
systematically maintained and managed through the pavement management system (PMS) are managed
relatively well compared to roads managed by local governments. It can be confirmed that timely
management leads to an extension of life expectancy of road sections.

In addition, economic analysis using the pavement deterioration model showed that the preventive
maintenance method is the most economical in terms of maintenance costs and user benefits. The results of
this study are expected to be used as fundamental reference for infrastructure management plans.

85



Conference Proceeding
2nd International Conference on Integrated Transport for Sustainable Mobility ﬁmh

4, Conclusion

It was confirmed that maintaining the road pavement in the proper condition is the best way to reduce the travel
time of road users (vehicles), save fuel costs, and reduce environmental pollution costs.
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Abstract

A 27 Km Ring Road of Kathmandu has become NH-39 of our country Nepal. Due to increasing motorization in Ring Road of
Kathmandu, traffic congestion is increasing daily. Though, it is catered by many bus companies, their Service Quality is not
seen satisfying. So, this study aimed to find out the existing Service Quality of the existing public bus (MahaNagar Yatayat,
Orange Bus Sewa, Sundar Yatayat (known as Electric Bus) and Other Bus plying in the Ring Road of Kathmandu valley, based
on SERVQUAL method. It is an important tool used for classifying Public Transportation under SERVQUAL evaluation criteria
along the five dimensions; and they are: Reliability, Tangibles, Assurance, Empathy, and Responsiveness. Statistically
significant number of samples at 95% confidence interval for every gender, age group, occupations was taken. A series of
questionnaires was asked to each bus user. Since it is difficult for users to express their perception with a particular number,
they were asked to respond to the questionnaires in linguistic terms and the results obtained from this questionnaire survey
were converted to fuzzy numbers later. Altogether 20 numbers of sub- criteria under SERVQUAL dimensions were taken for
perception evaluation survey. Using the linguistic terms, Defuzzification was done. Based on this value, user satisfaction was
checked and the higher the score obtained lesser was the user satisfaction level among each criterion. So, using SERVQUAL

method Service quality of Public Transportation along Kathmandu Ring Road was assessed.

Keywords: SERVQUAL, Fuzzy Numbers, Defuzzification

1. Introduction

Kathmandu, the Capital of Nepal, experiences an annual population growth rate of nearly 6.12% which makes it
one of the fastest growing urban areas in South Asia, creating many complexes like traffic congestions, road traffic
crashes, poor public transport system, and air pollution. There is a tremendous increase in the usage of vehicles
inside valley, leading to the registered number of vehicles reaching more than 11, 72,413 in fiscal year 2075/76
(DOTM, 2017). Public Transportation operates on its fixed routes, and it may include any type of modes such as:
bus, microbus, micros, Tempos, etc. A robust Public Transport Service makes efficient use of urban space.
According to (Dube, Rosier, Theriault, & Dib, 2011), Public Transport plays a social role in the urban environment;
it improves access to workplaces and services infrastructure and at the same time, it reduces travel expenses. Due
to the lack of satisfaction users derive from the services of Public Transport; Reliability of Public Transportations
is falling day by day, which are prompting the public to opt for private transport. Passenger’s perception towards
public transportation must be assessed to evaluate the existing status. It also helps to recommend improvement
measures. The goal of public transport operators and authorities is to increase Passenger satisfaction and cost

efficiency (Duwadi, Marsani , & Tiwari, 2019). The level of dissatisfaction with public transport is very high.
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Thus, it is necessary to upgrade the performance of Public Transport in Kathmandu to maintain a sound
transportation system and enhance the level of satisfaction of the public towards it.

Service Quality (SERVQUAL) is the degree of achieving the desired objective of service. It is one of the most
important factors that increase the usage of Public Transport. Higher service quality can result in higher users'
satisfaction. User satisfaction is an intrinsic aspect of any service and since Public Transport is a service-based
supply, it has to be continuously assessed for user satisfaction. Ranking of Public Transportations in terms of
quality of service is very important, to increase productivity and improve users’ satisfaction. Although various
models have been developed to measure service quality in service organizations, SERVQUAL is accepted as the
basis for all the models (Saravanan, 2007). This approach consists of five dimensions: Reliability, Tangibility,
Assurance, Empathy, and Responsiveness. Since, the criteria used for measuring the Service Quality are not only
limited to quantitative aspects, but multi-Criteria Decision also Making (MCDM) approaches can be used to
evaluate the Service Quality that includes quality dimensions which cannot be measured quantitatively. A number
of outputs variables such as vehicle seating capacity, comfort, security, safety, cleanliness, waiting times, fare,
driver recklessness, information, and feedback was used to evaluate bus service performance of Kathmandu Valley

(Manandbhar, 2023).

2. Methodology
2.1 Study Area

To this study, the whole Ring Road (Kalanki- Chabahel- Kalanki) was selected. This road runs outwardly
connecting major Institutional and Business areas namely: Kalanki, Balkhu, Ekantakuna, Satdobato, Koteshwar,
Airport Road, Gaushala, Chabahel, Gongabu, Balaju, Swayambhu covering about 27 km length. This road has
considerable demand for transportation, as the catchment area of passengers at these junctions is huge. There are
many buses plying on ring road, operating daily. In this study, a total of four bus alternatives were taken into
consideration and they were: MahaNagar Yatayat; Orange Bus Sewa; Sundar Yatayat and Other bus. Nearly 80
MahaNagar Yatayat and 10 Orange Bus runs daily in this road (Bus Operator, 2020). Every type of passenger was
expected to be using this route from Business propose to Institutional propose. Therefore, this route seemed very

important to find user satisfaction level for mixed passengers.
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Figure 1 Study Area

2.2 Data Collection

Both primary and secondary data were used in this study. The main source of data collection was a primary source.
The questionnaires used in this study were given to all types of people, but it was mentioned that the vehicle user
who uses the Ring Road Bus were only asked to fill up the form. Data was collected during both peak hours and
off-peak hours and at different locations, composition of in bus and at the bus stations of Ring Road. Data was
collected through a questionnaire survey and the information on the five SERVQUAL dimensions was collected.

The five dimensions are: Reliability, Tangibles, Assurance, Empathy, and Responsiveness.

As a secondary source, reports and articles published by other organizations were taken. Besides this, the
information regarding vehicle registration in the study area and the types of vehicles and companies that are
operating their service in the study area were obtained from the secondary sources.Statistically significant number
of samples at 95% confidence interval for every gender, age group, occupations was taken, for all buses except for
Sundar Yatayat. Since users of Sundar Yatayat were very few and buses themselves are in limited number, sample
was taken for 90% Confidence Level. So, around 260 samples were taken for Sundar Yatayat Bus and around 390

samples were taken for other remaining bus alternatives.

2.3 SERVQUAL

SERVQUAL is a multi-dimensional tool to capture consumer expectations and perceptions of a service along the
five dimensions that are believed to represent Service Quality (Awasthi, 2011). The dimensions of SERVQUAL
are briefly summarized as follows:
A. Reliability: Relates to the ability of the service provider to perform the promised service dependably and
accurately. The criteria under this dimension involved in the questionnaire are:

e  Punctuality

e Bus Waiting Time at station

e Sufficiency of standing and sitting areas

e Passenger Density in the bus
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e  Security in the vehicles
e Risk of crash
B. Tangibles: Include the physical appearance of the service facility, the equipment, the personnel, and the
communication materials. The criteria under this dimension involved are:
e  Seats, holders and general looks of vehicles
e  Position of doors in vehicles
e Cleanliness
e  Suitability of bus for disabled and elderly people
e  Transportation Fare and fare collection System
e  Vehicles equipped with modern technology.
e Environmentally Conscious Vehicles
C. Assurance: Refers to the knowledge and courtesy of employees and their ability to inspire trust and
confidence. The criteria under this dimension involved are:
e Driving ability of the drivers
e Knowledge of drivers towards Traffic rules and regulations
D. Empathy: Refers to caring, individualized attention to customers. The criteria under this dimension
involved are:
e  Solution of Passengers concern and request
e Behavior of drivers/bus staffs towards passenger
E. Responsiveness: Is the willingness of the service provider to be helpful and prompt in providing service.
The criteria under this dimension involved are:
e Bus Frequency
e Bus route Travel Time
e Information about bus route
It is difficult for users to express their perception with a particular number, so they were asked to respond to the
questionnaires in linguistic terms. And they were later converted to Fuzzy numbers. (Refer Table 1 & Figure 2)

Table 1: Linguistic Variables for Survey

Very Poor (1,1,3)
Poor (1,3,5)
Medium (3,5,7)
Good (5,7,9)
Very Good (7,9,9)
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Figure 2: The Membership Function of Linguistic Terms (Source: (Awasthi, 2011))

The results obtained from the questionnaire survey was then converted numbers using the following steps as

suggested by (Stefano, Filho, Barichello, & Sohn, 2015).

Calculation of Total Perception Scores:
Let A; be the fuzzy score for sub-criterion i from the n interviewee and TA; be the total score for Service
Quality for sub-criterion i then:
i=n
TAi= Y A,
i=1
Calculation of Mean Scores: Let MA| be the average Service Quality from N interviewees for the i sub-

criteria of SERVQUAL dimensions, then:

h&Af: Ié
N

The term MA represents the average Fuzzy scores for each sub-criteria under five dimensions of SERVQUAL

which is Defuzzified using Graded Mean Integration Representation (GMIR).

For a triangular Fuzzy number, A= (a, b, ¢), the GMIR value is P (A) =

a+4b+c
6

3. Results and Discussions

The surveyed data were analyzed to know both the demographic aspects as well as the perception of the users

towards bus services. There is Mayur Yatayat, Gokarneshor, and Bhaktapur Bus operated in Ring Road, but they

all do not run along the whole Ring Road, so they were not considered in this study. In Other bus, buses like Chakra

path Parikrama Yatayat, City Bus, Swayambhu Yatayat, and Rachana Yatayat were taken for consideration due to

their similarity on all bus services.
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3.1 Overall Satisfaction Survey:

While doing the survey, impact of individual parameters in overall satisfaction of users were analyzed. And from
the result, it was concluded that for “Bus Frequency” has the highest impact on overall satisfaction followed by
“Risk of Crash”, while “Knowledge of driver towards traffic rules and regulations” has comparatively less impact,

as shown in table 2 below:

Table 2: Impact of Individual Parameters in Overall Satisfaction

Criteria Highly Impact | Average No Impact
Punctuality of Bus 36% 44% 21%
Bus Waiting Time at stations 23% 33% 45%
The sufficiency of sitting and standing areas 35% 45% 20%
The passenger density in the Bus 40% 49% 12%
The security in the vehicles 59% 28% 13%
Safety of vehicles (Risk of Crash) 61% 27% 12%
The seats, holders, and general look of vehicles 51% 35% 14%
Position of doors in the vehicle 24% 36% 40%
Cleanliness of vehicles 16% 36% 48%
Suitability of buses for disabled and elderly people 27% 45% 27%
Transportation fare and Fare collection system 22% 50% 28%
Vehicles equipped with modern technology 55% 28% 17%
Environmentally Conscious Vehicles 39% 51% 10%
The driving ability of driver/comfort during travelling 31% 45% 24%
The knowledge of driver towards traffic rules and Regulations 15% 27% 58%
The solution to passengers Concern and request. 20% 24% 56%
Behavior of driver/ bus staffs towards passenger 34% 53% 13%
Bus Frequency 64% 27% 9%
Bus route travel time including all sort of delays 39% 49% 12%
Information about Bus Route 20% 49% 31%

Survey related to overall service quality rating of all Bus Operators was also done. From the survey, as in below
Table number 3, it was found that Females were more satisfied (66%) with Overall service Quality of MahaNagar
Yatayat than Males (54%). Age groups within (45-60) were seen more satisfied by 74%. Similarly, people having
education Under SLC were more satisfied (85%) than others. About 91% Housewives were seen satisfied, followed
by Retired people (76%) as their sample size was small. Family having monthly income below 15000 were most
satisfied by 81% while having more than 1 lakhs income were non-satisfied. Similarly, people who travel 2-3

times a week and having no any private vehicles were found more satisfied with this bus service.

Similarly, other interpretation can also be done for remaining vehicles, as shown in table 3 below:
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Table 3: Overall Service Quality Ratings of all Bus Operators

Overall Service Quality Rating
Socio- MahaNagar Yatayat | Orange Bus Sewa Sundar Yatayat Other Bus
Economic | Variables i L. . L. . L. . L.
Characters Satisfied | Dissatisfied | Satisfied | Dissatisfied | Satisfied | Dissatisfied | Satisfied | Dissatisfied
(%) (%) (%) (%) (%) (%) (%) (%)
Male 54 16 68 6 76 7 12 42
Gender Female 66 3 64 1 88 2 1 38
15-30 46 20 52 9 76 11 9 40
Age 30-45 69 3 70 3 87 0 14 27
g 45-60 74 0 69 0 91 2 15 45
>60 68 4 73 1 76 0 8 53
Illiterate 72 3 78 1 88 0 24 33
Under SEE 85 0 76 0 96 1 12 44
Educational [, 65 1 70 3 94 0 7 33
Status
Bachelor 40 24 48 9 55 15 3 51
Masters 40 16 27 4 70 10 14 43
Unemployed 70 5 80 1 86 3 2 40
Employed 31 22 38 8 63 12 6 46
Business/
Main- Trader 75 2 74 0 100 0 34 31
Occupation [, jent 63 9 63 8 88 3 6 36
Retired 76 0 59 0 /5 0 4 53
Housewife 91 0 100 0 92 8 0 70
Below 15000 81 6 80 1 97 0 23 30
15000-30000 65 7 70 5 92 3 7 38
Monthly
Family 30000-50000 51 9 54 2 68 5 10 46
Income
50000-100000 49 21 56 7 74 10 0 56
Above 100000 0 20 0 0 25} 25 0 80
Everyday 52 11 64 5 92 2 15 33
Frequency of]
Using Public Once a week 57 8 62 3 79 8 4 50
Vehicl 23t
chicles | 2-3timesa | 10 7 2 75 4 15 )
week
, School/ 67 7 68 3 89 2 9 39
Main College
Purpose of Offices 45 15 61 6 69 7 25 33
Travel -
Entertainment 67 7 68 1 86 5 3 47
0 78 5 72 3 95 1 16 35
Number of
private 1 46 13 62 4 68 11 11 38
Vehicles
2 or more 51 10 58 2 83 0 1 61

3.2 MahaNagar Yatayat

After the data collection, perception survey was done in terms of linguistic values and later converted to fuzzy

numbers as shown in table 4 below:
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Table 1: Perception Evaluation for MahaNagar bus in terms of Fuzzy Numbers

S. No Criteria Fuzzy qubers Defuzzification
Lower Medium Upper
Reliability 4.67 6.57 7.88 6.47
1 Punctuality 4.72 6.66 8.04 6.56
2 Bus Waiting Time at Stations 3.82 5.73 7.53 5.71
3 The suff|C|en'cy of sitting and 4901 6.80 8.03 6.69
standing areas
4 The Passenger Density in the Buses 4.53 6.40 7.72 6.31
5 The security in the Vehicles 4.76 6.62 7.80 6.50
6 Safety of Vehicles (Risk of Crash) 5.26 7.19 8.17 7.04
Tangibles 5.12 7.04 8.10 6.89
Seats, Holders and General looks
7 of the Vehicles 5.17 7.09 8.13 6.94
8 Position of Doors in Vehicles 5.44 7.41 8.29 7.23
9 Cleanliness of the vehicles 4.29 6.23 7.85 6.18
Suitability of buses for disabled
10 and elderly 5.44 7.31 8.13 7.13
1 Transportation fare and Fare 510 705 8.12 6.90
collection system

12 Vehicles equipped with modern 591 714 8.14 6.98

technology
13 Enwronmente_xlIy-conscmus 516 704 8.06 6.90

vehicles
Assurance 521 7.15 8.20 7.00
Driving Ability of the Driver/
14 Comfort during Travelling ¥ L B2 7.04
15 Know!edge of Driver tOV\{aI’dS 517 712 8.19 6.97
Traffic rules and regulation.

Empathy 4.94 6.86 8.01 6.73
16 Solutions of passenger concerns 487 6.78 795 6.66

and request
17 Behavior of driver/ bus staff 502 6.93 8.06 6.80

towards passenger
Responsiveness 4.92 6.86 8.13 6.75
18 Bus Frequency 4.36 6.30 7.96 6.25
19 Bus route travel time including all 484 6.78 8.14 6.68
sort of delays

20 Information about Bus Route 5.57 7.50 8.29 7.31

As in above Table 4, under the dimension Reliability, users were seen more satisfied with the criteria “Risk of
Crash” having weight of 7.04. While under Tangibles “Position of Doors in the vehicle” has the highest perception
score of value 7.23. Similarly, under Assurance, the item “Driving ability of Drivers” has scored highest value of
7.04 and under Empathy “Behavior of Drivers towards passengers” has gained highest score of 6.80. Finally,
“Information about Bus Route”, which falls under dimension Responsiveness, have gained weight of 7.31. Among
all, majority of passengers had rated the criteria “Information about Bus Route” with the highest weight of 7.31

and dimension under SERVQUAL having highest score is Assurance with a score of 7.00.

Sample calculation for Fuzzification:

TA (Punctuality)= 13(1,1,3) + 39(1,3,5) + 71(3,5,7) +146(5,7,9) +121 (7.9,9)
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= (1842, 2596, 3134)
MA (Punctuality) = (1842, 2596, 3134) = (4.72, 6.66, 8.04)

390

Defuzzification: P (Punctuality) = 4.72+ 4*6.66+ 8.04 = 6.56

6

Therefore, this calculation of MahaNagar Yatayat was used for all criteria for all other bus alternatives.

3.3 Orange Bus Sewa

Table 5: Perception Evaluation for Orange Bus Sewa in terms of Fuzzy Numbers

s Fuzzy Numbers R
S.N Criteria Lower | Medium | Upper Defuzzification

Reliability 5.42 7.38 8.36 7.22

1 Punctuality 4.99 6.94 8.40 6.86

2 Bus Waiting Time at Stations 3.92 5.89 7.72 5.87

3 The sufficiency of sitting and standing areas 6.20 8.16 8.59 7.90

4 The Passenger Density in the Buses 5.77 7.74 8.50 7.54

5 The security in the Vehicles 5.67 7.61 8.38 741

6 Safety of Vehicles (Risk of Crash) 5.97 7.95 8.59 7.73

Tangibles 5.42 7.40 8.39 7.23

Seats, Holders and General looks of the Vehicles 5.24 7.22 8.35 7.08

Position of Doors in Vehicles 5.89 7.87 8.56 7.66

9 Cleanliness of the vehicles 4.33 6.30 8.00 6.26

10 Suitability of buses for disabled and elderly 5.84 7.80 8.57 7.60

11 Transportation fare and Fare collection system 5.33 7.30 8.33 7.14

12 Vehicles equipped with modern technology 5.68 7.66 8.48 7.47

13 Environmentally-conscious vehicles 5.65 7.61 8.42 7.42

Assurance 5.63 7.61 8.51 7.43

14 Driving Ability of the Driver 5.62 7.60 8.50 7.42

15 Knowledge of Driver tovx{ards Traffic rules and 565 763 8.53 745
regulation.

Empathy 5.03 7.01 8.25 6.89

16 Solutions of passenger concerns and request 5.05 7.02 8.26 6.90

17 Behavior of driver/ bus staff towards passenger 5.02 7.00 8.24 6.88

Responsiveness 3.75 5.70 7.34 5.65

18 Bus Frequency 4.58 6.55 8.12 6.49

19 Bus route travel time including all sort of delays 4.99 6.97 8.38 6.88

20 Information about Bus Route 1.68 3.59 5.50 3.59

In this Orange Bus Sewa, as in above table 5, under the dimension Reliability, users were seen more satisfied with
the criteria “Sufficiency of Standing and sitting areas” having weight of 7.73. While under Tangibles “Position of
Doors in the vehicle” has the highest perception score of value 7.66. Similarly, under Assurance, the item
“Knowledge of Drivers towards Rules and Regulations” scored highest value of 7.45 and under Empathy “Solution
of passenger concerns” has gained highest score of 6.90. Finally, “Bus Route Travel Time”, which falls under

dimension Responsiveness, has gained weight of 6.88. Among all, “Sufficiency of Standing and Sitting areas” in
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this bus service has the highest weight of 7.90 and dimension under SERVQUAL having highest score is Assurance

with a score of 7.43.

3.4 Sundar Yatayat

Table 6: Perception Evaluation for Sundar Yatayat in terms of Fuzzy Numbers

- Fuzzy A
S.N Criteria Lower | Medium | Upper Defuzzification

Reliability 5.23 7.17 8.11 7.01

1 Punctuality 5.39 7.36 8.57 7.23

2 Bus Waiting Time at Stations 1.97 3.82 5.74 3.83

3 The sufficiency of sitting and standing areas 6.07 8.03 8.60 7.80

4 The Passenger Density in the Buses 5.57 7.53 8.46 7.36

5 The security in the Vehicles 6.09 8.07 8.66 7.84

6 Safety of Vehicles (Risk of Crash) 6.28 8.23 8.61 7.97

Tangibles 6.27 8.25 8.72 8.00

7 Seats, Holders, and General looks of the Vehicles 6.33 8.30 8.73 8.04

8 Position of Doors in Vehicles 6.39 8.39 8.76 8.12

9 Cleanliness of the vehicles 5.77 7.75 8.69 7.58

10 Suitability of buses for disabled and elderly 6.26 8.24 8.68 7.98

11 Transportation fare and Fare collection system 6.30 8.27 8.77 8.03

12 Vehicles equipped with modern technology 6.39 8.36 8.72 8.10

13 Environmentally conscious vehicles 6.45 8.42 8.70 8.14

Assurance 6.41 8.39 8.74 8.12

14 Driving Ability of the Dr_|ver/ Comfort during 6.46 8.43 8.74 8.15
Travelling

15 Knowledge of Driver tovx{ards Traffic rules and 6.36 836 875 8.09
regulation.

Empathy 5.88 7.86 8.54 7.64

16 Solutions of passenger concerns and request 5.84 7.83 8.53 7.61

17 Behavior of driver/ bus staff towards passenger 5.91 7.89 8.56 7.67

Responsiveness 5.01 6.98 7.92 6.81

18 Bus Frequency 3.03 4.95 6.66 491

19 Bus route travel time including all sort of delays 5.87 7.87 8.55 7.65

20 Information about Bus Route 6.12 8.12 8.56 7.86

As in table 6 above, Under the dimension Reliability, users were seen more satisfied with the criteria “Risk of
Crash” having weight of 7.97. While under Tangibles “Environmentally Conscious Vehicle” has the highest
perception score of value 8.14. Similarly, under Assurance, the item “Driving ability of drivers” scored highest
value of 8.15 and under Empathy “Behavior of drivers/bus staffs” has gained highest score of 7.67. Finally,
“Information about Bus Route”, which falls under dimension Responsiveness, has gained weight of 7.86. Among
all, “Driving ability of drivers” in this bus service has the highest weight of 8.15 and dimension under SERVQUAL

having highest score is Assurance with a score of 8.12.
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3.5 Other Bus

Table 7: Perception Evaluation for Other Bus in terms of Fuzzy Numbers

L Fuzzy e
S.N Criteria Cower Medium Upper Defuzzification

Reliability 2.33 4.13 6.11 4.16

1 Punctuality 2.18 3.98 5.96 4.01

2 Bus Waiting Time at Stations 3.33 5.29 7.26 5.30

3 The sufficiency of sitting and standing areas 1.60 3.25 5.23 3.31

4 The Passenger Density in the Buses 2.24 4.04 6.02 4.07

5 The security in the Vehicles 2.07 3.72 5.71 3.78

6 Safety of Vehicles (Risk of Crash) 2.57 4.50 6.49 451

Tangibles 2.30 4.15 6.13 4.17

7 Seats, Holders and (_Seneral looks of the 214 3.95 594 3.98
Vehicles

8 Position of Doors in Vehicles 231 421 6.18 4.22

9 Cleanliness of the vehicles 1.63 3.34 5.33 3.39

10 Suitability of buses for disabled and elderly 2.84 4.79 6.77 4.80

1 Transportation fare and Fare collection 217 406 6.04 408

system

12 Vehicles equipped with modern technology 2.47 4.33 6.30 4.35

13 Environmentally conscious vehicles 2.50 4.36 6.34 4.38

Assurance 2.53 4.47 6.45 4.47

14 Driving Ab|||t_y of the Dr_|ver/ Comfort 559 445 6.44 446

during Travelling
15 Knowledge of Driver tom{ards Traffic rules 254 448 6.45 448
and regulation.

Empathy 2.24 4.12 6.10 4.14

16 Solutions of passenger concerns and request 2.27 4,14 6.12 4.16

17 Behavior of driver/ bus staff towards 299 410 6.08 412
passenger

Responsiveness 2.22 4.02 5.99 4.05

18 Bus Frequency 3.39 5.37 7.34 5.37

19 Bus route travel time including all sort of 205 3904 589 3905

delays
20 Information about Bus Route 1.23 2.75 4.73 2.82

Under the dimension Reliability, users were seen more satisfied with the criteria “Bus Waiting Time at Station”
having weight of 5.30. The criteria “Suitability of bus for disabled and elderly people” under Tangibles was highly
valued by users having weight 4.80. Similarly, “Knowledge of Drivers towards Rules and Regulations” under
Assurance was the most highly perceived criteria having score4.48 and under Empathy “Solution of passenger
concerns” has gained highest score of 4.16. Finally, “Bus Frequency”, which falls under dimension
Responsiveness, has gained weight of 5.37. Among all, “Bus Frequency” in this bus service has the highest weight
of 5.37 and dimension under SERVQUAL having highest score is Assurance with a score of 4.47. In conclusion,

comparing all the bus Companies, following results from Perception Evaluation were obtained as:
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Table 8: Results of Perception Evaluation for all bus companies

Bus Operators Parameter with Parameter with
P Highest Perception Score Lowest Perception Score
MahaNagar Yatayat Information about Bus Route Bus Waiting Time at Stations
Orange Bus Sewa Sufficiency of Sitting and Standing Areas Information about Bus Route
Sundar Yatayat Driving Ability of D”V?rS/ Comfort during Bus Waiting Time at Stations
Traveling
Other Bus Bus Frequency Information about Bus Route

In MahaNagar Yatayat, there were the facilities of GPS software that gives the location of bus, due to which, the
parameter "Information about Bus Route" had scored high perception value. Similarly, the length of Orange Bus
Sewa was found more than other buses, so the parameter "Sufficiency of Sitting and Standing Areas" had gained
high score from users. Since Sundar Yatayat was seen to be well spacious and well ventilated, users found this bus
too comfortable while traveling. But they were found in limited number, that's why their waiting time at station

was found to be less satisfied by users.

4. Conclusion

This study dealt with the Service Quality provided by the bus companies: MahaNagar Yatayat, Orange Bus Sewa,
Sundar Yatayat and Other Bus in Ring Road of Kathmandu Valley. Going directly to the result from SERVQUAL
analysis, it was concluded that parameters with highest perception score were Information about Bus route;
Sufficiency of Sitting and Standing Areas; Driving Ability of Drivers/ Comfort during Traveling and Bus
Frequency for MahaNagar Yatayat; Orange Bus Sewa; Sundar Yatayat and Other Bus respectively. Similarly,
Parameters with lowest perception scores were determined as: Bus Waiting Time at Stations; Information about
Bus Route; Bus Waiting Time at Stations and Information about Bus Route for MahaNagar Yatayat; Orange Bus
Sewa; Sundar Yatayat and Other Bus respectively. To be precise, if the users demand “Punctuality” as the foremost
criteria in selecting a bus alternative for transit, Sundar Yatayat would gain increasing level of users’ satisfaction.

When the users were asked about the overall satisfaction of those bus companies, most of them were satisfied to
their Service Quality. When the data were thoroughly analyzed, the parameter “Bus Frequency” was seen to have
high impact in Overall Satisfaction, while “Knowledge of driver towards traffic rules and regulations” has
comparatively less impact. The Overall Service Quality of all the buses, based upon the perception of the users,

was found average.
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Abstract

The number of road crashes is increasing in the context of Nepal and Kathmandu Valley, which comprises of three
district shares 7.8 % to 9.2 % of fatalities and 52.5 % to 60.5 % of crashes of Nepal; based on the crash database for
the fiscal year 2007 to 2020 for a 95 % confidence interval. These increasing road crashes are imposing social and
economic burdens. Lack of sufficient data on crash costing becomes essential on planning and budget allocation for
road safety intervention, justification of investments, economic analysis of road projects, and overall burden of the
cost of transport. In this context, this study seeks to review the crash data contribution of Kathmandu Valley and
calculate the road crash costing. The detailed road crash database was collected from Traffic police. The primary data
regarding vehicle damage cost and medical cost was obtained from purposive convenient sampling, whereas insurance
data was collected from sampled companies. Human Capital Approach was used for calculation of crash costing. The
average age of fatalities was found to be 34 years, which is an economically active age group. The total cost of road
crashes in Kathmandu Valley for the fiscal year 2020 was calculated a NRs. 1827.67 million. Among various
components of crash cost, the total cost of lost output share 46.28 %, Vehicle damage cost shares 36.27 %, Medical
cost shares 2.16 %, Administrative cost shares 6.01 % and Quality of life shares 9.25 % respectively. These high
contributions of road crash costing justify the investment in road safety intervention within the Kathmandu Valley.

Keywords: Crashes, Fatalities, Human Capital Approach, Road crash cost

1. Introduction

Road crashes, previously known as road accidents, are one of the existing most critical problems being faced by people
and countries. The increasing number of traffic crashes is imposing significant social and economic burdens on the
victims and various direct and indirect costs to individuals and the government. The increased population, vehicles,
and the expanding road construction programs are some of the factors for increasing accidents/crashes (Alrukaibi, et
al., 2015). Currently, road traffic injuries are the seventh leading cause of death for all age groups. Road traffic death
is seen to be high among low- and middle-income countries concerning the size of their population and the number of
motor vehicles in circulation. (WHO, 2018).

Kathmandu Valley, comprising of three districts and which serve as major economic hub is considered as study area.
The number of vehicles operating is greater than the capacity of the road in the Kathmandu Valley. Although the
number of fatalities is less as compared with other parts of Nepal, the number of crashes is seen to be maximum due

to large vehicle proportion and all services are confined in the valley. Therefore, road traffic crash has become a serious
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issue in Kathmandu Valley (Dhakal, 2018). The model was developed for the relationship among various factor
contributing to the crash in Kathmandu on the major blackspot location and found that around 50% goodness of fit
was achieved considering speed, volume and % of two wheelers expressed as PCU (Tiwari, 2015)

Road traffic crashes can lead to huge losses to individuals, families, and the country due to untimely deaths, serious
injuries, damage to properties, and loss of productivity. The road crash cost is estimated to understand the existing
problem and to identify the economic impact of road crashes but there is no such data on crash costing of Kathmandu
Valley, though few research have been done for estimating the crash cost of certain section of a highway as well as
overall crash cost of Nepal. This study can be a tool for identification and determination of the extent and dimension
of the road traffic crash cost which can provide a platform for better understanding socio-economic loss in Kathmandu
Valley. It will further provide a decision-maker for road safety planning and budget allocation as well as evaluation of

the road safety intervention.

2. Obijective of Study

The main objective of this study is to determine the total economic burden and respective crash -cost components of

road traffic crashes of Kathmandu valley based on Gross Output (Human Capital) Approach.

3. Approach and Methodology

The research is preliminary based on both qualitative and quantitative approach. The road crash data for the fiscal year
2007/08 to 2019/20 was collected from Traffic Police secondary database. Based on global acceptance, Gross Output
(Human Capital) method was used for the road traffic crash cost estimation.

Primary data were collected for medical cost and vehicle repair cost. Medical cost data was collected using Key
informant interviews with relevant doctors, nurses and inpatients of the selected four major hospitals covering both
government and private within study area based on Purposive Convenient sampling technique. Vehicle repair cost data
was collected from auto workshop, repair centers and one transport operator i.e., Sajha Yatayat. The number of
categories of such workshop and repair center were selected based on vehicle involvement on road crash proportion.

Vehicle crash related data was also collected from major non-life Insurance companies’ data.

4. Crash Cost Components

The framework for the cost component is designed as per the availability and reliability of data. The total crash cost
for this study is divided into three components, viz. Human Cost, Vehicle Damage Cost and Administrative Cost.
Vehicle damage cost is analyzed based on collected data from insurance companies and workshop/repair center. The
administrative cost for fatal crashes, major crashes and minor crashes was taken as 0.2 %, 4% and 14% of the total
resource cost respectively (Silcock and Transport Research Laboratory, 2003).

Human Cost components, which comprises for all kind of injuries (minor, major or fatal) share a major portion of the
total crash cost which is further subcategorized into three components:

a. Cost associated with Loss of Productivity/Lost Output
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b. Cost associated with Quality of Life
c. Medical Cost

A. Loss of Productivity/Lost Output

The total value of the productivity loss cost per fatal crashes and injury crashes was obtained by multiplying the
average lost output per casualty in a road crash with the number of distributions of road traffic crash casualties. The
lost output per fatal casualties calculated through summing all future years lost output using:

Loss of productivity /lost output =Yg w/(1 + 7)™ ....ccooiiiiiiiin. Eq. (1)

Here, w = average yearly wage rate

r = discount rate

n = average number of years of lost output per fatal casualties
B. Quality of Life / (Pain, grief, and suffering):

The quality cost for life/ pain, grief, and suffering for each type of severity of the crash was taken as 20% of the total
loss of productivity of each type of severity of a crash (ND LEA Inc. et al., 2008; Banstola et al., 2020)

C. Medical Cost:

As the data based on date of admission and date of discharge, average length of inpatients was determined, and the
average medical cost per in-patient per day is calculated based on average length of inpatients at hospital medical cost
per outpatients for minor and major cases is calculated as per the number of follow-ups with average medical cost.

Based on these calculations, the average medical cost per road traffic crash casualty is calculated.
Cost of damage only road traffic crash:

The cost for those vehicles having the minor type of damage which generally involved in road traffic crash but doesn’t
report for a claim in insurance companies were obtained from auto-workshop and repair center. The total cost of
damage only road traffic cost was calculated as the product of the number of vehicles involved in damage only crashes
with the weighted average unit cost of vehicles. The cost of the road traffic crash of Kathmandu valley was calculated

as the sum of causalities cost and damage only cost.

5. Crash Assessment

Crash trend assessment of last 13 years between 2008-2020 shows an average of 56.5% of total crashes occurs in
Kathmandu valley with standard deviation of 4% (within limit of 52.5% - 60.5%) at 95 % confidence interval.
Similarly, Kathmandu valley shares an average of 8.4 % fatalities with a standard deviation of 1.2% of the total
fatalities of Nepal at 95% confidence interval. A total of 18,057 numbers of vehicles were involved in a road traffic
crash where percentage contribution for Motorcycle (40%), Bus (11%), Truck (10%), Micro (1%), Car/Jeep (36%),
Tractor and Tempo and others (less than 1%) were frequently involved in Road Traffic Crash in Kathmandu Valley

for the fiscal year 2020.
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Table 2 Proportion of vehicle involvement on road crashes in Kathmandu Valley

Vehicle type Number of vehicles involvement | Proportion(%)
Commercial (Bus/ Truck) | 4188 23
Car/Jeep/Taxi 6562 36
Two-wheeler 7163 40

Others 144 1

Total 18057 100

6. Crash Cost Components Analysis
6.1 Human Cost
Lost output

The average age of fatality was calculated as 34 years and the retirement age as per government norms is 58 years;
thus, the lost output is calculated equivalent to 24(=58-34) years. The average wage rate of causality was taken as the
average wage rate/day of three districts of Kathmandu valley which was found to be NRs. 859/day and
NRs.309,240/year. The average cost of lost output for the fatality was calculated as NRs. 5.546 million considering
the wage rate to be constant throughout the number of years of lost output. Based on assessment, the average length
of stay in the hospital for treatment is determined as 7 days and home recovery days were taken as 20 days in line with
2017 Road Traffic Injury (RTI) costing studies in Nepal, which gives the average output loss per major injury as NRs.
23,193. Similarly, the average lost output per minor injury was calculated as NRs. 2,577.

Table 3 Average lost output per Road Traffic Crashes

Lost output Lost Time Cost\unit Cost (NRs.)
NRs.309,240 discounted @

Fatality 24 years 3%l/yr. 5,546,387

Major 27 days NRs. 859/day x 27 23,193

Minor 3 days NRs. 859/day x 3 2,577

The total crashes are further divided into fatal crash, injury crash and damage only crash. Based on detail assessment
of all crashes, there were 135 fatal crashes and 4167 injury crashes. Further assessment shows that there are 1.13
fatalities, 0.1 major injuries and 0.9 minor injuries per fatal crashes. Previous research had modified the factor based
on international research but for this current study, the arrived factor was used for analysis. Therefore, the overall cost
of productivity loss was calculated as NRs. 845.95 million.

Table 4 Total cost of lost output of Road Traffic Crashes

Fatal Crash Injury Crash
Cost per No of Cost per No of casualty Cost
C It Cost (NRs. .
asuatty casualty casualty ost (NRs.) casualty (NRs.) | involved (NRs.)
(NRs.) involved
Fatality 5,546,387 1.13 6,101,026 - - -
Major 23,193 0.1 2,319 23,193 0.05 1,160
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Fatal Crash Injury Crash
Cost per No of Cost per No of casualty Cost
Casualt Cost (NRs. .
y casualty casualty ( ) casualty (NRs.) | involved (NRs.)
(NRs.) involved
Minor 2,577 0.9 2,319 2,577 1.57 4,046
Cost of lost output per fatal crash 6,105,664 Cost of lost output per injury 5,206
crash
Total cost of lost output for | 135 824,264,687 | Total cost of 4167 21,691,485
fatal crashes lost output for
injury crashes
Total cost of lost output of RTC 845,956,172

Quality of Life

The cost of quality of life per fatal crash was calculated as NRs. 1,221,133 and injury crash was found to be NRs.
1,041. The total cost of Quality of life for a fatal crash was calculated as NRs. 164,852,937 and injury crash was
calculated as NRs. 4,338,297.

Medical Cost

The average daily medical cost for in-patients was calculated as NRs. 10,400 and average per visit medical cost for
out-patient in case of major / minor injury was NRs. 1,675 based on assessment of hospital database. The average
medical cost for an outpatient in case of major injury was found to be NRs. 5,025 and NRs. 3,350 in case of minor
injuries. The average medical cost per in-patient was calculated as NRs. 72,800. The average medical cost for major
injury was determined as the sum of the cost of inpatient and cost of major injury of the outpatient which was NRs.
77,825. With the values of average medical cost for major and minor injury, the medical cost per fatal crash and injury
crash is determined as NRs. 10,798 and NRs. 9,151 respectively. The total medical cost for fatal crashes and injury
crashes is calculated as NRs. 1,457,663 and NRs. 38,131,175, giving a total medical cost of the road traffic crash as
NRs. 39,588,838.

6.2 Vehicle Damage Cost

The vehicle cost data has been analyzed based on data obtained from insurance companies and workshop/repair
centers. Detailed assessment of the collected data yields the mean value of the cost of commercial vehicles, cars and
Two wheelers are NRs. 154,615, NRs. 102,593 and NRs. 61,983 respectively.

Table 5 Average damage cost of different kinds of vehicles

Source Average Cost (NRs.)
Commercial Car Two-wheeler
Sagarmatha Insurance 78,853 69,314 42,830
Everest Insurance 51,527 110,709 80,963
Siddhartha Insurance 123,081 72,016 93,754
Auto Repair Workshop 365,000 158,334 30,385
Overall average 154,615 102,593 61,983
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Source: Corresponding Insurance Companies, Auto-workshop and repair center

The net vehicle damage cost is calculated by adding a survey fee with obtained overall mean value with deduction of
salvage value and duties and a value-added tax of the spare parts. In this study, the cost of the spare parts was assumed
as two thirds of the cost of repair with including 25% Duty and 13% VAT in line with 2007 RTC costing. The salvage
value is taken as 10% as per inquiry with insurance companies and the amount for survey fee for insurance claims
was based on inquiry of this rate from insurance companies. Therefore, Net Vehicle damage cost for commercial, car
and two wheelers were calculated as NRs. 114,634, NRs. 74,121 and NRs. 45,740 respectively. The average cost of
vehicle repair per vehicle damage was determined by summing the weighted value of the net vehicle damage cost
which was calculated as NRs. 71,345.

Table 6 Net vehicle damage cost based on vehicle category

Vehicle Type Repair Duty and Vat Estimated Survey Net
Cost on Spare Salvage Fee Vehicle
(NRs.) Parts (NRs.) (NRs.) (NRs.) Damage
(NRs.)
Commercial 154,615 42,519 15,462 18,000 114,634
Car 102,593 28,213 10,259 10,000 74,121
Two-wheeler 61,983 17,045 61,98 7,000 45,740

The total number of vehicles involved in fatal crashes is found to be 210 based on crash data assessment of 2020. The
number of vehicle involvement per fatal crash and injury crash (number of vehicle involvement/number of fatal
crashes) is determined as 1.5 and 1.8 respectively. The vehicle damage cost per fatal crash is calculated as NRs.107,018
and injury crash as NRs. 128,421 respectively. Similarly, the total vehicle damage cost for fatal crashes and injury
crashes is calculated as NRs. 14.447 million and NRs. 535.13 million respectively. The total vehicle damage cost of
RTC is calculated as NRs. 549.577 million.

Table 7 Total vehicle damage cost of crashes of Kathmandu valley

Fatal Crash Injury Crash
] Average | No of Average No of Cost
Vehicle Repair cost | vehicle Cost (NRs.) Repair cost | vehicle (NRs.)
damage (NRs.) involve involve
cost 71,345 15 107,018 71,345 L8 128,421
Total number of fatal crashes 135 Total number of injury 4167
crashes
Total vehicle damage cost for fatal 14.447 363 Total vehicle damage 535 130307
crashes v cost for injury crashes T
Total vehicle damage cost of RTC 549,577,670

6.3 Administrative Cost

The total resource cost per fatal crash is calculated as the sum lost output, medical cost, quality of life, and vehicle

damage cost which is calculated as NRs. 7,444,612 and total resource cost per injury crash are NRs. 143,818. With
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administrative costs of 0.2%, 4% and 14% of the total resource cost, it gives the total administrative cost for fatal

crashes and injury crashes as NRs. 2.010million and NRs. 107.872million respectively.

7. Total Crash Cost Assessment

The total cost of road crashes is divided as injuries associated crash cost and damage only cost.

7.1 Injury based Crash Cost

The average cost per fatal crash and injury crash in Kathmandu Valley is NRs. 7,459,501 and NRs. 169,706
respectively.

Table 8 Average cost for fatal and injury crash

Cost Components Fatal Crash (NRs.) Injury Crash (NRs.)
Lost Output 6,105,664 5,206

Medical Cost 10,798 9,151

Vehicle damage 107,018 128,421
Administrative cost 14,889 25,887

Quality of life 1,221,133 1,041

Average cost per casualty crash 7,459,501 169,706

Additional of all the crash cost components resulting in casualties, the total cost of casualty crashes in Kathmandu

valley for the year 2020 is NRs. 1.714 billion.

Table 9 Total cost of Road traffic crash resulting in any form of injuries

Cost Component Total Cost (NRs.)
Lost Output 845,956,172
Medical Cost 39,588,838
Vehicle damage 549,577,670
Administrative cost 109,882,473
Quality of life 169,191,234
Total 1714,196,387

7.2 Damage Only Cost

The average cost of vehicle repair for damage was only calculated as NRs. 5,850 for Motorcycle, NRs. 11,000 for
Car/Jeep/micro, NRs. 30,200 for Truck, NRs. 20,000 for Bus as per the information collected regarding minor damage
of vehicles from the auto- workshop and vehicle fleet operators. Then the weighted value of the average cost of each
type of vehicle was determined by multiplying with percentage involvement for each type of vehicle in a road traffic
crash, will gives the average repair cost for damage only crash as calculated as NRs. 11,740.

As the number of vehicles involved per damage only crash is 1.8 in total of such crashes of 5370 in year 2020, the
cost per damage only crash of vehicles is NRs. 21,132 which gives the total damage only crash cost of the vehicle is

calculated as NRs. 113,478,840.
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7.3 Total Cost of Road Crash

The total cost of casualty crashes in a road crash of Kathmandu Valley is calculated as NRs. 1.714 billion and total
damage only crash cost of the vehicle is NRs. 113.478million. Thus, the total cost of road traffic crashes of Kathmandu
Valley is calculated as NRs. 1.827 billion.

Table 10 Contribution of various road crash cost components proportion

Cost Component Total Cost (NRs.) Proportion (%)
Lost Output 845,956,172 46.28

Medical Cost 39,588,838 2.16

Vehicle damage 663,056,510 36.27
Administrative cost 109,882,473 6.01

Quality of life 169,191,234 9.25

Total 1,827,675,227 100

The lost output shares a greater percentage (46.28 %) of the total cost of the road crash which is nearly consistent with
recent 2017 RTI costing studies in Nepal (41.88%). The reason for the higher value of the cost of lost output in a road
crash is as future productive income loss of the victims for twenty-four years is determined. Similarly, vehicle damage
cost-share the second highest value (36.27 %) after lost output. The number of vehicles involved in road crashes in
Kathmandu Valley for the fiscal year 2019/20 is 18,057 and the number of vehicles involved in road crashes in Nepal
is 25789. This shows that Kathmandu Valley shares about 70% of the total number of vehicles involved in a road crash
in Nepal. Therefore, the cost of vehicle damage cost is seen more in Kathmandu Valley. As the number of minor
injuries is found to be more in Kathmandu Valley, the medical cost shares a minimum percentage (2.16 %) of the total
cost of a road crash.

The total cost of lost output for casualty crashes is calculated as NRs. 845,956,172. Similarly, the total medical cost
for casualty crashes is calculated as NRs. 39,588,838, total vehicle damage cost for casualty crashes is NRs.
549,577,670, the total cost of quality of life (pain, grief, and suffering) for casualty crashes is NRs. 169,191,234 and
total administrative cost for casualty crashes are calculated as NRs. 109,882,473. The total human cost for casualty
crashes in a road crash is calculated as NRs. 1,054,736,245. The total cost of casualty crashes is calculated as NRs.
1714,196,387 and the total damage only crashes is calculated as NRs. 113,478,840. Finally, the total cost of a road
traffic crash in Kathmandu Valley is calculated as NRs. 1,827,675,227 (i.e., 1827.67 million).

The recent study by (Banstola ez al., 2020) gives the following value for the different cost components of road traffic
crash cost in Nepal for the year 2017 as shown in Table 10 below and as per the value derived in 2017 RTI costing
studies in Nepal, the value of Kathmandu Valley is generated by multiplying the factors with each category of cost as
mentioned in 2017 RTI costing studies. The factor is obtained by dividing the number of fatalities in Kathmandu
Valley by the number of fatalities in Nepal. This factor is used to generate the cost of Lost Output, Medical cost,
administrative cost and Quality of life for Kathmandu Valley. In the case of Vehicle damage cost the factor is obtained
by dividing the number of vehicles involved in road traffic crashes in Kathmandu Valley with the number of vehicles

involved in road traffic crashes in Nepal.
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Table 11 Generated Road traffic crash cost of Kathmandu Valley

Cost components | Cost of Nepal (NRs.) | Generated cost of Kathmandu Valley (NRs.)
Lost Output 9,569,065,000 730,524,258

Medical Cost 155,705,000 11,886,875

Vehicle damage 1,177,698,280 700,985,413

Administrative cost | 1,231,010,000 106,496,594

Quality of life 1,913,744,030 146,104,852

Total 14,047,222,310 1,695,997,990

8. Conclusion

Road crash costing is very crucial for decision-makers for economic analysis of the road projects which will give
decision-makers an idea about the importance of road safety intervention. The total cost of road traffic crashes of
Kathmandu Valley is calculated to be NRs.1827.67 million which is nearly consistent with the generated cost for
Kathmandu Valley from the cost figure of 2017 RTI costing studies for the fiscal year 2019/20. Further breakdown of
the cost shows that the lost output cost shares a greater percentage (46.28 %) of the total cost of the road crash as the
productive year loss of the fatal was found to be 24 years. This shows the huge economic loss due to a road crash and
requires proper consideration from decision-makers to be more focused on proper road safety intervention to reduce

the road traffic crashes.
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Extended Summary

EVALUATION OF PUBLIC TRANSPORT SYSTEMS FOR
SUSTAINABILITY
Satish Chandra **

@ Department of Civil Engineering, Indian Institute of Technology, Roorkee, India

*Email: satish.chandra@ece.iitr.ac.in

Abstract

Sustainable development is a holistic practice that includes efforts to mitigate negative effects on every part of the
road infrastructure and transportation system which are generally ignored in traditional transportation system planning.
Sustainability focuses on meeting the needs of the present without compromising the ability of future generations to
meet their needs. The concept of sustainability is composed of three pillars: economic, environmental, and social.
Sustainable transportation system should consider the interconnected issues under social, economy and environment
areas. The social and economic issues lead to equitable; social and environment leads to bearable; and economic and
environment leads to viable solutions. If a system considers parameters related to all the three pillars i.e. social,
economic and environment simultaneously, then it would be called a sustainable system. Sustainable transport includes
public transportation, such as electric buses and trains and BRT systems that can carry people far more efficiently than
cars. Sustainability performance measures or indices are required to link actions of stakeholders (urban development
authorities or transport corporations or public transport operators) to their overall mission and goals. These are
intended for use in benchmarking, in identifying areas of success, and in identifying areas of opportunity for
improvement. Ministry of Urban Development (MoUD), Government of India has created a Service Level Benchmark
procedure which evaluates the system against well set targets or best practices. In general, the factors considered relate
to availability, efficiency, accessibility, quality, coverage, affordability, safety, environment, demand management and
financial sustainability of transport system. A combination of these factors may be used to evaluate the sustainability
of the systems like public transport (PT), pedestrians and their facilities, non-motorized transport (NMT) facilities,
parking facilities and intermediate public transport (IPT) facilities. The factors that are important for evaluation of a
Public Transport System are: Presence of organized PT, Supply, Coverage, Wait time, Comfort level, and Fleet
utilization. Traffic safety and pollution level are other factors that are important for sustainability. This presentation
will discuss the broad framework and general guidelines for development of a sustainable Transportation in a city.
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SPATIAL EQUITY OF HIGH-SPEED RAIL ACCESSIBILITY IN CHINA:
AN OPERATION FREQUENCY BASED APPROACH

Shengchuan Zhao **, Huanhuan Luo ?

 Dalian University of Technology, China
*Email: szhao@dlut.edu.cn

Abstract

The spatial equity of high-speed rail (HSR) accessibility in China has been a research topic for years. Most of current
researches do not consider the impact of HSR operation frequency on accessibility. This study proposes an improved
accessibility measurement taking frequency as an important factor, then analyzes the HSR accessibility and its spatial
equity in China for the years of 2015, 2018, and 2021. Having defined spatial equity as the disparity of accessibility
distribution, this study applies the Theil index to explore spatial equity and its changes over the three stages, as well
as the regional difference among city groups based on geographical locations and administrative levels. The results
demonstrated that the spatial distribution of HSR services accessibility in China was high in the East and low in the
West. Only a few cities have the highest level of IAS (Improved Accessibility Score) which leads to a strong
polarization in frequency-based accessibility. Spatial equity of accessibility has improved from 2015 to 2021, but HSR
services developed more equally than HSR infrastructure networks from 2018 to 2021. When grouped by geographical
locations, the West region has the worst spatial equity regarding IAS, however, the Northeast region has the worst
spatial equity of OAS (Original Accessibility Score) in 2021. When grouped by cities’ administrative levels, the group
of provincial capitals has better spatial equity regarding IAS but did not have better spatial equity of OAS until 2021.
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SUSTAINABLE TRANSPORT POLICY BY HYDROGEN MOBILITY IN
KOREA

Young-in Kwon #*
2 Center for Global Transport Cooperation, Korea Transport Institute

*Email: ykwon@koti.re.kr

Abstract

Korea initiated hydrogen mobility policy by announcing ‘Hydrogen Economy Roadmap of Korea* in January 2019
to target 81,000 hydrogen cars and 310 hydrogen stations in 2022 for short term and 6.2 million hydrogen cars and
1,200 hydrogen stations in 2040 for the long term in Korea. In 2020, "Hydrogen Economy Committee’ launched and
‘Hydrogen Economy Act’ enacted, ‘2050 Net-Zero’ declared in 2021. Ministry of Land, Infrastructure and Transport
(MOLIT) of Korea announced ‘Hydrogen Transport Complex’ in 2022 and ‘Hydrogen City Pilot Project’ in 2019.

This presentation will review recent hydrogen mobility policies in Korea which is leading in the world and will
consider possibilities for the developing countries.

IMPACT OF ECO-DRIVING VARIABLE MESSAGE SIGNS ON THE
BEHAVIOR CHANGE IN AHMEDABAD

Shinya Hanaoka **, Yu Qiao ?, Sunkyung Choi ?
2 Tokyo Institute of Technology, Meguro-ku, Tokyo, Japan

*Email: hanaoka@jde.titech.ac.jp

Abstract

Variable message signs (VMS) are one of the important devices for the dissemination of real-time traffic information.
Unlike traffic broadcasts for the overall road network or navigation guidance systems for individual drivers, VMS
provides real-time traffic information for drivers in specific areas. Several VMS have been installed in Ahmedabad,
however, the effectiveness of VMS on drivers has not been verified. In addition, appropriate display of VMS design
and text on the road may help drivers drive more efficiently and comfortably. The research questions are how the
design of VMS influences the driver’s mind and how mind change leads to driving behavior. This study aims to
identify drivers’ attention and recognition of VMS of eco-driving (e.g. 1) No idling, 2) More fuel more carbon, 3) Do
not brake or start suddenly, and 4) Keep your distance from the car in front of you) to know they are effective in
changing driving behavior and to clarify the difference in implementing eco-driving behavior with prior learning.
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FACTORS CONTRIBUTING TO THE SEVERITY OF MOTORCYCLE
REAR-END CRASHES IN THAILAND

Phanuphong Phajongkha ?, Kunnawee Kanitpong **, Auearree Jensupakarn °
2 Graduate Student, School of Engineering and Technology, Asian Institute of Technology, Thailand

b Thailand Accident Research Center, Thailand

*Email: kanitpon@ait.ac.th

Abstract

Motorcycle ( MC) rear-end collisions cause many serious injuries and deaths for MC riders .In Thailand, the MC crash
investigation data revealed that 18 percent of all MC crashes were rear-end collisions, which accounted for 18 percent
of all fatalities as well .The aim of this study was to investigate the causes of injuries and deaths from MC rear-end
collisions and factors that contribute to their severity level .Between 2016 and 2020, 141 MC rear-end crashes were
thoroughly investigated throughout Thailand .The ordinal logistic analysis was conducted to analyze factors
contributing to severe injuries .The analysis to rear-end collision models comprised four categories :M1(n=141 )is all
types of rear-end collisions to MC, and M2(n=114 ) is the rear-end collision due to other vehicles(OV )collided by
MC, M3(n=72 )is the rear-end collisions for traveling OV collided by MC, and M4(n=42 )is the rear-end collision for
MC hitting the parked OV .When a MC collides with the rear of another vehicle, there are more fatalities than when
other vehicles collide with the rear of a MC .Furthermore, the probability of death is higher if MCs collide with the
rear-end of parking vehicles .As for the primary crash contributing factor, motorcyclists' perception failure was the
most frequent .Experience, license status, driving conditions, speed, the time of the crash, the areas of the crash, and
types of other vehicles involved significantly influence the severity of rear-end crashes .In severe crashes, riders with
perception failure are more likely to be involved .Based on the findings of this study, some policies and
countermeasures can be drawn to prevent MC rear-end crashes and reduce their severity.
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