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Abstract The present paper documents a rational approach
for prioritization of road sections with reference to fifteen
State Highway sections in the State of West Bengal in
India. The work demonstrates an opportunity for policy
makers to identify various sections which may be taken up
for improvement using the fund obtained from various
schemes and prioritize them. Seven techno-economic fac-
tors are considered for prioritization and the weightages for
these factors are obtained by analysing the rating data using
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) and RIDIT method. In the absence of
usable accident data, the potential safety hazard is con-
sidered as a techno-economic factor in the prioritization.
The potential safety hazard is estimated on the basis of
identified causal factors and their relative weightages are
derived from the analysis of expert opinion data using
Analytic Hierarchy Process (AHP). Although the results
presented in the paper are case specific, but the approach
documented in the paper may be modified suitably to pri-
oritize roads in other geographical regions.
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Introduction

India has taken up numerous initiatives to upgrade its road
infrastructure. At the National level, several ambitious
projects have been taken-up through National Highways
Authority of India (NHAI) primarily to upgrade the
National Highways which are considered as the backbone
of the Nation. Over the last decade, National Highways
have improved significantly due to implementation of
several projects related to strengthening and/or widening of
2-lane roads to 4-lane/6-lane dual carriageway standards.
Following the success of the NHAI, several dedicated road
development corporations have also been formed at State
levels for improvement of State Highways (SH). The funds
available to State Road Development corporations are
generally limited as compared to the length of State
Highways which need improvement. Therefore, it is nec-
essary to prioritize SH sections and carry out initial
selection of SH sections for improvement as per the pri-
ority. Once road sections are selected as per the prioriti-
zation, feasibility study may be carried out to identify the
most suitable improvement option commensurate with
available funding and then a detailed project report may be
prepared before execution of the recommended improve-
ment proposal. It may also be mentioned that often funds
for development of SH sections are available with specific
focus areas such as Backward Region Grant Fund, Border
roads development fund, etc. It is therefore, important to
identify the SH sections which are eligible to be considered
under different focus area funding schemes and then select
sections as per the priority for further detailed investiga-
tions and improvement.

Several works have been reported in the literature on
prioritization in various contexts of road improvement.
Chakroborty et al. [1] investigated comprehensive
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pavement maintenance strategies for road network through
optimal allocation of resources. A tool was developed to
allocate resources in an optimal manner so as to keep the
road infrastructure as ‘healthy’ as possible. The tool
acknowledged that maintenance needs are not only
restricted to structural aspects but also extend to the
functional and safety related aspects of a road. Ahmed [2]
developed an analytical decision model for resource allo-
cation in highway maintenance and management. Chan
et al. [3] proposed a method for prioritized allocation of
resources to maintenance activities and the maximum uti-
lization of resources. It was demonstrated that the GA with
the prioritized resource allocation method outperformed
the traditional GA with repair or penalty methods. Ferreira
et al. [4] demonstrated a segment-linked optimization
model for deterministic pavement management systems.
The model was aimed at determining the least-cost main-
tenance and rehabilitation strategy to be implemented in a
road network, taking into account the applicable technical
and budgetary constraints. Fwa et al. [5] developed a
genetic algorithm based approach for solving multi objec-
tive network level pavement maintenance programming
problems. Friesz et al. [6] determined quality of a facility
by natural factors, rate of use and maintenance investments
while demand for the facility was assumed to be a function
of its quality. A dynamic optimization model in the form of
a simple linear optimal control problem was developed in
order to determine optimal maintenance policies under
various circumstances. Ouyang and Madanat [7] suggested
a mathematical programming model for optimal highway
pavement rehabilitation planning to minimize the life-cycle
cost for a finite horizon. The objective function of this
model was to minimize in a finite horizon the discounted
total life-cycle cost, including both user cost and agency
cost. The facility condition at the end of planning horizon
was constrained by a minimum serviceability requirement.
Sinha et al. [8] described a mathematical programming
procedure for routine maintenance activities at the network
level. A priority-weighting factor was assigned to each
maintenance work so that higher-priority work would be
selected for execution. Rehabilitation constraints were
included to ensure proper coordination between the selec-
ted routine maintenance activities and planned rehabilita-
tion projects. It is evident from all these works that the
influencing factors and methodology for prioritization are
directly linked with the purpose or the context of prioriti-
zation. Also, the purpose or the context of prioritization in
the present work is different from those which have been
reported in the literature. With this background, the present
paper aims to suggest a rational methodology for prioriti-
zation of SH sections which will be used for initial selec-
tion of road sections for carrying out feasibility study and
preparation of detailed project report (DPR) as per
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available funding source. The work is demonstrated with
reference to a few SH sections in the State of West Bengal
in India.

The paper is organized in four sections. Sec-
tion “Methodology” describes a rational methodology for
prioritization of SH sections. It includes identification of
techno economic factors, identification of strategic factors,
importance of techno-economic factors in prioritization,
importance of causal factors in potential safety hazard and
estimation of priority index for each road section. Appli-
cation of the prioritization methodology with reference to a
few SH sections in the State of West Bengal is demon-
strated in “Application”. Finally, “Conclusion” summa-
rizes the present work and highlights the contribution.

Methodology

In order to carry out the work, it was necessary to identify
techno-economic factors relevant to the prioritization of
SH sections. In the same spirit, it was also necessary to
select relevant strategic factors to check the eligibility of
SH sections for different focus area funding schemes. It
was then necessary to understand the relative weights of
different techno-economic factors in prioritization of SH
sections and develop priority index. The details of these
components of work are described in the following
sections.

Identification of Techno-Economic Factors

The prioritization of SH sections was carried out using
several techno-economic factors. Based on review of lit-
erature [9, 10] and discussions with experts and policy-
makers, seven techno-economic factors were identified in
the present work. The techno-economic factors included
Volume/Capacity ratio (T1), Number of Commercial
vehicles per day (T2), Reduction in journey speed (T3),
Population directly served by per km road (T4), Growth of
Per Capita Income (PCI) in influence area (T5), Growth of
Net State Domestic Product (NSDP)/Net District Domestic
Product (NDDP) (T6) and potential safety hazards (T7).
The techno-economic factors were defined in such a
manner that higher the value higher was the priority for
improvement.

Volume/Capacity ratio (T1), Number of Commercial
vehicles per day (T2), Reduction in journey speed (T3) and
Population directly served by per km road (T4) are the four
important factors which characterize the present state of the
road section in the context of prioritization. The road safety
is a major issue in Indian context and therefore, it was
necessary to consider the same during prioritization. It
would have been ideal to use the actual accident data on
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different SH sections for this purpose. However, as the
accident data were generally not available uniformly for
various SH sections, the potential safety hazard were used
as a proxy variable. Potential safety hazard was estimated
using relevant causal factors for road accidents both from
vehicular traffic and pedestrian point of view. Based on
experience of carrying out road safety audit on various
highways in India and discussions with experts and road
authorities, these causal factors were identified as major
contributing factors for road accidents in the context of
prioritization of SH sections. The causal factors used for
estimating the potential safety hazard are mentioned below.
As the lengths of different SH sections are unlikely to be
the same, these factors were expressed in number/km.

1. Presence of major junctions (Project road junction with
NH, SH and other important roads).

Presence of roadside Schools, Colleges, Hospital etc.

Presence of built-up areas.

Presence of Sharpe curves (R < 100 m).

Presence of Narrow bridge/RUB (less than 7.0 m
width and less than 4.5 m vertical clearance for RUB).

DA e

The likely growth of traffic on different road sections
was another important consideration in the context of road
prioritization. As a detailed traffic forecast is unlikely to be
available at the time of road prioritization, Growth of Per
Capita Income (PCI) in influence area (T5) was included as
a factor to relate the growth of passenger vehicles and
growth of Net State Domestic Product (NSDP)/Net District
Domestic Product (NDDP) (T6) was included as a factor to
relate the growth of commercial vehicles in influence area
of a road section.

In the present work, the data pertaining to Volume/Ca-
pacity ratio, Number of Commercial vehicles per day and
Reduction in journey speed (T3) were derived from pri-
mary surveys. The data pertaining to five factors repre-
senting potential safety hazard were also obtained from
primary surveys. The data pertaining to Population directly
served by per km road, Growth of Per Capita Income (PCI)
in influence area and Growth of NSDP/NDDP were derived
from secondary sources such as maps, statistical data and
Census [11].

Identification of Strategic Factors

The strategic factors were not directly considered during
prioritization of road sections but were instrumental only to
identify road sections which qualify for consideration
under each focus area of funding scheme. Such identified
road sections then may be prioritized using the suggested
prioritization methodology. The strategic factors included
(1) connectivity to National Highway, (2) connectivity to

international borders, (3) present road carriageway width,
(4) present surface condition, (5) connectivity to tourist
spots, (6) connectivity to industrial hubs and (7) connec-
tivity to backward areas.

District maps with National Highways, State Highways,
Tourist spots, Industrial hubs and State/National borders
were studied thoroughly to derive the required information
related to strategic factors. A SH section was considered to
be eligible as providing connectivity to above places if it
was directly connecting the place or if it was on the major
route to above places while traveling from district head-
quarter or nearby major railway station.

Importance of Techno-Economic Factors
in Prioritization

After identifying the techno-economic factors, it was nec-
essary to derive relative importance of these factors in
prioritization. A survey instrument was designed to collect
the importance of these factors in 1 to 5 Likert type ordinal
scale (/ very less important, 2 less important, 3 moderately
important, 4 very important and 5 extremely important) and
the data were analyzed using Technique for Order Prefer-
ence by Similarity to Ideal Solution (TOPSIS) [12] and
RIDIT [13]. Although these methods are well established
and are available in literature, a brief outline of TOPSIS and
RIDIT is given below in the context of the present work.

TOPSIS is one of the well-established multi-attribute
decision making methods, first introduced by Hwang and
Yoon in 1981 [12]. It provides a best alternative which has
shortest distance to the positive ideal solution and farthest
distance from the negative ideal solution [14]. While the
positive ideal solution composed of all best values possible
from the criteria, negative ideal solution consists of all
worst values attainable from the criteria [15]. Based on the
similarity to the ideal solution, a score is assigned to each
alternative and relative weights of the alternatives may be
derived from this score.

RIDIT is a useful form of statistical analysis for items
involving ratings on a three-or-more-point scale, proposed
by Bross in 1958 [16]. The technique is distribution free as
it assumes no distribution for the population under study
[17]. RIDIT analysis starts with the identification of a
population to serve as a standard or reference class. In
RIDIT analysis, an average RIDIT value for a class rather
than the proportion of respondents giving each of the
responses on the dependent variable is calculated [13]. As
it was in the case of TOPSIS, a RIDIT score will be
assigned to each alternative which has a range that
approaches the limits of 0.00 at one end and 1.00 at the
other and the relative weights of the alternatives may be
derived from the RIDIT score.
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Importance of Causal Factors in Potential Safety
Hazard

In order to estimate the potential safety hazard, it was
necessary to calculate importance or relative weights of
each causal factors of potential safety hazard. In the present
work, a survey instrument was designed to collect data
from experts to analyse the same using Analytic Hierarchy
Process (AHP) [18]. AHP has been used extensively in
various fields and the theoretical background is also
available in literature [19-22]. However, a brief outline of
AHP in the context of the present work is given below.

AHP is a theory of measurement through pair wise com-
parisons and relies on the judgments of experts to derive
priority scales [23].The technique has been used extensively
in calculating relative weights of various alternatives [21, 22].
It includes collection of expert’s pair wise comparison on
various alternatives on a nine point scale (Saaty’s scale) [23].
The pairwise comparison data obtained from the experts were
transformed into a standardized matrix and consistency of the
responses was checked (to check the degree of randomness in
the response) using Egs. (1) and (2).

CI = (4max —n)/(n — 1) (1)
CR = CI/{(RI) n}, (2)

where, CI is the consistency index, CR is the consistency
ratio, n is the order of matrix, RI is the random index,
Amax 18 the principal Eigen value.

After checking the consistency of the responses from the
experts, normalized matrix was formed by performing
AHP computations on the standardized matrix. Finally,
weights of the causal factors were obtained taking the
arithmetic mean of rows of normalize matrix.

Development of Priority Index

After calculating the relative weights of techno-economic
factors and causal factors, priority index of each SH section
was calculated using the following model.

Priority index, PI=_ oT, (3)

where, o; is the relative weight of ith Techno-economic
factor, T;is the values for ith techno-economic factor
(normalized).

Potential safety hazard was one of the techno-economic
factors considered in Eq. (3). In the work potential safety
hazard for each SH section was calculated using the fol-
lowing model.

Potential safety hazard = Z BiFi (4)

where, B; is the relative weight of ith causal factor F; is
the number of ith causal factor (per km length).

@ Springer

It may be noted that techno-economic factors have dif-
ferent units and direct adoption of these values would result
in priority index dominated by factors having higher
numerical values. For instance, V/C values are in the range
of 0-1, whereas commercial vehicle volumes and popula-
tion served data have their values in the range of thousands.
Therefore, prior to the calculation of priority index, techno-
economic factors were normalized to one. In order to
express the Priority index values in 1-10 scale for better
presentation, expression for scaled priority index was used
as given in Eq. (5).

9(PI; — Plpin)

Scaled priority index (SPI) =1 + .
P Y ( ) (leax - PImin)

(5)

Application

This section explains the application of the aforementioned
methodology with reference to a few SH sections in the
State of West Bengal in India. The section includes a brief
discussion on various SH sections, collection of primary
and secondary data for these sections, collection of rating
data and calculation of relative weights of various techno-
economic factors using TOPSIS and RIDIT, collection of
data from experts on pair wise comparison of identified
causal factors for potential safety hazards and calculation
of relative weights of causal factors using AHP and finally,
prioritization of selected SH sections using scaled priority
index.

Road Sections

In order to demonstrate the application of the prioritization
methodology, 15 SH sections were selected from the State
of West Bengal, India. Five sections were selected from
SH-14, four sections were selected from SH-8 and SH-9
and two sections were selected from SH-11. All selected
highways can be classified as rural highway with inter-
mediate urban/built-up areas. Each road section was
assigned a unique section ID. They were SH14-01, SH14-
01A, SH14-02, SH14-04, SH14-08, SH8-01, SH8-02, SH8-
03, SH8-10, SH9-01, SH9-07, SH9-08, SH9-09, SH11-02,
and SH11-07.

Database

The database for this study was developed as a part of a
project initiated by Government of West Bengal for pri-
oritization of SH sections and improvement of State
Highways using various funding sources. In order to obtain
data on Commercial Vehicle (CVPD), traffic volume study
was conducted as per IRC guidelines [24, 25]. Speed delay
survey was conducted using moving car method (4 no. up
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Table 3 Details of TOPSIS and RIDIT analyses

TOPSIS score
(original) (1)

Techno-economic parameters

RIDT score
(original) (2)

TOPSIS score
(normalized) (3)

RIDT score
(normalized) (4)

Relative weight
[average of (3) and (4)]

Volume/capacity (V/C) ratio 0.608 0.600
No. of commercial vehicles (CVPD)/day 0.621 0.608
Reduction in journey speed (1-AJS/V4)  0.435 0.451
Population directly served by per km 0.535 0.525
road of NH/SH in block/district
PCI growth (%) 0.445 0.403
Growth in NSDP/NDDP (%) 0.381 0.383
Potential safety hazards 0.502 0.526

0.172 0.172 0.172
0.176 0.174 0.175
0.123 0.129 0.126
0.152 0.150 0.151
0.126 0.115 0.121
0.108 0.109 0.109
0.142 0.150 0.146

Table 4 Weights of causal factors obtained from AHP

Causal factor Relative weight

Presence of major junction 0.279
Presence of roadside school/college/hospital 0.251
Presence of built-up/market area 0.246
Presence of sharp curves (R < 100 m) 0.156
Presence of narrow bridge/RUB 0.069

and down run) to get average journey speed of various
sections. Considering land use pattern along State High-
ways in West Bengal, desired speed (V4) was considered as
65 km/h. In order to obtain the values for techno-economic
and strategic factors, detailed inventory and condition
survey were carried out as per IRC guideline [24]. The
details of seven techno-economic factors for the selected
SH sections are shown in Table 1. Similarly, the details of
strategic factors tagged with each selected SH section are
shown in Table 2.

Importance of Techno-Economic Factors
in Prioritization

Rating data were collected from officials of road devel-
opment departments, transportation professionals and
experts. Subsequently, the importance/relative weights of
various techno-economic factors were analyzed using
TOPSIS and RIDIT. The scores obtained from these two
analyses were normalized and average of the normalized
TOPSIS and RIDIT scores were calculated to obtain the
weightage for individual factors.

The results obtained from the analysis using TOPSIS,
RIDIT and the derived weightage of various techno-eco-
nomic parameters are summarized in Table 3. It is inter-
esting to note that the analysis of rating data could bring
out variations in the weight of different techno-economic
factors in the context of prioritization. At the same time,
there is no significant difference in the scores of techno-

economic factors obtained from TOPSIS and RIDIT. It was
found that ‘Commercial vehicles per day’ has the maxi-
mum weightage (0.175), followed by ‘V/C ratio’ (0.172),
‘population directly served per km road’ (0.151), and
potential safety hazards (0.146). On the other hand, ‘re-
duction in journey speed (0.126), ‘PCI growth’ (0.121),
‘growth in NSDP’ (0.109) were the techno-economic fac-
tors with lesser weights.

Importance of Causal Factors in Potential Safety
Hazard

Potential safety hazard of a road section is considered for
both vehicular traffic and pedestrian point of view. In order
to calculate the importance of various causal factors in
potential safety hazard of a road section, an AHP survey
instrument (questionnaire) was designed to collect
responses from a panel of experts. The expert panel
included traffic engineers, safety engineers and researchers
of transportation engineering. The responses collected from
experts were checked for consistency and consistent
responses were analyzed to obtain weights of various
causal factors in potential safety hazards using standard
AHP procedure. Results obtained from AHP analysis and
the derived weightage for various potential safety hazard
factors are summarized in Table 4. It was found that
‘presence of major junction’ (0.279) has the maximum
weightage, followed by ‘presence of roadside School/Col-
lege/Hospital’ (0.251) and ‘presence of built-up/market
area’ (0.246). On the other hand, ‘presence of sharp curves’
(0.159) and ‘presence of narrow bridge’ (0.069) were the
causal factors with lesser weights.

Prioritization of State Highway Sections
The original and normalized values of techno-economic
factors and Priority Index for different SH sections are

shown in Tables 2 and 5 respectively. Priority Index of
each section was obtained by multiplying normalized

@ Springer
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values of techno-economic factors with respective weights
using Eq. (3) and it was then scaled using Eq. (5). It may
be observed from the table that Sections SH14-01 and
SH9-01 have the highest Priority Index (SPI = 10) while
section SH8-02 has the lowest Priority Index (SPI = 1).

Using Tables 1, 2 and 5, it is possible to identify sec-
tions qualifying for specific funding scheme and prioritize
them based on their priority index. For example, if policy
makers desire to utilize available fund for backward region
development, then Six SH sections, SH8-01, SH8-02, SH8-
03, SH9-07, SH9-08, and SH9-09 are eligible to be con-
sidered under the funding scheme. Among the eligible road
sections, SH-9-09 and SHS8-02 have the highest
(SPI = 4.0) and lowest (SPI = 1.0) value of scaled priority
index respectively.

Conclusion

The present paper documents a rational approach for pri-
oritization of State Highway sections and demonstrates its
application with reference to selected road stretches in the
state of West Bengal in India. The methodology includes
identification of techno-economic factors, identification of
strategic factors, importance of techno-economic factors in
prioritization, importance of causal factors in potential
safety hazards and estimation of priority index for road
sections.

The methodology was applied successfully with refer-
ence to a few SH sections in the state of West Bengal in
India. Techno-economic factors and causal factors of
potential safety hazards were identified, importance of
these factors were calculated through TOPSYS, RIDIT and
AHP analysis and prioritization of the SH sections were
carried out based on the scaled priority index. Commercial
vehicles per day, Volume to capacity ratio, Population
directly served by per km road and Potential safety hazards
were found to be the most important techno-economic
factors in prioritization of road sections. Presence of major
junctions, presence of roadside School/College/Hospital
and presence of built-up/market areas were found to be the
most important causal factors of potential safety hazard.

Although the results presented in the paper are case
specific, the approach documented in the paper may be
modified suitably to prioritize roads in other geographical
regions. Also, it would be interesting to calculate the
potential safety hazard in the cases where accident data are
available and relate the findings with actual accident data.
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