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Abstract: Local government bodies and other concerned agencies in developing countries spend a
considerable amount of money on rural road development. However, in the absence of any robust
and systematic methodology, road development largely relies on ad-hoc decisions and subjective
judgement of public officials. Such a decision-making process often leads to inefficient resource
allocation bypassing equity and long-term societal benefits. Although there are some established
methodologies for road network planning, complexities exist in applying those methods. First, most
of the established methods are not suitable for rural road development, particularly regarding the
volume and nature of traffic on them. Second, some methods are highly complex and lack practical
applicability. Third, road development planning should not be top-down alone but ensure the
participation of local stakeholders. Given these limitations, this study proposes a methodology—
Rural Road Planning and Prioritisation Model (RPPM). It consists of two major components (i)
developing a core network in participation with local stakeholders and (ii) prioritisation of roads
based on Cost-Benefit Analysis (CBA) and Multi-Criteria Analysis (MCA). The proposed method is
piloted in one district, and a web-based software is also developed for practical implementation by
the Local Government Engineering Department (LGED), Bangladesh. The paper also discusses the
results of the pilot study.

Keywords: Bangladesh; CBA; MCA; Rural Road Planning and Prioritisation Model (RPPM)

1. Introduction

Rural road networks play a vital role in the economic development of a nation. In
the context of developing countries, rural roads are essential for the transportation of
agricultural products, poverty alleviation and accessibility improvement to basic facilities
such as markets, schools and health care services [1–4]. However, inadequate rural road
infrastructure—poor road condition, lack of accessibility and connectivity—can thwart
the socio-economic development process of rural communities. The development of rural
road networks, therefore, has become an all-important policy agenda for the developing
world [2,4,5]. Many countries have implemented impressive rural road development
programmes. In India, as part of the PMGSY scheme, 88 percent of all villages, (i) having
a population 500 and above in plain land, and (ii) having population 250 and above in
hilly/desert/tribal areas, had been connected by rural roads in between 2002 to 2007 to
provide all-weather roads for [6,7]. In Sri Lanka, under the Gama Neguma programme,
3354 km of roads and bridges were built between 2006 to 2008 in 119 Grama Niladhari
divisions, out of 14,034 divisions [8]. The Philippines is implementing an Intensified
Building-Up of Infrastructure and Logistics for Development (I- BUILD) programme,
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funded by the World Bank, to develop a network of climate-resilient rural roads and other
infrastructure and facilities [9]. As part of the target to provide transport infrastructure and
bus service to all villages in the country by 2020, China constructed about two million km
of rural roads during the period 1996–2004 [10].

There are multiple challenges in rural road development, which are well documented
in previous studies. These include but are not limited to scarcity of funds, lack of technical
expertise at local government bodies, geographic condition, weak governance and lack of
transparency [1,5,11]. Road investments are largely made based on ad-hoc decisions and
subjective judgement of local government officials [5,11]. This often leads to inefficient
and inequitable distribution of limited resources, and omission of local views and inter-
ests. Therefore, a systemic methodology is required, which can be practically applied by
professionals and government officials for the planning and prioritisation of rural roads.

There are several approaches available for prioritising road development; the most
common types are network-based models, multi-criteria analysis (MCA) and economic
analysis (e.g., cost-benefit analysis) [9,12–16]. However, complexities exist in applying these
methods for rural road development, especially in the context of developing countries. First,
most of these methods are developed considering urban roads with high traffic volume, and
the main objective is to reduce traffic congestion and maximise travel time saving. These
methods are not suitable for rural roads, having different volumes and nature of traffic
compared to urban roads. Second, some methods are highly complex, which are difficult
to replicate in other places and lack practical applicability. Third, road and connectivity
development should not follow a top-down approach alone. Local stakeholders can provide
critical inputs in such decisions.

Considering these limitations, in this study, we have developed a robust, participatory
and practical methodology—Rural Road Planning and Prioritisation Model (RPPM). The
RPPM has two major components- (i) planning core network and (ii) prioritisation of road
development based on a set of physical, economic and social criteria. The proposed
methodology is applied in the context of Bangladesh and a web-based software is developed
for the field application. The RPPM has been successfully tested for one district by the
Local Government Engineering Department (LGED), Bangladesh.

The paper is organised as follows. The context of rural road prioritisation in Bangladesh
is presented next. This is followed by a review of existing methodologies and tools for rural
road planning development appraisal. The next sections discuss the road development
practices by LGED and other developing countries. Then the paper presents and dis-
cusses our proposed methodology. The paper ends with the results of the field application
and conclusion.

2. Rural Road Development in Bangladesh: Problems and Challenges

In Bangladesh, there is about 353,353 km of rural roads connecting some 87,000 villages
with other settlements and activity centres and roads of the same and higher orders [17].
Type and condition of rural roads; volume and nature of traffic on them and their beneficia-
ries and users greatly differ. Local Government Engineering Department (LGED), under
the Ministry of Local Government, Rural Development and Cooperatives (MoLGRDC),
Government of Bangladesh, is the primary manager of all rural roads in Bangladesh.
LGED’s spending for maintenance and upgrading these roads is enormous and gradually
increasing. Hence (optimum network) planning and prioritisation (for development) of
these rural roads are essential.

There are three types of rural roads: Upazila, Union and Village roads. Of them,
74,000 km are paved, about 20,000 km are brick paved, which may be paved in the near
future and the remaining length of rural roads, including 24,000 km Upazila and Union
roads, are earthen and unpaved.

Many of these roads are vital to ensure rural accessibility and connectivity with the
national and regional highways, and higher order national centres. The transport demand
for passengers and goods has increased manifold over the years. Consequently, many rural
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roads, originally built for low volume light traffic, are found inadequate and substandard
to cope with the growth of traffic; these roads need upgrading.

Planning and prioritisation of rural roads for development works should be selected
based on a certain methodology so that the road network can be properly maintained over
a longer term. Such a methodology also can enhance the planning and decision-making
capacity and efficient resource allocation in LGED. There are also policy requirements
too. The development of a simplified CBA methodology based on limited and available
data for the appraisal of rural roads is a strategy stated in the Seventh Five Year Plan
of Bangladesh [18]. As many villages in Bangladesh are not connected by all-weather
roads, some broad criteria, similar to national programmes in other countries and target
9.1 of Sustainable Development Goal (SDG) target can be considered to develop rural road
networks with a focus on affordable and equitable access for all.

In the past, simple appraisal methodologies were used to estimate the benefits of
road improvement. But these methodologies were project specific. Currently, LGED uses
a priority ranking model only for the prioritisation of road maintenance work. There
are national level guidelines for rural infrastructure development, for example, Guide-
lines for Rural Roads and Culverts Maintenance (GRRCM) [19] and Rural Road Design
Standards [20]. The GRRCM provides LGED with useful guidelines in maintaining its
infrastructures and assets. Higher priority is given for periodic maintenance, higher order
roads, donor funded roads, roads having higher traffic volume and bus routes, continuous
and uninterrupted link providing roads, roads providing access to more growth centers,
Villages, service/activity centers. Currently, an arbitrary appraisal for maintenance of the
road is done in a two-step process. Table 1 shows some of the several indicators, their
classification and assigned rating. In the first step number of all the indicators along the
roads are identified and each indicator/group of indicators is then multiplied by their
respective rating. In the next step, the summation of all the scores provides the total score
of the road. Roads with a higher score are given higher priority.

Table 1. Criteria and their weights used by the road maintenance priority model.

Criteria Description Weight/Rating

Road type Upazila road 12

Surface type Fully BC 12

Gaps Major gaps 3

Traffic volume Commercial Vehicle per Day (CVD) 300+ 100

Market
Growth Centre 12

Rural market 6

Hospitals Upazila/union health complex 6

Social centres
Union Parishad office 9

Other public centre 3

Educational institutions

College 9

Secondary school 6

Primary school/madrasa * 3

* Madrasa: An educational institution with a primary focus on the study of Islamic Theology and
Religious Law

Source: [21] Note: Only a few criteria are shown as examples.

However, the criteria and their scores, as in the current prioritisation method, are
arbitrarily set by LGED officials. In recent years LGED has developed a road database
that maintains information on road characteristics, traffic counts by mode on the market
and non-market days, etc.; socio-economic facilities along a road, etc. LGED has also
developed a GIS database of roads and other infrastructures. There is potential, although
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limited, to utilise and integrate these two database to develop an automated planning and
prioritisation tool.

Overall, the challenges of developing a methodology for LGED can be summarised
as follows: (i) the methodology must be able to appraise all types of roads (low-high
volume, paved-unpaved, etc.) for all possible types of development intervention made by
LGED; typical CBA analysis cannot address all such roads and all types of development
interventions; (ii) other than being entirely objective and top-down, the methodology
should keep the scope to involve the local leaders and stakeholders in the planning process
so that their suggestions and aspirations are reflected in the output; (iii) finally, yet the
methodology should be simple so that the software developed based on this is easy to
use, makes the best use of the available data from the existing databases and can enhance
decision making in LGED.

3. Study Approach

Having reviewed current appraisal practices and government policies and strategies
on rural road development in Bangladesh and other countries, several consultation meet-
ings were arranged in the period 2016–2018 to receive feedback from LGED officials at
local (Tangail district) and national levels to understand their current practices; availability
of Road and GIS databases; and constraints in using these databases and continuing the
practice. Several local and one national workshops were also organised, in the same period,
with stakeholders including male and female elected representatives (local government
and Parliament), local and national civil society representatives, government and non-
government officials, subject experts, academics, and others. Analytical Hierarchy Process
(AHP) was used for identifying and calculating relative weights of criteria used in the
methodology. Reed-Muench Median Threshold Population Method [22] was applied to
determine their relative weights of different socio-economic facilities, a criterion used in
the methodology. Then the draft methodology and algorithm were developed and subse-
quently trialled locally. Then final methodology and software, named Rural Road Planning
and Prioritisation Model (RRPM), were developed and validated with LGED officials
both at Tangail and headquarters. The final methodology and RRPM were presented in a
national workshop at LGED headquarters and then finalised in 2018.

4. Review of Methodologies and Tools for Rural Road Planning
Development Appraisal

This section presents a review of the methodologies of rural road planning and de-
velopment. The existing methods can be broadly grouped under three major categories—
(i) economic analysis (Cost-Benefit Analysis), (ii) Multi-Criteria Analysis (MCA) and
(iii) network optimisation models. The following sections provide a brief overview of
these methods:

Economic analysis (Cost-Benefit Analysis): The Cost-Benefit Analysis (CBA) is one
of the most widely applied methods for road development prioritisation across the world.
The CBA methods have gained popularity among decision-makers because it provides an
economic basis for road investment decisions. Several standard CBA models are available,
which are widely used in many countries. For example, the Worlds Bank developed
(i) the Highway Design and Maintenance Model (HDM), which can only be used for roads
with 200 or more vehicles per day [23–25] and (ii) the Roads Economic Decision (RED)
model, adapted for unpaved roads with traffic volumes between 50 to 300 vehicles per
day [16,26]. These and other CBA models identify and estimate all costs and benefits of a
project in monetary terms during its lifetime, discount them (generally the present year),
and evaluates if overall benefits outweigh costs. The commonly applied assessment criteria
for project selection include Benefit Cost Ratio (BCR), Net Present Value (NPV), Internal
Rate of Return (IRR), Payback Period, etc. There are several approaches to estimate the
benefits of road development. The User Cost Saving (UCS), Vehicle Operating Cost Saving
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(VOCS) and Travel Time Cost Saving (TTCS), and Agricultural Product Surplus Method
(APS) are among such conventional approaches.

Multi-Criteria Analysis (MCA): Multi-Criteria Analysis (MCA) techniques are also used
for rural road prioritisation, especially in the context of developing countries [9,13,27–30]. In
general, the ranking of projects is based on a set of factors or criteria reflecting policy or social
objectives. Such factors may or may not include cost variables but may include variables such
as population served, improvement of access to markets and services, impacts on natural
systems, traffic volume, social and economic welfare, etc. After the selection of factors, their
relative weights are established. The use of Analytical Hierarchy Process (AHP) is common
for the establishment of relative weights of the factors. Finally, the priority score or index
value of each candidate road project is calculated by summing the product of the value of
each factor (often the actual value is normalised) by its relative weight.

Network Optimization Models: Transportation network optimizations models are
widely used for road prioritisation, mostly for urban roads. Farahani et al. (2013) provides
a detailed review of such models [12]. Few works have utilised network-based models for
rural road developments in the context of developing countries. For example, Oudheusden
and Khan [31] in Bangladesh and Shrestha et al. [32] in Nepal have applied some network
development models such as the Minimum Spanning Tree (MST) and other network
development models. In short, an optimum network of roads is identified by applying
the MST model, which minimises the total length of the road network in connecting all
Villages with the nearest market/service center. More recent works have used Geographic
Information System (GIS) based models incorporating accessibility planning. Singh [15]
has developed a methodology for rural road network planning in India. An Accessibility
Index (AI) is designed to evaluate the efficiency of various rural roads/links in accessing
the missing functions or unconnected settlements. A GIS-based technique for the analysis
of the alignment of new road link options is developed, which considers the topographic
and land use characteristics of the area.

Merits and Demerits of Existing Methods: Each of these methods, as discussed above,
has its own strengths and limitations. CBA gained popularity among decision makers as
it provides an economic basis for road investment. One major challenge of CBA is that
it is very difficult to capture all direct and indirect benefits in terms of monetary values
(for example, accessibility benefits). Another major criticism is that CBA is essentially an
economic efficiency criterion; it does not consider equity or reflect local needs. MCA can
overcome these limitations to some extent by considering socio-economic benefits arising
from road development. However, MCA also has its limitations. The selection of criteria
and level of importance attached to those criteria are questionable. Most importantly, the
main caveat is the inability to compare the benefits with respect to the costs. Network-based
models follow optimisation techniques such as cost and travel time minimisation. Such
models also consider connectivity and accessibility benefits like MCA. However, most of
the network-based models are developed considering urban networks, and therefore, are
not suitable for application for rural roads considering the volume and nature of traffic. In
addition, the complexity of network-based models poses a major challenge for practical
application in the context of road prioritisation decisions.

While these mainstream approaches have unique strengths and limitations, hybrid
methods can offer a distinct advantage over conventional methods. For example, Gühne-
mann et al. [33] combined MCA and CBA to capture the best of both. In another example,
Shrestha [34], in his methodology for district road network planning and prioritisation in
Nepal has used a network planning model, CBA, and a prioritisation index based on four
criteria (agricultural potential, interaction, accessibility and environmental impact).

Another important concern is the lack of transparency of road investment decisions.
Traditional methods fail to capture local needs and unique geographic contexts. In such
cases, participation of local stakeholders and elected representatives can provide useful
information for road prioritisation decisions. At the same time, it can potentially address
social equity issues and bring transparency to road investment decisions. For example, a
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well-known method is the Integrated Rural Accessibility Planning (IRAP) methodology
developed by the International Labor Organization (ILO) [35]. IRAP is an area-based
planning process to identify the actual access needs of the local communities. It defines and
prioritises interventions to improve access by improving rural mobility infrastructures (such
as roads, bridges and tracks) or by the distribution of facilities and services (such as water
supplies, schools and health centers). The whole process is participatory and involves local
communities and agencies. The IRAP methodology has been applied in the Philippines
and many other countries for Village level accessibility planning. Sarkar and Dash [36]
developed a modified version of IRAP and applied it in India. Yet, participatory approaches
such as IRAP have limitations too. For example, the methodology is complex and relies on
extensive data collection, which is time consuming and requires local training [5].

5. The Planning and Prioritisation Methodology Developed

In this study, we propose a robust, practical and participatory method for rural road
planning and prioritisation. Depending on the types of road development, we consider
three prioritisation schemes. These are: (i) Improvement–converting an existing earth
road to a paved road by Bituminous Concrete (BC)/Reinforced Cement Concrete (RCC)
or a partly paved road to a fully paved road or a Herringbone Bond (HBB) brick road
to a fully paved road; (ii) Further Improvement/Upgradation—Further improvement of
road geometric standards, raising of embankment and widening of pavement and/or road
crest and raising of road embankments of an existing road and (iii) Maintenance of an
already paved or partly paved road (BC, RCC or HBB). An important consideration of
road development is the physical characteristics of a road (determined by surface type).
Based on the surface types and development schemes, our method generates eight separate
priority lists (Table 2). This priority list shows which types of roads are considered for
which types of development.

Table 2. Priority list of roads prepared by proposed methodology.

Type of Road
Development Type

Roads Considered (Based on
Surface Type)

Priority List to
Be Developed

Appraisal
Methodology Used

Prioritisation List
Based on

Improvement

Low traffic volume * earth road 1 MCA, CBA MCA, CBA ***

High traffic volume ** earth road 2 MCA, CBA

Partly paved road 3 MCA, CBA

Fully HBB road 4 MCA, CBA

Maintenance

Partly paved road 5 MCA

Fully HBB road 6 MCA

Fully paved road 7 MCA

Further Improvement/
Upgradation

Fully paved (Full BC/RCC, HBB +
BC/RCC) 8 MCA, CBA

* Roads with Annual Average Daily Traffic (AADT) volume 200 or less. ** Roads with AADT over 200. *** For the
pilot district, the software developed based on the methodology, calculated MCA scores and CBA (EIRR) values
as expected. However, CBA for most of the low volume village roads did not produce any meaningful results. In
fact, for many low volume roads, it was not possible to calculate the low (negative) EIRR values. Hence, in the
software, the ranking of low volume roads (with AADT below 50) for improvement is based on their MCA scores.

Two appraisal methods namely, cost-benefit analysis (CBA) and multi-criteria analysis
(MCA) are used for the improvement and upgradation of roads. The priority ranking of
roads is based on the outcome of CBA and MCA. For maintenance, only MCA is considered.
This is because BCA reflects the economic and financial worth of a new road development
project, whereas maintenance is a recurring task. Therefore, instead of economic analysis,
maintenance priority is determined by a set of defined criteria through MCA.

The methodology has two major components. The first component follows a network
approach to road planning; and the second component involves prioritisation of road
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development based on assessments using a set of physical, economic, social and other
criteria. Both the components include the provision of local stakeholders’ participation in
the process. Figure 1 shows the overall approach followed in planning and prioritisation of
rural road development.
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Figure 1. Schematic diagram showing overall approach of the RPPM.

All the designated Upazila and Union roads along with the national roads, if any,
form the core network in an upazila. The core network also includes roads that cross
the geographical boundary of an upazila to connect an activity centre or a national road
in a neighbouring upazila. In the prioritisation scheme, all such roads have been given
additional importance as together they form a network vital to maintaining inter- and
intra-upazila transport connectivity. The activity centres form the nodes and Upazila and
Union roads connecting them are the links of the core network.

The core road network has two components: upazila-level core network, and union-
level core network. The upazila core road network serves upazila-wise access needs and
ensures connectivity with the neighbouring greater region/rest of the country. The union
core network serves union-wise and inter-village access needs and ensures connectivity
with other areas of the same and neighbouring upazila(s).

The prioritisation component of the methodology considers criteria for the assessment
of costs, benefits, and social and environmental considerations were selected. The selected
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criteria included road construction costs, direct benefits to road users, improved accessibility
to markets and social infrastructure facilities, connectivity, if the road can be used in all
seasons, and other local priority of special nature.

The organisation of local workshops is an important element of the methodology.
Local stakeholders validate the core network generated according to the criteria discussed
above. The stakeholders also define local priorities for the development and maintenance
of roads, identify potential Upazila and Union roads that may need further development,
and assess the connectivity status of the roads in the core networks.

A simplified CBA methodology has been developed which compares the benefits and
cost of road development., Benefits are calculated in terms of savings in vehicle operating
costs (VOC) and travel time costs (TTC), based on available database maintained by LGED
and other secondary sources. For cost calculation, we rely on standard road development
cost estimates provided by LGED. The cost estimation takes into account historical records
of previous projects undertaken by LGED for various types of road development. The
developed CBA model for the study estimates Economic Internal Rate of Return (EIRR)
values for all roads that require improvement or further improvement, as defined earlier.

Prioritisation methodologies should not be based solely on the traditional economic
appraisal of roads. Other important criteria such as, connectivity with higher order roads
and benefits from enhanced access to socio-economic infrastructures should also be con-
sidered, which are difficult to operationalise in BCA. Further, rural roads provide access
benefits to people living along the roads, many of whom may not be using any vehicular
traffic. Therefore, in order to make a more complete assessment, the access benefits to
people also need to be assessed by an MCA or some other methodology. For MCA, criteria
such as traffic volume, number and type of socio-economic facilities, growth centre and
rural market served by a road, connectivity and local priority have been considered. The
applicable criteria for MCA were selected from among a list of potential criteria by con-
ducting an Analytic Hierarchy Process (AHP) survey among the stakeholders including
experts and LGED officials. After selection of the MCA criteria, their relative weights were
also established using the AHP technique

As the actual values of the selected criteria are in different units of measurement and
the range of their minimum and maximum values widely vary, the actual values were
standardised on a common scale of 0 to 100 to allow for their summation. Finally, the
priority score or index value of each road was calculated by summing the product of the
standardised value of each criterion by its relative weight as follows:

I = ∑(wi × xi)

where, I = Combined score, wi = Relative weight of criteria i, xi = Standardised score of criteria i.
The priority order for the development of individual roads is determined on the basis

of their combined scores.
Some socio-economic facilities are of the same type but do not have the same order of

importance. For example, different types of educational institutions such as primary school,
high school, college and madrasa. For these types of facilities, the Reed-Muench Median
Threshold Population Method [22] was applied to determine their relative weights. Table 3
shows the selected criteria and their AHP weights for each type of road development.

Following the standard practice of the Analytical Hierarchy Process (AHP), initially,
the pairwise comparison was done for the concerned criteria (Table 3) by the experts and
LGED officials. Then a comparison matrix is developed using the relative importance of
criterion i comparing it with criterion j. Using this matrix, the weighting coefficients for
each of the criteria are derived by calculating the principal eigenvector. The consistency
check is performed for the comparison matrix in terms of consistency ratio (CR). The
modification process is run couple of times in order to get the CR < 0.1 for the consistent
comparison matrix.

Figure A1 in Appendix A shows the decision tree for the selection of roads for devel-
opment (intervention) types and priority ranking.
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Table 3. Selected criteria and their weights for each type of road development.

MCA Criteria Improvement of
Unpaved Roads

Improvement of
Partly Paved

and HBB Roads

Further
Improvement of

Roads

Maintenance
of Roads

Traffic Volume 7.95 20.01 21.84 15.05

Facilities Served 18.65 15.02 9.54 14.85

Growth
Centre/Market

Served
29.20 13.58 17.91 12.70

Connectivity 35.80 21.04 20.07 19.65

Local Priority 8.40 5.97 14.93 N/A

Surface Type N/A * 5.86 N/A 7.80

Road Type N/A 11.83 7.86 14.15

Road Safety N/A 6.69 7.84 N/A

Bus Route N/A N/A N/A 11.50

Last maintenance
year N/A N/A N/A 4.30

Total 100.00 100.00 100.00 100.00
* N/A: Not Applicable.

6. Local Stakeholder Participation in the RPPM

Collecting and addressing feedback from local people and important stakeholders is
a fundamental feature and strength of the RPPM. To apply the RPPM, at least one local
workshop has to be organised at each upazila, i.e., sub-district. The workshop will have to
be attended by the local leaders, officials and other stakeholders.

Considering its representativeness and suggestion of LGED officials, Tangail was se-
lected as the pilot district to test the methodology and working of RPPM. The methodology
was applied in 12 upazilas of the district. Hence, 12 local workshops were organised.

An upazila is consisted of several unions. Before the local workshop, based on the
LGED database, two types of preliminary core networks were prepared by the study team:
(i) one upazila core road network and (ii) several preliminary union core road networks.
Then these preliminary networks were validated in the local workshop. Workshop partici-
pants ensured the inclusion of all important roads in the core network, even if those are not
available in the LGED database. For example, during workshops, roads that connect an
important activity centre (Growth Centre/important rural market/boat station/rail station
or any other important economic/agricultural/industrial or other establishment) or that
connects a link between the already identified core network with higher order roads were
included in the validated core network(s). Some village roads having many facilities along
them were also considered for inclusion in the core network.

The workshop participants also identified the roads according to their level of pri-
ority for development. This is termed as ‘local priority’ in the RPPM and is one of the
assessment criteria for MCA for road prioritisation. In addition, the local stakeholders
also identified some roads from among the upazila and union roads that may need further
improvement/upgradation in terms of geometric standards such as road width and/or
pavement strengthening on a priority basis.

The following were the main outcomes of the workshops: (i) verified upazila and union
core road networks, (ii) identified upazila, union and village roads that have local priorities
for development, (iii) identified roads that may need further improvement/upgrading, and
(iv) local inputs and data necessary for CBA and MCA analyses. The outcomes were used
to update the road database.
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7. Developing a Web-Based Application for the RPPM: Results and Discussion

Customisation of any existing software/application was not possible to implement
the methodology. Hence, our research team developed a new road network planning and
prioritisation software, namely the Rural Road Planning and Prioritisation Model (RPPM),
to meet the road development requirements of LGED.

The RPPM is a web-based tool designed to enhance planning and decision-making
capacity in LGED. RPPM has been implemented on the GIS portal of LGED and can be
used by LGED officials working at its headquarters or field offices. Its integration with
the GIS portal facilitates mapping and generating road priority outputs on the web. The
software can generate core road networks at upazila and union levels, and evaluate the
priority of rural roads for their development, including their ranking based on the outcome
of MCA and CBA analyses.

The RPPM can produce two types of outputs: lists/tables and maps. A list of roads in
the core road network and eight separate priority lists for different surface types of roads
and different types of development (Table 2 and Appendix B) can be produced. RPPM can
produce map outputs that include Core network maps at upazila and union levels and
maps showing prioritised roads on an upazila map (Appendix C).

The priority score table for a road has the following information: (i) road code and road
name, (ii) roughness condition, (iii) Average Annual Daily Traffic (AADT) and Commercial
Vehicle per Day (CVD) values, (iv) total road length, (v) road type, (vi) surface type,
connectivity, (vii) MCA scores for facilities, (viii) evaluation score including EIRR (if and
where applicable) and MCA scores and (ix) priority ranking considering EIRR or MCA.

The successful application of the methodology for the pilot district validated its
applicability and the working of the RPPM. The methodology can be applied to other
districts of Bangladesh and RPPM can be used to generate core networks and priority lists
for road improvement and maintenance.

The RPPM generated the core road network for each upazila. The maps reveal that
the core road network of the district is almost unbroken if one considers the RHD roads in
the network. In some upazilas (for example, Gopalpur, Bhuapur and Mirzapur), there is
scope for expanding the core network to improve rural accessibility. The number of roads
in the core network varies from 10 to 39. However, the number of roads depends neither
on the size nor on the road density of the upazila. The core network of Tangail district has
77 upazila roads and 154 union roads. There is no other type of road in the core network.
RPPM selects only those roads in the core road network for which data are available in
the road database. As data on roads maintained by RHD are not available in the database,
they are not shown in the core network generated by RPPM. However, the complete core
networks with the RHD roads, if any, can be seen on a computer screen by activating the
RHD road layer from the GIS database of LGED.

LGED road database does not have traffic count data for all earth roads. The priority
ranking for some roads may change if AADT data were available for all roads. It is found
that most of the low volume earth roads have an MCA score of less than 20. There are only
90 roads with MCA scores over 20. It may be mentioned here that of these 90 roads, AADT
values for 10 roads were not available.

There are 79 earth roads in the district with an AADT value of over 200. For these
roads, both EIRR values and MCA scores were calculated. The highest EIRR value for a
road was 33.94%. It may be mentioned here that all upazilas did not have earth roads with
high traffic volume. Seven upazilas in the district have high traffic volume earth roads. If
the generally accepted 12% is considered as the cut-off value for EIRR, only eight roads
could be selected. Most of the roads have an EIRR value below 8%. Although some roads
have high MCA scores (there are six roads that have an MCA score over 50), most of the
roads have an MCA score below 20. It is observed that many roads with less than 12%
EIRR value can have high MCA scores. This implies that such roads have significant access
benefits and that the selection of roads for improvement should not always be based on
their EIRR values, their MCA scores may also be considered.
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Compared to earth roads, the partially paved roads draw a much higher traffic volume.
The AADT value for most of such roads is above 300; many of them also have a considerable
number of commercial vehicular traffic. As the AADT values for all partially paved roads
were not available, the ranking order of some of the roads may get changed if AADT values
for all roads were available. If a 12% EIRR value is considered for investment, 56 partially
paved roads can be considered for improvement. The MCA scores for most of the top
ranked roads are high. There are more than 50 partially paved roads in Tangail with an
MCA score of over 50.

RPPM assessment found 70 partially paved roads needed maintenance. Compared to
partially paved roads considered for improvement, these roads have higher MCA scores.

There were 94 fully paved roads in the district that met the criteria for maintenance.
As expected, these roads have a heavy volume of traffic (in terms of both AADT and CVD).
These roads also have high MCA scores.

Considerable changes in traffic and other conditions such as high volume of traffic,
especially heavier commercial vehicles, extreme weather conditions, etc., may require
the improvement of road geometric standards, including widening of pavement and/or
road crest, raising of road embankment and similar other measures for an existing road.
The road surface may be fully paved, partially paved or HBB. RPPM generates a single
list for all kinds of road surfaces that may require further improvement/upgrading. It
is found that 19 roads in the district may need further improvement/upgrading. Except
one, all roads were upazila roads. Several upazilas did not have any road for further
improvement/upgrading. Although only seven roads had an EIRR value of 12% or more,
most of the roads had an MCA score over 60. It may be necessary to further study the
identified 19 roads before any final decision on them is considered.

8. Conclusions

This paper has discussed a field-tested methodology for planning and prioritisation
of rural roads. The proposed model, the RPPM, has several merits over other established
methods of road network planning. As opposed to the conventional approach to network
planning that focuses on traffic flow with the purpose to minimize travel time and/or
travel distance or maximise traffic flow capacity, the RPPM ensures local accessibility and
connectivity with the greater region. The methodology is equally applicable for both low
and high-volume rural roads. For example, the RPPM can prioritise rural roads with AADT
as low as 50. Next, the RPPM takes into account the specific nature of road development
works by considering three distinct types of prioritisation schemes. Such distinction
has merits on the ground of practical application. Finally, a major barrier is the lack of
sophisticated data at the rural level. In such cases, local knowledge becomes extremely
important for rural road prioritisation. The strength of RPPM is that it ensures public
participation through local workshops. The local workshops complement the technical
process and can ensure transparency in the planning process of future road development
works by LGED.

The methodology has been generalised, as far as practical, for its application in other
districts of Bangladesh. A major consideration in developing the methodology was that it
should not require any vast amount of new data collection; yet should be practical and be
easily usable by LGED professionals. It is also worth mentioning that as the RPPM (i) does
not require the collection of huge amount of data, like the existing rural road prioritisation
models; (ii) optimise use of existing database; (iii) considers ‘local priority’ and thus ensures
public participation and offset information loss due to use of much smaller amount of
data; (iv) yet ensures objective decision making and (v) can calculate both MCA and EIRR,
the methodology of the model can be used to replicate any other country specific model
after necessary customisation. It has already been stated that India, China, Sri Lanka,
Philippines all have strong rural road development programmes [6–10]. In fact, in the
Philippines, the actual project selection and implementation are done by the LGUs by
ranking the candidate roads through both general and specific criteria [9]. Similarly, China



Sustainability 2022, 14, 2337 12 of 16

has established an institutional setup involving financial and implementation arrangements
and responsibilities at different tiers of the government for the proper maintenance of rural
roads [10]. The methodology of RPPM is expected to be useful in all these contexts.

An important consideration of road prioritisation is spatial unit of analysis. For exam-
ple, a rural road may get a low prioritisation score for a smaller geographic unit (upazila
level), presumably due to low traffic volume and low EIRR. However, considering a wider
geographic scale (district level), the road may be crucially important for advancing regional
accessibility. The proposed RPPM takes into account this geographic aspect by developing
a core road network—a network that considers accessibility and connectivity not only
within a single upazila but also with neighboring upazilas, at a wider regional scale.

Also, there may be cases where deserving roads may be prioritised low in one upazila
with higher EIRR and MCA values than roads of another upazila which may be prioritised
high with lower EIRR and MCA value. The decision may be based on other considerations.
Except for low volume earth roads, the ranking is based on EIRR values. As the primary
objective of rural road development is the improvement of accessibility, which is better
reflected in MCA scores, roads that have somewhat lower EIRR values than the cut-off rate
but have high MCA scores (50 or above) may be given priority for development. Thus, the
generated outputs are found useful to assist in decision-making, and LGED is considering
to replicate the methodology for the entire country [37].

Although vehicular emission and climate change issues have not been considered in
RPPM, Core Network planning will reduce subjective and less useful development of rural
road alignments and consequent land use changes. Besides, prioritised interventions will
reduce vehicle operating costs and vehicular emission. Further to add, living with flood or
storm drainage, a common climate change adaptation tool, can be indirectly considered by
the RPPM. ‘Local priority’ is an important criterion of the RPPM. It has been found during
local workshops that local people and leaders consider all weather connectivity, maximum
flood level, storm drainage, road safety, congestion or bottleneck etc., that could not be
explicitly considered in the model due primarily to lack of data. However, further research
is required to estimate emission scenarios before and after the application of RPPM and
other socio-economic and climate change adaptation related impacts.
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