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ABSTRACT

While there are plenty of studies to support that infrastructural
developments aimed at enhancing accessibility do reduce both rural and
urban poverty, it is not tied to any global indicator. This is concerning for
planners and policy analysts, especially those in developing nations, for
they do not have a reflective indicator to rely on when attempting to
optimize resource allocation towards accessible infrastructure

development. Hence, in this paper, we aim to assess if the Rural Access
Keywords: Index (RAI) accurately reflects a nation's rural and urban poverty levels.
Rural Access Index, Urban This is based on the concept that accessibility is key to eradicating poverty.
Isjz:fﬁafﬁgl Poverty, We do so by performing a regression analysis on the RAI against Rural and
Infrastructure, Rural Urban Poverty. Our analysis determines that the RAI does indeed reflect
Planning, Transport, Rural and (the square-root of) Urban poverty in relation to infrastructural
Economic Development development. Thus, the RAI could aid national planners and authorities in

roadway infrastructural planning. It could thus be used as a specialized
indicator towards the optimal allocation of resources for infrastructural developmental purposes aimed at
eradicating rural and urban poverty through rural accessibility.

Copyright © Universitas Pendidikan Ganesha. All rights reserved.

1. Introduction

Throughout history, economic indicators have been utilized to reflect specific societal dimensions
and its relations to one’s Standard of Living and Quality of Life (Bilkova, 2020; Feldmeyer et al., 2020).
This is because socio-economic indicators deepen the understanding or the state of prevailing issues. This
allows experts or authorities to gain insights into tackling a societal challenge with the aim of solving
social and economic issues (Feldmeyer et al., 2020). Thus, a range of individuals ranging from planners to
elected officials use socio-economic indicators as statistical figures towards interest tools for policy
analysis (Mazziotta, 2019). Henceforth, indicators are vital in pursuit of optimizable solutions - the
concept of minimizing trade-offs to achieve the best possible outcome (Unterhalter, 2019). Thus, such
could only be achieved if the indicators effectively assess or aid a crucially targeted problem (Janouskova
et al, 2018). Based on its reflection of the targeted problem, policy analyst and relevant authorities could
mathematically gage the distribution of relevant resources to mitigate the persisting issue (Bondarenko et
al,, 2019).

The goal of optimization comes solely due to limitation of resources with desires for unlimited
solutions towards tackling broader issues. While applicable across all economies, such is particularly
pertinent to that of developing countries, for their availability of limited funds (Tierney & Boodoosingh,
2020) translates towards the greater need to prioritize successful development projects aimed at solving
persisting issues (Baffoe, 2019). Thus, the minimization of trade-offs is crucial in the process of ensuring
“combinatorial optimization” of funds when performing the special and highly strategic role
(Hosseinzadeh et al., 2020) of channeling resources towards successful avenues. This promises the best
possible outcome, while minimizing the expense borne towards other channels in its denial of such funds
(Moyer & Bohl, 2019).
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This mandates authorities and planners in evaluating the amount of resources that should be
invested into roadway infrastructure, at a national and local level. Having a comparative indicator would
allow these authorities to know if more needs to be invested into roadway infrastructure in the
continuous efforts to alleviate urban and rural poverty or if enough has been invested into roadway
infrastructure and resources should be focused or diverted elsewhere to combat poverty. This is
especially pertinent to developing nations, which possesses the arduous task of combating higher rates of
rural and urban poverty with limited resources or lower capital. Therefore, knowing the optimal amount
of resources needed to boost roadway infrastructure in poverty reduction, comparative to other nations,
is crucial.

This application towards infrastructure accessibility and poverty, both in rural and urban areas, is
certainly no exception to the minimization of trade-offs. For the longest time, poverty has remained an
urgent issue plaguing many individuals across nations. While poverty levels have converged following the
conclusion of the United Nations Development goals, it continues remained centrally urgent, in modern
times for it has been found that significant variation in poverty reduction performance across countries
has disproportionately affected developing countries (Asadullah & Savoia, 2018; Stein et al.,, 2019). This
can be attributed by the lack of ability of states to administer optimal changes required to witness
structural characteristics that would ensue the rapid reduction of poverty (Asadullah & Savoia, 2018).
Investing in roadway infrastructure would give individuals in remote or poverty-ridden areas quicker and
more convenient access to opportunistic areas, ranging from accessibility to transportation for crop
exports, to the ability for youngsters to attend school.

At a Rural Level, investing in roadway infrastructure in Rural areas reduces the cost of intermediate
goods (Srinivasu & Srinivasa Rao, 2013). Furthermore, through the externality effect, rural economies
could now enjoy higher human capital returns due to improved immediate access to education, good
quality health and higher efficiency of human capital due to lower marginal depreciation of capital.
Furthermore, less accessible areas disincentivizes participation in economic and social activities due to
reduced services and social networks (Pot et al,, 2020). Such lack of engagement with out-of-home social
activity could have further ramifications on one’s psychological well-being (De Vos, 2013, 2018; Delbosc &
Currie, 2011; Friman et al.,, 2017), backed by strong correlations between transport poverty and mobility
and activity participation patterns (Panteia, 2019; Stanley et al.,, 2011).

Lack of accessibility in rural areas may spill over towards Urban poverty. Individuals may choose to
reside in rural areas and commute to more opportunistic urban areas for a myriad of reasons ranging
from inability to afford urban housing to wanting to reduce themselves to the health risks of urbanization
(Parry et al., 2018). Hence, commuting from rural areas to opportunistic areas “may be relatively long”
and “may be very time-consuming”, thus making them “time poor” (Seetanah & Ramessur., 2009).
Furthermore, long commutes as a result of poor roadway infrastructure could reduce the urban poor’s
“productivity, thus adding an “energy-poverty” dimension to their deprivation (Seetanah & Ramessur.,,
2009). Furthermore, the lack of accessibility to rural areas could affect entrepreneurship in urban areas
(Wu & Si, 2018), where inaccessibility to imported raw goods from rural areas would drive up production
costs. Enterprises would now have to either earn potentially reduced profit margins or raise the price of
goods to protect profit margins. Therefore, with the recognition that roadway infrastructure is essential to
the alleviation of poverty at both an Urban and Rural level, it remains important that authorities have the
ability to estimate the amount of resources that should go towards roadway infrastructure in relation to
accessibility.

While there remains plenty of infrastructural indicators or metrics published by reputable sources,
none of them come remotely close towards the reflection of both Urban and Rural poverty. While taking
the length or size of roadway in the country may seem like a simple measure towards roadway
infrastructure, it could potentially present problems due to its failure to account for various factors like
geographical terrain or density. “Rural population living in areas where elevation is below 5 meters (% of
total population)” may also seem like an appropriate indicator, but it could present various potential
discrepancies considering that it ultimately reflects the overall geographical terrain of a nation.
Furthermore, with the advancements of engineering and technology, “accessible infrastructure on terrain
above 5 meters” could easily be uncommonly mitigated even amongst developing nations (Bajwa, 2018;
Kawasaki et al., 2020; Sternberg et al., 2017), in a cost-efficient manner (Kumar et al., 2017). Hence, the
Rural Access Index, to be elaborated later, remains imperative towards a nations Rural or Urban poverty,
in relation to roadway infrastructure or infrastructural accessibility.

What remains startling is that despite the fact that plentiful of empirical and normative studies
have supported roadway infrastructure accessibility in its relation to Urban and Rural poverty alleviation
- which would be discussed later - little to no research has been conducted with any concern to the Rural
Access Index (RAI).
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Hence, in this article, we would discuss linkages between accessibility of roadway infrastructure
and its relation to Urban and Rural poverty based on existing literature. Therefore, we would briefly
introduce the Rural Access Index before performing the necessary data analysis to determine if it is
reflective of rural and urban poverty to conclude if it should be used as an indicator towards poverty
eradication in relation to roadway infrastructure.

In short, the Rural Access Index (RAI) represents “proportion of the rural population who live
within 2 km of an all-season road” (Limi, 2019; Love & Klapper, 2003). It was originally developed by the
World Bank in 2006 and is a Sustainable Development Goals indicator (Irigoyen, 2007). Hence,
normatively speaking, if a nation has a high RAI, it demonstrates that the country has a well-distributed
and large amounts of roadway infrastructure. Thus, authorities and planners may want to divert its
limited resources to other areas of infrastructure to alleviate urban or rural poverty. On the other hand, if
an impoverished nation has a low RAl, it demonstrates that the country has a poorly distributed and low-
volume roadway infrastructural network. Thus, one should invest more in roadway infrastructure to
eradicate urban or rural poverty. The RAI thus gives an insightful assessment into a nations current
roadway infrastructure development and could thus be potentially relied on as an indicator in reflecting
Urban and Rural Poverty.

2. Methods

The Rural Access Index was retrieved from the World Bank Data Catalog. As mentioned earlier, the
Rural Access Index (RAI) represents proportion of the rural population who live within 2 km of an all-
season road. It is collected using spatial data. The original methodology combines three sets of geospatial
data: where people live, the spatial distribution of the road network, and road quality. In 2017, a new
methodology utilizing spatial techniques and data collected using innovative technologies was been
implemented and suggested. These innovative technologies could include high-resolution population
distribution data and Digitized road alignment data which consider road conditions. However, it is worth
noting that the new methodology has been used nationally in the data collection of only 24 countries. This
gives us a rather small sample size, which could get even smaller should the Urban and Rural Poverty data
be unavailable for the respective nation. As a result, we shall stick with the original Methodology, which
provides us with a more comprehensive list of nations. The dataset of the original Methodology also
includes a ‘Region’ variable which represents the geo-political region that was classified by RAI
methodology Department within the World Bank.

The Rural and Urban Poverty data was also retrieved from the World Bank Data Catalog. Rural
Poverty Rate is defined as the headcount ratio which the percentage of the rural population living below
the national poverty lines. Similarly, the Urban Poverty Rate is defined as the headcount ratio is the
percentage of the urban population living below the national poverty lines. We shall use the data of both
the Rural and Urban poverty based on the nations respective Reference Year provided by the World Bank
Data Catalog.

As mentioned earlier, this study aims to find if the RAI could reflect Rural and Urban poverty and
aid national planners and authorities in roadway infrastructural planning. Therefore, we would have to
create two models: one with the RAI against Rural Poverty and one with the RAI against Urban poverty.
Based on our results, the RAI helps rural and/or poverty in determining if it is an appropriate indicator
towards infrastructural Development. In this data analysis, we shall propose a model and test for
assumptions towards our proposed model.

Proposed model for the RAI against the Rural poverty model is as follows:
(Rural Poverty) = By + B,(Rural Access Index)

Where independent &;~N (4.5~} and E(y; ) = B - x; with y = (Rural Poverty) and x = (Rural Access Index)
of referenced nation i. These were concluded based on the testing of assumptions with relevant plots.

With the failure to meet the assumptions of Normality and equal variance, we shall modify our
model to meet the assumptions, with the transformation of the square-root as the response variable -
Urban Poverty Rate.

Thus, the new transformed model will give us the following:

J (Urban Poverty) = By + B, (Rural Access Index)

Where independent &~N{u, ¢°) and E{y;) = B -x; with y = ,[(Urban Poverty) and x = (Rural
Access Index) of referenced nation i. These were concluded based on the testing of assumptions with
relevant plots.
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3. Results and Discussions
As reiterated from earlier, we aim to find if the Rural Access Index (RAI) could reflect Rural and
Urban poverty and aid national planners and authorities in roadway infrastructural planning. This would

thus give us two models, analyzed in the Methods which would yield the following results.

Table 1. This would thus give us two models

p-value p-value

Coeffici Estima t- (two- (left-
Model ent te value tailed) tailed) R?

BO 62.359 11'53 sfele 0229
(Rural Poverty) = By + B,(Rural Access Ir];:ig.r] ) . 327e.05  16356-05 6

42.557 4.445 ook

BO 5426 1226 .16 0078

J (Urban Poverty) = By + B, (Rural Access Index) ) ) 5.8
* Kk
B1 19052 2426 0.0179 0.00895

Rural Model

To interpret the results in context, if a country's entire rural population has no one living within 2
km of an all-season road (ie no rural community is accessible), the country's expected rural poverty rate
would be 62.359%. For every additional percent (0.01 in Rural Index) of the rural population who live
within 2 km of an all-season road, the country's Rural poverty rate is expected to decrease by 0.42557%. If
the country has everyone living within 2 km of an all-season road, (ie RAI=1) the predicted rural poverty
rate would be 19.80176%. These numerical figures suggest the model is appropriate for they all fall within
the [0,100] possible percentage range for rural poverty rates.

At threshold a=0.01, since p-value<a, we have strong evidence to conclude that a higher
Accessibility to Rural Areas (Rural Access Index) leads to lower Rural Poverty Rates.

Urban Model (Transformed)

To interpret the results in context, if a country's entire rural population has no one living within 2
km of an all-season road, the country's expected poverty rate would be 29.44%. For every additional
percent (0.01 in Rural Index) of the rural population who live within 2 km of an all-season road, the
country's square-foot Urban poverty rate is expected to decrease by 0.01905%. If the country has
everyone living within 2 km of an all-season road, the predicted urban poverty rate would be 12.39552%.
These numerical figures suggest the model is appropriate for they all fall within the [0,100] possible
percentage limit for urban poverty rates.

At threshold a=0.01, since p-value< o, we have strong evidence to conclude that a higher
Accessibility to Rural Areas (Rural Access Index) leads to lower Urban Poverty Rates based on our
transformed model.

Discussion

Our results support numerous findings which show that infrastructure does relate to both rural and
urban poverty. A variety of studies, both empirical and normative, have suggested a state’s accessible
infrastructural development does reflect its rural poverty levels, at both a local (Bucheli et al., 2018;
Sewell et al., 2019), national level (Aggarwal, 2018; Maryati et al.,, 2020; Nakamura et al., 2019) and
international level (Giampiccoli & Saayman, 2017). The same could be said with regards to urban poverty
due to its spillover effects (Beard, 2019; Singh & Deewan, 2019; Teschner et al., 2020), although less
studies have been performed on such. This is due to a myriad of interconnected reasons which has been
reviewed earlier above in the “Why is Roadway Infrastructural Accessibility Important?” section.

However, it is worth noting that this study does not aim to confirm an already much known proven
economical fact - that Rural accessibility does reduce rural and urban poverty. Rather this paper aims to
determine if the Rural Access Index (RAI) is reflective of a nations rural and urban poverty with regards to
infrastructural development.

Therefore, such a finding is important, because, while there are plenty of studies to support the
mere fact that infrastructural developments aimed at enhancing accessibility do reduce both rural and
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urban poverty, it is not tied to any global indicator made universally made available. Thus, while
authorities and policy makers are aware that they have to boost infrastructural development, they do not
know the state of the nation’s infrastructure in relation to accessibility. Thus, they do not know how much
funds should be allocated to this, leading to wasteful funds and suboptimal allocation of resources,
particularly in developing countries where funds are limited.

Now that we have established that a specific quantified indicator - the Rural Access Index (RAI) -
does indeed reflect Rural and Urban poverty, and the extent of such, this could significantly aid both
elected and appointed officials in the distribution of limited funds for overall development. Normatively
speaking, if a nation does possess a low RAI, compared to nations of similar development status, perhaps
more resources have to be distributed to infrastructural development in inaccessible areas. On the other
hand, if the RAI remains high, compared to nations of similar development status, perhaps more of the
limited resources should be allocated to other areas of development, such as building more infrastructure
to decongest cities, having better healthcare facilities and on literacy programes, all of which have the same
target of reducing rural and urban poverty.

What makes the RAI and our study particularly unique in relation to its reflection to both Rural and
Urban poverty is the fact that instead of broadly targeting a state’s infrastructural development status, it
targets a specific element of roadway infrastructure - that of its accessibility to rural areas. There are
many indicators which planners and policy makers do depend on for infrastructural growth (Adshead et
al, 2019; Ameen & Mourshed, 2019). However, the term infrastructure, or even its subset of roadway
infrastructure, is simply too broad and it encompasses a massive number of subfields and aspects
(Lawhon et al., 2018). Therefore, officials could have a rough gage on how much should be allocated to
infrastructural modernization, but beyond that, they do not know specifically where these funds should be
allocated too. But our findings could significantly aid all officials, elected or appointed, local or national,
towards specifically planning how much resources should be channelled towards a specific aspect of
development, infrastructure in relation to accessibility. Henceforth, now they would not only know how to
optimize their limited funds but guarantee useful spending by spending on a specific element of
infrastructure - roadway accessibility to rural areas - to ultimately create a ripple effect of opportunities
for both rural and urban residents. This could thus alleviate individuals from both rural and urban poverty
due to the creation of massive economic opportunities, as elaborated earlier.

4. Conclusion

Our results clearly demonstrate that the Rural Access Index (RAI) is reflective of Rural and Urban
poverty and its relation to roadway infrastructure. Therefore, it is suggested the RAI should be regarded
as a core indicator to gage the country’s advancement level in terms of their roadway infrastructure,
relative to other nations. Thus, the RAI could clearly serve as an appropriate indicator in aiding national
planners and authorities of Rural and Urban poverty alleviation.

Henceforth, the RAI gives an insightful assessment into a nation’s current roadway infrastructure
development in relation to Urban and Rural Poverty. Thus, authorities and planners could use the RAI as
an indicator towards the optimization of infrastructural developmental resources for poverty eradication.
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