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Abstract

Proper allocation of limited healthcare resources is a challenging task for policymakers in
developing countries. Allocation of and access to these resources typically varies based on how
need is defined, thus determining how individuals access and acquire healthcare. Using the
introduction of antiretroviral therapy in southern Mozambique as an example, we examine
alternative definitions of need for rural populations and how they might impact the allocation of
this vital health service. Our results show that how need is defined matters when allocating limited
healthcare resources and the use of need-based metrics can help ensure more optimal distribution
of services.
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1. Introduction

Health as human capital implies that investments in health will generate broader returns, and
this link between health and economic performance has been established at both the micro
and macro levels. This relationship can also work in reverse, as poor health can inhibit labor
force participation and stunt economic growth. The negative implications of poor health in
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agriculturally-reliant areas have been documented (Canning, 2006; Walker et al., 2006), and
illness can deepen and perpetuate poverty traps by stifling economic mobility among
resource constrained households. A variety of policy levers have been applied to attempt to
disrupt this negative health-wealth relationship in low-income countries (LICs). In LICs,
health clinics are commonly used to improve healthcare access and reduce the frequency and
severity of adverse health events. Factors such as location and services offered can both
affect a clinic’s efficacy, as they can a regional clinic system’s efficacy, which can affect the
value of this policy instrument.

Mozambique is a LIC that has been plagued by high rates of HIV, which disproportionately
affects subsistence farmers and imperils their livelihoods (Dodson et al., 2016). We examine
the initial deployment of antiretroviral therapy (ART) in a particularly hard-hit region of
Mozambique, and how the optimal allocation of ART services among the existing network
of clinics varies depending on how need is defined.

Access has been broadly defined in the healthcare literature as either non-spatial or spatial
(Donabedian, 1973). Non-spatial access often refers to societal factors that contribute to or
prevent access to healthcare (Yao et al., 2013). Ideally, all members of society should have
equal opportunity to acquire the healthcare that they need (Ricketts, 1994). In practice,
however, non-spatial access is often directly influenced by demographic and economic
factors, setting up an environment that creates ‘winners’ and ‘losers.” The political ecology
of health suggests that these non-spatial factors contribute to this inequity, shaping how
people access healthcare (Turshen, 1977; King, 2009). This inequity prevents true access to
care—especially for impoverished rural populations such as those in Mozambique and many
other parts of sub-Saharan Africa. Non-spatial processes have implications for spatial
(physical) access. Spatial access often refers to the physical features that impede or facilitate
access to healthcare (e.g., physical distance, rivers, forests, mountains, etc.) (Yao et al.
2013). This type of access is often couched in either the ability to use health services or
actual utilization of them (Joseph and Bantock, 1982; Joseph and Phillips, 1984). This
analysis is primarily concerned with the ability to use healthcare and we demonstrate that
this ability is highly contingent on how ‘need’ is defined.

Because access to healthcare plays an integral part in shaping healthcare utilization, facility
location and health services offered is a critical issue for urban and regional policy making
(Higgs, 2009). The last few decades have seen the development and use of many facility
location models for health services (Calvo and Marks, 1973; Bennett et al., 1982; Osleeb
and McLafferty, 1992; Ratick et al., 2009; Yao and Murray, 2014). Additionally, allocation
models are typically employed to assist with healthcare planning and describe clinic service
areas or distribute health services (Cromley and McLafferty, 2011; Yao and Murray, 2014).
Thus, facility location models can be combined with allocation models to optimize the
distribution of key health services amongst health clinics. Our research adapts location-
allocation modelling to understand how varying definitions of ‘need” change the optimal
distribution of a vital health service—ART.

Using health clinic data from 2009, i.e., when the massive scale-up of HIV services began,
we evaluate village access to health clinics and correlate that access with population,
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economic status, and agricultural intensity. We consider multiple measures of access for this
analysis, using distance to nearest clinic, distance to nearest clinic offering ART, and average
quality of surrounding clinics. Cost is not considered a barrier to access in this study because
of the commitment made by the Mozambican government to provide ART for free through
state-run clinics (WHO, 2007; Yao et al., 2014). To examine the potential implications of
limited resources, we construct a village-specific quality score comprised of available
resources for each clinic that is then weighted by its distance from the village. We question
whether the initial clinics selected to offer ART were optimally chosen to best serve
surrounding communities. To examine this, we perform a location-allocation analysis to
understand how the initial configuration of clinics chosen to offer ART may be
underperforming and offer an optimal configuration solution. We construct multiple metrics
for need and then model how access to ART varies as a function of need for initial and
optimal configurations. We also evaluate how a reorganization of health services such as
ART can improve access for the need-based groups.

This study contributes to the literature on access to care in spatially innovative ways. First,
we take advantage of precise spatial information about both villages and clinics. Second, we
integrate a comprehensive quality measure into the optimality analysis, considering all
clinics within a predefined radius of each village rather than just the closest one. And third,
we examine how improvements in access may correlate with changes in livelihood
sustainability.

2. Study area

Mozambique, a sub-Saharan country with a population of 27 million and GNP per capita of
525 USD (World Bank, 2015), has long been striving to contain such diseases as malaria,
cholera, and tuberculosis. Mozambique is also among the sub-Saharan countries most
severely affected by the HIV/AIDS epidemic, with adult HIV prevalence estimated at 12%
nationwide, and as high as 25% in southern Gaza province, where our data are collected
(Ministry of Health, 2009). In 2004, ART was rolled out nationwide but through a very
limited number of health clinics; less than 25% of the population with advanced HIV were
actually enrolled in ART as of 2007 (Audet et al., 2010). Additionally, Mozambique, and its
southern region in particular, is prone to natural disasters such as devastating flooding and
severe drought (Klinman and Reason, 2008; Matyas and Silva, 2013). Thus, households in
this region may be further disadvantaged by the occurrence of a natural disaster, forcing
them to deal with many disease vectors, thereby eroding household human capital by
creating unhealthy landscapes. Figure 1 depicts the location of health clinics surveyed and
surveyed villages in the area.

Agriculture is a vital part of the Mozambican economy, where just over 85% of the
population engages in this livelihood strategy (FAO, 2015). Most of those engaged are
subsistence farmers and are more vulnerable to poor health as they often have a small or no
social safety net to rely on. The government of Mozambique has identified cash cropping as
a poverty alleviation strategy and has placed a growing emphasis on these types of crops
(Silva, 2008; PARPA, 2007).
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Subsistence agriculturalists are by definition highly vulnerable to shocks that affect their
livelihood. They are also highly vulnerable to health shocks and, in turn, highly dependent
on the clinical services that, if accessible and adequate, may help cushion these shocks.
Chronic illnesses such as diabetes, cancer, and hypertension plague older generation
subsistence agriculturalists, while communicable diseases such as HIV/AIDS, sexually
transmitted diseases (STDs), and cholera, to name a few, typically affect the younger
generations (Negin, 2005; Hawkes and Ruel, 2006). Additionally, subsistence agricultural
households have limited economic mobility and are thus limited in livelihood diversification
in the face of health declines (Ulrich et al., 2012). Poor health and disease are capable of
diminishing household stocks of human capital, have far-reaching consequences for those
reliant on physical labor, and are felt more acutely in households that are subsistence-reliant;
these types of households will often resort to farming less land as a coping strategy for
dealing with poor health, thus further jeopardizing their well-being (Obrist et al., 2007;
Dodson et al., 2016). Therefore, access to vital healthcare services is essential to helping
these households resume their livelihood activities.

As part of the government’s poverty alleviation strategy, investments in health infrastructure
are cited as a top priority (PARPA, 2007). The government of Mozambique uses state-run
health clinics as a platform to roll out high-quality services such as ART, prevention of
mother to child transmission of HIV (PMTCT), maternal and child health (MCH) services,
and immunizations (WHO, 2007; PARPA, 2007). Importantly, in an effort to support the
poverty alleviation strategy, the government provides certain services to the general public
for free; these services include HIV testing, ART, services for pregnant women (e.g.
prenatal, delivery and counseling services), immunizations, and care to children under five
(WHO, 2007). The use of state-run health clinics as a platform for extending vital health
services is where this research seeks to make a meaningful contribution; it seeks to help
inform policymakers in the approach needed to address equity in access to healthcare.

3. Data and methods

The data used in this analysis comes from wave two (2009) of a longitudinal household-
based survey of rural women’s health, as well as a parallel survey of health clinics. The data
collection was funded by NICHD [R21HD048257, RO1HD058365]. These surveys were
developed to better understand how Mozambique’s high rate of labor migration affects the
spread of HIV and STDs.

The first survey wave was conducted in 2006 in 56 villages located in four districts
(Chibuto, Chokwe, Guija and Mandlakaze) of Gaza province in southern Mozambique and
included a sample of 1680 women aged 18-40. Fourteen villages per district were selected
with probabilities proportional to their population size based on census data. In each village,
30 households with at least one married woman of target age were chosen through
probability sampling; these households were split between those with women married to
migrants and those married to non-migrants. In 2009, the second wave of the survey was
carried out. The respondents who were not available for interview were replaced by
randomly selected women from the same villages. In follow-up attempts conducted later in
that year and early in the following year some of the original respondents who had not been
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interviewed were located and interviewed. Their substitutes were retained in the sample. As
a result, the total sample size increased to 1,868. The survey instrument included a variety of
demographic, economic, and health questions. Additionally, all health clinics (53) in the four
districts were surveyed in 2009 about the MCH services offered. The clinic survey was
based on interviews with key clinic personnel.

Oral consent was obtained from each household survey respondent and each key respondent
from the health clinics. All data were de-identified to preserve the confidentiality of the
respondents. The project was approved by Institutional Review Boards at [Arizona State
University] in the USA and [Mozambique Ministry of Health Research Ethics Committee]
in Mozambique.

We captured need using three different variables from the dataset, these include total
population, household responses to asset ownership, and reported food insecurity. Our
notion of access to health services was then based on survey data on clinic offerings as well
as geographic location data. The clinic survey included 15 different attributes that address
overall infrastructure, staffing, and actual services offered (e.g., ART, SRH, etc)l.

Our analytical strategy encompasses descriptive statistics, PCA, location-allocation analysis,
and GIS. Descriptive statistics were used to explore the level of reliance on agriculture for
households in the survey, frame the motivation for the primary research question, and
explore the relationship between livelihood vulnerability (measured by food hardship) and
access to healthcare. PCA was used to generate an asset score (which is used as the measure
of economic well-being) for the households, as well as the HSQ index; specifically, PCA
was used to derive the weights assigned to each asset or health clinic attribute that
contributes to that respective index. Location-allocation analysis is used to examine how
clinic placement may affect households that are potentially more vulnerable. Spatial
methods are applied to examine optimal clinic placement based on the location-allocation
analyses and explore potential improvements associated with locating health clinics more
effectively.

Descriptive statistics are used to contextually understand the division of household labor
dedicated to agriculture, as well as the potential vulnerability households face when distance
and access to healthcare vary spatially. We assume that households residing in the same
village will have roughly the same level of distance to overcome, as well as access
opportunities such as access to high-quality services. Two measures of access are generated:
one based on network connectivity of the current road system in the study districts
(geographic access), and the other measured through a comprehensive HSQ index that
considers the quality of care available (quality measure of access). While other studies have
demonstrated that Euclidean distance can be a sufficient measure of spatial access in sub-
Saharan Africa (Tanser et al., 2006; Yao et al., 2012), it is not useful for understanding

1The 2009 Mozambican AIDS Indicator Survey (AIS) was explored for potential assessment of HIV burden in this analysis. However,
the AIS was not available to inform the initial allocation of ART in Mozambique, in general, and in the study area, in particular.
Likewise, the AIS data could not be taken into account in the selection of villages for the initial wave (2006) of the women’s health
survey. Moreover, the AlS was based on a national sample, which could not provide sufficient information on variation in the HIV
burden throughout the study area. Yet, because the study area is relatively small and economically and culturally homogenous, this
variation is believed to be minimal.
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distance and access barriers as they occur in reality. Euclidean distance fails to accommodate
for geographic barriers and these need to be accounted for as individuals must travel around
these impediments. The current road network is comprised of primary and secondary routes,
as well as trails. Therefore, we take a hierarchical approach in weighting the roads by their
respective speed limit to help minimize travel impedance. More specifically, the roads
provide data on the ‘level’ for each road (e.g., primary, secondary, and trails) and we assume
that these different levels correspond with the overall travel impedance. This means that
individuals, whether driving or walking, can move more quickly along primary routes versus
secondary and trail routes, and these differences are accounted for in our access measures.

3.1 Defining and measuring livelihood vulnerability

PCA is used to calculate a measure of potential economic status at the household level.
Many studies have demonstrated the value of using wealth-based indicators to rank
households based on asset or wealth (Filmer and Pritchett, 1999; Khan et al., 2006; Flimer
and Kinnon, 2012; Giesbert and Schindler, 2012; Yao et al., 2014). We use detailed
information on dwelling conditions, access to electricity and water, access to a latrine, and
asset ownership to generate a composite measure of economic well-being using PCA, based
on weights derived from the first component in the PCA. Livestock are often considered
assets for subsistence agriculturalists in developing countries and these were included in the
composite index (Thornton et al., 2007; Giesbert and Schindler, 2012). Livestock were
converted to tropical livestock units (TLUSs) using the Food and Agriculture Organization
(FAO) conversion formula. We also generate a measure of food hardship. For this measure,
we identify households that reported having fewer than two meals a day in the past week.

For all of the livelihood vulnerability measures, households are grouped based on terciles.
Terciles were chosen based on the distribution of the underlying data, as well as the
relatively small number of villages. They are often preferable for developing countries
because dividing samples into quartiles or quintiles often results in arbitrary cutoff values in
which a large proportion of households would be allocated to an adjacent category due to a
clumping of wealth scores at the lower end of the distribution (Khan et al. 2006). For
population, tercile 1 is equal to the least populated villages while tercile 3 represents the
most populated. For asset score, tercile 1 is equal to those with the least number of assets
(worst economic status) while tercile 3 represents those with the greatest number of assets.
For food hardship, tercile 1 is equal to the least amount of food hardship while tercile 3
represents the greatest food hardship. Table 1 shows the ranges used for each tercile for
defining the livelihood vulnerability measures. We tested for correlation between our metrics
using a correlation matrix and found little to no correlation between the metrics (coefficients
for all pairs < 0.40).

3.2 Minimizing distance to health clinics through optimal placement

Measuring optimal placement of health clinics in this study is modeled through location-
allocation analysis. The purpose is to assess the initial spatial organization of ART and
determine if it is sited in such a manner that provides best access to the study region villages
based on their level of need. The measure of access used for this analysis is average distance,
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weighted by travel speeds on the roads in the region, and can be obtained using a location-
allocation model implemented in a GIS.

3.2.1 Defining access to high-quality health clinics—Measuring access to high
quality healthcare is a multi-step process. First, the HSQ index for each health clinic in the
study area is constructed. We modelled the HSQ index after that of Yao et al. (2013) and
have expanded it to include additional measures of quality pertaining to health clinics. The
HSQ index is the weighted sum of health clinic attributes:

15
aj=> " wv;
7 i=1 '

where /is the index of attribute /= 1,2,...15, Jis the index of the health clinic, j=1,2,...N;
vjis the /th attribute; w;is the weight for the #h attribute; and, ;is the HSQ index of the jth
clinic. The attributes included in the HSQ are listed in Table 2.

A hedonic model was used to understand the contributory value of each specific health clinic
attribute. Higher values of the HSQ index are indicative of better health services. The
weights, wj, for health clinic attributes were estimated using PCA.

The second step was to use the HSQ for each clinic to create an access metric for each
village that includes both distance and quality of nearby health clinics. Specifically, this
metric is the weighted sum of the HSQs for all clinics within a ten kilometer radius of a
village, with weights corresponding to the inverse of the distance of the clinic from the
specific village.

The services included in the HSQ are primarily MCH-related, and thus do not reflect the
broader array of services available to the population. However, these MCH services are used
as a proxy for the capacity of a facility to offer high-quality services in general. The use of
these services as a proxy is justified by the high fertility rates observed across villages in the
study (Yao et al., 2012), which suggest that the quality of services offered is most likely to
be distributed based upon maternal need. It is important to note that while the majority of
services examined in the quality measure are MCH-specific, the health clinics do have the
ability to offer general services to the public (i.e., males may also be seen at these clinics) as
these health clinics represent the only type of health facility immediately available to rural
residents (Yao et al., 2014).

3.2.2 Location-allocation analysis—Location-allocation is modeled using the p-
median model which seeks to minimize the average total distance between demand points
and their closest facilities (Hakimi, 1964, 1965; ReVelle and Swain, 1970; Kumar, 2004).
Essentially, the p-median model is used to select the best configuration of health clinics
offering ART to the general public. This is done by choosing where a defined number of
clinics offering ART should be sited given the initial configuration of 53 clinics. Formally
stated, the p-median model takes the following form:
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Minimize Z=

YD aidiyHSQjwy;

i=Ij=J

Facing the following restraints:
A clinic has to be allotted with a separate demand site (village): x;;< x;;for all (7)
An open clinic must be allotted a demand:

injzl for all 4
=7

Only the pclinics are to be located:

inj:p forall j
j=J

All villages assigned to them equal the number of clinics to be located.
Total demand from a separate village: x;;= (0,1) for all (1,j) is allotted to only one facility)
When:

Z = the objective function.

/= all of the villages where the nodes on network along the subscript 7are an index
signifying a specific demand area.

J= the collection of candidate clinics when the nodes on the network along the
subscript jare an index which signifies a particular clinic location.

a; = the village-weight based on defined need for village /.

djj= denotes the distance or time in terms of the travel cost and separates place /from
candidate clinic J.

HSQj;= the HSQ score for clinic j

Xjj=equal to 1 when demand at place /is allotted to a facility opened at site /, or
equal to 0 when demand at place 7is not allotted to the location.

p = the number of clinics to be located.

Because the p-median problem is a combinatorial problem of type “N choose P”, the
solution frontier can grow extremely large. This can be solved efficiently in a GIS through
the use of heuristics while generating a near-optimal solution. A heuristic in this sense is
used to overcome computationally expensive processes by solving a problem more quickly
when classic methods are too slow or fail to find an optimal solution. The location-allocation
model is implemented in ArcGIS 10.4; ArcGIS use a heuristic that allows for an optimal
solution to be obtained by first generating an origin-destination (OD) matrix of shortest-path
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costs between all clinics and villages along the network; it then uses Hillsman editing to
produce edited versions of the OD matrix which can then be used to develop a set of
semirandomized solutions that applies a Teitz and Bart substitution to generate a full set of
solutions. When no additional improvement is found, the best solution is returned (ESRI,
2016).

The analysis weights the villages by population for the first iteration, by asset score for the
second, and by food hardship for the final iteration. For the asset score-weighted version, the
inverse of the asset score is used to give more priority to those with the lowest economic
status. For each of the need-based metrics, we establish: the baseline assessment (the initial
configuration of clinics offering ART); the optimal, “from scratch” allocation (assumes
optimal configuration chosen from all possible health clinic locations); the initial
configuration plus one additional clinic; the initial configuration plus five additional clinics;
the initial configuration plus ten additional clinics. The three configurations that examine
“additional” clinics reflect the ‘best’ way to expand ART given the initial configuration
already in place. A one-way analysis of variance was used to test for significance between
categories.

4. Results

We descriptively explored the role agriculture plays for households in the study area.
Migration is quite common in this region given the close proximity to South Africa and
neighboring countries, as male members of the household typically seek work elsewhere;
this often leaves majority of agricultural responsibility to women within the household
(Agadjanian et al., 2011). This is confirmed in Table 3.A and 3.B, as stark differences
emerge between the percentage of women and men engaging in agriculture for the study
sites. Based on the survey respondents’ reports, just fewer than 30% of male household
heads usually participate in agricultural activities, compared to nearly 100% of women.

4.1 Livelihood vulnerability

Descriptive statistics for the livelihood vulnerability metrics were used in an exploratory
manner to better understand how the initial distribution of health clinics may impact
different groups within the population differently. Table 4 reports the results from the
descriptive statistics under the initial allocation of clinics offering ART. The table shows
how distance to the nearest health clinic, nearest ART clinic, and the overall quality of
services offered varies by our need-based metrics for the defined terciles. While distance to
the nearest clinic is not significantly different for the terciles based on any of the metrics,
there is considerable variation—suggesting room for improvement in minimizing the
distance traveled to access ART. However, there are significant differences between terciles
for the food hardship metric when examining distance to the nearest clinic offering ART to
the general public. We chose to examine the role of clinic placement further with respect to
population, asset score, and food hardship.
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4.2 Optimal solutions for the placement of health clinics

As of 2009, only 4 clinics in the study area were providing ART. We compared the initial
configuration of clinics providing ARTs with the optimal configuration as indicated by each
of our defined need metrics. Figure 3 shows the initial and optimal configurations of clinics
offering ART. Under the initial configuration, we can easily see that residents of some
villages have to travel disproportionately further to access this service than others.
Additionally, two villages in the Chibuto district are surrounded by lakes and thus are not
able to easily access health clinics offering ART, suggesting a sub-optimal configuration. To
find the optimal solution, we assumed that none of the 53 clinics offered ART and modeled
clinic configuration by choosing the optimal location for 4 clinics to offer ART from the
initial set of clinic locations; this was done for all metrics analyzed. Each clinic is weighted
by its HSQ and identifies those clinics with the best potential for offering ART. There is
variation in the optimal solutions, suggesting that the way in which need is defined matters.

When villages are weighted by population, only half of the clinics overlap between the
initial configuration and the optimal solution. The optimal solution accounts for geographic
barriers and allows for all villages to be served while reducing the average distance travelled
by roughly 3.2km (see Table 5).

We also performed the analysis for villages weighted by asset score. Figure 3 compares the
initial configuration with the optimal configuration for clinics offering ART. The optimal
solution results in a decline of average distance travelled by roughly 1.8km when the initial
and optimal configurations are compared (see Table 6).

Additionally, we sought to understand how access to ART varied for villages that were more
vulnerable to food hardship, and this is also shown in Figure 3. The solution set for optimal
clinics suggest that a complete reconfiguration is needed. The optimal solution results in a
decline of average distance travelled by roughly 3.6km when we compare the initial and
optimal configurations (see Table 7).

Not only were the initial and optimal configurations for clinics offering ART compared, but
we also examined how to expand the initial configuration and offer ART in additional
clinics. We examined what effect 1, 5, and 10 additional clinics offering ART would have on
access. Table 5 shows the overall improvement in access as ART is extended to additional
clinics for all of the metrics. For example, providing 1 more clinic reduces the trip to the
nearest clinic offering ART by 3km. Furthermore, prioritizing by population also improves
access for villages experiencing greater food hardship.

Figure 4 illustrates the optimal spatial solution for expanding ART to additional clinics,
based on the initial configuration as a baseline. This configuration minimizes overall
impedance and results in a savings of roughly 12.3km when 10 more clinics are added to the
initial configuration of ART clinics. Table 6 highlights that when minimizing overall
impedance and weighting villages by economic status, adding an additional 10 clinics to the
initial configuration would result in a 12.8km average reduction. However, what is more
telling is that when prioritizing villages with low economic status, adding 10 clinics offering
ART would result in a nearly 20km savings. Table 7 highlights that when minimizing overall
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impedance, adding an additional 10 clinics to the initial configuration would result in an
average reduction of nearly 12km. Interestingly, when prioritizing villages with a low asset
score, 10 additional clinics offering ART would result in a savings of just over 17km
travelled.

5. Discussion

As part of its poverty alleviation strategy, the government of Mozambique has identified
investments in human capital as one of its three main pillars for its development strategy; the
need to invest in health and healthcare is nested within the human capital pillar (PARPA,
2007). Therefore, access to healthcare becomes an important precondition for investing in
human capital. Extension of vital health services such as ART then represents a policy
mechanism by which the government can achieve its overarching goal of poverty
eradication. This analysis demonstrates that there are multiple ways to define need and the
way need is defined affects how health services should be allocated moving forward.

Multiple measures of livelihood vulnerability were examined for distance and access effects
for these villages. Results from the descriptive statistics revealed that households in this
study are highly dependent on agriculture, with women being responsible for the majority of
farming. Additionally, results from the descriptive statistics showed that, across terciles,
most villages were located less than 6.5km from the nearest health clinic. While the average
distances were not significantly different between terciles for each need-based metric, some
interesting patterns emerged. Villages with the highest asset score were closer to health
clinics than those with the lowest asset score. Additionally, villages that experienced the
greatest food hardship were located significantly furthest from health clinics. We also
examined distance to the nearest clinic offering ART, finding that there was no significant
difference between terciles for the population and asset score measures. However, there was
a significant difference between terciles for the food hardship measure.

We extended the analysis to examine the initial configuration of health clinics offering ART
and compared that with the optimal solution. As of 2009, only 4 clinics in the study area
were offering ART. Additionally, we examined how an additional 1, 5, and 10 clinics
offering ART could provide better access for society. We then re-estimated the
improvements in distance and access for all of the livelihood vulnerability measures. The
location-allocation analyses focused on population, asset score, and food hardship. The
population weighted location-allocation analysis first compared the initial configuration of
clinics offering ART with what an optimal solution would be. Across terciles for population,
the average distance travelled was just under 24km to the nearest clinic providing ART.
Additionally, some villages are not serviced by the nearest clinic offering ART as significant
geographic barriers are present. The optimal solution chose 4 clinics from all 53 possibilities
and resulted in just over a 3km improvement in distance needed to travel. Because a
complete re-organization is highly unlikely, we examined what the optimal locations for
adding additional clinics would be given the initial configuration of those offering ART.
Adding one more clinic further improved access by 3km. An additional 10 clinics in the
study region would provide access to the surrounding villages and result in an average
distance of roughly 10km. It has been established that most individuals are not willing to
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travel beyond 10km, one way, for healthcare (Yao et al., 2013). Thus, providing access by
which individuals can travel less than 10km is a key step in providing equitable access to all.

It appears that those with the least number of assets are more disadvantaged in terms of
access to ART than those who have higher socioeconomic standing. The most interesting
results come from siting clinics offering ART when weighted by food hardship. Because
much of the population of Mozambique are subsistence agriculturalists, changes in the
ability to secure daily meals are of great importance for the overall well-being of the
population. The initial configuration of clinics offering ART is not set up to help villages
experiencing high levels of food hardship, and a complete reconfiguration is needed to help.
Expanding to an additional 5 clinics would help villages with the highest levels of food
hardship and bring the average travel distance closer to 10km (13.14km), and an additional
10 clinics would bring the average travel distance below 10km. While significant differences
remain, there is still an overall reduction in distance travelled for the groups. This finding
highlights the complexity associated with high rates of food insecurity and the ability to
access healthcare.

Health clinics are one policy lever that can be used to help disrupt the negative health-wealth
relationship. In this study, unhealthy households saw a larger reduction in the distance to
nearest clinic, while healthier households gained in terms of access to high quality care.
However, these differences were not statistically significant. There are number of possible
explanations for this to be the case. First, clinic placement may be based on factors other
than general healthcare needs, and may be located to deal directly with specific diseases or
priority conditions. Second, the health measure is subjective and relies on perceived changes
in health status. Finally, the lack of significance also underscores the fact that access is only
one issue, and once access is improved, improvements in awareness and confidence in the
health system itself needs to be fostered.

Whereas we generated need-based metrics to examine the allocation of key health services,
one limitation we faced was not knowing whether the initial configuration of clinics offering
ART was based on perceived need or some other defined metrics. Incorporating such metrics
as a known baseline could have increased confidence in the results of our location-allocation
analysis. Additionally, having detailed information on the number of ART visits for HIV-
infected individuals could have improved the robustness of our results.

6. Concluding remarks

This research improves our understanding of how distance and access to high quality
healthcare varies depending on how need is defined. The goal is to provide informed
decisions of how healthcare should be allocated to vulnerable groups within society, using
the initial deployment of ART as an example and this study offers a lesson on how to best
allocate limited healthcare resources for future interventions. Few studies consider the
inherent geography and solely rely on Euclidean distance when considering how vital
resources should be allocated. However, this does not provide an optimal solution as it does
not accurately represent reality. This analysis made use of the existing road network by
analyzing how people travel to their nearest health clinic for care. This analysis is meant to
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provide policymakers with a framework for resource allocation and can be considered a
lesson in modeling access to healthcare.

Health clinics are a primary policy mechanism that are supposed to provide valuable
resources and care to those who need it most. Therefore, access to these facilities is vital for
health-affected households to mitigate the potential negative effects of illness and disease.
Because agriculture is such a laborious endeavor, access to ART and other similarly complex
services is vital for allowing affected individuals to maintain their livelihoods and provide
for their household. In the context of universalization of ART services that increasingly
characterize rural Mozambique and similar settings, future work should capture and analyze
the frequency and duration of ART stock-outs, as well as the number of patients initiating
and continuing ART. It would also be interesting to examine whether or not the allocation of
ART and other high-quality services are related to political priorities and varies across areas
that are seen more or less loyal to the ruling regime. HIV services may have a history of
suboptimal deployment and occasional current failures, but they are almost fully universal at
this point. While this study examined the location-allocation issues in the context of early
rollout of ART, it is highly relevant to other health challenges as its results can be
extrapolated to other vital health care services applications. Thus, our study offers
policymakers valuable guidance for distributing these services in resource-constrained
settings.

Although equality in access to healthcare is a crucial policy goal, this goal is rarely achieved
in practice—not only because resources are scarce but also because of how resources are
allocated. The needs of disadvantaged populations should be a focus when striving for
equity in health, and thus any improvements in the current healthcare system that provide
these populations with opportunities to invest in their health should be the top priority for
policymakers. By emphasizing the surrounding geography, accounting for the level of
quality, and identifying vulnerable groups within society, this analysis presents a framework
for deciding how to expand health services, while providing a more nuanced blueprint for
future planning.
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Highlights
. The way ‘need’ is defined matters for allocating limited healthcare resources.
. The initial allocation of antiretroviral therapy is sub-optimally distributed.
. Proper allocation of health services is an integral part of investing in human

capital.
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Figure 1. Map of study area
Source: map constructed by authors
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Figure 3. Initial versus optimal configurations for clinics offering ART when weighted by total
population, asset score, and food hardship

Note: Maps constructed by authors. A) Initial configuration of clinics offering ART. B)
Optimal configuration when weighted by total population. C) Optimal configuration when
weighted by asset score. D) Optimal configuration when weighted by food hardship.
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Health clinic attributes

Resources available 2009 (N=53)
Mean  Std. Dev.

Number or rooms in clinic 217 1.30
Clinic has access to piped water *  0-26 0.45
Clinic has access to electricity *  0-57 0.50
Clinic receives NGO assistance 047 0.50
Services offered

Prenatal consultations ™ 0.98 0.14
Counseling and testing ™ 0.55 0.50
PMTCT ™ 0.49 0.50
ART for general public 0.07 0.26
ART for pregnant women * 0.19 0.39
Delivery assistance ™ 0.68 0.47
Postpartum consultations * 0.98 0.14
Child consultations ™ 0.96 0.19
Child at risk care 0.51 0.50
Family planning 0.98 0.14
Child vaccinations ™ 0.92 0.27

Note:

*
these attributes are binary
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