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ABSTRACT

Introduction Geographical accessibility is important
against health equity, particularly for less developed
countries as Nepal. It is important to identify the disparities
in geographical accessibility to the three levels of public
health facilities across Nepal, which has not been
available.

Methods Based on the up-to-date dataset of Nepal
formal public health facilities in 2021, we measured the
geographical accessibility by calculating the travel time

to the nearest public health facility of three levels (ie,
primary, secondary and tertiary) across Nepal at 1x1 km?
resolution under two travel modes: walking and motorised.
Gini and Theil L index were used to assess the inequality.
Potential locations of new facilities were identified for best
improvement of geographical efficiency or equality.
Results Both geographical accessibility and its equality
were better under the motorised mode compared with

the walking mode. If motorised transportation is available
to everyone, the population coverage within 5 min to any
public health facilities would be improved by 62.13%.

The population-weighted average travel time was 17.91
min, 39.88 min and 69.23 min and the Gini coefficients
0.03, 0.18 and 0.42 to the nearest primary, secondary
and tertiary facilities, respectively, under motorised mode.
For primary facilities, low accessibility was found in

the northern mountain belt; for secondary facilities, the
accessibility decreased with increased distance from the
district centres; and for tertiary facilities, low accessibility
was found in most areas except the developed areas like
zonal centres. The potential locations of new facilities
differed for the three levels of facilities. Besides, the
majority of inequalities of geographical accessibility were
from within-province.

Conclusion The high-resolution geographical accessibility
maps and the assessment of inequality provide valuable
information for health resource allocation and health-
related planning in Nepal.

INTRODUCTION

Health equity receives worldwide attention,
the improvement of which is one of the main
goals of health development in most coun-
tries.” Nepal is one of the least developed
countries, with fragmented health system,
insufficient health resources and poor sanita-
tion.”™* Public health services initiated by the

Key questions

What is already known?

» Most previous studies in Nepal summarised the av-
erage travel time of different populations in certain
regions/the whole country based on cross-sectional
surveys on sampled residents, and did not provide
enough information on geographical accessibility of
each residential settlement to health facility across
the country.

» One study produced global maps of travel time to
healthcare facilities at high resolution, but the ac-
cessibility may be underestimated as small health
posts/centres providing primary healthcare services
might be omitted.

» No study has assessed the geographical accessi-
bility to different levels (ie, primary, secondary and
tertiary) of public health facilities across Nepal.

What are the new findings?

» High-resolution maps showed wide variations in the
distribution of geographical accessibility of different
levels of public health facilities across the country.

» In 2021, most people (92.54%) could access to pub-
lic health facilities within 15 min with the motorised
travel mode, and most people (94.63%) had accessi-
bility within 60 min with walking mode. If motorised
transportation is available to everyone, the popula-
tion coverage within 5 min to any public health facil-
ities would be improved by 62.13%, compared with
that with walking mode.

» Only less than two-thirds and around one-third of
population had good geographical accessibility (<30
min) to secondary and tertiary facilities, respectively,
with the motorised mode.

» The geographical accessibility and its equality de-
creased with the increase of levels of facilities,
and the the majority of inequalities were from
within-province.

» Potential locations of new facilities for the three lev-
els were provided, to best improve the efficiency or
equality of geographical accessibility.

government are arguably the backbone of the
entire health system.” Although the country
has made notable progress in health outcomes
over the past two decades,” inequity in access
to healthcare is still significant.’” Particularly,
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Key questions

What do the new findings imply?

» The high-resolution maps identify vulnerable areas for addition-
al public health facilities to optimise geographical accessibility of
public health services at three levels in Nepal. Accessibility with
motorised mode better than that with walking mode highlights the
importance of a more efficiency public transport system and better
transportation network in Nepal. Low geographical accessibility and
high disparities of higher level health facilities urge the government
to advance the hierarchical healthcare system.

» Methods described in the study could be adopted to similar con-
texts in other low-income and middle-income countries.

one of the major barriers were poor geographical acces-
sibility of many people, according to the Nepal Health
Sector Strategy 2015-2020.% Indeed, studies have shown
that the utilisation of healthcare is closely related to the
physical accessibility to medical services.” ' Therefore,
it is important to understand the different geograph-
ical accessibilities to public health facilities across the
country, where areas with poor geographical accessibility
can be identified, providing useful information for policy
makers to allocate health resources.

To our knowledge, studies on accessibility to health
resources in Nepal are few, most of which are based
on cross-sectional surveys on sampled residents.® !
According to the Nepal Living Standards Survey 2010—
2011, only 61.8% of households in Nepal can reach the
nearest health posts within 30 min, with significant urban
and rural differences.'! However, these studies did not
provide enough information on geographical acces-
sibility of each residential settlement to public health
facility across the country. Recently, Weiss ¢t al produced
global maps of travel time to healthcare facilities at high
resolution, where the geographical accessibility to facili-
ties in Nepal are shown.'” Geographical information of
health facilities were extracted from Google Maps, Open-
StreetMap and other published sources, where small
health posts/centres may be omitted, thus might under-
estimate the accessibility.

In addition, different levels of health facilities provide
different health services.”” Nepal public health facili-
ties were mainly categorised into three levels—primary,
secondary and tertiary."” Primary level facilities provided
promotive and preventive services, in addition to basic
curative services; secondarylevel facilities were the referral
points of the primary ones and provided further inpa-
tient, outpatient, emergency and comprehensive emer-
gency obstetric and neonatal care services; and tertiary
level facilities were the referral points of the secondary
ones, providing support to lower level facilities, as well as
offering professional training and conducting scientific
research.'” The majority of the time, the primary or the
secondary healthcare services are able to meet the health
need of people, while when people have severe injuries
or diseases, higher level healthcare services are required.
Simply focusing on overall geographical accessibility

analysis may not provide enough information to optimise
the allocation of healthcare resources at different levels.
Studies have been undertaken to assess the different
accessibilities to different levels of healthcare. A survey
done by van Loenhout et al across Nepal showed that
patients required surgical care spent more time to reach
tertiary health facilities than that to secondary ones."*
Cheng et al examined the spatial accessibility to multiple
levels of hospital care services for older adults in Nanjing,
China, and found that higher level hospitals located
more unevenly than lower level ones."” To our knowl-
edge, there has not been study to assess the geograph-
ical accessibility to different levels of public healthcare
services across Nepal.

In this study, using the up-to-date dataset of Nepal
formal public health facilities in 2021, we conducted
spatial analyses to measure the geographical accessibility
to different levels of public health facilities at high-spatial
resolution; based on which, we further assessed the
equality of geographical accessibility and provided poten-
tial locations where new public health facilities could be
built to improve efficiency or equality of geographical
accessibility. Results of the study can provide useful refer-
ence for evidence-based health planning and resource
allocation decisions.

METHODS

Study area

Nepal is an inland country in South Asia, located in the
southern part of the Himalayas, bordering on China and
India. It occupies an area of 147 000 km?, with coordi-
nates 26°22'-30°27' north latitude and 80°4'-88°12'
east longitude. After the new constitution in 2015, the
country has been reclassified into seven provinces and
77 districts, with Kathmandu the capital (online supple-
mental figure Sla).'® The elevation is generally low in the
south and high in the north, ranged from around 60 m
to over 8600 m (online supplemental figure S1b). The
Himalayas part in the north and the terai lowland in the
south accounts for 15% and 17% of the total area, respec-
tively, while the central hill region coverages 68% of the
total. The population in 2020 was approximate to 29.14
million,"” the majority of which live in terai and the hill
areas (online supplemental figure Slc)."® The socioeco-
nomic conditions across the country vary widely."

Data sources

We obtained the latest inventory list of Nepal public
health facilities registered up to 22 May 2021 from the
dataset of Nepal Health Facility Registry.”” Collected
by the Ministry of Health and Population, Nepal, the
dataset provides unique identification code, name,
type and service information of each registered health
facility in Nepal and keeps updating. Around 38.30% of
facilities were with location information in the dataset.
For the coordinates of the remaining, we obtained
them via the Health Infrastructure Information System
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in Nepal,®® Google maps, OpenStreetMap or other
mapping service applications. According to the latest
classification of public health facility in Nepal," all the
public health facilities were regrouped into three levels:
primary (ie, health post, primary health centre, primary
hospital, urban health centre, basic health service centre,
community health unit), secondary (ie, district hospital,
district clinic) and tertiary (ie, central hospital, regional
hospital, subregional hospital, zonal hospital) (online
supplemental figure S1d). Up to 22 May 2021, there
were 5425, 105 and 23 primary, secondary and tertiary
facilities, respectively, making up a total of 5553 public
health facilities. The density distribution of facilities was
calculated based on the Kernel density estimation, the
corresponding methods and results of which are shown
in online supplemental appendix page 4.

We obtained the population count data of 2020, which
has been adjusted to match the corresponding official
United Nations population estimates, from WorldPop
at a spatial resolution of 1x1 km®* The friction surfaces
in 2020 at 1x1 km?* resolution were downloaded from
the Malaria Atlas Project,”® which were further used for
calculation of travel time between locations and health
facilities. The links to all the data sources can be found in
online supplemental table S1.

Analysis
Geographical accessibility
A regular 1x1 km® grid was overlaid to Nepal, resulted
in 195 574 pixels. The travel time to the nearest health
facility was used to assess the geographical accessibility
in each gridded pixel across Nepal. We calculated the
travelling time considering two situations: the ideal travel
situation (motorised mode) that people access facilities
through optimal transport tools with the fastest speed,
and the worst travel situation (walking mode) that people
go to facilities mainly by foot, the lowest speed transport.
The friction surface 2020 produced by Weiss et al'®
was overlaid to the study region, where the value of each
pixel in the friction surface raster refers to the minutes
required to travel per metre with the fastest traffic mode
through the pixel. The least-cost-path algorithm devel-
oped by Dijkstra®* was used to calculate the travel time
from each residential location to a public health facility
accessible via the shortest journey. The algorithm tests
all possible routes from the residential location to each
facility and calculated the travel time based on the values
of friction surface pixels covered by the routes. The
minimum of travel time of all tested routes was adopted
as the travel time of the residential location to the nearest
health facility. Travel time with walking mode was calcu-
lated by replacing the friction pixels corresponding to
road travel with a walking speed of 5 km per hour.'
Furthermore, we categorised the travel time into 7
ranges (minutes): <5, 5-15, 15-30, 30-60, 60-90, 90-120,
>120 and summarised the coverages of population
belonging to each range. The average travel time of the
country was calculated by summing up the travel time of

each gridded pixel weighted by the corresponding popu-
lation count and dividing the total population.

The methodology measuring geographical accessi-
bility were validated by Nelson et al> and Weiss et al,'* by
comparing the travel time calculated from the adopted
methodology with the one obtained from the Google
Maps API. The adopted methodology showed good
performances.'”” ® Furthermore, to evaluate whether
the speed settings in the friction surfaces 2020 of Nepal,
derived from OpenStreetMap, could result in robust and
stable outcomes, we did sensitivity analysis by replacing
the speed settings according to Nepal road standard
speed® ?” and Google Maps road speed, respectively (see
online supplemental appendix for more details).

Measures of inequality

We adopted the Gini coefficient, the most widely used
measure,” to assess the inequality of geographical acces-
sibility to the three levels of facilities, as well as to any
public health facility. As travel time is a negative indi-
cator for accessibility, it is not proper to be used directly.
Instead, we chose a positive time-based indicator for acces-
sibility, denoted as xs, which indicates the extent of travel
time affecting the spatial accessibility and is commonly
used in gravity-based accessibility calculation. * Tt is
expressed as a Gaussian impedance function with travel
time, xs = e*tsz/ﬁ,g” where ts is the travel time between
pixel s to the nearest health facility, and 3 the decay coet-
ficient. The longer the travel time, the lower value of xs
, suggesting less geographical accessibility. We assumed
that travel time more than 120 min were geographical
inaccessibility.” By setting xs equal to 0.01, a critical
value of the Gaussian impedance function approaching
zero suggested by Kwan,” at the travel time of 120 min,
B was assigned 3127 to the function. Furthermore, we
calculated the Theil L index and its decompositions to
assess the proportions of overall inequality derived from
between-province and within-province.” The formulas of
Gini coefficient and Theil L index are shown in online
supplemental appendix page 7.

Identification of locations for new facility
We adopted Hulland et al's approach to identify potential
locations for new public facility.” For each gridded pixel
of the country, we recalculated the population-weighted
average travel time of the country and the Gini coeffi-
cient in case a new health facility is located at the specific
pixel. The reduction of average travel time/Gini coeffi-
cient in the pixel was calculated as the original average
travel time/Gini coefficient minus the recalculation ones
when a new facility was added there. Areas with the most
reduction of the average travel time were identified as
the best potential locations to improve the efficiency
of geographical accessibility, while the ones with largest
decrease of Gini coefficient were the best potential loca-
tions to improve the geographical equality.

All visualisations were performed with ArcGIS V.10.5,
and all other analyses were done in R'V.3.5.2. Particularly,
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Figure 1 Geographical accessibility according to travel times to the nearest public health facilities with different travel modes.
(A) the motorised mode; (B) the walking mode; (C) the difference between motorised and walking modes.

the gdistance package™ in R was used for travel time
calculation.

RESULTS

Geographical accessibility

The results of sensitivity analysis showed that the
population-weighted average travel time calculated based
on the friction surface 2020 were quite close to results
based on the other two road speed standards (online
supplemental table S3), suggesting the outcomes were
stable and reliable. The population-weighted average
travel time to the nearest public health facility were 17.87
min and 33.97 min with the motorised and the walking
modes, respectively (online supplemental table S4). The
geographical accessibility was higher for the motorised
mode than that for the walking one, particularly in those
remote mountain areas in the northern part (figure 1). In
addition, the geographical accessibility with both modes
showed that the accessibility was high in the central and
southern terai belt but low in the northern mountain
areas (figure 1), indicating disparities of geographical
accessibility across the country.

The population-weighted average travel time to the
nearest primary, secondary and tertiary health facilities
were 17.91 min, 39.88 min and 69.23 min, respectively,
with the motorised mode (online supplemental table
S4). The geographical accessibility to the three levels
of facilities distributed differently (figure 2): the acces-
sibility to primary facilities was quite similar as that to
overall public health facilities; while the accessibility to
secondary ones was high in centres of most districts and
gradually decreased with the increase of distance from
the centres; high accessibility to tertiary ones was basically
concentrated in Kathmandu and several zonal centres,
and there was extremely low accessibility in the northern
part of province No.1, No.4 and No.6.

Coverages of population with different degrees of acces-
sibility is shown in table 1 and online supplemental table
S5 and figure S3. Most people (92.54%) could access to
public health facilities within 15 min with the motorised
mode, and most people (94.63%) had accessibility within
60 min with walking mode. Still, a small proportion of
people (0.64% and 1.24% with motorised and walking
modes, respectively) had extremely low accessibility (>2
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Figure 2 Geographical accessibility according to travel time to different levels of public health facilities. (A-C) to the nearest
primary, secondary and tertiary health facilities, respectively, with the motorised mode; (D-F) to the nearest primary, secondary

and tertiary health facilities, respectively, with the walking mode.

hours) to public health facilities. Furthermore, only less
than two-thirds and around one-third of population had
good accessibility (<30 min) to secondary and tertiary
facilities, respectively, with the motorised mode. And
the situation was worse, that less than 15% of population
could reach secondary and tertiary facilities within 30
min with the walking mode. If motorised transportation
is available to everyone, the population coverage within
5 min to any public health facilities can be improved by
62.13%.

Inequality

As shown in table 2, equality of geographical accessibility
in motorised mode was better than that in walking mode.
Under the motorised mode, the geographical accessi-
bility of any public health facilities, primary ones, and
secondary ones was absolutely equal (with Gini<0.2), and
that of tertiary ones was disparate (with 0.4<Gini<0.5).
Under the walking mode, the geographical accessibility
of any public health facilities and primary ones was

absolutely equal (with Gini<0.2), while that of secondary
and tertiary ones was extremely disparate (with Gini>0.5).
Moreover, the inequalities of geographical accessibility
mainly came from within-province, which accounted for
over 90% of the overall inequalities for all three levels of
facilities, under both travel modes.

Potential locations for new facility

The optimal locations of new public health facilities
differ for the three levels with motorised mode (figure 3).
For primary facilities, the potential locations for new
facility could be located in the northern mountain belt
areas (eg, areas in Humla district of province No.6 and
Darchula district of province No.7), to best reduction of
the average travel time. Whereas areas of the western terai
belt (eg, areas in Rautahat district of province No.2, Dang
district of province No.5 and Kanchanpur district of prov-
ince No.7) could be chosen for new secondary facilities,
and the eastern terai belt (eg, areas in most of province
No.2) for new tertiary facilities, for both improvements

Table 1 Summaries of population percentage with different accessibilities (%)

Travel time (min)

Travel mode Facility level <5 5-15 15-30 30-60 60-90 90-120 >120

Motorised mode Any 78.47 14.07 S5 2.22 0.51 0.22 0.64
Primary 78.15 14.34 3:55 2123 0.51 0.22 0.64
Secondary 18.29 17.36 28.28 25.46 5.93 1.47 1.43
Tertiary 15.54 9.46 12.63 22.98 16.17 10.38 11.51

Walking mode Any 16.34 39.20 24.70 14.39 3.06 0.92 1.24
Primary 15.81 39.17 24.83 14.72 3.1 0.96 1.25
Secondary 1.35 6.50 6.64 10.56 7.85 8.44 58.64
Tertiary 0.75 4.46 5.92 7.54 4.56 3.14 73.63
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Table 2 _nequlfy of geographicalaccessibity and the decompositon

Travel mode Facility level Measure Overall

Within-province (% of overall) Between-province (% of overall)

Walking mode Any Gini 0.1266
Theil L 0.1933
Primary Gini 0.1283 -
Theil L 0.1954
Secondary Gini 0.7598 -
Theil L 7.9086
Tertiary Gini 0.8257 -
Theil L 13.2249

0.1864 (96.48)

0.1883 (96.34)

7.5147 (95.02)

12.3026 (93.03)

0.0068 (3.52)

0.0071 (3.66)

0.3938 (4.98)

0.9223 (6.97)

of the average geographical accessibility and equality of
geographical accessibility. Maps for reductions of travel
time and Gini coefficient for new public health facility
placement with walking mode were shown in online
supplemental figure S4.

DISCUSSION

In this study, we produced high-resolution maps of
the geographical accessibility to different levels of
public health facilities under two travel modes (ie, the
walking and the motorised modes) in Nepal, identifying

vulnerable areas with low geographical accessibility.
The further inequality assessment suggested different
inequality degrees of the three levels of facilities and that
majority of the inequalities were attributed to differences
within provinces. Moreover, potential locations were
presented for best increase of the average geographical
accessibility or for best improvement of the equality of
geographical accessibility. The results can provide valu-
able information for scientific evidence-basic manage-
ment of health resource planning and allocation in
Nepal.

B secondary

A primary

Travel time reduction
{minutes)

E secondary

Gini reduction

I o oocoe-ooose

C tertiary -
Travel time reduction
(minutes)
005

Travel time reduction

Gini reduction
00

.
=]
]
]
-

Figure 3

Reductions of travel time and Gini coefficient for new facility placement in Nepal, with motorised mode.
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Overall, geographical accessibility was higher in the
central and southern terai areas but lower in the northern
mountain areas, due to more health facilities and better
road conditions in the former areas. Lower-level health
facilities, which were more in quantity and wider distri-
bution, had better accessibility than higher-level ones,
as expected. This study provided quantitative results to
support the expectations. Besides, even though public
health facilities are less accessible in some areas (eg,
northern mountain areas), the geographical accessibility
of any public health facilities and primary ones was calcu-
lated absolutely equal (with Gini<0.2), as the distribution
of population was quite consistent with the distribution
of the facilities (online supplemental figures S1 and S2).

It is important to consider equality and efficiency
when planning additional public healthcare resource
allocation. For primary facilities, we found that the
equality of geographical accessibility was good, thus,
the improvement may better focus on increasing the
average geographical accessibility. Such accessibility was
good in most areas except for the northern mountain
belt and some areas of south terai belt. Taken account
of both geographical accessibility level and population,
under the walking mode, areas in Humla district of prov-
ince No.6 in the northern part (less populous but with
extremely low accessibility) and areas in Kanchanpur
district of province No.7 in the southern part (popu-
lous and with relatively low accessibility) were identified
priority for new primary facilities (online supplemental
figure S4). For secondary facilities, geographical acces-
sibility was relatively low in several areas of south terai
belt with motorised mode, as areas in Rautahat district
was more populous, new resources allocation there could
improve both geographical equality and accessibility to
a greater extent. Similarly, for tertiary facilities, areas in
the central part of province No.2 were the best choice
to improve both geographical equality and accessibility
at the same time. Of note, the potential locations iden-
tified in the study was mainly based on geographical
accessibility instead of overall accessibility, and should be
treated with caution for new resource allocation.

We divided the travel time into seven ranges based on
six common/meaningful cut-off points, with the aim to
summarise the population travel time coverages. Partic-
ularly, 5 min, 15 min, 30 min and 90 min were common
cut-off points adopted by many previous studies for
population coverage summary” " 60 min was consid-
ered the golden time for treatment of several important
acute diseases, such as traumatic injury®’; and 120 min
is the definition of the maximum access time for timely
essential surgery by the Lancet Commission on Global
Surgery.”! Besides, the time intervals wouldn’t affect any
subsequent analyses (ie, measures of inequality, identifi-
cation of locations for new facility), since they were based
on the actual calculated travel time instead of the popu-
lation travel time coverages.

We found that 79.81% of population could access
primary facilities in 30 min with walking mode. The result

is higher than the findings of the Nepal Living Standards
Survey in 2010-2011, showing 61.8% of households could
reach the nearest health posts within 30 min,"" indicating
that the geographical accessibility to primary health facil-
ities has been improved during the past 10 years. The
geographical accessibility and equality of health facilities
with motorised mode was much better than that with
walking mode, suggesting the importance of motorised
transport availability to Nepalese. As a large proportion
of households (89.74%) did not own automated vehi-
cles," the public transport and walking became the major
travel modes available for people seeking healthcare.'” *
However, the public transport system in Nepal was poor,*’
urging the government to increase the investment and to
improve the management for a higher efficiency system,
and increase public transit routes connecting health
facilities and major residential places, benefit for more
people. On the other hand, even with motorised mode,
people living in mountain belt and western hill belt were
still poorly accessible to health facilities. Besides, the
road network in Nepal was affected greatly by seasons
and monsoon."’ Thus, the enhancement of transporta-
tion network construction was necessary.” Construction
of high-quality roads or other practical transportation
infrastructure may be priority for populous hill areas to
minimise the seasonal influence. And for the northern
mountain belt with extremely transport-adverse topog-
raphy and less populous,* the establishment of inte-
grated settlements with health facilities could be more
effective.*’

We found that the geographical accessibility and its
equality decreased with the increase of levels of public
health facilities, and primary facilities showed rela-
tively good geographical accessibility in most populated
areas and distributed quite consistent with population.
However, it was not necessarily mean that the overall
accessibility to primary facilities were good (see more
discussions in the next paragraph). Besides, other issues
for primary facilities should not be ignored, such as low
quality of healthcare services, less professional staff, poor
availability of drugs and equipment and poor capacity for
preventing infections."” *** Still, the geographical acces-
sibility and the equality of higher level facilities in Nepal
should be improved. This study identifies areas with
lowest geographical accessibility and provides potential
locations where new facilities could be built. However, for
resource-limited settings, establishment of higher level
health facilities may be unrealistic.*® In addition, over 90%
of inequalities for all three levels of health facilities were
attributed to differences within provinces. The reasons
behind were complex and might explained by a variety of
socioeconomic and political factors, such as the limited
ability of the health financing system to identify the poor
and the irrational allocation of the within-province health
budget.®*” It may require multifaceted considerations to
reduce the existing inequalities, from both national and
local perspectives. For example, the national govern-
ment could explicitly ‘prioritise vulnerable groups’ in
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macropolicy and promote provincial health governance
to be more responsive to local needs through imple-
mentation of national policies.”” * In addition, it is
important to ensure sufficient linkages between the local
and national levels in terms of local health planning and
budgeting processes.® Besides, between-province inequal-
ities should not be ignored. Between-province inequali-
ties might relate to the subnational variation of national
health financing and differences in local financing to
healthcare services.”” Studies suggested that the national
health sector should strengthen the merging of various
health funds and set up clear goals and strict implemen-
tation plans for budget execution and achievement of
results as planned.*” *

Frankly, several limitations should be noted in this
study. First, this study only focused on geographical
accessibility of health facilities in Nepal, but did not
take into account other important determinants that
could affect people’s access to healthcare services, such
as socioeconomic status, culture issues, personal pref-
erences, language barriers, opening hours of health
facilities.” ** ® To be noted, the outcomes of this study
provided important but not sufficient information for
accessibility to healthcare services in Nepal. After all,
the geographical accessibility is one important aspect of
the overall accessibility, but not equivalent to the latter.
Plans for health resource allocation should be made after
comprehensive assessment of geographical, social and
other determinants influencing the overall accessibility
to healthcare services, instead of just based on one single
determinant. Second, we measured geographical accessi-
bility by calculating the travel time, without consideration
of resources (eg, number of health workers, hospital
beds) in each public health facility, due to unavailability
of these kinds of data, which may not represent quanti-
tatively the amount of health services accessed. Indeed,
the results presented here mainly focus on the travel
time that people could geographically reach a nearest
public health facility, which is of great importance as
well. Third, the travel time was calculated based on the
friction surface under stable travel conditions, which did
not take into account the seasonal influence on roads,
the actual transportation of each individual, people’s
preference for health facilities or temporal dynamic of
health facilities, thus might compromise the representa-
tiveness of the accessibility maps for the real situation.
Notwithstanding, results calculated under the two travel
modes (ie, walking and motorised modes) showed the
maximum and the minimum of travel time, the interval
of which may cover the time for people with actual travel
modes. Fourth, we considered mainly public health facil-
ities instead of non-public facilities in the study, as public
ones are the major subject for governmental resource
planning, and there are no clear criteria to classify levels
of the non-public ones. Nonetheless, we also provide
the geographical accessibility maps of overall facilities
(including both public and non-public ones) and of non-
public facilities in online supplemental appendix page

10. The population-weighted average travel time to the
nearest any health facility (either public or non-public
one) were 17.65 min and 32.45 min with the motorised
and the walking modes, respectively, which were close
to the travel time to the nearest public health ones,
suggesting the exclusion of non-public facilities may
have little effect on the results. Despite the limitations,
the maps highlight areas where geographical accessibility
was poor, valuable as a basis for evidence-based medical
planning and resource allocation in Nepal.

CONCLUSION

The high-resolution geographical accessibility maps
enable evidence-based assessment of underserved areas.
Accessibility with motorised transport mode better than
that with walking mode highlights the importance of a
more efficiency public transport system and better trans-
portation network. Low accessibility and high disparities
of higher level public health facilities urge the govern-
ment to advance the hierarchical healthcare system. The
findings provide valuable information for evidence-based
health planning and resource allocation in Nepal.
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