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Abstract
Introduction  There is scarce information about the 
allocation of health resources in Syria. Pre-existing 
inequalities were further intensified after the 2011 
conflict which displaced over 50% of the population. This 
study provides an analysis of health inequalities in Syria 
focusing on spatial access to public hospitals and employs 
data from 2010, just prior to the outbreak of conflict. 
Establishing a preconflict snapshot of the health system 
could serve as a helpful baseline assessment for future 
studies to measure the impact of the conflict on the health 
system. Such information could also offer systematic data 
to guide postconflict reconstruction efforts.
Methods  We compared two methods to quantify the 
inpatient bed access: provider to population ratio (PPR) 
and two-step floating catchment area (2SFCA) method. 
We compared PPR calculated at the governorate level 
with population weighted 2SFCA score calculated at a 
resolution of 2 km by 2 km. We then aggregated at the 
governorate level, tested multiple catchment sizes and 
calculated Gini coefficient for each governorate.
Results  We found high inequality in access to public 
hospitals across and within governorates, especially in the 
north and eastern regions, where all governorates ranked 
in the lowest two quintiles using both PPR and 2SFCA. 
Relatively small governorates in the west and the south 
had higher spatial access and less inequality. Testing 
variability in catchment size showed that even at 125 km 
catchment, 65% of the country had accessibility below 
national average.
Conclusion  Methodologically, the use of 2SFCA provided 
more nuanced insights about hospital bed allocation than 
PPR. 2SFCA was able to account for the cross-boundary 
effect and road network quality. Realistic representation of 
health accessibility is possible in data-scarce settings such 
as Syria and could be adapted to assess health access 
inequalities in conflict and postconflict settings.

Introduction
Since 2011, the Syrian healthcare system has 
come under international attention. What 
started in March 2011 as a political uprising 
evolved into an armed conflict involving 
multiple state and non-state actors, causing 
the biggest wave of forced displacement since 
the second World War.1 Over half the popu-
lation (13 million) has been displaced within 
and outside the country.2 One particular 
aspect of this conflict has been the system-
atic targeting of healthcare professionals and 

facilities.3 By 2013, almost 60% of the coun-
try’s public hospitals had been destroyed4 
and by January 2022, 602 attacks on over 348 
different health facilities, mostly hospitals, 
had been documented.5 This vast destruction 
contributed to the sharp decline in people’s 
ability to access healthcare, particularly 
secondary and tertiary care.6

Syrian population health status had been 
greatly impacted by the ongoing conflict. 
By 2013, the average life expectancy was less 
than expected by 6 years for men and by 5 
years for women.7 This deterioration has been 
primarily attributed to direct mortality by war 
trauma and by the reemergence of communi-
cable disease epidemics such as poliomyelitis, 
measles and acute bloody diarrhoea, and by 
rising complications of chronic diseases such 
as cardiovascular diseases.8 9

These emerging burdens were compounded 
by the preconflict population health status. 
Syria had already gone through an epidemi-
ological shift since the 1990s. The top causes 
of morbidity and mortality were chronic 
diseases such as ischaemic heart disease and 
stroke.10 Diabetes prevalence in Syria was 

Strengths and limitations of this study

►► The study design uses minimally available data en-
abling further accessibility analysis over the conflict 
and postconflict period.

►► We used the two-step floating catchment area meth-
od to test the influence of administrative boundaries 
and different hospital catchments on the perceived 
distribution of geographical accessibility.

►► We approached the uncertainty around hospital 
catchment size by first assuming 60 km as the 
catchment and then testing a range of catchments 
between 5 and 125 km.

►► Data from different sources were combined to rep-
resent the preconflict distribution of population and 
health facilities, but the lack of formal data may 
have introduced inaccuracies in the analysis.

►► Our analysis assumes uniform availability of health 
services across all facilities, which may not reflect 
the entire situation as many patients from rural ar-
eas seek hospital care in major cities in Syria.
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projected to be among the highest worldwide affecting 
20% of all adults aged over 25 years by 2022.11 12 This 
baseline of high prevalence of chronic diseases combined 
with forced displacement, conflict-shaped poor living 
conditions and decreased ability to access healthcare was 
reflected in an increase in the burden of chronic diseases 
throughout the conflict.13–15

Only scarce information is available about the func-
tionality and distribution of healthcare facilities in Syria 
both before and during the conflict. It was only until 2014 
that the WHO and the Syrian Ministry of Health (MoH) 
started monitoring public hospital functionality across 
the country through the Health Resources and Services 
Availability Mapping System.16 In addition, several inter-
national non-governmental organisations (INGOs) have 
been monitoring the military targeting and destruction of 
health facilities mainly in non-state controlled areas. None-
theless, current monitoring systems are fragmented and do 
not provide a comprehensive view of the healthcare facil-
ities status for all stakeholders across the whole country.17 
Private and non-profit health facilities were not included in 
any assessment until 2019 although they share a significant 
portion of healthcare service provision.1 4 Furthermore, 
current monitoring systems only assess public hospitals 
functionality in terms of infrastructure status, equipment 
and human resources without taking into consideration 
other factors that affect population access, such as popula-
tion density and geographic distance.16

Integrating health accessibility assessment in ongoing 
and postconflict health system reconstruction could 
enhance financial and operational efficiency and 
strengthen centralised health governance.18 The evalua-
tion of health accessibility over the course of the conflict 
could offer insight into the impact of attacks on health-
care, forced displacement, siege and destruction of roads, 
among other conflict characteristics.

Access to healthcare is a complex concept defined 
as achieving all five domains of health accessibility: 
approachability; acceptability; availability and accommo-
dation; affordability; appropriateness.19 Spatial accessi-
bility accounts for the interaction between the population 
and health facilities in terms of location, distribution and 
density, taking into consideration travel impedance and 
transportation routes.20 21

There are several widely used spatial accessibility 
techniques including counting the number of facili-
ties contained within a given spatial unit, counting the 
number of facilities within a given distance to a point 
of origin, and calculating the minimum distance to the 
nearest facility from a point of origin. A more thorough 
review can be found in Higgs and Neutens.22 23 This 
study uses the two-step floating catchment area (2SFCA) 
method to measure spatial accessibility because it simul-
taneously accounts for population distribution, facility 
capacity and distribution, and road network-based travel 
impedance measured in distance units.24

Applying geospatial techniques to understand health 
access in protracted conflicts is rare.25 To the best of our 

knowledge, this paper is the first to assess the preconflict 
distribution of spatial accessibility in Syria. This limited 
knowledge about health accessibility in Syria is partially 
due to limited studies on the distribution of healthcare 
resources in Syria, beyond national level aggregates. 
After the break of the conflict, understanding the status 
of healthcare accessibility became more challenging due 
to the rapidly changing situation (including targeting of 
health facilities), the development of the parallel health 
system and the multiple waves of forced displacement. 
All of these changes were accompanied by differential 
changes in transportation infrastructure and availability, 
including roads closures, damage and military check 
points, as well as unavailability of vehicles and fuel. In 
the absence of reliable data on transportation speeds and 
inequities we decided to use travel distance in this study.

Since mid-2012 when the situation became recognised 
as a conflict, the Syrian health system entered a new 
phase of fragmentation.26 The spread of military opera-
tions was accompanied with the establishment of conflict 
front lines, and utilisation of siege, including withholding 
of public health services.3 The international and local 
health response involved an array of UN agencies, INGOs 
and local organisations, each with different priorities and 
challenges when it came to establishing health facilities. 
For example, health facilities in besieged areas were built 
to prioritise security due to the ongoing military targeting 
of health facilities.27 Consequently, local health accessi-
bility was not always taken into account when constructing 
new facilities. Those newly emerging complexities are 
challenging our intricate understanding of the health 
system in Syria, in particular the change in health accessi-
bility throughout the conflict.

This study describes the development of the Syrian 
healthcare system prior to the conflict, focusing on 
secondary and tertiary care described hereafter as hospital 
care. We then calculate the preconflict spatial accessibility 
using the 2SFCA, processing data from 2010. We chose to 
focus on public hospitals given their major share in the 
hospital care system prior to the conflict with 70% of total 
inpatient beds capacity, their role throughout the conflict 
as a key partner for the international humanitarian 
sector, and data availability.28 The study aims to establish 
an understanding of preconflict status of health inequi-
ties through the lens of spatial accessibility to hospitals.

The healthcare system in Syria 1946–2011
Before 1946, Syria was under the French mandate. During 
this period, hospital care was provided by 35 hospitals 
with a total of 1700 beds. The majority of these hospitals 
were concentrated in the two main cities, Damascus and 
Aleppo, and were built by the state; a few were run by 
European missionaries. Only two hospitals at that time 
served the whole northeastern region.29

After attainment of national independence in 1945, 
a period of political chaos including consecutive mili-
tary coups persisted until 1970 when Hafez Al Assad 
consolidated his control over Al Baath ruling party that 
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Figure 1  Public and private hospitals and number of beds 
(1946–2010).

established a socialist government. By 1984, there were 
41 state-run hospitals and 139 private hospitals in Syria. 
The state hospitals averaged 200 beds each, while the 
private hospitals averaged only 20 beds each. Although 
by that time almost each governorate had at least one 
hospital, the majority of hospitals still remained in the 
cities of Damascus and Aleppo; both had 23 (56%) of all 
the state’s hospitals, although they comprised 25% of the 
national population.30

The healthcare system during that period resem-
bled the Semashko model of healthcare delivery used 
throughout the Soviet Union and Eastern Europe until 
1990s.31 It was characterised with centralised decision-
making and emphasised specialisation of services and 
inpatient care. Family medicine and primary healthcare 
(PHC) had minimum roles in provision of healthcare 
beyond preventive services such as immunisation. People 
depended mainly on private specialised clinics to receive 
outpatient care. A referral system did not exist. Health 
system financing had a complex bureaucratic structure 
involving multiple institutions such as the ministry of 
finance.32

Before and during the conflict PHC is the responsibility 
of MoH in state-controlled areas. PHC centres are clas-
sified into three tiers based on the population in their 
administrative unit, province, district and village. The 
lower village tier is supposed to provide basic maternal 
and child health services while province-level centres are 
supposed to provide a range of curative and preventive 
services. The third tier includes hospitals, polyclinics and 
specialised centres such as TB centres in major towns 
that provided specialised services such as management of 
chronic diseases.

Between 2000 and 2010, the healthcare system expe-
rienced reforms as part of the government move toward 
economic liberalisation. This period witnessed an increase 
in the number of private hospitals (figure 1).

Health services provided by public hospitals are free of 
charge except in autonomous hospitals that are allowed 
to charge patients for services at minimal cost, typically 
much less than the cost in the private sector although with 
questionable quality. Other major providers of healthcare 

in Syria are the ministry of higher education (MoHE) and 
the ministry of defence (MoD) each operating their own 
hospitals and outpatient clinics. Other public institutions 
also run curative outpatient services exclusively for their 
own cadre.32

Since 2011 and amid the outbreak of the conflict, both 
local civil society and international humanitarian actors 
started to play a key role in providing health services. The 
systematic targeting of healthcare workers and health 
facilities, and the cut of public healthcare services led 
the humanitarian sector to become the sole provider of 
hospital care in non-state controlled areas.33

By 2010, MoH was the main provider of hospital care 
operating 90 hospitals with 13 907 beds which comprised 
50% of the total hospitals’ beds in Syria available for the 
public. The largest and the most resourced hospitals were 
managed by MoHE operating 14 hospitals concentrated 
in the main cities of Damascus, Aleppo and Latakia. 
Similar to the US Department of Veterans Affairs, Syrian 
MoD operated 18 hospitals providing services exclu-
sively to soldiers, veterans and their families. Moreover, 
the ministry of interior operated two hospitals each in 
Damascus and Aleppo that exclusively served law enforce-
ment personnel. The private sector operated 376 hospi-
tals contributing to 8962 (32%) of the total number of 
beds in the country.32 34

Methods
Study area
Syria is a relatively small country when compared with 
other countries in the Middle East/North Africa (MENA) 
region. It is located on the eastern side of the Mediterra-
nean Sea. Before the conflict in 2011, Syria was classified 
as a lower middle income country with a total population 
of in 2010 estimated at around 21 409 655 people living 
on a total area of 183 630 km2.35 36

Syria is composed of areas with diverse geographical 
characteristics. To the west, the coastal region on the 
Mediterranean is mountainous with a relatively low popu-
lation density living mostly in small villages and four cities 
on the coast. Further inland is a plain region with similar 
population distribution. The eastern region is split by 
the Euphrates River into the north-east and south-east 
regions. Compared with the west, the eastern region has 
less population density that is concentrated in urban 
centres close to water features. In the south, a mountain 
range extends down in the south-west which is relatively 
more developed and heavily populated in comparison 
with the south-east region. The most populated areas are 
around the cities of Damascus in the south, and Aleppo 
in the north. The distinction between high and low popu-
lated areas facilitates our intended analysis (figure 2A).

Data
Four datasets were used in this study: namely, hospitals 
data, road network data, administrative boundaries and 
population data in Syria (online supplemental table 1).

https://dx.doi.org/10.1136/bmjopen-2021-059210


4 Audi MN, et al. BMJ Open 2022;12:e059210. doi:10.1136/bmjopen-2021-059210

Open access�

Figure 2  (A) Population distribution in Syria, 2010. (B) Administrative boundaries, road network and water features in Syria, 
2010. (C) Distribution of Public hospitals and their number of beds in Syria 2010. Hospitals affiliated with Ministry of Health 
(MoH) in red and hospitals affiliated with Ministry of Higher Education (MoHE) in green.

We acquired public hospital data from MoH in Syria. 
Information includes name, street address, and the 
number of beds34 (online supplemental table 2) Hospi-
tals owned by MoH and MoHE were considered as public 
hospitals in this study. MoD and the two police hospitals 
were excluded, given their inaccessibility to the general 
population and the lack of data about their capacity and 
location. The analysis was applied to the two resulting 
groups.

Roads and administrative boundaries datasets were 
obtained from Open Street Map (OSM) and the United 
Nations Office for the Coordination of Humanitarian 
Affairs, respectively. Syria is divided into 14 governorates 
and 60 districts which are further divided into 272 subdis-
tricts, the latter representing the smallest administrative 
unit. We used unconstrained gridded population distri-
bution from the WorldPop project, based on the work of 
Stevens et al35–37 (figure 2A and B).

Patient and public involvement
We did not include patient or public involvement in 
the conduction of this study. All datasets were publicly 
available.

Data preparation
A geographical information systems (GIS) database was 
compiled using ArcGIS V.10.6.38 Hospitals’ locations were 
geocoded manually and validated by cross-comparison 
with two voluntary mapping sources, Google maps and 
OSM. All hospitals are presented as points in a shapefile, 
including associated attributes like the number of beds 
(figure 2C)

The population data are a grid of a cell size (resolution) 
of 100 m by 100 m. Population density per cell represents 
2010 estimates derived from the 2004 national census, the 
latest census before the conflict. We resampled the popu-
lation grid in ArcGIS by upscaling to a resolution of 2 km 

by 2 km, to simplify the analysis and decrease processing 
time without losing much of the spatial fine-scale of the 
data. Differences between 100 m and 2 km2 resolutions 
can be found in the supplement (online supplemental 
table 3). We used travel distance as the impedance to 
generate hospitals’ catchment areas using existing road 
networks. We assumed that road network data represents 
the preconflict state of transportation infrastructure 
in Syria. To the best of our knowledge, no major road 
construction has been documented since 2011. Further-
more, we have not come across any existing publically 
available datasets that have mapped road destruction over 
the course of the conflict.

Provider-to-population ratio
Measures of spatial accessibility can be classified into four 
categories. Provider-to-population ratios (PPRs), distance 
to nearest provider, average distance to a set of providers, 
and gravitational models of provider influence.22 23

An example of PPRs is hospital beds per 10 000 people 
where the total number of available beds in a geographic 
region is divided by total population in that same area. 
This indicator is one of WHO’s 100 core health indictors39 
and has been used to evaluate and compare health 
services availability across and within countries.40 PPRs 
have been used extensively in Syria to monitor health 
service delivery, the impact of humanitarian funding 
and attacks on healthcare.41 To compare between spatial 
and non-spatial indexes of health access we calculated 
hospital beds per 10 000 people at the governorate level 
given the common use of governorate level aggregates in 
the Syrian context.

The 2SFCA method
An enhancement to PPRs is floating catchment areas 
(FCAs).24 FCAs that originate from provider and popula-
tion locations allow the catchment area of each provider 

https://dx.doi.org/10.1136/bmjopen-2021-059210
https://dx.doi.org/10.1136/bmjopen-2021-059210
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and population to ‘float’ based on the distances between 
each pair, instead of using fixed boundaries.

The size of the catchment area is predetermined by a 
choice of reasonably maximum travel impedance, where 
all the services contained within that threshold are consid-
ered accessible to the population, with all other services 
inaccessible otherwise. In addition to the utilisation of a 
predetermined catchment area, the foundations for FCAs 
are rooted in the spatial interaction economic theory 
which assumes that the benefit expected from the spatial 
interaction between the supply (healthcare facility) and 
demand (area of residence) must outweigh the cost of 
travel between the origin and destination. Therefore, 
the catchment size in the FCA methods represents a 
maximum threshold distance, beyond which this interac-
tion cannot be established.42

We implemented the 2SFCA method, a further enhance-
ment to FCA. The 2SFCA consists of two steps as follows:

First step: For each hospital j, search all population 
grid centroids k that are within travel impedance d0 
from the hospital location j and compute the hospital-to-
population ratio Rj within the catchment area:

	﻿‍
Rj =

SJ
Σk∈{dkj≤d0}Pk ‍� (1)

Where Pk is the population within grid k whose centroid 
falls within the catchment dkj ≤d0, Sj is the number of beds 
at hospital location j, and dkj is the distance between k and 
j.

Second step: For each population grid centroid i, search 
all hospitals locations j that are within the threshold travel 
impedance d0 from location i and sum up the hospital-to-
population ratios Rj, at these locations:

	﻿‍ AF
i = Σj∈{dij≤d0}Rj ‍� (2)

Where ‍A
F
i ‍ represents the accessibility at population 

grid level i based on the two-step FCA method, Rj is the 
hospital-to-population ratio at hospital location j whose 
centroid falls within the catchment centred at i (that is, 

‍dij ≤ d0‍, and dij is the distance between i and j).
A larger value of ‍A

F
i ‍ indicates a better accessibility at 

a population grid. The first step corresponds to the 
assigning of an initial ratio to each service area centred 
at hospital locations, and the second step corresponds to 
summing up the initial ratios in the overlapped service 
areas where the catchment areas centred around popu-
lation grid centroid have access to multiple hospital 
locations.

To compare between aggregated spatial accessibility 
and hospital beds per 10 000 people at the governorate 
level, we calculated population weighted average spatial 
access to hospitals within a governorate (ac)

	﻿‍
ac =

Σn
i∈cAiPi
Σn

i∈cPi ‍� (3)

Where c denotes an individual governorate; Ai is the 
spatial access to hospitals at location i, calculated from 
equation (2); and Pi is the population at i.43

We decided to employ the 2SFCA for this study given 
its established robust use in spatial accessibility studies. 
Furthermore, we were inclined to develop a systematic 
way of choosing the parameters of spatial accessibility that 
take the contextual health inequalities into consideration.

We decided to test variability in 2SFCA scores over 
different catchment sizes and consequently chose a catch-
ment threshold in the middle of the catchment range 
that was tested. Choosing different catchments would 
have affected our results and conclusions. In particular, 
the Gini index scores would have been higher at lower 
catchment sizes.

Catchment size variability analysis
There is no definite method to stipulate the catch-
ment size for health facilities. A reasonable catchment 
size a person is willing to travel to access hospital care 
may vary according to factors related to the person and 
factors related to the health service in need.44 We applied 
multiple catchment sizes and examined the distribution 
of the 2SFCA results over a range of catchment sizes 
between 5 and 125 km, starting from a potentially walking 
distance of 5 km then incrementally increasing catch-
ment size by 5 km until 50 km, by 10 km until 90 km, then 
at a maximum catchment of 125 km. We tested catch-
ment sizes at other values to explicate the variability in 
the results.

The Gini coefficient
The Gini coefficient is an established method of 
measuring wealth and health inequality.45 It has wide use 
in spatial health studies.46–48 The Gini coefficient output 
ranges between 0 and 1, where 0 represents perfect equal 
access between all population locations, while the Gini 
coefficient of 1 represents perfect inequality between 
all population locations. Spatial accessibility values of 
the 2SFCA method at a 2 km by 2 km resolution were 
calculated at 60 km catchment under StataSE V.15 using 
ineqdec0 program.49 Gini coefficients were calculated to 
represent inequality of spatial accessibility within gover-
norates. It was also used to understand the effect of catch-
ment size variability on the inequality in spatial access at 
the national level.

Results
General description
In 2010, there were 104 public hospitals with 20 305 beds 
in Syria included in the analysis. The average number 
of beds per MoH and MoHE hospitals was 165 and 392 
respectively with capacity ranged from 20 to 820 bed per 
hospital.

Governorates varied in area and density of the road 
network. The smallest governorate is Damascus with 
117 km2 and had the highest road network density of 
15.4 km of roads per km2. The largest governorate is 
Homs with 40 468 km2 and had the lowest road density 
of 0.3 km per km2. The summary of population, hospital 
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Table 1  Characteristics of Governorates

Governorate Total population (%) Hospitals Beds (%) Area (km2) Road density (km per km2)

Al-Hasakeh 1 527 517 (7) 5 870 (4.3) 23 169 0.8

Aleppo 4 896 890 (23) 13 2727 (13.5) 19 891 1.1

Ar-Raqqa 952 985 (4) 4 610 (3) 17 627 0.6

As-Sweida 373 432 (2) 2 600 (3) 6358 0.7

Damascus 1 806 127 (8) 15 3510 (17.3) 117 14.3

Dar'a 1 036 236 (5) 9 910 (4.5) 3834 1.2

Deir-ez-Zor 1 252 916 (6) 5 655 (3.2) 25 157 0.3

Hama 1 644 291 (8) 7 1459 (7.2) 11 095 0.9

Homs 1 816 797 (8) 13 1740 (8.6) 43 231 0.3

Idleb 1 517 529 (7) 4 696 (3.4) 5416 1.5

Lattakia 1 015 573 (5) 8 2863 (14.2) 2388 1.9

Quneitra 91 029 (0.5) 1 200 (1%) 1718 0.7

Rural Damascus 2 800 986 (13) 13 2455 (12) 26 259 0.5

Tartous 800 339 (4) 5 1010 (5) 1874 1.8

Total 21 532 647 104 20 305 (100) 188 134

beds, and road network aggregated at the governorate 
level is provided in table 1.

Hospital service capacity and spatial access
PPR of hospital beds density per population at the gover-
norate level reveals that hospital bed capacity is better in 
the west and the south than the north and the east. The 
governorates of Lattakia on the coast and Quneitra in the 
south had the highest hospital bed capacity at 28.2 and 
22 beds per 10 000 people, respectively, while the gover-
norates of Idlib in the northwest and Deir-ez-Zor in the 
east had the lowest capacity of 4.6 and 5.2 bed per 10 000 
people, respectively (online supplemental table 4) and 
(figure 3A).

2SFCA analysis
Figure 3B shows population-weighted average of spatial 
accessibility estimated by the 2SFCA method at 60 km 
catchment. Similar to the pattern of hospital beds density 
per population PPR, the northern and eastern regions 
have generally low accessibility compared with the western 
and the southern west regions.

The 2SFCA method provides a finer-scale perspective 
on spatial access after taking into account population 
distribution and cross boundary effect at a 2 km by 2 km 
resolution. The highest accessibility values exist to the west 
along the coastline, and in the central part of the country. 
Accessibility in the western and the southwestern regions 
is more homogeneous and higher than accessibility in the 
northern and the eastern regions. The central part of the 
country shows a distinct pattern of very low accessibility in 
proximity to very high accessibility values.

Figure  3C shows the distribution of access inequality 
within governorates using Gini coefficient of 2SFCA 
scores at 2 km by 2 km population grid. The highest 

inequality in accessibility to hospital care was within Deir-
ez-Zor (0.72) and Homs (0.7). Damascus had the least 
inequality (0.04).

Aggregating spatial accessibility values to subdistrict 
and governorate level masks regional differences, espe-
cially in the central region. The central Homs governorate 
and its eastern subdistricts had high average accessibility 
although the majority of the region has low access at 2 km 
by 2 km resolution (figure 3D–F).

When comparing governorates access rank between 
the two methods, we find that Quneitra governorate in 
the southwest decreased from the second to the ninth 
rank, and Rural Damascus governorate increased from 
the ninth to the second rank. The remaining governor-
ates had minimal change in their rank between the two 
indices (online supplemental table 4).

Catchment size variability analysis
Figure 4 shows 2SFCA results at the 2 km by 2 km popu-
lation grid plotted as inpatient bed per population ratio 
over the catchment size. The horizontal line represents 
the arithmetic mean of inpatient bed per population at 
the national level, which is equal to the total number of 
inpatient beds divided by the total population. As the 
catchment size increases, the inpatient bed per popula-
tion ratio at the 2 km by 2 km population grid fluctuates 
until it occupies a stable area around the national mean. 
At the 60 km catchment, 72% of the country area is under 
the national mean and 30% has no accessibility. Even at 
125 km catchment, 65% of the country area is still below 
the national arithmetic mean and 11% has no accessibility.

Figure 5 shows the SD of 2SFCA results at the 2 km by 
2 km population grid. SD generally decreases and fluctu-
ates as the catchment size increases. Increasing the catch-
ment size from 7 to 15 km and from 30 to 50 km resulted 

https://dx.doi.org/10.1136/bmjopen-2021-059210
https://dx.doi.org/10.1136/bmjopen-2021-059210
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Figure 3  Top row: Quintiles choropleth maps for (A) inpatient bed density (B) spatial accessibility to public hospitals in Syria 
(2010), population-weighted average (C) Gini coefficient of spatial access to public hospitals within governorate. Bottom row: 
spatial accessibility to public hospitals at 60 km catchment (D) 2 km by 2 km resolution; (E) arithmetic mean at the subdistrict 
level; (F) arithmetic mean at the governorate level. 2SFCA, two-step floating catchment area.

in higher variability of 2SFCA values, increasing the SD. 
In contrast, Gini coefficient shows a strong negative rela-
tion with catchment size. It can be explained by the fact 
the as the catchment size increases, the accessibility scores 
are harmonised since most hospitals can be reachable to 
all population, and vice versa.

Discussion
In 2010, prior to the conflict in Syria, lower accessibility 
to hospital care could be distinguished in the north and 
eastern regions using spatial accessibility modelling. The 
2SFCA method revealed nuanced insights about access 
inequities across and within Syrian governorates, insights 
that were not visible when using non-spatial indices such 
as PPR. Rural Damascus governorate had a wide variation 
in access rank between PPR and 2SFCA method due to 
2SFCA method’s ability to account for the cross-boundary 
effect between Damascus (that has a higher supply of 
inpatient beds) and the surrounding rural Damascus 
region encompassed by the 60 km catchment size.

Aggregating accessibility scores using administrative 
boundaries masked areas with low access. Homs gover-
norate had a high accessibility mainly due to two hospi-
tals located in areas with a low population. At the 2 km by 
2 km grid level, swaths of low access areas become evident 
given the lack of hospitals and population scarcity in the 
eastern part of Homs governorate.

The four governorates of Damascus, Lattakia, Dar’a and 
Tartous had the highest equity in accessibility to hospital 
care as measured by the Gini coefficient given their rela-
tively small area and even distribution of population and 
hospitals across these governorates. This was not the case 
for Deir-ez-Zor, Homs and Hama, which had a relatively 
larger area and had a more dispersed population.

Although the results highlight patterns of inequality 
in accessibility in the preconflict phase, the informa-
tion presented here provide a chance to discuss health 
system reform, governance, and resource allocation in 
fragile and postconflict settings. Identification of areas 
with lowest accessibility can facilitate prioritisation, 
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Figure 4  Hospital bed per population ratio using 2SFCA at 
the 2 km by 2 km population cell as a function of catchment 
size. Each line represents the change in the 2SFCA 
accessibility score for a 2 km by 2 km population cell over the 
change in hospitals catchment size. Most variability occurs at 
the local scale (<15 km). The horizontal solid line represents 
the total inpatient bed capacity per population at the national 
level (1:1060). 2SFCA, two-step floating catchment area.

Figure 5  (Top) Gini coefficient and (bottom) SD of hospital 
bed per population ratio using 2SFCA at the 2 km by 2 km 
population cell as a function of catchment size. Three picks 
of variability are at 3 km, 15 km and 50 km catchment size. 
Gini coefficient is showing a perfect negative relation with 
catchment size. 2SFCA, two-step floating catchment area.

construction and reconstruction of facilities as needed, in 
areas with current and preconflict low accessibility.

Reconstruction of Health systems in postconflict 
settings could risk cementing preconflict and conflict 
perpetuated inequalities in healthcare accessibility. 
Unless motivated by restorative justice and human rights, 
reconstruction policy could end up adding a third layer of 
health inequalities on top of the preconflict and conflict 
layers.50 Triple burden for health reform in postconflict 

settings has been described in settings such as Uganda 
where health system reform led to emerging challenges, 
including rising accessibility inequalities between rural 
and urban areas.51

Our analysis can be extended to conflict and post-
conflict settings using information on hospitals loca-
tion, capacity and functioning status, displacement of 
people, roads status and conflict front lines. Tracking 
changes in healthcare accessibility over the course of the 
conflict could offer insights into the consequent impact 
on health. For example, loss of supplies due to attacks 
on health facilities, increase of demand due to internal 
displacement and transportation disruptions due to siege 
of entire communities.

Testing a range of catchment sizes revealed further 
insights on accessibility. Some sections in the eastern 
region remained without access even at 125 km catch-
ment given the road network underdevelopment in those 
areas. Larger catchment sizes resulted in lower inequality 
at the national level. Put differently, when the catchment 
size increases, a higher supply of inpatient beds becomes 
potentially available over wider area. This phenomenon 
causes the accessibility score to decrease in relatively high 
accessibility areas as more population is added to the 
demand side, and to increase in low accessibility areas as 
a higher supply of inpatients bed is gained.

Catchments between 7–25 km and 30–60 km exhibited 
fluctuation in accessibility scores due to the disappear-
ance and emergence of outlier points. This is likely due 
to the heterogeneous distribution of population. The 
change in variability in accessibility between 7–25 km 
catchment may reflect the size of urban centres while 
the variability change between 30 and 60 km catchment 
may reflect the distance between towns. Testing access 
variability over multiple catchments in urban areas with 
a homogeneous population distribution showed no such 
fluctuation in variability.44

This study faced multiple challenges related to data 
accuracy. First, to create the master list of preconflict 
public hospitals, data from old MoH records had to be 
manually geocoded and cross-checked with publicly avail-
able data sources, the latter of which included two addi-
tional hospitals. Second, the population dataset used in 
our paper is the only one available data for Syria11 at the 
desired high resolution. Furthermore, the population 
raster dataset contains projected estimates based on the 
latest census conducted in 2004. These estimates may 
have introduced uncertainty in population distribution 
given the internal migration of around 1 million from 
the northeastern region between 2007 and 2010 due to 
drought and loss of livelihood.52 In addition, this popula-
tion dataset did not adjust for building footprints, poten-
tially underestimating population in urban areas.53 This 
in turn may inflate the measures calculated in the step 1 
of 2SFCA. Generally, such an issue would result in urban 
areas having comparatively higher accessibility scores.

Due to its relatively intuitive application, 2SFCA 
has become a popular method. However, three major 
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limitations are: (1) It is a binary measure and thus 
suffers from edge effects (all locations outside of the 
catchment are assumed to have zero access); (2) It uses 
fixed catchment sizes that ignore the variation in travel 
distance, especially between urban and rural areas and 
(3) It does not consider distance decay within catch-
ments (ie, all locations inside of the catchment are 
assumed to have equal access).54 55 Addressing those 
limitations in the future could include expanding the 
sensitivity analysis to include testing multiple popula-
tion areas sizes with different shapes, and attempting 
to estimate catchment size using empirical data from 
health facilities.

Testing different catchment sizes could have been 
substituted with using travel time as the impedance, 
instead of distance. However, we chose to use distance 
given the lack of accurate information on roads speed 
limit in preconflict Syria. While it may have been possible 
to estimate walking speed and perhaps the speed of other 
modes of transportation, we felt that in conflict settings 
the use of speed limits may not fully reflect the differential 
access to transportation means to a reasonable degree of 
significance towards estimating inequalities in accessing 
hospital care.56 57 Extending the analysis into the conflict 
phase may present notable challenges if there is need to 
account for differences in access to and means of trans-
portation by population and region.

The objective method of deciding an ideal catchment 
area is still under debate.22 Such a challenge of measuring 
spatial accessibility in a region that includes both urban 
and rural areas similar to Syria has driven the application 
of new methods such as dividing health supplier catch-
ment depending on town size (smaller towns serve smaller 
catchment areas).58 Among multiple enhancements to the 
2SFCA method, Luo and Whippo proposed the Variable 
2SFCA (V2SFCA), which adds two more steps to deter-
mine the catchment sizes incrementally by increasing the 
catchment size until a pre-specified base population and 
PPR criteria are met.59 60 We decided to use 2SFCA given 
its straightforward application and to make the case for 
comparison between spatially-aware methods and PPRs 
in a setting where PPRs are the common accessibility 
indicators.

PPRs have several limitations in their ability to measure 
spatial patterns in healthcare services. They do not 
account for movement of people across boundaries to 
neighbouring areas, which could lead to inaccurate 
assumptions at the country level. Furthermore, PPRs 
do not account for distance decay effect on access, thus 
assuming equal access for all individuals within each 
geographical boundary. Using PPRs in regression models 
would lead to Errors-in-Variables bias due to unmeasured 
variation in spatial access that would weaken the esti-
mated relation between spatial access and the outcome 
of interest.22 42

Conclusion
This study is among the first to quantify the spatial 
distribution of hospital care in Syria. The preconflict 
situation depicts what is considered the best status of 
the Syrian healthcare system before the impacts of 
attacks on health facilities, among other violations 
of international humanitarian law. Our results show 
considerable inequalities in potential access to public 
hospitals in 2010.

This study investigates the pattern of spatial acces-
sibly of hospital care in Syria in 2011 prior to the 
current conflict. We describe the development of the 
health system in Syria between 1946 and 2011 with 
focus on hospital care. While using non-spatial indices 
of health system capacity allowed for the comparison 
at the governorate level, the use of the 2SFCA method 
revealed nuanced insight about access inequalities 
across and within Syrian governorates, particularly in 
the north and eastern regions.

Since 2011, Syria has experienced dramatic upheaval 
with more than half million dead and over 13 million 
being displaced inside and outside the country.61 There is 
no doubt the conflict has worsened pre-existing inequali-
ties and led to new vulnerabilities.62 Analysis of geograph-
ical accessibility at different phases of the conflict can 
inform health system reform, including rebuilding of 
facilities. Instead of building the health system back to its 
preconflict status, humanitarian and development agen-
cies could use insights from such analyses to minimise 
inequalities in health access.

The use of non-spatial indices such as PPRs is common 
in the Syrian context.4 PPRs and preconflict administra-
tive boundaries may obscure dynamic realities of health 
accessibility in fragile settings characterised by displace-
ment and dominance of INGOs, leaving less significance 
for administrative boundaries in humanitarian response 
coordination.18 This study shows that spatially aware 
modelling of health access using minimally available data 
can offer more realistic representation of health access in 
fragile settings.

Postconflict health system reconstruction should 
account for pre-existing inequalities. Functioning and 
equitable health system can have a sustainable impact 
on population health, state-building and support peace-
building efforts in countries suffering from protracted 
conflicts.63 Preconflict accessibility analysis can enhance 
our understanding of conflicts’ impact on health, and 
how health inequalities could increase, last or emerge in 
postconflict settings. Future research is required to assess 
equity of access during health system rebuilding, and how 
preconflict access level could be compared with conflict 
and postconflict levels.

This study reflects the significance of spatial access 
modelling in understanding preconflict level of health 
inequalities and offers a space to discuss health access 
equity in health reform, planning and coordination in 
fragile settings.
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