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Abstract. Primary healthcare is a crucial strategy for achieving universal health coverage.
South Asian countries are working to improve their primary healthcare system through their
country specific policies designed in line with WHO health system framework using the six the-
matic pillars: Health Financing, Health Service delivery, Human Resource for Health, Health
Information Systems, Governance, Essential Medicines and Technology, and an addition area
of Cross-Sectoral Linkages [11]. Measuring the current accessibility of healthcare facilities and
workforce availability is essential for improving healthcare standards and achieving universal
health coverage in developing countries. Data-driven surveillance approaches are required that
can provide rapid, reliable, and geographically scalable solutions to understand a) which com-
munities and areas are most at risk of inequitable access and when, b) what barriers to health
access exist, and ¢) how they can be overcome in ways tailored to the specific challenges faced
by individual communities. We propose to harness current breakthroughs in Earth-observation
(EO) technology, which provide the ability to generate accurate, up-to-date, publicly accessible,
and reliable data, which is necessary for equitable access planning and resource allocation to
ensure that vaccines, and other interventions reach everyone, particularly those in greatest need,
during normal and crisis times. This requires collaboration among countries to identify evidence
based solutions to shape health policy and interventions, and drive innovations and research in
the region.
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1 Introduction

Even while the Sustainable Development Goal 3 (SDG 3) is being achieved, 381 million people, or 4.9%
of the world’s population, still live in severe poverty and do not have access to even the most basic
healthcare [29,23]. Mortality rates are highest in sub-Saharan Africa and Southern Asia, essentially
due to insufficient access to primary healthcare services [29]. It is incumbent to address discrepancies
in order to close this gap and guarantee equitable access to healthcare. To achieve the vision of “Health
for All”, we must address the systemic barriers that perpetuate health inequities [20,4]. Inequity
has many dimensions [24| as shown in Fig. 1; barriers include, but are not limited to: a) lack of
access to infrastructure, e.g., health facilities [25]; b) access to communication infrastructure in remote
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Fig. 1. Health Disparities due to: a) limited access to essential infrastructure, such as health facilities, despite
interventions like safe medicines and vaccines; b) challenges in accessing communication infrastructure in remote
areas, including poor road networks and communication links; and c) the influence of parental socioeconomic
resources, education, income, affordability, and intersectional determinants, such as gender, age, and lifestyle,
on access to healthcare.

locations, e.g., poor road networks and communication links [28]; and ¢) affordability and intersectional
determinants of access, such as gender, age, and lifestyle factors [21].

Insufficient and ineffective healthcare methods exacerbate the lack of appropriate access to health-
care [9], and many low- and middle-income nations lack real-world health data infrastructure due to
overworked healthcare systems. In heavily populated areas, particularly urban slums and remote rural
areas. Manual monitoring and data gathering in remote locations can be unacceptably time-consuming,
costly, prone to human error and malpractice and unsustainable given limited resources [13].

Data-driven surveillance approaches are required that can provide rapid, reliable, and geographi-
cally scalable solutions to understand: a) which communities and areas are most at risk of inequitable
access and when [10]; b) what barriers to health access exist; and c¢) how these barriers can be over-
come in ways tailored to the specific challenges faced by individual communities [16]. It can help to
reduce health data poverty and disparities. Better knowledge, achieved through better data and robust
decision-support systems, can help address everyone’s health requirements in an equitable manner [6].
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The goal of the Centers for Disease Control and Prevention’s (CDC) Data Modernization Initiative
(DMI) is to increase the effectiveness and efficiency of health data collecting, sharing, and analysis.
On the other hand, there isn’t much research on integrating social determinants of health (SDOH)
into state and federal DMI initiatives. The terms SDOH refer to an individual’s living, learning, and
working environments, as well as the ways in which these environments impact their health. Examples
of SDOH include safe housing, access to wholesome food, employment possibilities, and transportation.

We propose to harness current breakthroughs in Earth-observation (EO) technology, which provides
the ability to generate accurate, up-to-date, publicly accessible, and reliable data, which is required
for equitable access planning and resource allocation to ensure that safe medicines, vaccines, and other
interventions reach everyone, particularly those in greatest need, during normal times [27, 7]. This data
can also be used in emergency scenarios such as pandemics and natural catastrophes, which dispropor-
tionately affect underserved groups [17]. Therefore, this data creation can help identify requirements
and track progress towards increasing equal access to healthcare worldwide. This is particularly im-
portant in resource-constrained areas, both in normal and emergency situations [2]. Fig. 1 illustrates
how government-level policies can address health inequalities, a key focus of SDG 3 [29,23]. It em-
phasizes the role of parents’ socioeconomic resources in influencing children’s health, which in turn
influences the health of the young and old, as well as education and income levels. Our approach can
identify health gaps in peripheral areas and improve surveillance, especially in resource-limited areas.
By harnessing the power of EO and artificial intelligence, we can create a fairer and more sustainable
healthcare system that leaves no one behind.

Our major contributions to mapping health equities in South Asia, as compared to AccessMod 5
(see Appendix A), include the following:

— Remote areas and potential improvement neighborhoods with missing nighttime light intensity: We
use nighttime light intensity data to find unmet needs in the most remote areas. With this method
we can also identify geographical areas with poorly served health services in terms of infrastructure
development

— Localizing health disparities in underserved remote areas: We focus on pinpointing specific health
disparities within the identified under-served areas. This localization helps to understand the spe-
cific health needs and challenges faced by these communities, allowing for targeted interventions.
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Fig. 2. Proposed approach for mapping health inequities.
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2 Mapping Primary Healthcare Infrastructure Gaps

Strategists, academics, and public health practitioners strive to improve the overall health of the
population by addressing health disparities based on geographic origin, race/ethnicity, socioeconomic
status (SES), and other social factors. Health inequalities refer to systematic variations in health status
among various socioeconomic classes in a society, which are socially produced, theoretically avoidable,
and often considered undesirable in a civilized society [33]. The concept of health inequality makes
no moral judgments about whether observed disparities are equitable or right. A health inequity, also
known as a health disparity, is a subtype of health inequality that refers to an unjust discrepancy in
health status. Allowing health inequalities to persist is unjust, according to one common definition [32].
In this sense, health inequities are systematic differences in health that could be avoided by reasonable
means [16]. Social group differences in health, such as those based on race or religion, are considered
health inequities because they reflect an unfair distribution of health risks and resources. The key
distinction between inequality and inequity is that the former is simply a dimensional description
employed whenever quantities are unequal, while the latter requires passing a moral judgment that the
inequality is wrong. For example, the term "health inequality” can reflect racial/ethnic differences in
US infant mortality rates, which are roughly three times greater for non-Hispanic blacks than whites
[22].

Age-related health disparities, such as those between the ages of 20 and 60, are seen as health
inequalities and are perceived as unavoidable rather than unjust. By contrast, disparities in health
are investigated among populations worldwide according to factors such as income, caste, gender,
education, race/ethnicity, and employment. To investigate these disparities, researchers compare so-
cioeconomic variables and examine variations in health outcomes at the group level. For example,
comparing the mean body mass index (BMI) of the wealthy to that of the impoverished can help
explain socioeconomic differences. In order to reduce disparities brought about by the unequal distri-
bution of social determinants of health, policy development and resource allocation must acknowledge
and address social group health inequalities [1]. The World Health Organization proposes that health
indicators be reported by groups, or equity stratifiers, in order to monitor health disparities. By con-
centrating on social groupings, we may comprehend present health inequalities within a historical and
cultural framework and subsequently offer an explanation of the mechanisms underlying health in-
equality [19]. For instance, knowledge of American racism and slavery past can help explain current
racial /ethnic health disparities. Similarly, studying the political and theological history of India’s caste
system allows us to better appreciate how it influences people’s social position, employment, education
levels, and health outcomes. Viewing health inequalities through the lens of social groups can help
direct actions, enable surveillance of key equity concerns, and increase our knowledge of health by
making connections that were not initially clear. Health inequalities along racial, ethnic, and socioeco-
nomic lines exist in both low- and high-income nations, and they may be expanding, emphasizing the
necessity of investigating group-level health discrepancies [3]. Understanding socially patterned health
inequalities requires defining meaningful social groups. Each community has its own distinct method
of classifying and separating people into social divisions.

The second related topic is whether absolute or relative position matters for health. This is especially
relevant when it comes to poverty, which can be defined in two ways: absolute (comparing a given
income to a static benchmark) and relative (comparing a given income to the general distribution of
incomes in a community). Absolute poverty definitions are based on a set monetary barrier known as a
poverty line, though this barrier is normally determined by the year, nation, and household size. Those
with incomes less than the criteria are deemed destitute. In contrast, relative poverty is defined by
comparing a particular income to the income distribution in a population. For example, one could argue
that a person is comparatively impoverished if their income is less than thirty percent of the national
per capital income [1]. This suggests that the concept of poverty is not static and may change over
time. Wealth, income, and education are a few factors that contribute to an individual’s socioeconomic
position (SEP). Education can be defined as the highest level attained or the total number of years
spent in school. The main factor affecting the material resources component of SEP is income, which
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is often calculated as household gross income divided by the number of participants. Wealth is defined
as income plus all acquired material resources.

Occupation-based indicators are also often utilized. For example, the Registrar General’s Social
Classes classify jobs according to prestige into six hierarchical groupings, which are frequently classi-
fied as manual vs. non-manual. The Erikson and Goldthorpe Class Schema classifies jobs according to
employment relations features, while the UK National Statistics Socio-Economic Classification follows
similar concepts. Other categories, which concentrate on social interaction patterns within occupational
groupings, include the Cambridge Social Interaction and Stratification Scale and Wright’s Social Class
Scheme. The following are used to illustrate societal patterns: housing issues, overpopulation, un-
employment, and composite or proxy indicators. Geographic environment, not simply social group,
influences health. Health inequalities can be impacted by people’s physical and social settings. Geo-
graphic health inequities may be monitored by comparing health outcomes across various areas, taking
into account both place (particular geographic locations) and space (broader geographical settings) [15,
12]. Researchers must select how to present observed differences while tracking health disparities across
time. Inequalities between groups can be expressed as absolute or relative differences. Absolute differ-
ences represent the actual disparity in health outcomes between groups, whereas relative differences
assess the proportional gap in relation to the baseline health state [18, 14].

Our proposed technique for mapping health disparities uses a variety of data sources and approaches
to quantify and identify areas with severe health needs. As shown in the flowchart (Fig. 1), we employ
travel time from global accessibility maps to places of interest (POIs), population density data from
NASA’s Gridded Population of the World Version 4 (GPWv4), and nighttime light data from VIIRS
satellites and Sentinel 2 spectral characteristics. This method selects places based on travel time (>30
minutes), population density (>50 per km?), and thresholds for nighttime lights and composite SLUM
spectral indices. By measuring regional need ratings based on population density and aggregating
them, we can discover the 99th percentile of areas with severe health needs.

This strategy is based on data that support established patterns of population and geographic
health disparities. This enables the development of targeted interventions and policies to address health
inequalities. Our approach provides a comprehensive framework for monitoring and addressing health
inequities both at scale and at scale, combining multiple data sources with a regional and geographic
focus.

The rest of the paper is organized as follows: Section 3 describes how to implement the proposed
approach, including the integration of open source datasets such as VIIRS NTL data, GPWv4 and
Accessibility to Healthcare 2019. It also presents the analytical findings and visualizations that resulted
from these datasets. Section 5 provides an overview of the results of our analysis and highlights the
urgent need to address global health disparities and the value of our data strategy to guide targeted
action. Chapter 6 describes actions to address health disparities, including a multifaceted strategy that
combines community-based solutions with modern data analytics and earth observation technology.
Section 4 concludes the paper with a summary of the main conclusions, results and evaluation. Finally,
Section 7 discusses how policies can be implemented to reduce health inequalities. It supports evidence-
based interventions that support equitable health outcomes and access worldwide.

3 Proposed Approach

3.1 Open source datasets

The study utilizes three following primary open-source datasets (see Fig. 3) to identify global regions
where new healthcare facilities are most needed:

1. Accessibility to Healthcare 2019
2. The Gridded Population of World Version 4 (GPWv4), Revision 11
3. VIIRS Nighttime Day/Night Annual Band Composites V2.2
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Algorithm 1: Mapping Health Inequities in South Asia

Input : datasets < [Accessibility to Healthcare 2019], [The Gridded Population of World Version 4 (GPWv4),
Revision 11], [Annual global VIIRS V2.2 nighttime lights dataset]|
Output : Mapping Health Inequities in South Asia
1 Function Main(datasets):
time < Filter locations with AccessibilityTime > 30 min
pop < Filter locations PopulationDensity >= 50 %
th < 20 ; //Set your desired threshold value here
povertyAreas < Filter locations with nighttime lights < th
needPerPixel +— Quantify need based on population density using time, pop & povertyAreas
needScore <— Sum up the need around 25 km radius around each 1 km pixel
highNeedScore < Identify the 99" percentile of regional need score
regionalNeedScore <— calculate mean regional need score of each region in ascending order
return Mapping Health Inequities in South Asia;

OO0 DU W
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Fig. 3. Datasets: (a): Travel time to the nearest hospital or clinic, (b): Population density using NASA Gridded
Population of World version 4 (GPWv4), (c¢): VIIRS Nighttime Day/Night Annual Band Composites V2.2.
Darker areas indicate shorter travel times to the nearest facility, lower population density, and lower nighttime
light intensity compared to brighter areas.

Accessibility to Healthcare 2019 The global accessibility map for 2019 is the result of collabora-
tion between the University of Twente in the Netherlands, Google, Telethon Kids Institute in Perth,
Australia, and MAP at the University of Oxford [31]. It shows the land-based travel time (in min-
utes) from any place to the nearest medical facility. It also includes the duration of "walking-only" or
using non-motorized modes of transportation exclusively. Using massive data collection efforts from
Google Maps, OpenStreetMap, and university researchers, the most complete database of healthcare
institution locations has been produced to date.

This project expands upon earlier research by [30]. Weiss et al. used datasets for national borders,
railways, rivers, lakes, seas, topographic conditions (slope and elevation), landcover types, and roads
(including the first-ever global use of Open Street Map and Google roads datasets). Each of these
datasets was given a travel speed, or speeds, in terms of the amount of time needed to cross each
kind of pixel. After that, the datasets were integrated to create a "friction surface," which is a map in
which each pixel is given a nominal overall speed of motion according to the types that exist there. An
upgraded friction surface was made for the current project to take advantage of newer developments
in the OSM roads data.

GPWv4.11 The Gridded Population of World Version 4 (GPWv4), Revision 11 represents the global
distribution of human population per (approximately) 1km grid cells. A proportionate distribution of
the population from census and administrative units is used to distribute the population among the



Data-Driven Approach to assess and identify gaps in healthcare set up in South Asia 7

cells. In terms of relative spatial distribution, these population density grids’ estimations of the number
of people per 1 km grid cell are in line with national censuses and population registries [5].

VIIRS Nighttime Day/Night Annual Band Composites V2.2 Annual global VIIRS nighttime
lights dataset is a time series produced from monthly cloud-free average radiance grids for 2022 [§].
After removing pixels from the sun, moon, and clouds in the first filtering stage, preliminary composites
with lights, flames, aurora, and backdrop were produced. To create rough annual composites, monthly
increments of the rough annual composites are created and then blended.

3.2 Finding Health Disparities

The proposed methodology for finding health disparities as shown in Fig. 2 and algorithm 1 involve
following steps:

1. Importing Datasets: The analysis environment receives the datasets for accessibility, population
density, and nighttime light intensity.

2. Filtering Areas with Limited Accessibility: Locations where traveling to the nearest medical facility
takes more than thirty minutes are marked. These regions are typical of those with poor access to
medical care.

3. Combining accessibility with population density and nighttime light intensity: areas with high
population density (50 people per square kilometer or more), poor socioeconomic resources (night
light intensity below the threshold) and poor access. to health services are identified for further
study (travel time more than 30 \ n minutes). This policy ensures that the focus is always on
densely populated areas with limited access to health services.

Too Far POl Regional Need

Score

W maximum W maximum W high score
distance distance

(a) (b) ()

Fig. 4. Evaluation Results: (a): Location with too far Points of interest (health facilities is greater than 30
minutes); (b): Filter those locations where travel time is greater than 30 minutes & Population density is
greater than 50 persons per 1 km?; (c): Regional Need score based on population density per 1 km? - 99th
percentile.

4 Results and Evaluation

4.1 Analysis

The analysis is done in multiple steps in order to determine which regions have the greatest need for
healthcare facilities and to quantify that need: :
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Fig. 5. Categorization of areas based on Nighttime Light (NTL) intensity: (a) Areas with 0 < NTL < 10; (b)
Areas with 10 < NT'L < 20; (c) Areas with 20 < NTL < 30.
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Fig. 6. (a) Regional need score to nearest hospital/clinic based on drive time and walk time; (b) Drive time
regional need score; (¢) Walk time regional need score.

1. Quantifying Need Per Pixel: Based on accessibility and population density, a need score is assigned

to each region (or pixel). In highly populated locations with limited access to healthcare, the need
score is greater (See Fig. 4 (a) & (b)).

. Aggregating Need Over a Region: A regional need score is produced by adding up the requirements

within a 25-kilometer radius. Rather than focusing only on individual pixels, this aggregation aids
in identifying larger areas of need (See Fig. 4 (¢)).

. Identifying High-Need Regions: By calculating the 99th percentile of the regional need ratings, the

areas with the largest requirements are found. The top 1% of regions with the greatest demand for
healthcare facilities are highlighted by applying this criterion.

. Selecting Target Pixels: Target pixels are those that have a need score higher than the 99" per-

centile. These are the places with the greatest needs.

. Identifying South Asian Regions: Pixels with a need score greater than the 99th percentile are

considered targets. These are the areas that require the most assistance.

The final step involves visualizing the results to communicate the findings effectively:

4.2 Setting Map Center and Displaying Layers

A particular region serves as the focal point of the map, and the results are presented through a variety
of layers. Among these layers are the following:
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Fig. 7. Under-served remote areas with (a): Drive time to nearest hospital/clinic is greater than 30 minutes
and nighttime light intensity is between 0 and 10; (b): Drive time to nearest hospital/clinic is greater than 30
minutes and nighttime light intensity is between 10 and 20; (c): Drive time to nearest hospital/clinic is greater
than 30 minutes and nighttime light intensity is between 20 and 30;

— Travel time to healthcare facilities (Refer to Fig. 3: (a))

— Population density (Refer to Fig. 3: (b))

— Nighttime lights intensity for whole world is shown in Fig. 3: (c¢)) and we are focusing on South
Asia in this study (see Fig. 5).

— Areas with poor healthcare access (Refer to Fig. 4: (a))

— Densely populated areas with poor healthcare access (Refer to Fig. 4: (b))

Regional need scores (Refer to Fig. 4: (c))

South Asian regions with the highest need (Refer to Fig. 6: (a, b, ¢))

The regions of the world and South Asia that will benefit most from the construction of new health
facilities are clearly identified and illustrated in Fig. 4 and Fig. 6, providing important information for
stakeholders and policy makers.

5 Summary of Findings

This study used three open-source datasets (Accessibility to Healthcare 2019, the Gridded Population of
the World Version 4 (GPWv4), Revision 11, and VIIRS Nighttime Day/Night Annual Band Composites
V2.2—to map) to assess health disparities on a worldwide scale specifically in South Asia (see Fig. 7).
Our research identifies areas where healthcare facilities are most urgently required by combining data
on travel time to medical facilities, population density, and nighttime light intensity. The findings
underline the need of addressing health inequities, particularly in densely populated areas with limited
access to healthcare. We identify the 1% of regions with the most health services by combining the
needs scores calculation with the larger regions. This method ensures that treatments are directed where
they are most needed, leading to a more efficient allocation of resources. The production of accurate,
up-to-date and publicly available information has been facilitated by advanced technologies such as
data science and Earth observation. These technologies not only help us better understand health
disparities, but also provide a scalable, long-term solution for continuous development and monitoring.
Our data-driven strategy can help reduce health disparities by enabling targeted treatment, especially
in resource-constrained areas.

6 Strategies for Reducing Health Disparities

Health disparities between people and regions are the result of a complex interaction of social, economic
and environmental variables. Identifying these gaps requires a multi-modal approach that includes data-
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driven insights and community-based solutions. We will review the following strategies based on our
proposed strategy to identify where health disparities exist using advanced data analytics and ground
observation technology:

6.1 Targeted Resource Allocation

Make use of the high-need areas that have been selected as focus centers for resource distribution.
These areas have been identified by data analysis of socioeconomic factors, population density, and
healthcare facility accessibility. Governments and healthcare groups can successfully lessen inequities in
access to healthcare by allocating resources, such as medical staff, infrastructure, and health education
initiatives, to these regions.

6.2 Addressing Socioeconomic Disparities with NTL Data

Statistics on nighttime lights (NTLs) can be used to determine how differently affluent people receive
healthcare. Examining NTL data reveals disparities in the availability and standard of healthcare
facilities according to socioeconomic level, especially in areas such as South Asia where health systems
may prioritize the well-off over the underprivileged. Authorities can determine whether locations are
devoid of access to high-quality healthcare for poor populations by superimposing NTL data with
socioeconomic and health facility maps. This understanding can direct focused initiatives and legislative
modifications to enhance impoverished populations’ access to and quality of healthcare[26].

6.3 Leveraging Technology and Telemedicine

By using telemedicine and technology, we may provide healthcare services to underserved and rural
places. By providing consultations, diagnosis, and treatment choices without requiring in-person travel,
telemedicine helps close the gap that exists between patients and healthcare practitioners. This strategy
can greatly improve access to healthcare and is especially helpful in areas with a weak healthcare
System.

6.4 Encouraging Cross-Sector Collaboration

To address the socioeconomic determinants of health, we can encourage cooperation across the housing,
transportation, education, and healthcare sectors. Since larger social and economic injustices frequently
serve as the foundation for health disparities, a concerted effort including several sectors can have a
more comprehensive and long-lasting effect on community health.

6.5 Regulation and Law Enforcement Actions

Encourage the adoption of evidence-based policies that advance fair access to and use of healthcare
services. Regulations that address health inequities should be developed and put into effect by poli-
cymakers using data-driven insights. This entails making investments in healthcare infrastructure in
places with a high need, helping low-income people pay for healthcare, and making sure that everyone
has access to basic medical services.

7 Policy Framework, Shared Challenges and Joint Actions proposal

7.1 Policy Framework

Primary healthcare is essential to efficient healthcare systems, and developing effective augmentation
methods requires a thorough grasp of national health systems. A thorough understanding of the current
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health infrastructure is necessary to start making significant improvements, and integrating primary
healthcare into health system reorganization is essential for effective reforms. One of the most im-
portant goals is Universal Health Coverage (UHC), which guarantees fair access to necessary medical
treatment without financial hardship. Despite its importance, politicians frequently fail to recognize
the specific contributions that primary healthcare makes to population health, which results in in-
adequate investment in facilities and placing a low priority on community-based specialty training.
Recognized as a cost-effective and low-risk strategy, strengthening primary healthcare aims to achieve
universal population coverage by 2030, emphasizing the need for regional collaboration and advocacy.
Such initiatives promote prudent investment in community health services and professional training
within primary healthcare settings, thereby enhancing healthcare accessibility and supporting UHC
goals. The need to strengthen primary healthcare is underlined by global cooperation, which is par-
ticularly important in regions such as South Asia, which includes Bangladesh, India, Nepal, Pakistan
and Sri Lanka - a quarter of the world’s population. Given the shared natural resources and increased
vulnerability to the effects of climate change, harmonization of health policies and promotion of co-
operation between South Asian countries are crucial. Through collaboration, evidence-based solutions
can be found, effective health policies can be designed, and initiatives tailored to regional needs can be
developed. Collaboration enables innovation in health financing, fighting non-communicable diseases
and overcoming shared challenges South Asian countries participate in the World Health Organiza-
tion’s (WHO) offices for the South-East Asia Region (SEARO) and the Eastern Mediterranean Region
(EMRO), advocating for regional Universal Health Coverage (UHC) strategies. Through the use of
resources and knowledge from around the globe, WHO initiatives—which emphasize the significance
of primary healthcare in achieving long-term health outcomes—support regional collaboration. This
cooperative endeavor aims to enhance climate resilience, promote the welfare of South Asia’s sizable
populace, and enhance health results.

7.2 Shared challenges

The following list of common issues that South Asian nations face calls for immediate attention and
coordinated response from the region’s decision-makers:

— Population Growth: Over the past few decades, South Asia’s population has grown exponentially.
India, Pakistan, and Bangladesh are among the world’s most populous nations. According to UN
estimates, the population of the region will reach astonishing numbers by 2050 if the current growth
rate is allowed to continue unchecked. Numerous factors, such as high birth rates, limited access
to family planning services, cultural norms, and religious beliefs, are blamed for this growth. .
It is necessary to take proactive measures to lower the overall fertility rate and raise the preva-
lence of contraception in order to combat population growth. Primary healthcare systems must
be strengthened in light of demographic changes. This development is hampered, nevertheless, by
low funding, inadequate planning, and a lack of knowledge about the role that primary healthcare
plays in population health.

— Inequitable Access and Urban-Rural Disparities: In South Asian countries, there are notable geo-
graphic differences in the coverage of provinces, districts, and urban-rural areas. Research indicates
that populations with lower incomes are probably less healthy, less nourished, less immunized, and
less likely to use family planning. Achieving fair access to healthcare requires addressing these
disparities.

— Lack of Private Sector Regulation: In South Asia, the private sector is frequently not sufficiently
regulated, which causes disparities and inefficiencies in the provision of healthcare. Improving
healthcare access and quality requires enforcing compliance and fortifying regulatory frameworks.

— Healthcare Workforce:The shortage of healthcare workers is a major issue for many South Asian
nations, especially in rural and underdeveloped areas. Despite efforts to increase the proportion of
physicians, dentists, nurses, and paramedics to the general population, disparities and shortages
continue to affect the region’s overall healthcare system.
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— Climate Crisis: One of the areas most impacted by climate change is South Asia. Droughts, heat

waves, unpredictable rainfall, glacier melting, heat waves, and other extreme weather events have
caused massive economic losses and presented significant difficulties for both the populace and
governments. Morbidity and mortality are higher in children, the elderly, women, and the homeless,
especially those who are impoverished and suffering from diseases. To address the climate crisis and
lessen its effects on vulnerable populations, international cooperation and comprehensive policies
are needed.

Weak Healthcare Ecosystem: Developing a strong healthcare ecosystem is a major challenge for
South Asia, which includes nations like India, Pakistan, Bangladesh, Nepal, Sri Lanka, Bhutan,
and the Maldives. Even though the region’s health indicators have improved, there are still several
systemic problems that prevent healthcare services from being delivered effectively in the area.
Inadequate funding, undeveloped supply chains for medical equipment, a lack of pharmaceutical
company involvement in the management of non-communicable diseases (NCDs), and a dearth of
healthcare facility developers are major factors in the weak healthcare ecosystem.

e Healthcare Financing:Throughout South Asia, there is a severe lack of investment in the health
sector. The amount of money allotted by the government to healthcare is frequently insufficient,
usually much less than the 5 percent of GDP that is advised to be used in order to significantly
advance Universal Health Coverage (UHC). For instance, the amount spent on healthcare in
nations like Bangladesh and Pakistan is only a small portion of GDP—roughly 2-3 percent.
Due to lack of funding, there are not as many resources available for developing infrastructure,
training the healthcare workforce, or buying necessary medical supplies. Many health initiatives
lack sufficient funding due to the insufficiency of donor funding and the private sector.

e Medical Equipment Suppliers and Manufacturers: South Asia’s medical equipment supply chain
is undeveloped and dispersed. Due to a lack of manufacturing capacity locally, a significant
amount of medical equipment and devices are imported. This reliance raises expenses and
causes delays in the supply of essential equipment. In addition, variations in regulatory require-
ments for medical devices lead to discrepancies in terms of both safety and quality. Improving
the availability of medical equipment requires stricter regulatory frameworks and stronger local
manufacturing capabilities.

e Pharmaceutical Companies and NCD Medicines:South Asia is experiencing a surge in non-
communicable diseases (NCDs), including diabetes, hypertension, and cardiovascular disorders.
But the pharmaceutical industry hasn’t been able to meet this increasing demand. Local phar-
maceutical firms frequently place a greater emphasis on generic drugs than on cutting-edge
NCD therapies. There is a shortage of reasonably priced NCD drugs, especially in rural and
low-income areas. Improving regulatory supervision and pharmaceutical companies’ ability to
create and market NCD medications are essential for better NCD management.

e Healthcare Facilities Developers: Hospitals, clinics, and diagnostic centers are among the health-
care facilities that have not developed equally throughout South Asia. While access to these
services may be somewhat better in urban areas, rural and isolated areas are still woefully
underprivileged. Funding shortages, land acquisition concerns, and bureaucratic roadblocks
frequently impede investments in healthcare infrastructure. Furthermore, the upkeep and mod-
ernization of current facilities are commonly disregarded, which results in declining service qual-
ity. Promoting public-private partnerships and optimizing regulatory procedures can expedite
the establishment of healthcare facilities and enhance the availability of superior healthcare
services.

7.3 Joint Actions for Strengthening Healthcare Ecosystems in South Asia

The healthcare ecosystems in South Asian nations need to be strengthened, and this will require
a concerted and cooperative effort. Together, a data-driven strategy, policymakers’ alignment, re-
source sharing, regional coordination, quick response capabilities, and a heavy emphasis on data
science will enhance the region’s resilience, healthcare delivery, and results. Through cooperation
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and shared commitment, South Asia can achieve a more robust and equitable healthcare sys-
tem for all of its citizens. By implementing these coordinated actions, South Asian countries can
significantly strengthen their healthcare ecosystems.

e Data-Driven Approach

x Establish Regional Health Data Repositories: Construct a single, easily accessible repos-
itory for health data that can be used by all of South Asia’s nations to gather, store,
and process health data. Data on the prevalence of diseases, healthcare resources, patient
outcomes, and other pertinent metrics ought to be included in this repository.

* Implement Standardized Health Information Systems: To guarantee data consistency and
interoperability, adopt standardized health information systems throughout the region.
This will make it easier for health data from different nations to be shared and compared.

x Utilize Advanced Analytics: Employ advanced data analytics and machine learning tech-
niques to identify trends, predict outbreaks, and optimize resource allocation. This will
enable a proactive rather than reactive approach to healthcare management.

e Align Policymakers and Local Bodies

* Regular Inter-Governmental Health Summits: Arrange for policymakers from South Asian
nations to convene on a regular basis to tackle shared healthcare issues, exchange optimal
methodologies, and harmonize on regional health policies.

x Collaborative Policy Frameworks: Develop and implement collaborative policy frameworks
that address cross-border health issues such as infectious disease control, healthcare financ-
ing, and workforce development.

x Engage Local Authorities: Make sure local organizations actively participate in the creation
and execution of policies, taking into account their particular perspectives and practical
experience.

e Sharing Resources and Transferability

* Resource Sharing Agreements: Create official contracts for the sharing of essential health-
care resources like drugs, medical supplies, and knowledge. This will facilitate access to
necessary services and assist in addressing shortages.

% Cross-Border Healthcare Training Programs: Implement cross-border training programs
for healthcare professionals to build capacity and ensure the transferability of skills and
knowledge across the region.

x Telemedicine and Remote Consultation Services: Increase the availability of telemedicine
services to facilitate the sharing of resources and offer online consultations, particularly in
underprivileged areas.

e Coordination Among Regions

* Regional Health Coordination Bodies: Set up regional health coordination bodies to facili-
tate cooperation and coordination among South Asian countries. These bodies can oversee
joint initiatives, monitor progress, and address emerging health challenges.

x Joint Research and Development Initiatives: Encourage collaborative R&D projects cen-
tered around non-communicable diseases, infectious diseases, and technological advance-
ments in healthcare.

x FEmergency Response Coordination: To effectively manage health crises such as pandemics,
natural disasters, and other emergencies, develop a coordinated emergency response frame-
work.

e Rapid Action Teams

+ Establish Regional Rapid Response Teams: Form multidisciplinary rapid response teams
that can be deployed quickly to any South Asian country facing a health crisis. These teams
should include medical professionals, epidemiologists, logistics experts, and communication
specialists.

* Regular Drills and Simulations:Hold frequent drills and simulations to make sure rapid
response teams are capable of cross-border operations and are ready for a variety of sce-
narios.
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x Real-Time Communication Channels: Set up real-time communication channels for rapid

action teams to coordinate efforts, share information, and mobilize resources swiftly.
e Data Scientists Team

* Regional Data Science Consortium: Create a consortium of data scientists from South
Asian countries to collaborate on health data analysis, predictive modeling, and decision
support systems.

* Training and Capacity Building: Fund educational initiatives to create a strong pool of
data scientists with backgrounds in epidemiology and health informatics.

* Data-Driven Decision Support Tools: Create and implement tools for decision-making that
use data analytics to guide the allocation of resources, clinical procedures, and policy
decisions
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A AccessMod

AccessMod, a developer’s software, is limited to the Linux operating system, which restricts its acces-
sibility for users on other platforms. It requires multiple datasets in various formats, such as .shp, .shx,
.dbf, tif, and .csv, all of which must have the same projection. This reliance on uniform projections
increases complexity and makes the software prone to handling errors, especially when dealing with
projection issues on the Base DEM (Digital Elevation Model). Moreover, AccessMod faces significant
challenges in computing ‘Access to facilities’ due to these projection problems, making it difficult to
accurately localize health disparities, particularly in underserved and remote areas.

In contrast, the approach outlined in our paper offers a more flexible and accessible solution. It
utilizes open-source, publicly available datasets, including VIIRS Nighttime Lights, NASA’s Gridded
Population of the World (GPWv4), and global accessibility maps, which are easy to integrate and
do not require complex file format handling or projection synchronization. This method simplifies
the data processing pipeline, reducing errors and improving efficiency. Additionally, our approach is
specifically designed to overcome the localization challenges that AccessMod struggles with. By using
Earth observation data, population density, and travel time to healthcare facilities, we can effectively
pinpoint health disparities in underserved areas, enabling more accurate and targeted interventions.
This makes our method more scalable and adaptable for real-world applications in addressing health
inequities.



