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ABSTRACT:

The Nilgiris district in Tamilnadu has a rich biodiversity in terms of flora, fauna and ethnic population. The district is basically a
mountainous region, situated at an elevation of 2000 to 2,600 meters above MSL and constituting of several hill and Steep
Mountain valleys. This region houses six tribes who are mainly forest dwellers and live in close settlements depending on the
forest resources for their livelihood. The Tribes of Nilgiris have been diagnosed and monitored for Sickle cell Anemia which is a
disease of major concern among these ethnic populations. This genetic disorder developed due to the sickling of Red Blood Cells
has increased during the past few decades. The Tribes, as they live in close encounter with the forest regions and have strict
social cultural barriers, face difficulty in availing treatment or counseling from the Sickle Cell Research Center (SCRC) and other
NGOs like NAWA and AHWINI in the region. It was observed that many factors such as landscape terrain, climatic conditions
and improper roads tend to hinder the access to appropriate health care. The SCRC in Gudalur region is a facility established to
monitor the disease cases inspite of these influencing factors. On analyzing the year bound age wise classification among male
and female patients, certain dropouts in cases were observed which may be due to inaccessible condition or migration of the
patient.

In our study, Landscape heterogeneity mapping for different climatic seasons was done in ArcGIS 10.1. For this,
contour and terrain maps, road networks and villages were prepared and factors that determine Terrain Difficulty were assessed.
Vegetation mapping using IRS satellite images for the study region was attempted and associated with the landscape map. A risk
analysis was proposed based on terrain difficulty and access to the nearest Health care Center. Based on this, the above factors

alternate routes were suggested to access the difficult areas.

1.0 Introduction

Limited physical access to primary health care is a major
factor contributing to the poor health of populations in
developing countries, particularly in mountain areas with
rugged topography, harsh climates and improper roads.
Landscape connectivity can be broken down into structural
components, as well as functional components. Structural
connectivity refers to characteristics of the landscape such as
habitat suitability, while functional connectivity refers to the
potential mobility in a given landscape and takes into
consideration elevation change across a landscape, human
interference to movement (Milind, 2004).However, Kathleen
Wilson investigated the relationship of tribal people with the
landscape and highlighted the complex link between social
aspects of place, land and health care.

The Access to healthcare is a norm in most of the developed
countries and some developing countries like India. It is an
important component in the overall healthcare system and has
a direct impact on the burden of disease that encumbers health
conditions. Access to health services can arise due to one or
different combinations of these four barrier types. In case of
physical barrier factors explaining health inequity are

landscape terrain, climatic conditions and environmental
factors issues which add difficulties in geographical distance.
Hence accessibility to health service for these tribal people
becomes one of the major problems in Nilgiri district. The
geographic distance is important in a large country like India
with limited means of communication (Milind Deogaonkar,

2004).
The tribes usually live in low standard accommodation and
under less favourable living conditions and health

(Baarnhielm 2000) .Poor transportation facilities and physical
conditions appear to be the most significant obstacle for tribes
in remote areas to access the healthcare centre. In Nilgiri
district the utilization of health services is mostly influence by
the factors such as climate, forest cover, slope, road networks,
drainage and river.

Individual with SCD are at risk for unexpected, intermittent
and life threatening complications (i.e pain, joint necrosis and
major organ damage). Furthermore, disparities in quality of
care are pervasive, especially for ethnic minorities, people of
lower socioeconomic status and those residing in remote
geographic regions (Report U.S AID, 2009 ) .1t is well known
that availability and distribution of health care resources in
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remote areas are scarce (Bertakis,2000).Several barriers may
impede the management of patients with sickle cell disease.

1.1 Geographical and Environmental factors as barriers in
health access

Most of the tribes in Nilgiri district are living in forest
enclosures and are exposed to a variety of geographic and
climatic barriers such as mountainous terrain, large bodies of
water, travelling conditions or extreme cold that may prevent
them from accessing their usual source of health care. Areas
characterised by steep uneven terrain are more problematic
and take longer time to navigate than the flat surface.
Continuous heavy rains in Nilgiri hills can lead to numerous
landslides and cause extensive damage resulting in uprooted
trees that can block the road and become impassable to
vehicles. Vegetation also affects access; dense vegetation
poses difficulty in allowing direct routes to the health centre.
The tribes with SCD suffer from pain crisis which can worsen
the pain during the rainy reason and may require timely
treatment. Hence, the harsh climate along with poor
infrastructure can make it challenging for medical services.
The climatic condition such as rainfall may also hinder the
access to the health care system in the Nilgiri district. The
district usually receives rain both during southwest and
northeast monsoon. The average annual rainfall is recorded as
1800-2000mm.The continuous heavy rains in Nilgiri hills can
lead to numerous landslides causing terrain instability. Hence,
transport is drastically affected and accessibility to healthcare
is a major problem to these tribes. Many roads become
impassable to vehicles and this becomes a challenge to
medical services. The tribes with SCD suffer from pain crises
which can worsen the pain during the rainy season and may
need timely treatment. The wild animals in the dense forest
area can also limit their access health care when the painful
crisis arises.

1.2 Distance

The outcome of any disease is influenced by delay in
decisions to seek healthcare, timely arrival at appropriate and
diagnostic and treatment services. The utilization of health
facilities diminishes with distance (Al-Taiar, Noor AM,
Feikin DR, Muller, Stock R) and the quality of transportation
and road conditions (EOC Survey). Studies have shown that a
major factor in the utilization of health services is travel time
and defined travel times that exceed 30 minutes are
unacceptable (Bertakis KD).

2.0 Studyarea

The Nilgiri district is one of the smallest district of Tamil
Nadu. The district is hill area of 2549.0 sq.kms located
between 11° 10 and 11° 30' N latitude, between 76°25' and
77°00 E longitude at the junction of Eastern and the Western
Ghats. Physiographically the district is uneven and undulating
terrain owing to hilly terrain which is surrounded by hard
boundaries in the form of large reserve forest, water body and
commercial farmlands like tea plantations. There are 29
Primary health centres (PHCs) in Nilgiris district in which

two health centres are affording treatment for the tribes
affected with sickle cell disease.
2.1 Preparation of database and analysis in the GIS

This study includes both trait and disease cases of Sickle cell
anemia between 1997 to 2012 (n 2867) which was drawn
from AHWINI (Association for health welfare in the Nilgiris)
and CTRD (Centre for Tribal Research Development) and
NAWA (Nilgiris Adivasi Welfare Association). The health
care and SCD cases locations were geo-coded and generated
as point layer. A number of input data sets were required to
support the application of the inequity study. The following
parameters are used as data sets.

« Populated Places (Tribal hamlets)

« Health facilities location (Tribal
hospitals)

* Land use land cover

« Slope

* Road Network

« Drainage pattern

« Spline interpolation (Seasons)

*NDVI

The SCD populated hamlets and health facility locations were
geo coded and generated as point layers. GIS vector layers
such as administrative boundaries, road networks and
drainage have been extracted from toposheets at the scale of
1:50,000 using ArcGIS 9.3. Slope layer is derived from
Shuttle Radar Telemetry Mission (SRTM DEM 2009)
elevation data. A percent slope surface was created with
spatial analysis toolset. The slope surface was reclassified and
given as nearly plain, gentle slope, moderate slope, steep
slope and very steep slope. The climate data were imported
into ArcGIS for spatial data analysis .Spline map was created
using interpolation technique for dry and wet season. The
Indian Remote Sensing Satellite (1RS-1D) digital data of
LISS-111 sensor, which provide a resolution of 23.25 meters in
multispectral mode, was utilized in the study were derived
from Bhuvan for the year 2009. Digital Image Processing
(DIP) was done using Erdas Imagine 9.2 software to prepare
land use land cover maps. Average speeds for vehicle across
different land cover types were estimated based on Nelson
2000 and Toxopeus 1996. The NDVI base data of remote
sensing data sets of Landsat 8 was performed to analyse the
vegetation cover in Nilgiri district.

2.2 Terrain Stability Mapping Method

Terrain stability mapping involves the subdivision of
landscape into geomorphic units (i.e., terrain features) based
on the criteria established for this study. For the present study,
terrain mapping techniques were used to delineate areas with
terrain instability due to rainfall, slope, land use land cover,
vegetation pattern, drainage and road network. All layers were
converted to raster stability analysis .The raster layers were
overlayed and Weightage was given to each theme depending
on the severity of the factors related to terrain difficulty
occurrences and a GIS algorithm was derived to calculate the
cut-off values (Table 1). The Final output was categorised as
stable, moderately stable, quasi-stable, lower threshold and
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upper threshold. Further cost distance analysis was carried out
for accessibility model.

Table.1 Five default stability index classifications

Classification Stability Index
Values (SI)
Stable SI>15
Moderately Stable 15>SI1>1.25
Quasi-stable 125>S1>1.0
Lower Threshold 1.0>SI>05
Upper Threshold 05>S1>0.0

Source Montgomery and Dietrich 1994.

2.3 Accessibility surface model

For the present study accessibility surfaces were generated
using the cost-distance function in the ArcGIS environment.
Euclidean distances between each road network and the
nearest public health facilities were computed. Secondly, a
cost-distance analysis was carried out for dry and wet season
with terrain stability output as friction surface (Figure 2.1).
This cost distance function is an isotropic algorithm, meaning
that each cell within the friction surface used as the input grid
to the function contains a single value representing the cost of
movement across that location (cell) in any direction. The
friction layers were reclassified so that the value of each cell
is represented as speed in minute using raster calculator. The
friction components were then merged into a single friction
surface by assigning weightage of influence and the cost-
distance function was applied to calculate time to access the
specified health centre (Figure 2.2). The shortest path analysis
was used to identify the shortest distance route from tribal
location to health care based on terrain difficulties. Network
analyst tool of ArcGIS uses Dijkstra’s algorithm was used to
identify the shortest path (Dijkstra, 2014).

‘

Terrain stability

Drainage
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Figure 2.1 Flow chart showing accessibility model

3.0 Results

Population density was considered an important attribute
because interventions to improve healthcare access need to be
in areas that can impact the largest number at-risk community
members. The population density of each revenue village was
calculated based on the population by the total geographical
area of the village and presented as (Figure 3.1). The
population density was recorded in Allimoyar with 522.4
sq.kms followed by Kallampalayam, Erumad and Srimadural
being the most densely-populated neighborhoods and
Nedugula, Bikkatti, Mulligur, Naduvattam, Tuneri and
Thummanatti have low population density.

Figure 3.1 Population Density and prevalent of SCD cases of
Nilgiri District of Tamil Nadu
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3.1 Terrain stability of Nilgiri district

From the resultant map, it was observed that the terrain
instability area covered north eastern region and western parts
of the district including Gudalur, Pandalur some regions of
Ooty and Kotagiri district (figure 3.2). These regions are
covered with dense forest and with highest rainfall with
maximum of 116.1 to 112.3 mm .Stable zones were observed
in few parts of Kundah taluk and moderate covers almost
Coonoor region for dry season. Whereas during wet season
northern part of Gudalur taluk is observed as high instable .It
is observed that a maximum of 976.7 to 460.9 mm rainfall
was recorded in Gudalur .This is observed to be the major
cause for instability along with slope and land use land cover
figure 3.3. Hence the instability of terrain feature play major
role in inaccessibility to health care.
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Figure 3.2 Map of terrain instability during dry season for
Nilgiri district of Tamilnadu
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Figure 3.3 Map of terrain instability during wet season for
Nilgiri district of Tamilnadu

3.2 Travel time distribution using Accessibility modeling

3.2.1 Euclidean Distance model for road network

The results of the travelling cost in terms of time was created
using the accessibility surface model of the Nilgiri region,
based on Euclidean and Cost distance analysis. The results of
Euclidean distance is shown in (Figure 3.3) .It appears that
most of district is well covered with roads except for
boundary regions were they are covered with reserve forest
.The analysis shows that the cost is fairly even and very few
hamlets comes under inaccessible to road network. From the
result it is observed that an average of 40 minutes is dedicated
to reach the health centres through road network.It was also
inferred that there were no proper road facilities to access the
primary care in northern and north eastern part were the
region is covered with dense forest, this may be one of the
reason for long travel time. Euclidean distances can
overestimate the tribal population that is within 1-hour of a
health facility using transport network, elevation and other

natural barriers that can provide more accurate estimates
(Alun, 1998) as used here with cost distance analysis.
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Figure 3.3 Travel time to health centres by Euclidean
Distance model

3.2.2 Accessibility model for dry and wet season

Accessibility to health facilities during both the dry and wet
season is shown in Figure3.5. During the dry season,
accessibility is faster than the wet season because of vehicular
travel to health centre .But during wet season the access to
health centre is reduced due to impassable of road network
caused by terrain instability. The most inaccessible regions
were west of Nilgiri district for both dry and wet season.
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Figure 3.4 Changes in accessibility to health facilities during
dry and wet seasons by travel

The total number of hamlets in different accessibility time for
dry and wet season is shown in Table 2. During the dry season
12% of the hamlets were within 1-hour accessibility of a
health facility, which was reduced to 9% during the wet
season. It is observed that the accessibility rate was
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comparatively reduced from dry season to wet season for time
interval (1 to 8 hours) in the study area. Furthermore,
inaccessibility to these hamlets during the wet season is due to
terrain difficulty induced by many other external factors like
contour slope, land use land cover, road network and drainage

pattern.

Table 2 Total number of hamlets in different accessibility

time to health facilities during dry and wet season

Total number of hamlets

Hours Dry Season Wet Season
<1 30(12%) 23 (9%)
1-2 28 (10%) 24 (9.4%)
2-3 29 (11%) 26 (10%)
34 30 (12%) 22 (8.6%)
45 14 (5.4%) 21 (8.2%)
5-6 23 (9%) 23 (9%)
6-7 29 (11%) 26 (10%)
7-8 5 (1.9%) 0

3.2.3 Accessibility model without season influence

The cost-distance function estimates, for each cell, the time
required to reach the nearest destination is health centre.
Travel time is calculated over a friction surface that takes into
account the road network, land cover and slope without
season. The Figures 3.7 illustrates that accessibility has
evidently changed over different terrain surfaces of the district
which in turn impacts the tribal population in accessing the
health care. The population with least access to health care
can be determined by overlaying the tribal settlements on the
accessibility. From the output it is observed that a distinct
cluster was identified in the western part of Nilgiri district
where access to a health centre was found to take in excess of
8 hours travel time mainly of impedance due to the dense
forest highlighted as black ring. The easily accessible hamlets
within 1 hour travel time consist of 18 villages. Several
settlements that were inaccessible since slope and land use
land cover impede the access to health care.
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Figure 3.4 Chaﬁges in Accessibility to Heé{lrth Facilities in
Nilgiri District of Tamil Nadu

The maximum travel time defined for a patient that requires
access to a particular health facility depends upon the severity
of his/her condition. In the context of this study, the maximum
travel time permitted was established as 1 hour so as to be
able to identify the parts of the region where accessibility is
worse.

3.2.4 Shortest path analysis

Travelling is part of daily life of every people. As the terrain
condition changes due to environmental factors, there is a
need to find an alternate shortest route for the inaccessible
areas. Network analyst tool of ArcGIS Dijkstra’s algorithm
has been used to find the shortest path. Based on the results of
the cost distance the alternate shortest route derived using
shortest path analysis. The inaccessible areas were chosen for
the present study for alternate route. The total distance from
destination to health centre is about 31.3 km for Erumad
region whereas the shortest route shows 23 km (Figure 3.8)
which is 8 km difference. Similarly from Kadanadu to NAWA
it takes around 45 km which is reduced to 29 km by alternate
route.
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Figure 3.5 Shortest routes for inaccessible areas in Nilgiri
district

4.0 Discussion

In recent years, it is noticed that there is a burgeoning interest
in the geographical and spatial aspects of the analysis of
health care systems. Lovett 1992 identified GIS technology as
potential valuable adjunct in epidemiology and in the spatial
analysis of health care utilization .This study highlights
critical areas in Nilgiri district where health services/facilities
may need to be improved using travel time estimates
eliminating all the barriers to represent access time. The study
also highlights the factors that play major in the terrain
instability in the study region. The results of the travelling
cost in terms of time and distance conveys that central
hamlets of the study area are relatively accessible both
Euclidean and cost distance analysis as compared to southern
and northern villages. It is clearly evident that topography
plays a direct control on accessibility to health centres were
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western, northern and southern hamlets shows inaccessible to
health centres acting as barriers. Analysis using both
Euclidean distance and cost distance using GIS methods of
measurement has revealed the tribal people who were able to
access road networks were impeded by geographical
conditions such as slope and land use pattern as speed
reducing factor. Here, we have used a uniquely detailed
assembly of spatial data on the population, health service and
topographic landscape data, to reconstruct realistic levels of
geographical access to health care facilities to these sickle cell
disease tribal patients in Nilgiri district.

The study indentified limited accessible zones where can be
used to assess placement of new health facilities based on
tribes with sickle cell disease and realistic travel time. The
findings help us to eliminate the identified barriers and can
improve the access to health services across tribal groups.
Though AHWINI in Gudalur and NAWA in Kotagiri is
however a facility established to monitor the disease cases
through mobile outreach in spite of these influencing factors.
The health planners aim at developing health policy and
services that address geographical and social inequalities in
health, and therefore should benefit from evidence-based
approaches in health service provision (Milind, 2004).

5.0 Conclusion

The study shows that social and geographical inequities in
health care use were observed among tribal groups between
different geographic areas. The distributions of health services
for theses tribes in the Nilgiri regions are limited. The socially
underprivileged are unable to access the healthcare due to
geographical barriers, social and gender related issues. Based
on the accessibility map analysis for different seasons, it can
be observed that factors such as slope, Rainfall and land use
land cover factors act as hindrances in accessing the facilities.
Limited road facilities are available to high incidences areas.
They have to travel for long distance in order to avail the
medication in the service centre. Hence alternate route to
reach the health centres has been studied. Addressing the
difference in the travel burden based on age and gender will
require health planners for resource allocation.
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