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Abstract

India’s healthcare facilities continue to be limited and the current number of hospitals is not sufficient to
meet the demands of the increasing population. In this study the multi-specialty hospitals handling sudden
trauma such as cardiac arrests, strokes, burns, accidents, and major illnesses that were considered and
analyzed for the ease of access within the city. The spatial accessibility index is measured using the Modified
Three-step Floating Catchment Area which incorporates emergency factors in addition to travel time in
travel impedance function. The findings show that all hospitals are currently found to be collectively located
near to the city center and wards located in the periphery of the city having very low spatial access to
healthcare facilities. The index also aids in delineating the healthcare deprived areas and over-served areas
within the city. This identification is essential for the future planning of new healthcare services, to improve
the capacity and ease of access to the existing healthcare facilities. The model of this investigative study
can be extended further to all cities to assist in the pre-planning for provision of adequate healthcare
facilities. Such information will be advantageous, to public health officials and policy/decision makers
involved in urban expansion planning, for ensuring better and quicker access to health services with
minimum delay in the event of emergencies.
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1. Introduction

Easy access to public service facilities continues to pose a major challenge in growing urban habitats. Among
various basic public amenities, the availability of proper healthcare facilities is the prime facility that is essential
for promoting a healthy community and maintaining the well-being of society. However, ensuring quick
accessibility to available healthcare facilities, especially to rural and remote communities, is found to be a
difficult and challenging task, particularly in developing countries such as India. The potential of a healthcare
facility can be defined based on the following dimensions, namely availability, accessibility, affordability,
acceptability and accommodation (Aday & Andersen, 1974). It also depends on various other limiting factors
such as spatial location of healthcare, its social importance and financial situation of an individual. Addressing
the challenges of geographical disparity and improving access to healthcare facilities will greatly help reduce
high mortality rates, prevent epidemics and lower the risk of spreading infectious diseases (Ahmad, 2012).
The availability of quality healthcare facilities alone does not ensure a healthy community, easy access to such
facilities does.

According to the report of World Health Organization (Andrulis, 1998), a high segment of the world’s population
who fall under the poverty line are unable to access healthcare services as they simply cannot afford it. It is
the duty of the government to guarantee ease of access to high-quality, low-cost healthcare services to all
sectors of people from varying socio-economic categories (Apparicio et al., 2008; Bai, 2013; Zali et al., 2016).
To ensure equal healthcare access, it is therefore necessary to identify the particular areas deprived of these
services and then, study the influencing variables that affect the access to healthcare such as location of
healthcare service site, population density, healthcare capacity, demand and geographical impedances (Baru
et al., 2010; Chand et al., 2013; Ye & Kim, 2014) and then finally, adopt these significant factors into the
design to measure certain indexes, which will designate a region as overserved or underserved. In general,
the prime factors of access to healthcare services are supply of healthcare, demand of the urban habitat and
travel impedance. Supply of healthcare denotes the capacity provided for the population to meet the demand
of healthcare services. It can be measured and interrelated by the number of physicians, beds or specific
outpatient facilities. Healthcare demand can be measured by the population density that can be potentially
benefitted by the offered healthcare services. Geographical impedance indicates the distance between the
supply (healthcare) site and demand (habitat) site (ESRI, 2014; Dejen et al., 2019), which is defined by usual
criteria such as terrain complexity, transportation mode, road network, traffic volume, time of incidence and
any other factors that may represent ‘friction surface’. Currently, the prominent dimensions of accessibility are
main component in Amart City planning which is assessed by Geospatial techniques (Geurs & Van, 2004;
Guagliardo, 2004; Gu et al., 2018; Gargiulo et al., 2018; Gaglione et al., 2019). This paper attempts to focus
on the potential of using Geospatial techniques in the development of an accessibility model in the healthcare
field (Higgs, 2004). Numerous published models are used to measure accessibility (Liu & Zhu, 2004; Lu, 2011;
Horton & Das, 2011; Lagu et al., 2014) such as: Opportunity-based, Ratio-based, Travel-impedance based,
Utility-based, Space-time based, Gravity-based, etc. each having its own advantages and disadvantages.
Amongst all, the Opportunity-based model is the simplest and is defined by the available number of facilities
within a threshold distance. It deals with only the supply, whereas the ratio-based model considers both supply
and demand, i.e. provider-to-population. Travel-impedance based model takes into account only the travel
cost and travel time and is suitable only for rural areas having insufficient healthcare facilities (Luo, 2004).
Utility-based models need sophisticated data which may not be readily available and is thus a more complex
model and is not preferred for practical applications. Space-time based model tries to study the accessibility
pattern of each person, thereby, making the model more comprehensive as the data required for development
of the model needs to be accurate and reliable. The Gravity-based model promotes an effective theoretical
framework, combining all indicators of accessibility and delivers the most effective measure of spatial
accessibility for both urban and rural areas (Luo & Qi, 2009).
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In spite of steady economic progress and social reforms, health problems continue to be high indicating the
functioning of a less than efficient healthcare system in India (Radke & Mu, 2000). Bhore committee, 1943
was formulated before Independence with the intention of focusing on providing healthcare access to every
single citizen of the country (Rang & Panda, 2014). The healthcare facilities which were intended to provide
high-quality services to improve community health failed to do so due to the absence of sufficient number of
healthcare experts and adequate workforce (Ray & Biswas, 2009). India has one doctor for 921 people which
is less than the WHO standard. Hence, to effectively address the health concerns of the urban population, the
National Urban Health Mission (NUHM 2014) was launched. According to the surveys conducted by NUHM
(2014), only 29% of people in the country are served by Government hospitals and the remaining visit private
hospitals. It is observed that the location of many of the hospitals in Indian states are not spatially distributed
considering the demand of the urban habitant in terms of distance, time, cost, availability of physicians,
emergencies, importance of hospitals, population served, etc. It is therefore necessary to consider a
methodology that will take into consideration all of these factors and thereby comprehensively analyze the
spatial distribution of existing healthcare centers, provide recommendations for improving the system and also
identify human habitats that are deprived of these essential healthcare facilities. This research paper focuses
on the analysis of the healthcare system existing in Tiruchirappalli, a medium sized city in Tamil Nadu, India
because City has one doctor for 4,974 people according to the District statistical Handbook (Ravi & Ias, 2014).
The research includes an extensive survey of 16 existing multi-specialty Healthcare Centers and an estimation
of their accessibility index. The principal focus of this research is to suggest a modified three-step floating
catchment area (M3SFCA) method that obtains the emergency factors along with travel time for computing
the travel impedance function. This would include counting spatial factors, non-spatial factors in estimating
the travel impedance which would give precise accessibility index value and this enhanced method would
measure the accessibility more effectively and identify the healthcare deprived regions in Tiruchirappalli city.

2. Measuring Accessibility Using Gravity Model

Gravity model derived from the Newton’s Law of Gravitation used in integrated planning of land use and
transport. The first gravity model attempts to denote the accessibility by a simple ratio of healthcare supply
to population demand, but the limitation of the model is that it fails to take into account the border-crossing
patients, thereby resulting in the use of floating catchment area method (Luo & Wang, 2003). This floating
catchment area (FCA) method is way better than previous model by considering boundary but it also doesn't
interpret. Again, the FCA method is developed into two-step floating catchment area (2SFCA), considering a
distance-decay function (McLafferty, 2003; Mahesa et al., 2019). Later, the 2SFCA was eventually modified
into Enhanced two-step floating catchment area (E2SFCA) by incorporating distance weights to overcome its
limitation (Meshur, 2016). This introduction of distant weights is primarily to differentiate accessibility within
the catchment area, and it is done by dividing the catchment area into three sub-zones with travel time
intervals of 0-10 min, 10-20 min and 20-30 min between any population point and any service site. Lately, the
E2SFCA (Penchansky & Thomas, 1981; Qadeer, 2011) undergone modification by incorporating the Gaussian
weights and the new model is proposed, namely Three-step floating catchment area (3SFCA) (Wan et al.,
2012; Rekha et al., 2020). This Gaussian weight is given discretely based on the travel time for accounting
the other competitive healthcare services within catchment time, the discretized weights is assigned for the
each trips between healthcare service and census tracts and vice versa. This method is adopted for
Thiruverembur block of Tiruchirappali city as preliminary study (Rekha et al., 2017).

2.1 Modified Three-step Floating Catchment Area Method

To improve the scope of gravity models, the M3SFCA utilized for the area of study was modified to include
other non-spatial factors instead of distance weights alone in travel impedance function. This modified model
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will be more suitable to identify areas deprived of healthcare services. Essentially, the travel impedance weights
will be assigned for each pair of demand-supply sites (residence-healthcare) considering both spatial and non-
spatial factors as an additional step to 3SFCA for improving the index value. The method was executed in four
steps for Tiruchirappalli city.

Step 1: Formulating a travel impedance matrix

Travel Impedance weights have to be incorporated in M3SFCA and were computed by developing a modified
model based on the scores obtained from the questionnaire survey for each variable considered. The
coefficients ai, ay, as, a4, as in the model takes the score given for each variable by the user and by the
normalization technique the coefficients values are given. Thus, the final model generated for computation of
travel impedance weights was obtained as:

f(dij)= a1X1+ @Xa+ @3X3+ A4X4+ AsXs (1)

where x; is the infrastructure of the hospital, i.e., number of physicians, x; is the availability of intensive care
unit in a hospital, x3 is the ease of access to the hospital, which will include distance to the hospital from
arterial road, x4 is the number of ambulance in each hospital, xs is the travel time from each ward centroid to
the hospital. The "I’ represents the number of wards, i.e., 65 and ‘j’ stands for total number of hospitals taken
for the study, which in this case is taken as 16 multi-specialty hospitals.

Step 2: Selecting a Catchment size

The model first requires fixation of the catchment area size for further analysis. This catchment size was
selected based on cumulative trip frequency statistics, obtained from questionnaire survey. The travel time
taken by 75% of the trips was selected for establishing the catchment size, and this was applied for both the
ward centroids as well as the healthcare services.

G = f(dy)

= 2
I S o< F ) (2)

Where G;; is the competition weight between the location i and service site j, Dist(i,k) is the travel time from
i census tract to any healthcare site k within the catchment, and dp is the catchment size.

Step 3: Computing the supply and demand ratio (Rj) of each healthcare center

For each of the 16 hospitals, Physician to Population ratio was computed using the formula:

- Si
Rj i Pif (dij)Gj ©)
Where, S;jis the infrastructure of the hospital which is no. of beds, P; is the population of ward i, G; is the
completion weight between healthcare site i and habitat site k, and f (dl-]-) is the travel impedance matrix

developed.
Step 4: Computing Accessibility Index (AI) of each ward
Once all the necessary parameters for defining the importance of hospitals such as f (d,- ,-) and R; are computed,

the next step would be finding the accessibility index for each ward. For each ward, accessibility index (AI)
for the hospitals lying within the catchment area of 30 mins was calculated using the following equation:

Where R; is the Physician to population ratio estimated, G;; is the completion weight between i and j, and

f(d;;) s the estimated travel impedance matrix of each ward to healthcare facilities.
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3. Accessibility analysis to Healthcare Centres

3.1 Study Area

Tiruchirappalli, also known as Trichy, is the fourth largest city in Tamil Nadu state and is situated on the banks
of River Kaveri, which flows through the length of the district and is the principal source of irrigation and water
supply. The topology of Trichy is flat with an altitude of 78m above sea level. The city covers an area of 167.23
sq. Km while the urban agglomeration spread is over an area of 129.84 sq. Km. The study area selected for
this research comes under the Tiruchirappalli Municipal Corporation area, consisting of four zones, namely,
Srirangam, Ariyamangalam, Abisekapuram and Golden Rock. These zones are further classified into a total of
65 wards, as given in Table 1 and Figure 1. The total population of the city is 911,980 as per census 2011,
and the population distribution in each of the wards is considered as one of the factors in estimating
accessibility. Health care services are provided by both government and private hospitals. The CSI Mission
Hospital is one of the oldest situated in Uraiyur and Mahatma Gandhi Government Hospital offer facilities at a
subsidized cost. Private Hospitals like Kavery Medical Center and Hospital, Chennai Medical College Hospital
and Apollo Specialty hospital are some of the well-known multi-specialty hospitals of the city. In the year 2011,
an estimate showed that there were 133 hospitals in the city including 10 maternity homes and two urban
family welfare centers maintained by the Municipal Corporation.

(d)

(b)

|:| Study Boundary

[ Kilometers

Fig. 1 Location Map of the study area: (a) location of Tamil Nadu in India (b) location of Tiruchirappalli District in Tamil
Nadu (c) location of ward boundaries in Tiruchirappalli District (d) Location of 65 Wards of Tiruchirappalli city

S. No. Zones Wards Total Number of Wards
1 Srirangam 1-6, 8-13, 16-18 15
2 Ariyamangalam 7,14, 15, 19-29, 33, 61, 62, 64 18
3 Abisekapuram 40, 41, 45, 49-60 15
4 Golden Rock 30-32, 34-39, 42-44, 46, 48, 63, 65 17
Total 65

Tab. 1 Classification of 4 Zones and 65 Wards in Tiruchirappalli City
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3.2 Methodology

The following methodology was adopted for estimating the accessibility of hospitals in the city (Figure 2). The
first step to any analysis involves thorough data collection. For the analysis of accessibility index, the collection
of data was done two-fold, i.e. Non-Spatial data and Spatial Data.

The study of access to healthcare needs non-spatial data such as population, details of healthcare within the
study area and suitable questionnaire survey. Since the database of private healthcare was not available with
any particular organization, manual workplace survey was conducted. For the current research, the data for
all multi-specialty hospitals of the study area was collected during September - October 2016. The workplace
survey included information on infrastructure details of each healthcare facility in terms of name of the
healthcare, address, healthcare specialty, number of doctors and beds, availability of Intensive Care Unit,
Ambulance service and Pharmacy, distance to the main road and bus stop and time of operation. Similarly, a
detailed survey of patients was also conducted to obtain information such as patient’s residence, number of
hospital visits, travel time and distance from home to healthcare center, starting time from home, mode of
travel, household income, education qualification and their assessment of each of the factors affecting the
accessibility ( Schuurman et al., 2010; Sengupta, 2013).

Data Collection

v

v v
Spatial Data Non-spatial Data
o *L""""'?" . '
! [ SOI Toposheet i ' Questionnaire Survey E
| 1 1~ < 1
| 1 ' . 1
: [ Geographical Boundary | } : Population Data J1
a < 1 1" <3
E [ Road Network i E Coordinates of E
| J 4 1 Healthcare H
1 PoAS 4
........ S —— e T

Geodatabase Creation
v

Data Analysis

v

Compute Travel time
v
Modelling using M3SSFCA
v

Accessibility Index value

v

Results and Discussion

Fig. 2 Methodology of Accessibility Index

The gathered details were then used to confer weights for each factor to be considered for accessibility
estimation. For collecting the data, quota sampling method was used to gather information from a particular
group of people utilizing the healthcare services. A sample size of 5% of the total population size of people
who visited a particular hospital on the previous day was taken. This sample size was then taken as a
representation of the entire population of the study area.
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Population is considered as a prime demand factor that influences the supply and demand ratio in accessibility
analysis. The ward level population data for the study area for a time span of three decades, from 1991 to
2011 was collected from the Department of Statistics, Tiruchirappalli.

The spatial data for accessibility of healthcare facilities includes the ward map of the study area, the location
of habitat, the location of healthcare facilities and spatial layout of the transportation system, i.e. the road
network. These data are collected using satellite images, GPS and SOI toposheets. Incorporating these
required data into modified three-step floating catchment area method for computing the accessibility index
of the city.

4. Result and Discussion

4.1 Forecasting Population

The questionnaire survey was conducted for the year 2016, further analysis to determine accessibility requires
the population data for that year. The available population data for three decades collected from the statistics
department was thus used for forecasting the population for the year 2016. Fig. 4 shows the population data
for the three decades (1991, 2001 and 2011) in a graphical map created from the data collected. The
Incremental Increase method is used for forecasting (Radhakrishnan et al., 2014) the population for the year
2016 is shown in Fig. 3.

LEGEND: POPULATION

B < 7.000

[ 7,001 - 13,000
13,001 - 19,000
| 19,001 -25,000
B > 25,001

Kilometers
0 125 25 5 75 10
Fig. 3 Forecasted 2016 Population
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(b)

© LEGEND: POPULATION

B < 7.000

[ 7,001 - 10,000
10,001 -12,000
[ 112,001-15,000

B > 15,001

-— Kil S

0 225 45 9 135 18
Fig. 4 Spatial distribution of the population for three decades of (a) 1991 (b) 2001 and (c)2011

4.2 Thematic Layers

The boundary of the ward map of study area was geo-referenced and ground control points were selected,
the coordinates of which were taken using handheld GPS or Survey of India Toposheets. These 65 wards were
digitized and from this, the location of habitat was established, which was taken as the centroid of the ward
as shown in Fig. 5. The locations of healthcare centers on the digitized map were established by estimating
their coordinates by ground survey using GPS as shown in Fig. 6. The road network including highways, arterial
and sub-arterial roads were extracted as shown in Fig. 7 from high resolution image - Quick Bird Satellite
image (0.61 m resolution), using ArcGIS 10.4 software. Origin-Destination network travel time was computed
using network analysis tool available in ArcGIS software (ESRI, 2014).

) A /" | LEGEND J o )
L A L. /L LEGEND
— e Centroid o % Healthcare
[ . Kilometers - . Kilometers
0 125 25 5 7.5 10 0 125 25 5 75 10
(@ (b)

Fig. 5 (a) Origin Location Map (Centroid of Wards) and (b) Destination Location Map (Healthcare Centres)
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The travel time data was obtained by using the OD cost matrix tool with input such as network dataset, origin
point data, destination point data, nodes, turning parameter and speed of each network link in GIS
environment. On applying the tool, two outputs were obtained, one with distance as the impedance and the
other with travel time as the impedance. When impedance was taken as distance, then the matrix obtained
was called Distance OD matrix and with Travel time as impedance, Travel Time OD matrix was obtained. For
this study, only the travel time impedance was considered for accessibility analysis. For obtaining the travel
time OD matrix, different speed limits from 30 to 60 km/h were assigned for different routes. This travel time
OD matrix was taken into consideration along with the M3SFCA for estimating accessibility index.

LEGEND

e N Sy — _ 5 B ) Road Network

N e meaaesmmmn s Kilometers
0 125 25 5 75 10

Fig. 7 Road Network Map of Trichy city

4.3 Reliability Analysis

The data collected through questionnaire survey has to be analyzed to determine its reliability. The data was
passed through a reliability test. The questionnaire data collected was analyzed thoroughly with respect to the
factors selected for accessibility analysis and the internal consistency of factors was examined by reliability
analysis using statistical software. This test gives a measure of how well the items are inter-correlated as a
group. In reliability analysis, Cronbach’s alpha test was used to measure the reliability.

The reliability analysis was carried out in SPSS 10 with six selected variables to analyze the internal consistency
of the data collected, namely infrastructure of the hospital, emergency services within the hospitals, ease of
access, number of physicians in the hospital, distance from each ward centroid to hospital and household
income. This analysis was performed on 358 samples collected and the Cronbach’s alpha index was estimated.
The analysis having Cronbach’s alpha index less than 0.5 was considered unsuitable. From the analysis of data
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collected from survey conducted, a value of 0.601 was obtained for Cronbach’s alpha index as shown in Table
2, which was observed to fall within the range of 0.6 to 0.8, making the data collected fit for the study.

Case Processing Summary

Cases Valid 358 100
Excluded 0 0
Total 358 100

Reliability Statistics

Cronbach’s Alpha Ne° of items

0.601 6

Tab. 2 Reliability statistics of data

4.4 Accessibility Analysis using M3SFCA method

The accessibility index is computed by four steps as described in section 2.1. In step 1, formulating travel
impedance matrix: Coefficient value for each factor were derived from the survey conducted in 16 healthcare
centers and incorporated to derive a model to estimate a travel impedance weights for each healthcare center
to census tracts centroid, as given in Eq. 5.

f(djj) = 0.205x; + 0.183x, + 0.184x; + 0.205x, + 0.223x; (5)

Hence, the impedance score is allotted for each trip between census tracts and healthcare facilities.

In step 2, selecting catchment size: From the trip statistics (Fig. 8), it was observed that as the travel time
increased, the number of medical trips decreased exponentially. This implies that people prefer to go to the
nearest medical facility rather than that located far away. From the data collected by the survey, the average
travel time for the medical trips in Trichy city was obtained as 21 minutes. From the cumulative trip frequency
versus travel time (obtained from questionnaire survey) (Fig. 9), it was noted that 75% of the trips took less
than 30 minutes. Therefore, based on the total data collected, the trip statistics and the cumulative frequency
results, the catchment area was taken as 30 minutes for computation of M3SFCA. The travel impedance of
the trips having travel time more than 30 min considered to be zero, trips falling within 10 min assigned one
as score, and rest of the trips falling between 10 min and 30 min computed by the inverse power function.
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Fig. 8 Travel time versus Trip Frequency
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Fig. 9 Cumulative Trip Frequency versus Travel Time

In step 3, computing supply and demand ratio (R;): This is computed using Eq. 3 gives a provider to population
ratio in which the numerator describes healthcare service capacity and the denominator is the summation of
the product of population of the census tracts, travel impedance of the corresponding census tracts covered
within threshold distance and the competition weight. The R; value of each healthcare center is shown in Tab.
3. This value defines each healthcare center’s capacity to serve the population. The maximum value of R;
suggests that a particular hospital has more capacity to accommodate the patients within the threshold
distance whereas a minimum value indicates a higher demand and the need to improve the healthcare facilities
to meet the demand of the patients within the threshold distance.

Si. No. Hospital Score Si. No. Hospital Score
1 KMCH (cant) 53.742 9 Royal Pearl 16.312
2 Wellcare 15.014 10 SVH 3.807
3 Arul 15.875 11 Tilak 2.462
4 Child Jesus 50.501 12 CSI 36.209
5 Geetanjali 5.034 13 Cethar 21.835
6 GVN 51.525 14 Apollo 60.722
7 Maruti 37.556 15 Vijaya 3.714
8 Nalam 10.677 16 Ananthagiri 9.291

Tab. 3 Physician to population ratio (Rj)

In step 4, computing Accessibility Index: It was estimated for all the wards and this is graphically represented
in Fig. 10. The areas closer to the hospitals having higher accessibility are denoted by red whereas the ones
distant from the hospitals with lesser accessibility are denoted by pink.

The spatial variation of accessibility shows that hospitals were more concentrated towards the center of the
city and the most important variable affecting accessibility was the distance. It was observed that healthcare
centers were collectively located in the K. Abishekapuram north and Srirangam zones in the city center where
the traffic was more congested, due to which a patient took more time to reach the healthcare site.

The main issue therefore was the lack of quick access to healthcare centers in case of emergency situations.
The other zones, namely Ariyamangalam and Ponnmalai were observed to be served less with healthcare
services. Wards located in the outskirts of the city were observed to have minimal access to healthcare
services. Accessibility could also be low because of poor infrastructure of hospital, location of hospital in the
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city or due to longer distance. Based on accessibility values, all the wards in Tiruchirappalli were ranked, to
reliably identify the over served and underserved regions in the city.

LEGEND

- Very low accessibility
\; Low accessibility
|: Moderately accessibility
I High accessibility
- Very high accessibility

Kilometers
0 125 25 5 75 10

Fig. 10 Accessibility Index map

5. Conclusion

An attempt has been made to define the measure of the accessibility of urban residents to the existing multi-
specialist hospitals in Tiruchirappalli, a medium-sized city. The study tries to integrate geospatial techniques
and a modified gravity model approach to identify the capacity of a hospital to meet the demand of the
increasing population based on many connected factors; it also identifies deprived census tracts for healthcare
access in terms of accessibility index. The analysis of the study shows that within the city, there are spatial
disparities in the distribution of population, related demographic and socio-economic characteristics. The
existing healthcare facilities are also not evenly spread spatially across the study area but concentrated in a
few wards of the city with almost all of them located near the city center, where maximum population density
is also seen. In the event of an emergency or need for immediate specialized care, more than half the
population of the city will have to travel for almost 60 minutes to reach best and quality healthcare services.
The regions with low accessibility index and high percentage of population face similar difficulties as those of
areas lacking healthcare facilities.

Through this study, an attempt has been made to define the potential of this new Modified Three-step floating
catchment area in computing the measure of ease of access to healthcare facilities from each census tracts.
The improvement of this model is that it takes into account several factors such as infrastructure, emergency
services, ease of access and number of physicians in addition to the other usual factors like distance between
the healthcare service site and population site. The disadvantage of this method is that it fails to address the
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overestimation problem, i.e. demand for one service site is always lowered by the other service site located
near to it. Research studies in future overestimation issues to obtain a more efficient model. The proposed
model has to be validated with the previous model for the performance analysis and reported in next phase
of the research. This will be very helpful in planning for future development or further expansion of the
healthcare facilities in the localities and to improve the ease of access for residential areas. In reality, complete
equal access is not always possible, but it is necessary to plan and construct a scheme of healthcare and
wellness facilities in such a manner that it permits the maximum accessibility for a maximum number of people
at any given point of time. It is important to look at not only the distribution of healthcare facilities and
population but also the socio-economic conditions of the residents of the surrounding areas.
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Fig. 1: Location Map of the study area: (a) location of Tamil Nadu in India (b) location of Tiruchirappalli District in Tamil
Nadu (c) location of ward boundaries in Tiruchirappalli District (d) Location of 65 Wards of Tiruchirappalli city;

Fig. 2: Methodology of Accessibility Index;

Fig. 3: Spatial distribution of the population for three decades of (a) 1991 (b) 2001 and (c)2011;
Fig. 4: Forecasted 2016 Population;

Fig. 5: Origin Location Map (Centroid of Wards);

Fig. 6: Destination Location Map (Healthcare Centres);

Fig. 7: Road Network Map of Trichy city;

Fig. 8: Travel time versus Trip Frequency;

Fig. 9: Cumulative Trip Frequency versus Travel Time;

Fig. 10: Accessibility Index map.
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