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Abstract

One of the most important challenges facing policymakers and urban planners in recent decades is
the issue of accessibility to a variety of urban services. The main purpose of this study was
thecalculation of the accessibility of census blocks to medical centers using the Two-Step Floating
Catchment Area (2SFCA) method in Isfahan City. In the present study, according to the conditions
with and without the limitations of the accessibility radii, different types of distance decay functions
were used. The results showed that the 2SFCA method with the use of the cumulative opportunity
negative linear function had the highest average of correlation for calculating accessibility to medical
centers in comparison with other functions. Calculation of average accessibility in the 15 main regions
of Isfahan City showed that the central regions (3, 1, and 5) had the highest decrease and the marginal
regions (9, 8, and 11) had the highest increase in the unlimited compared to the limited mode. In
general, based on the obtained results of 2SFCA method and the calculated Gini index, the level of
inequality in accessibility of census blocks to health services was high in Isfahan City and this
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inequality increased in terms of accessibility to both hospitals and clinics. Since the extended 2SFCA
method has a high capability for assessing supply and demand, as well as catchment area, application
of this method can provide a great help for managers and planners in theassessment of the population’s
access to a variety of services, such as emergency services and healthcare.
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Introduction

One of the most important challenges faced by policymakers and urban planners in recent decades
has been the subjct of access to a variety of urban services. Hospital and clinic centers as the most
important urban facilities play an important role in serving people. handeling access to healthcare
requires examining the factors, such as spatial distribution of services and demands. Distribution of
healthcare centers can affect ease of accessibility for applicants. As health is the basis of social,
economic, political, and cultural developments of human societies, identifying deprived areas in terms
of accessibility and planning for equitable accessibility to health services for all members of society
are essential.

Methodology

In the present study, the Two-Step Floating Catchment Area Method (2SFCA) was employed to
calculate the access of census blocks to medical centers (hospitals and clinics) in the city of Isfahan for
limited and unlimited accessibility radii. To define the most appropriate distance decay function in the
2SFCA method, the average of Pearson’s correlation coefficient between the accessibility values
obtained from different distance decay functions was used. The distance decay function with the
highest mean correlation of accessibility values compared to other functions was determined as the
most appropriate function in the 2SFCA method. Also, the Lorenz curve and Gini coefficient were
applied to compare inequalities of access to medical centers in Isfahan.

Results and Discussion

The results showed that the use of the negative linear cumulative opportunity distance decay
function had the highest average correlation in the accessibility values compared to other functions. In
the case of limited accessibility radius, the central regions and some northwest and east areas had the
highest accessibility to hospitals. In the case of unlimited radius, the central areas had the most
accessibility, while accessibility decreased as the distance from these areas increased. Calculation of
the average accessibility in the 15 main regions of Isfahan showed that the central (3, 1 and 5) and
marginal (9, 8, and 11) regions had the highest decrease and increase in the unlimited compared to the
limited mode, respectively. Also, the sensitivity analysis of accessibility to hospitals showed that Al-
Zahra and Hazrat Zahra hospitals in Districts 5 and 14 had the greatest impacts on the accessibility of
cesus blocks to hospital services in Isfahan City. Comparing the accessibility of census blocks to both
hospitals and clinics with accessibility only to hospitals showed an increase in accessibility in the
central areas of the city due to the greater concentration of clinics in those areas. However, in the case
of combination of hospitals and clinics, the Gini coefficient was equal to 0.60, which showed an
increase of 0.04 compared to the case of accessibility only to hospitals, which indicated that inequality
was higher in the combinatorial case.

Conclusion

Considering the supply and demand simultaneously, the 2SFCA method can provide a more
realistic assessment of the accessibility status of census blocks to medical services. In general, based
on the obtained results by this method and due to considering the limited radius of accessibility and
calculating the Gini index, the level of inequality in the accessibility of census blocks to health
services was high in Isfahan City, while this inequality increased in the case of accessibility to both
hospitals and clinics.
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Table (1) Accessibility to hospitals measurement types
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Table (2) Accessibility to hospitals and clinics measurement types
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1. Gaussian function

2. Exponential function

3. Kernel density

4. Cumulative-opportunity negative Linear



VEOY Sle ) olad A8 ol ¥ Sl e 5,00 5 LA M

3l 355 oS el sk s 23 GAUSS S EXP w55 sl 353 (B) S Sl gyl (o) (e 2
(Chen & Jia, 2019, p. 9) wsl s 23 plas

ol al g el a sl sy ool 03 @SFCA i) 3 eslizd BB Aol 3l il saa 4 a5 U
L1 (Steras Jasste o 2y T 680050 51 Jol mam S5k o s olie o8 3 ealinl gl
i 33 et S 3l lons (5l A3l 4l Aol 3wl sl ) ool Cowsts s 2w pslis
[(Chatterjee & Hadi, 2006, p. 24) A oslizul () Loty olas O g o Stimed <o o 3| 2SFCA Cilzss

> x, =), -9)

My = : (%) ial,

\/i(xi —f)z\/iwi -y)*

\_'j_v\fv )T) X_:ZSFCA;LL.L’;‘-.AU,&)‘))JL'J)L&\fohiwbmw}w.ﬁﬁbu.a yi )Xi QI‘)JAS

el e glaS L ISL N 5 s mes Lo st
(\i'\ ga\f.k:mi‘,s c-'uﬂ) ZSFCA j}) BL) .k';f 6&;.4‘)\% 3 A-L\@u ¢J| @‘j (\') d}-":
Table (3) Distance decay functions and the related parameters in 2SFCA method
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1. Impedance coefficient
2. Gini coefficient
3. Lorenz curve
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Figure (4) Lorenz curve and line of equality (Goswami et al., 2018:19)
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Table 4: Correlation between values of hospital accessibility with different types of distance decay
functions and limited accessibility radius

Models CUML EXP GAUSS KD

CUML 1 0.906 0.946 0.994
EXP 0.906 1 0.968 0.861

GAUSS 0.946 0.968 1 0.906
KD 0.994 0.861 0.906 1
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Table (5) Correlation between values of hospital accessibility with different types of distance decay
functions and unlimited accessibility radius

Models CUML EXP GAUSS KD

CUML 1 0.972 0.996 0.982
EXP 0.972 1 0.979 0.912

GAUSS 0.996 0.979 1 0.967
KD 0.982 0.912 0.967 1

o 3 Flad s gone b ool 31 il ml g5 b Waolleys 5 Ok lo 4 g s 3lae o (Kinad (1) J g

(LY OB iy i 110)

Table (6) Correlation between values of hospital and clinic accessibility with different types of
distance decay functions and limited accessibility radius

Models CUML EXP GAUSS KD

CUML 1 0.917 0.956 0.995
EXP 0.917 1 0.972 0.876

GAUSS 0.956 0.972 1 0.921
KD 0.995 0.876 0.921 1

3 latb oy (sl el bt Sl Cils il 5 Siad g o Jas 2o 830 35 (V) U
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(F=0.953) L KD a4 bgs o 5lie o 2S5 (F = 0.983)L CUML mb 0 by o (Koo Jacw e llkdic
(7 = 0.956)L CUML a5 1 Koo Jawvsin 5lie o 2y (baslSleys 5 ladlilogs Ol 55 Il (6 oo
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Table (7) Average of the correlations between values of accessibility in terms of different types of
distance decay functions

%:}.\NL.»CJ\’ o d g b b_,.b |
Ok o LolKile s 5 Ok slam Ok slams
Models Rank r Models Rank r Models Rank r
CUML 1 0.948 CUML 1 0.956 CUML 1 0.983
GAUSS 2 0940 GAUSS 2 0.949 GAUSS 2 0.980
KD 3 0.920 KD 3 0.930 EXP 3 0.954
EXP 4 0.911 EXP 4 0.921 KD 4 0.953
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Figure 5. Accessibity to hospitals values based on 2SFCA method in Isfahan : (a) With limited
accessibility radius; (b) With unlimited accessibility radius
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Table (8) Statistical indices of accessibity to hospitals values
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Figure (6) Lorenz curve under limited and unlimited accessibility radius cases
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Figure 7. Difference between the accessibility values under limited and unlimited accessibility
radius cases in 15 districts of Isfahan city
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Table (9) Sensitivity analysis of the census blocks to hospitals
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Figure (8) (a) Acessibity to both hospitals and clinics values based on 2SFCA method (b) Difference

between the acessibity to both hospitals and clinics values and acessibity to only hospitals
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Table 10. Statistical indices of accessibity to both hospitals and clinic values
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Figure 9. Lorenz curve in cases of acessibity to both hospitals and clinics and acessibity to only

hospitals
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