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1. Introduction
Spatial access to healthcare services is a 
critical factor for population health
Spatial access: where the healthcare services 
locate and their capacity, where people 
reside and their demand, and travel 
impedance from population location to 
healthcare services



1. Introduction
Regional availability model: the ratio 
between supply of healthcare service and 
population in a region as accessibility 
measure
Gravity-based accessibility model assumes 
the population’s spatial access to service 
decrease as travel distance to the service 
increase



1. Introduction
Floating catchment area method: 

Catchment areas for both population and service 
locations
Physician-to-population ratio first calculated for each 
service location in its catchment
The summation of physician-to-population ratio of 
physician locations which are within the catchment of 
a population location 



1. Introduction
Research objective: improve the floating 
catchment area method by incorporating Huff 
Model to articulate population selections on 
healthcare services within a catchment, and to 
eliminate the use of arbitrarily defined sub-zones 
in previous studies
A case study of Springfield, MO metropolitan 
area is conducted with the proposed approach



2. Floating catchment area method
Gravity-based accessibility measure:

1

1

( )

( )

m
j ij

i n
j

k kj
k

S f D
A

P f D



2. Floating catchment area method
Three common distance impedance functions: 

Negative power: d-β, 
Exponential function: e-βd

Gaussian function: 2d

e



2. Floating catchment area method
As a special case of gravity-based accessibility 
measure, the floating catchment area method 
evaluate the spatial access to healthcare services 
in two steps



2. Floating catchment area method
Step 1: a drive-time catchment is generated for each 
service site. Then the physician-to-population ratio for a 
service site is calculated as:
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2. Floating catchment area method
Step 2: a drive-time catchment is generated for each 
population location and the accessibility of a population 
location is the summation of the physician-to-population 
ratios of all the service sites that are within the 
population catchment
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2. Floating catchment area method
Enhanced 2SFCA divides the catchment into several 
drive time subzones and applies a subzone-based weight 
in both steps:
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3. Integrating Huff Model with floating
catchment area method

Huff Model:
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3. Integrating Huff Model with floating
catchment area method

Use Huff Model to adjust population demand
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3. Integrating Huff Model with floating
catchment area method

Use Huff Model to adjust population demand

Population demand of i on site A: 
Enhanced 2SFCA: 0.3Pi

Huff Model Adjustment:
the selection probability of i on A
(10*0.3)/(10*0.3+3*0.5+5*0.5)≈0.429
Adjusted demand: 
0.429*0.3*Pi=0.1287Pi



3. Integrating Huff Model with floating
catchment area method

Use Huff Model to adjust population demand

Population demand of i on site C: 
Enhanced 2SFCA: 0.5Pi

Huff Model Adjustment:
the selection probability of i on C
(3*0.5)/(10*0.3+3*0.5+5*0.5)≈0.214 
Adjusted demand:

0.214*0.5*Pi=0.107Pi



3. Integrating Huff Model with floating
catchment area method

Use Huff Model to adjust population demand

Summarize the physician-to-population ratios of all the service 
sites that are within the catchment of a population location

0( )

j
j

kj k kj
k D

S
R

Prob PW

0( )

F
ij j iji

j D

Prob R WA



4. Case study
Study area: five-county Springfield Metropolitan area, 
MO; total population 436,712 as of census 2010.
Ninety one census tracts; weighted census tracts 
centriods are used as population locations.
Fifty two primary care sites are identified.
Roads network used is NAVTEQTM street data of Q1, 
2013 for North America
A 30-minutes drive time zone/catchment is generated for 
each population location and service site





4. Case study
Analysis procedures:
1. Catchment of each population location; Huff Model-based 

selections probability of the population location on the service 
sites that are within the catchment

2. Catchment of each service site; Physician-to-population ratio 
calculated;

3. Catchment of each population location; the adjusted physician-
to-population ratio is calculated for each population location as 
spatial access measure.

The research tested a set of coefficients as suggested 
ranging from 1.5 to 2 within increment of 0.1. 



β Minimum Maximum Mean CV Moran’s I

1.5
0.000039 0.003606 0.000529 1.051 0.542760

1.6
0.000032 0.004062 0.000536 1.138 0.527785

1.7
0.000027 0.004558 0.000543 1.228 0.513188

1.8
0.000077 0.068605 0.001993 3.676 0.017569

1.9
0.000063 0.092429 0.002312 4.237 0.003926

2.0
0.000051 0.123070 0.002711 4.788 -0.004695

Descriptive statistics of spatial access measures for each distance impedance coefficient





Results from 2SFCA





5. Discussions and conclusion
Advantages of the proposed method: a more 
comprehensive service competition scheme which 
includes both travel time and service 
capacity/attractiveness; the use of continuous inverse-
power weight function without the arbitrarily defined 
subzones.
The proposed method can be applied to population data 
with finer resolution.



5. Discussions and conclusion
The impedance coefficients used in the case study are 
pre-selected but not calibrated because interaction data 
between residents and primary care site, such as doctor 
visit and health insurance status is not available
The proposed method has the potential to further 
articulate the population selection behavior by adding 
more variables that reflect the travel pattern of healthcare 
visitation, and then obtain finer adjustment of population 
demand on service sites. 
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