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census tracts with non-zero population form the demand side at the census tract level

(Figure 3).

Figure 2 Population at the county level in the contiguous U.S.

The travel time between each county (census tract) centroid and each hospital was
computed using the ArcGIS Network Analyst module. The road network data for this task
were extracted from the 2012 ESRI StreetMap USA data that came with the ArcGIS 10.1
release. We considered all the streets and major roads, including interstate, the U.S. and
state highways, due to the computational limitation of both software and hardware. The
estimation of travel time assumes that travelers take the shortest path and follow the speed
limit posted on each road section. This approach is adequate for capturing the travel
impedance between patients and hospitals at the national scale for planning and public

policy analysis. In addition, it assumes that patients seeking the specialized cancer care in
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NCI-CCs travel by private vehicles. Conceivably, people may also choose other
transportation modes such as by air or railway. The former incurs considerably high
financial cost and the latter is very limited in the U.S., and neither is considered by this
study. In preparing for the computation of travel time, building the road network dataset
took over 14 hours on a HP Pavilion dv7 laptop (2.00GHz CPU and 6.00GB memory).
After that, the computation time for estimating the travel time matrix between 3,109 county
centroids and combined 301 hospitals was negligible. However, the computation for the
travel time matrix between 72,043 census tract centroids and 301 hospitals took about 26

hours on the same computer.
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Figure 3 Population at the census tract level in the contiguous U.S.
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Chapter 4 Measuring Spatial Accessibility and Its Geographic Disparity
4.1 The Multiple Floating Catchment Areas Method

Based on the literature review in Chapter 2, the most recent advancement in
methods that count for complex interactions between supply and demand located in
different areas is synthesized into the generalized 2SFCA method. The method is

summarized in Equation (2) in Chapter 2, and rewritten here for convenience:
A =[S, f(d) /(DD f(dy))]
j=1 k=1

where A; is the accessibility to NCI Cancer Centers at county or census tract i; Sj is the
number of staffed beds representing the capacity of NCI Cancer Centers at a cancer center
location (supply) j; Dk is the estimated number of patients at county or census tract
(demand) k; d is the travel time between them; and n and m are the total numbers of supply
locations and demand locations, respectively.

The derived accessibility value is basically the ratio of supply capacity (i.e., number
of beds) to demand (i.e., number of patients), i.e., number of beds per potential patient.
Therefore, a higher A; value indicates better accessibility. In fact, it is proven that the
weighted average accessibility score across the whole study area is the ratio of total supply
to total demand (Shen, 1998; Wang, 2006).

One challenge in implementing the above method is to define the distance (here
measured in travel time) decay function f(d). This research adopts a decay schema with six
discrete values based on a Gaussian function. Such a strategy is similar to the 6-ring
catchment area method suggested by Shi (2012), which also examined the accessibility of
specialized cancer care in the U.S. that included all academic medical centers (AMCs).
However, Shi (2012) used a different model in measuring accessibility to fit his purpose.
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The similarity between our methods lies in the way of conceptualizing the distance decay
behavior in visiting specialized cancer care hospitals.

More specifically, the interaction between a patient and a hospital declines with
travel time, and the declining pattern is designed according to several discrete values
(weights). In this case, we choose six values corresponding to six 30-minute increments
(rings) of travel time. The innermost ring defines the area in which travel to the facility
takes 0 to 30 minutes, the second ring defines the area between 30 and 60 minutes, ... and
the outermost ring defines the area taking 150 to 180 minutes. The six discrete values for

f(d,) are calculated using a Gaussian function:

42
|n(o.01)<x71>

f(d,) =" (x=1,2...6)
where f(d,) is the weight for ring x (= 1, 2, ... 6 from inner to outer) and e is the natural

base (2.71828 ...). The corresponding weights are summarized in Table 1. The three-hour
cap for travel time is almost the limit for a patient to travel to a hospital (one way), obtain
some service and return home in a single day. For areas beyond the sixth ring, the weight
is arbitrarily set as 0.015. The six rings are considered six service-to-patient catchment
areas, and therefore the accessibility measure can be termed the Multiple Floating
Catchment Areas Method.

The chosen Gaussian function resembles a bell-shaped curve, widely believed to
capture the spatial behavior of hospital visits (Shi, 2012). Nevertheless, it is a choice that
ideally should be made by analyzing the actual hospital visitation data, as attempted by
Delamater et al. (2013). See Péez et al. (2012) for more discussion on the selection of

distance decay functions and related parameters. Our future work will resolve this issue.
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Table 1 Table for converting travel time to weight using a Gaussian function (Shi, 2012)

Travel time (minutes): dij Declining weight: f(dj;)
0-30 1.00
30-60 0.91
60-90 0.69
90-120 0.43
120-150 0.22
150-180 0.10
> 180 0.015

4.2 Spatial Accessibility across Counties and Census Tracts

Applying the Multiple Floating Catchment Areas Method to estimated patients at
the county level yields the spatial accessibility of NCI-CCs at the county level. As stated
previously, the accessibility scores may be interpreted as numbers of NCI-CC hospital
beds per potential patient, and thus very small numbers. The values are thus multiplied by
100,000 to indicate the numbers of beds per 100,000 patients. The results are shown in
Figure 4.

Figure 4 shows that the accessibility generally exhibits a concentric decline from
each NCI-CC often in a large city. Much of the country such as the massive Great Plains,
the west edge of Midwest, west of Texas and much of the Deep South along the Gulf of
Mexico, have the lowest accessibility scores since they are not covered by any NCI-CCs
within the 3-hour travel time limit. In areas where the NCI-CCs are close to each other
such as the long stretch from Massachusetts to Maryland, patients may reach two or more

centers within 3 hours and enjoy better accessibility.
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Figure 4 Accessibility of NCI Cancer Centers at the County Level
To further highlight the geographic pattern of spatial accessibility, we aggregated
the accessibility scores to the nine census divisions. Denoting the population in a
county i as Pj and its accessibility as A, the population-weighted accessibility in a census

division is defined as:

A=Y (AR)ISP

The result is shown in Figure 5. Census divisions are groupings of states and the
District of Columbia, and each is identified by a single-digit census code. Puerto Rico and
the Island Areas are not part of any census division. One may also aggregate the result to
even larger areas such as the four census regions—Northeast, Midwest, South, and West.

The resolution is too coarse at the census region level, and the result is not discussed here.
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Figure 5 Accessibility of NCI Cancer Centers across Census Divisions

Figure 5 shows that the Middle Atlantic Region enjoys the highest accessibility
overall, followed by its western and southern neighbors, i.e., the East North Central Region
and South Atlantic Region. These three regions are known for relative higher population
densities and more urbanized. On the other end, the Mountain Region with the lowest
population density suffers from the poorest accessibility. The New England Region, though
well developed, remains less urbanized and has the second lowest accessibility. The West
South Central Region, composed of Arkansas, Louisiana, Oklahoma, and Texas, also has
relatively low accessibility. The other three regions (Pacific, West North Central and West
South Central) have medium accessibility scores. The next section will examine the

variability of accessibility by urbanicity levels in depth.
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Similarly, when the estimated patients at the census tract level are used to define
the demand side, the spatial accessibility of NCI-CCs is derived at the census tract level,
as shown in Figure 6. The general pattern in Figure 6 is consistent with that in Figure 4,

but at a finer resolution.
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Figure 6. Accessibility of NCI Cancer Centers at the Census Tract Level
4.3 Spatial Accessibility by Levels of Urbanicity
Findings from the previous section suggest that the variability of spatial
accessibility of NCI-CCs be related to urbanicity levels. This section explicitly examines
this likely association.
For urbanicity, we first use the 2013 NCHS Urban—Rural Classification Scheme
for Counties prepared by the National Center for Health Statistics (NCHS, 2006). There

are six urban—rural categories such as large central metro, large fringe metro, medium
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metro, small metro, micropolitan and noncore (Figure 7). This definition of urbanicity is

used for the county-level analysis.
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Figure 7 NCHS definition of urbanicity at the county level

Since the NCHS is based on the county unit, we use a different definition to
capture the urbanicity at the census tract. For the analysis at the census tract level, this
research uses the 2010 Census Urban and Rural Classification (U.S. Census Bureau,
2015). The Census Bureau defines an urban area on census tracts and/or census blocks
that meet minimum population density requirements. Urbanized areas (UAs) (50,000 or
more people) and urban clusters (UCs) (at least 2,500 and less than 50,000 people) are
two types of urban areas (Figure 8). A tract is classified as (1) Urbanized Area, (2) Urban
Cluster or (3) rural if its centroid falls within an Urbanized Area, Urban Cluster or rural

area, respectively.
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