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 2 

Abstract 11 

Background 12 

Pharmacies are more accessible than other health care services, providing front-line primary and 13 

preventative health care. Recent research has underscored the importance of pharmacy access for 14 

reaching underserved and rural populations. However, minimal attention has been given to the 15 

spatial and temporal dimensions of access to pharmacy care despite the evidence suggesting that 16 

geographic accessibility impacts the utilization of various healthcare services. 17 

Methods 18 

In this study, we measured spatiotemporal variation in access to pharmacy care across Vermont 19 

using the Enhanced 2-step Floating Catchment Area (E2SFCA) method. We surveyed 20 

pharmacies during Fall 2023 in Vermont to collect data on staffing levels and hours of operation 21 

and paired this data with population and an OpenStreetMap road network. We computed hourly 22 

spatial accessibility scores by town geographic units across for weekdays, Saturdays, and 23 

Sundays, and compared results for metropolitan, micropolitan, and rural areas, testing for 24 

significance using the Kruskal-Wallis H Test.  25 

Results 26 

Our findings reveal significant disparities in pharmacy access between rural and urban areas 27 

across virtually all temporal segments. Accessibility was diminished during weekends across all 28 

locations, highlighting challenges in accessing care outside of conventional business hours. 29 

Accessibility gaps between rural and non-rural towns were exacerbated outside of standard 30 

weekday business hours. 31 
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Conclusions 32 

Our study revealed important urban-rural differences in the spatial accessibility of pharmacies 33 

across Vermont and characterized how these accessibility differences vary temporally, with 34 

increasing disparities outside normal working hours. The results are useful for informing public 35 

health policy and the provision of health services. We have also demonstrated the importance of 36 

data on pharmacy operating hours and service levels for modeling spatiotemporal pharmacy 37 

accessibility, highlighting the need for further research and improving centralized databases to 38 

facilitate research in this field. 39 

Key Words: Pharmacy, spatial accessibility, Vermont, E2FSCA, rural healthcare, health equity, 40 

open-science, GIS.  41 
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Background 43 

Pharmacy care has emerged as an increasingly important component of the healthcare 44 

landscape. Pharmacies perform a front-line role in public health by providing services such as 45 

medicine dispensing, patient consultation, preventative screenings, disease management, vaccine 46 

delivery, and diagnostic testing. These services reflect a continued shift from “product-centered” 47 

to “patient-centered” pharmacy care, where holistic and consultive services are becoming 48 

increasingly emphasized [1,2]. Recently, pharmacies have been instrumental in supporting the 49 

United States’ response and recovery throughout the COVID-19 pandemic [3]. Pharmacies are 50 

well-suited to provide preventive healthcare services due to their convenient locations, increased 51 

operational hours, and improved flexibility [4,5]. They also play a crucial role in ensuring 52 

equitable access to healthcare by reaching underserved individuals who lack access to other 53 

healthcare settings [5], as well as rural residents who are less frequently served by primary care 54 

providers [6]. However, recent restructuring in the pharmacy industry has created a significant 55 

trend of retail pharmacy closures across the United States, creating gaps in spatial accessibility 56 

with adverse impacts on rural and marginalized communities [7–11].  57 

Despite the important and expanded front-line role that pharmacies play in public health, 58 

their spatial and temporal accessibility remains understudied [12]. Most existing studies treat  59 

pharmacy locations as homogenous, residential areas as centroids, and calculate distances as 60 

straight lines [12]. Spatial or geographic accessibility of healthcare services is increasingly 61 

recognized alongside other accessibility factors, such as affordability, availability, and 62 

acceptability, and measured using geographic information systems (GIS). Research indicates that 63 

geographic access impacts the utilization of healthcare services, including primary care [13] and 64 

hospitals [14], and that longer travel times to pharmacies are associated with lower utilization 65 
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rates [15]. Despite this evidence, the literature on geographic access to pharmacies is limited and 66 

existing studies rely on density or distance measures that do not account for distance decay or 67 

spatial interaction between locations of supply and demand [12].  68 

We address this gap in the literature by applying the Enhanced Two-Step Floating 69 

Catchment Area (E2SFCA) method [16] at one-hour intervals for typical weekdays and 70 

weekends for Vermont pharmacies. Two-step floating catchment (2SFCA) approaches to 71 

measuring spatial accessibility are widely used and improve upon simpler methods by modeling 72 

spatial interactions, measuring accessibility for a residential area of demand as the sum of 73 

service-to-population ratios for catchment areas around service locations [17,18]. The 74 

“enhanced” form (E2SFCA) also accounts for distance decay, modeling the decreasing 75 

likelihood of interaction between more distant locations [16].  76 

To our knowledge, only four other studies have applied the 2SFCA [19–21] or E2SFCA 77 

[22] method to pharmacy access, and none of these considered how accessibility varies by time. 78 

Our study contributes to this literature by measuring varying levels of service at retail pharmacy 79 

locations and by adding a temporal dimension to accessibility. The limited use of floating 80 

catchment methods for studies of pharmacy access may be rooted in the lack of data on service 81 

levels and locations. All four floating catchment studies cited above treated pharmacies as 82 

equivalent in terms of levels of service or supply, whereas the floating catchment method 83 

requires a measure of service at each location. We address these limitations by surveying each 84 

pharmacy location in Vermont for their staffing levels and typical hours of operation. This unique 85 

combination of data allows us to ask three novel questions about spatio-temporal patterns of 86 

pharmacy access at underserved places and times in Vermont. 87 
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First, does spatial accessibility to pharmacies vary between metropolitan, micropolitan, 88 

and rural towns in Vermont during conventional business hours? Rural populations across the 89 

United States generally have more limited geographic access to pharmacies, with a smaller 90 

proportion of rural census tracts having access to at least one pharmacy per 10,000 people 91 

compared with suburban and urban tracts [21,23]. Additionally, rural populations 92 

disproportionately rely on a single “keystone” pharmacy for access and may be more severely 93 

impacted by pharmacy closures [10,24], which is particularly concerning given the recent 94 

widespread closures [8,9,11]. Importantly, Vermont's population geography is predominantly 95 

rural, with just one metropolitan region and parts of four micropolitan regions within the state.  96 

Second, does the accessibility of pharmacies vary temporally over different days of the 97 

week and times of day on typical weekdays, Saturdays, and Sundays? In addition to spatial 98 

inaccessibility, rural residents are less likely than their metropolitan counterparts to have access 99 

to primary care providers during nights and weekends [25], potentially exacerbating existing 100 

geographic limitations. Recognizing the impact of time on healthcare accessibility, some spatial 101 

accessibility analyses of healthcare have evolved to investigate the temporal dimension of access 102 

[26–28]. However, we are not aware of any studies that have examined the spatial accessibility 103 

of pharmacies in a temporally explicit manner, leaving a critical gap given the time-sensitive 104 

nature of many pharmacy services. 105 

Third, if differences in pharmacy accessibility between rural and non-rural towns exist, 106 

are urban-rural differences in access exacerbated outside of conventional business hours? Urban-107 

rural spatial accessibility gaps may be exacerbated outside of normal business hours, supported 108 

by results from spatio-temporal access to pediatrics in Taiwan [29] and general practitioner 109 

surgeries in Whales [30]. Furthermore, rural patients seek after-hours urgent care less frequently 110 
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than urban patients due to distance barriers [31,32] and bypass nearby clinics to seek primary 111 

care at more distant clinics with after-hours options in New Zealand [33]. 112 

Methods 113 

This descriptive study has been conducted following open science practices with a 114 

registered pre-analysis plan, a compendium of protocols, data and code, and a post-analysis 115 

report [34]. We analyzed data using the CyberGISX JupyterHub system [35] hosted at the 116 

University of Illinois Urbana-Champaign. This study extends the work of Kang and others' study 117 

of COVID-19 care in Illinois [36] and includes improvements from Holler et al.'s reproduction 118 

and reanalysis [37] of that study. The following sections summarize the study’s geographic 119 

context, data, and methods, each of which differ substantially from Kang et al. [36].  120 

Geographic Context  121 

Our study is focused on the state of Vermont. Vermont has the highest proportion of its 122 

residents living in rural areas of any state in the US, at 64.9% [38]. In addition to its 123 

predominantly rural population, Vermont also ranks as the state with the fourth highest 124 

proportion of people aged 65 and older [39], and its rural areas tend to be older than its urban 125 

areas. Older populations are more reliant on pharmacy services given their higher utilization 126 

rates of prescription medications compared to younger demographics [40]. Simultaneously, 127 

elderly populations experience limitations in mobility, making geographic accessibility 128 

especially important. A county-level survey of pharmacists in 2021 found the number of 129 

pharmacists was highest in urban areas (112.7 full-time equivalents per 100,000 people in 130 

Chittenden County) and lowest in rural areas, with two counties having no pharmacists [41]. 131 
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 8 

Understanding gaps in spatial accessibility to pharmacies in Vermont is particularly crucial given 132 

these unique demographics.  133 

 134 

Figure 1. Vermont Study Area with population density across all towns (n = 255) and in-state pharmacy locations (n 135 

= 117). Metropolitan and micropolitan towns are outlined.  136 

We chose census county subdivisions (n = 255) as the spatial unit of analysis for the 137 

study because they are compatible with the administrative boundaries of incorporated towns and 138 

municipalities and the US Census New England City and Town Areas (NECTA) classifications. 139 

Vermont has one metropolitan area, Burlington, with 35 county subdivisions. Another 48 county 140 

subdivisions belong to four micropolitan areas centered on Rutland, Barre, and Bennington in 141 

Vermont, and Lebanon in New Hampshire. The remaining 172 of 255 county subdivisions in 142 
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Vermont are rural. Clusters of pharmacies tend to appear in metropolitan and micropolitan areas 143 

with greater population densities, whereas pharmacies are sparsely distributed in rural areas 144 

across Vermont (Figure 1). 145 

Data Sources and Collection 146 

Our temporally explicit E2SFCA model required three data inputs: 1) Retail pharmacy 147 

locations, including hours of operations and staffing levels, 2) county subdivisions with 148 

population totals, and 3) road networks.  149 

Given the absence of centralized data on pharmacy staffing and hours of operation, we 150 

gathered this information using a three-step data collection process. First, we compiled a 151 

comprehensive spatial database of pharmacies inside and within 10 miles of Vermont with data 152 

from the Vermont Office of Professional Regulation (OPR) and the Department of Homeland 153 

Security Homeland Infrastructure Foundation-Level Data (HIFLD). We verified this data with 154 

OpenStreetMap (OSM) and Google Maps to ensure the completeness and currency of pharmacy 155 

location data, resulting in 117 locations inside Vermont and 75 locations in New Hampshire, 156 

Massachusetts, and New York. Second, we attempted to contact the store or regional managers 157 

for all 117 Vermont retail pharmacies under Middlebury College Institutional Review Board 158 

Protocol 264 between October and December of 2023, yielding responses for 102 locations 159 

(87%). Third, for the remaining 15 Vermont locations and 75 out-of-state locations, we utilized 160 

publicly available web pages to record hours of operation and imputed average staffing levels 161 

based on pharmacy type (independent or retail chain).  162 

Population data at the county subdivision level was sourced from the United States 163 

Census Bureau American Community Survey (ACS) 2018-2022 (5-year estimates), along with 164 
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 10 

metro/micropolitan classification from the Census NECTAs. We selected county subdivisions for 165 

this analysis because they offer a level of geographic detail comparable to census tracts in 166 

Vermont and align with the NECTA classifications and political units of town planning. Data for 167 

New York, New Hampshire, and Massachusetts was included to avoid boundary effects and 168 

ensure that all populations who use the pharmacies in our dataset were accounted for. We 169 

acquired and compiled data in R using TidyCensus [42].  170 

We extracted and constructed a road network from OSM in Python using OSMnx [43], 171 

including roads up to 30 miles beyond Vermont. OSMnx functions were used to correct 172 

topological errors and impute any missing speed limit data. 173 

Enhanced Two-Step Floating Catchment Area (E2SFCA) Method  174 

We utilized the Enhanced 2-Step Floating Catchment Area (E2SFCA) method [16] to 175 

descriptively assess spatial and temporal dimensions of pharmacy accessibility across Vermont. 176 

Our implementation of the E2SFCA measures the number of pharmacists available per 10,000 177 

residents. The conventional two-step floating catchment area (2SFCA) method works in two 178 

main steps. In the first step, a service to population ratio 𝑅𝑗 is calculated for each service location 179 

𝑗: 180 

𝑅𝑗 =
𝑆𝑗

∑ 𝑃𝑘𝑗∈{𝑑𝑗𝑘≤𝑑0}
 181 

where 𝑆𝑗 is the service capacity at location 𝑗 and 𝑃𝑘 is the population of the residential location 𝑘. 182 

The distance between each residential location and service location is 𝑑𝑗𝑘, and 𝑑0 is a constant 183 

distance threshold. In the second step, the accessibility 𝐴𝑖  at each residential location 𝑖 is 184 

calculated through the summation of all service-to-population ratios 𝑅𝑗 (calculated in step 1) of 185 
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all provider locations 𝑗 that have a distance 𝑑𝑖𝑗  from the residential location within the threshold 186 

𝑑0:   187 

𝐴𝑖 = ∑ 𝑅𝑗

𝑗∈{𝑑𝑖𝑗≤𝑑0}

 188 

The enhanced method (E2SFCA) accounts for the decreasing likelihood of accessing 189 

services as distance increases, known as distance decay. Each catchment is broken into a set of 190 

segments 𝐷 defined by constant distance ranges, and each range is assigned a corresponding 191 

weight 𝑊. The distances and weights are a discrete approximation of continuous distance decay, 192 

assigning lower weights to more distant places [16,18]. These weights are applied to both the 193 

population at each residential location and service to population ratio at each service location: 194 

 𝐴𝑖 = ∑ ∑ (
𝑆𝑗

∑ ∑ 𝑃𝑘𝑊𝑟𝑗∈{𝑑𝑗𝑘∈𝐷𝑟}𝑟
) 𝑊𝑞

𝑗∈{𝑑𝑖𝑗∈𝐷𝑞}𝑞

 195 

In this study, 𝑆𝑗 is the level of services at each retail pharmacy location, estimated as the 196 

number of pharmacists on staff at a time plus one-half the number of pharmacist technicians. We 197 

added a temporal dimension to the accessibility analysis by calculating the E2SFCA model for 198 

each hour of a typical weekday, Saturday, and Sunday, thereby accounting for operating hours of 199 

pharmacy services and assuming consistent staffing levels at each location throughout the hours 200 

of a given day.  201 

We defined 𝑃𝑘 as the total population of county subdivisions. We use the same county 202 

subdivision geographic units for our final accessibility measure 𝐴𝑖. Following precedents of prior 203 

studies [16,36], we defined three catchment distance segments 𝐷 as a set of travel times 204 

(minutes): [0 to 10, 10 to 20, 20 to 30] with associated weights 𝑊: [1.0, 0.68, 0.22]. We 205 
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 12 

calculated travel-times driving on roads at the speed limit using the NetworkX Python package 206 

and converted the network results into geographic polygon areas using the convex hull method. 207 

Floating catchment studies typically simplify population areas (𝑃𝑘) into centroid point 208 

locations for the purpose of determine their distance relationship with services (𝑑𝑗𝑘). This 209 

method increased uncertainty wherever a population area is only partially within a particular 210 

distance catchment 𝐷𝑟. We implemented a more robust solution by overlaying the catchment 211 

(𝐷𝑟) with county subdivision polygons (𝑃𝑖) to measure the proportion of overlapping area and 212 

calculate an area-weighted population estimate. The population of a county subdivision assumed 213 

to be in a given catchment segment is proportional to the proportion of the county subdivision's 214 

area covered by the catchment segment. 215 

In sum, our implementation of a temporally explicit E2SFCA model yields accessibility 216 

scores for each Vermont county subdivision and hour of the day, interpretable as the number of 217 

retail pharmacists per 10,000 people likely to use pharmacies, given distance constraints. 218 

Statistical Analysis 219 

We answered our first question on urban-rural disparities by focusing on a weekday time 220 

when all pharmacies are open, averaging town-level accessibility scores according to the metro-221 

micro-rural classification and testing for significance with the Kruskal-Wallis H test (a non-222 

parametric one-way analysis of variance test based on ranks). We answered our second question 223 

on temporal variability by first summarizing the maximum accessibility by weekday, Saturday, 224 

and Sunday for each county subdivision. We calculated the mean accessibility by day, mapped 225 

the spatial distribution each day, and tested for significance with the Kruskal-Wallis H test. 226 

Finally, we answered our third question on whether urban-rural divides are exacerbated at off-227 
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hours by comparing the percent decline in service from weekdays to Saturdays and Sundays, as 228 

well as across hours of these days, for urban towns (metro and micro combined) and rural towns.  229 

Results 230 

Metropolitan, Micropolitan, and Rural Spatial Accessibility 231 

We found that spatial accessibility to pharmacies varies considerably between 232 

metropolitan, micropolitan, and rural towns in Vermont during conventional business hours 233 

(Figure 2), with higher mean peak accessibility in metropolitan and micropolitan areas than rural 234 

areas. The mean accessibility scores were 4.20, 4.25, and 3.01 for metropolitan, micropolitan, 235 

and rural areas, respectively, with significant differences between them (Kruskal-Wallis H = 236 

14.2, p < 0.001). Micropolitan areas had virtually the same access as metropolitan areas (1% 237 

difference), while rural areas had 28% less access on average compared to metropolitan areas. 238 

The number of available pharmacists per 10,000 residents was almost a third lower for rural 239 

areas than for metropolitan and micropolitan areas at times of peak access. Two sparsely 240 

populated rural areas in the Northeast portion of the state also demonstrated very high 241 

accessibility to pharmacies (Figure 2) due to a pair of independent pharmacies nearby in New 242 

Hampshire. 243 
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 244 

Figure 2. Spatial accessibility during conventional weekday business hours.  245 

Temporal Variation in Spatial Accessibility 246 

Accessibility of pharmacies varies temporally over different days of the week and times 247 

of day on typical weekdays, Saturdays, and Sundays. Accessibility drops considerably weekends 248 

and outside of normal business hours. Mean peak accessibility was 3.41 on weekdays but 249 

dropped to 2.02 on Saturdays and 1.43 on Sundays. This represents a drop of 41% on Saturdays 250 

and 58% on Sundays compared to weekdays. We found that there was a significant difference in 251 

mean access between these days (Kruskal-Wallis H = 202.7, p<0.001). As accessibility drops 252 

across all areas of the state on the weekends, the overall geographic pattern of accessibility 253 
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remains similar, with metropolitan and micropolitan areas sustaining more access than rural areas 254 

at all times (Figure 3).  255 

 256 

Figure 3. Spatial accessibility across days of the week. Each map represents the maximum accessibility on each day 257 

when all pharmacies that plan to open that day are operational (i.e., at 12 pm). 258 

Pharmacies are more accessible earlier in the morning and later in the evening on 259 

weekdays than on weekends (Figure 4). There is almost no retail pharmacy service in Vermont 260 

before 8 am weekday mornings and 9 am weekend mornings. Access was relatively constant 261 

between 10 am and 4 pm on all days. In the evening, pharmacy services steadily close from 5 pm 262 

to 10 pm on weekdays, and close all services by 8 pm on weekends. We have not analyzed late 263 

evening and nighttime accessibility because there were no 24-hour pharmacies in Vermont. Just 264 

two out-of-state pharmacies provide 24-hour access near the southeast border of Vermont (Figure 265 
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5). For the vast majority of the state, there are no retail pharmacy services between the hours 10 266 

pm and 7 am on any day.  267 

268 

Figure 4. Mean spatial accessibility throughout hours of the day by days of the week. 269 
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 270 

Figure 5. Late-night accessibility. Represents access between 10 pm and 7 am. 271 

Varying Spatial Differences across Temporal Segments 272 

Finally, we found that urban-rural differences in access are greater outside of 273 

conventional business hours. Average accessibility of pharmacy care in rural areas exhibited a 274 

more pronounced decline during weekends when contrasted with urban micropolitan or 275 

metropolitan areas (Table 1). On weekdays, the average accessibility across rural towns was 28% 276 

lower than that of non-rural towns. However, accessibility across rural areas declined more 277 
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severely on the weekend, dropping by 31% on Saturdays and 40% on Sundays compared to non-278 

rural municipalities. On an hourly basis, there is a greater percent difference between rural and 279 

urban areas on the weekend than on weekdays. 280 

Table 1. Non-rural versus rural mean access summary across days of the week with percent differences. 281 

 n Weekday Mean 

Access 

Saturday Mean 

Access 

Sunday Mean 

Access 

Non-Rural 83 4.23 2.56 1.95 

Rural 172 3.01 1.76 1.18 

Difference –– -28% -31% -40% 

 282 

In addition to exacerbated urban-rural differences on weekends, accessibility differences 283 

are also greater outside of conventional business hours (Figure 6), as urban pharmacies tend to 284 

open earlier and close later than rural pharmacies. The percent difference in mean accessibility 285 

between urban and rural areas is highest before 9 am and from 5 pm to 9 pm, while remaining 286 

steady during normal working hours. The difference is not meaningful from 10 pm to 6 am, 287 

when all Vermont-based retail pharmacies are closed. In sum, the differences in pharmacy 288 

accessibility between urban and rural areas are greater on weekends and at the morning and 289 
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evening fringes of normal working hours. 290 

 291 

Figure 6. Percent difference in mean accessibility scores across hours of the day between rural and non-rural 292 

(metropolitan and micropolitan) areas by day of the week.  293 

 294 

Discussion:  295 

In this study, we evaluated spatiotemporal variation in access to pharmacy care across 296 

Vermont, focusing on the accessibility differences between rural, micropolitan, and metropolitan 297 

areas for different days of the week and times of day. Our results are broadly consistent with 298 

other national studies of pharmacy access. Qato et al.’s [44] county-level analysis showed that 299 

Vermont’s counties had an average number of pharmacies per population and lacked advanced 300 

services like 24-hour or multilingual services. Another study [45] of pharmacy access across the 301 

US found that of Vermont’s 184 census tracts, 37 tracts were characterized as low access and 4 302 
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tracts were characterized as pharmacy deserts. Our study improves upon this prior work and 303 

reveals new findings by incorporating 1) spatial interaction and distance decay with the E2SFCA 304 

method while accounting for boundary and edge effects, 2) varying levels of service at different 305 

pharmacy locations, 3) operating hours and their influence on spatial accessibility over time, and 306 

4) open science research practices. These methodological improvements and the findings that 307 

they reveal are crucial in the context of rural health care and current economic restructuring in 308 

the retail pharmacy industry. 309 

Unlike many studies of geographic access to pharmacies studies, our methods account for 310 

threats to validity rooted in geographic edge and boundary effects. At the edge of a study region 311 

like Vermont, residents may use services outside of the state and non-residents may use services 312 

inside the state. Our model therefore includes roads, pharmacy locations, and population in 313 

nearby regions of New Hampshire, Massachusetts, and New York. Most accessibility measures 314 

also simplify residential areas into points, causing analysis to be very sensitive to the 315 

configuration of residential area boundaries. We have improved upon these methods by 316 

preserving residential area polygons and calculating area-weighted estimates of the populations 317 

within each distance threshold of a service location.  318 

We are not aware of any other 2SFCA or E2SFCA pharmacy studies that have 319 

incorporated service capacities varying by location into their models. However, accounting for 320 

variation in service levels is essential for accurately modeling real-world differences in pharmacy 321 

capacity and identifying meaningful disparities in access. For example, an independent pharmacy 322 

with specialized services and extra pharmacists and staff does not offer the same capacity as a 323 

retail chain pharmacy maximizing profits with streamlined services and minimized staffing. 324 
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Service level variation may be especially important in rural areas such as Vermont, where a 325 

single under-staffed provider may represent a “keystone” pharmacy as the only point of access 326 

[10]. 327 

Our findings demonstrate that the most significant disparities in access between urban 328 

and rural towns occur on weekends and after hours, but the literature overlooks these differences 329 

by failing to account for time. Consistent with the existing literature on urban-rural disparities of 330 

pharmacy access [20,22,23], our results show consistently higher access in metropolitan areas 331 

like Burlington and lower access in rural areas. However, we also observed a dramatic drop in 332 

services on weekends and after hours across all town types. In fact, the magnitude of temporal 333 

differences exceeded that of urban-rural disparities, and the temporal differences were more 334 

extreme in rural areas than urban areas. Taken together, these findings suggest that spatial 335 

accessibility studies without a temporal dimension may miss crucial weekend and after-hours 336 

differences between urban and rural areas. Crucially, studies without a temporal dimension 337 

cannot capture a common experience in Vermont: where the only place to fulfill prescriptions 338 

after hours is a hospital emergency room. 339 

Temporal considerations are crucial given the time-sensitive essential medications and 340 

medical services community pharmacies provide, such as emergency overdose treatment [46], 341 

emergency contraception [47], post-exposure prophylaxis [48], or filling prescriptions resulting 342 

from off-hours telehealth visits. A prior study found that 10.7% of chain pharmacies and 4.9% of 343 

all pharmacies nationally offered 24-hour services in 2015 [44]. By contrast, none of Vermont 344 

pharmacies provide 24-hour services, indicating greater difficulty accessing late-night pharmacy 345 

services than the national average. Pharmacies open 24 hours a day are critical in providing 346 

round-the-clock access to the aforementioned essential services and medications.  347 
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Our study is particularly timely and valuable in the context of the ongoing widespread 348 

closures of community pharmacies across the United States, with over 7,000 pharmacies having 349 

closed in recent years and more expected [8,9,11]. Recent research suggests that these closures 350 

could disproportionately burden rural residents and those living in medically underserved areas 351 

[10,49].  352 

By following open science practices in this study, we have facilitated the possibility of 353 

reanalysis, replication, and broader policy impacts. With only limited python coding experience, 354 

anyone can adapt our code to adjust the measurement of pharmacy services, modify distance 355 

parameters, or substitute the population data to be used. In the context of widespread closures, 356 

the study can be replicated over time to track changes or applied in different geographic regions. 357 

Additionally, study data and parameters can be adjusted to simulate future scenarios –– such as 358 

reductions in operating hours, staffing shortages, and closures community pharmacies –– to 359 

inform policy. These impacts are made possible with open-source software, cyber-GIS 360 

infrastructure, and open code and research protocols with licenses permitting reuse. 361 

Limitations 362 

We aimed to provide a fully reproducible study with complete staffing information for all 363 

locations. However, staffing levels are not publicly available, and some retail location managers 364 

were unwilling to provide this information. In conversation with managers, we also realized that 365 

there can be inconsistency and uncertainty in staffing levels, especially in the context of hiring 366 

and staffing shortages. It was therefore infeasible to model hourly staffing variation at individual 367 

pharmacies. In terms of model parameters, further research is required to refine the estimation of 368 

service levels per pharmacy, distance thresholds, and distance weights. It may be possible to use 369 
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prescription fulfillment or claims data to calibrate and validate subjective modeling patterns like 370 

the rate of distance decay and the calculation of the level of services per pharmacy. As a 371 

relatively understudied dimension of healthcare access, prior studies and data sources are not 372 

readily available for determining and calibrating these study parameters. Future work is also 373 

needed to link spatial accessibility to health outcomes. However, to our knowledge, no studies of 374 

spatial accessibility to pharmacies have directly assessed these associations. This reflects a 375 

broader challenge in the field of meaningfully linking pharmacy access to specific downstream 376 

health outcomes due to the complex interplay of factors influencing health and the lack of 377 

individual-level, longitudinal data connecting pharmacy use to clinical outcomes.  378 

We acknowledge that some studies recommend varying catchment distance parameters 379 

across urban-rural gradients in a study area to account for different distances that urban and rural 380 

populations are willing to travel for care [18,20]. Although this modification might yield better 381 

estimates of demand and service-to-population ratios in the first step of E2SFCA, it also 382 

diminishes the disproportionate travel cost borne by rural residents. We also acknowledge that 383 

measures of spatial inaccessibility may be combined with socio-demographic data to define 384 

pharmacy “deserts” [50], but this was beyond the scope of our research questions. Future 385 

research in Vermont could include socioeconomic variables to further inform intervention.   386 

Conclusion 387 

We utilized the E2SFCA method to reveal important urban-rural differences in the spatial 388 

accessibility of pharmacies across Vermont and characterized how these accessibility differences 389 

vary based on temporal characteristics throughout a given week. Rural towns have considerably 390 

worse access to pharmacy care in the state compared to metropolitan and micropolitan towns, but 391 

this difference in accessibility fluctuates throughout days of the week and times of the day, 392 
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further confirming that considering the temporal dimension in spatial accessibility of healthcare 393 

studies can have important public health implications. In our case, publicly accessible datasets 394 

did not suffice for investigating the spatial accessibility of pharmacies in Vermont. Instead, we 395 

implemented a data collection process that was crucial to understanding the variation in 396 

accessibility. Future spatial accessibility analyses should consider undertaking similar data 397 

collection to investigate spatial accessibility of healthcare when all necessary datasets may not be 398 

preexisting. Public centralized datasets need to include more information on operational hours 399 

and staffing or services in order to support this type of research. 400 

Our findings highlight the need for targeted policy intervention to alleviate disparities in 401 

access to this increasingly critical part of primary healthcare. There are direct implications for 402 

service providers and healthcare planning in Vermont. By identifying disparities in pharmacy 403 

accessibility between town types and temporal segments, our analysis provides potential areas 404 

for targeted intervention to improve healthcare access for Vermont residents. Extending hours of 405 

operations and increasing pharmacy staffing on weekends across select Vermont pharmacies 406 

could substantially improve Vermont residents' access to essential medications and healthcare 407 

services. Considering the exacerbated urban-rural accessibility disparity on weekends, it may be 408 

particularly valuable to focus on implementing these measures in Vermont's rural regions, 409 

effectively improving access for a significant portion of Vermont towns. Policy intervention 410 

should also aim to address the complete void in accessibility during extreme hours, such as late 411 

nights or early mornings, which indiscriminately impacts all town types. Ensuring and expanding 412 

access to pharmacies is a key component of increasing accessibility to primary healthcare for 413 

Vermont municipalities and may be one component to smoothing urban-rural disparity in health 414 

outcomes.  415 
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Abbreviations:  416 

2SFCA: Two-step Floating Catchment Area Method 417 

E2SFCA: Enhanced Two-step Floating Catchment Area Method 418 

GIS: Geographic Information Systems 419 

VTDOH: Vermont Department of Health 420 
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