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Abstract
Purpose – Demand for last-mile fulfillment services (LMFS) has increased significantly over the last several 
years, with the increase occurring at different rates over time. Further, the literature presents conflicting 
findings regarding whether urban or rural consumers display higher demand for LMFS. Thus, to inform 
fulfillment network decisions, we explore demand for LMFS in the United States (US) over time and in 
response to a shock.
Design/methodology/approach – We study this topic over the period of 2010–2023, with COVID-19 in 2020 
serving as a shock. We utilize data from NielsenIQ’s Consumer Panel Dataset and apply discontinuous growth 
models.
Findings – Urban areas saw a larger and faster increase in demand for LMFS from 2010 through 2019 as 
compared to rural areas. Following the onset of COVID-19, urban areas experienced a greater increase in 
demand, and this increase was sustained through 2023. Conditional on a geographic area’s ruralness, areas that 
had the highest levels of demand for LMFS prior to COVID-19 exhibited a smaller increase in 2020.
Originality/value – The literature has mostly employed cross-sectional survey data and presents conflicting 
findings. To inform practice and last-mile supply chain management literature, we reconcile these conflicts by 
exploring demand for LMFS over time with transaction data.
Keywords Consumer-centric supply chain management, Last-mile fulfillment, Growth modeling,
Secondary data, Shocks
Paper type Research article

1. Introduction
Online shopping (e-commerce) has rapidly expanded in the United States (US) over the last 
several years (US Census Bureau, 2023a), and the expansion was accelerated by a shock 
(Argyres et al., 2019) generated by the COVID-19 pandemic (Torry, 2020). This increase in 
online shopping has accordingly intensified the demand for last-mile delivery. Consequently, 
supply chain management (SCM) research has explored the execution of this critical 
fulfillment stage (e.g. Castillo et al., 2022; Rose et al., 2025). However, missing from this
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literature is an understanding of where to focus logistics investment and innovation efforts for 
last-mile delivery based on consumer demand. Specifically, demand for last-mile fulfillment 
services (LMFS) may differ in urban versus rural areas, each of which faces unique last-mile 
challenges (Boyer et al., 2009). For example, rural areas present higher last-mile delivery 
costs, leading delivery providers to at times cut back on rural delivery availability (Cosgrove, 
2023; Matthews, 2022). The potential different demand patterns can thus drive innovation 
priorities and necessitate tailored strategies for fulfillment network design.

Research exploring how the use of e-commerce and, accordingly, demand for LMFS differs 
for urban versus rural areas presents conflicting findings. Some studies support an innovation-
diffusion perspective – whereby urban consumers should display higher demand for LMFS – 
and others support an efficiency perspective – whereby rural consumers should display higher 
demand for LMFS (Farag et al., 2006). This impedes the ability to generate actionable 
managerial insights. We aim to reconcile these conflicting findings, thereby advancing theory 
by resolving anomalies (Laudan, 1977). Further, we examine how demand for LMFS evolves 
over time and in response to a shock, which has been lacking given a cross-sectional focus (e.g. 
Song, 2022).

Drawing on the innovation-diffusion and efficiency perspectives (Anderson et al., 2003) 
and Argyres et al.’s (2019) framework for responses to shocks, we adopt middle-range 
theorizing (Stank et al., 2017) to hypothesize the expected demand for LMFS before and 
following the onset of COVID-19. The pandemic is an ideal event (Morgeson et al., 2025) to 
test our theory regarding the effect of a shock, consistent with Merton’s (1987) concept of a 
strategic research event. Accordingly, we address the following research question: How did 
demand for LMFS evolve in the US from 2010 to 2023, and how did the evolution differ in
urban versus rural areas?

We use data from NielsenIQ’s Consumer Panel Dataset to measure demand for LMFS. 
Additionally, we utilize data from the Economic Research Service and the US Census Bureau 
to assign data to commuting zones – which group counties into regions reflecting local 
economies (US Department of Agriculture, 2019) – and develop a degree of ruralness 
measure. We employ a series of discontinuous growth models (Bliese and Lang, 2016) and 
find that urban consumers increased their demand for LMFS at a faster rate than rural 
consumers in the US. Additionally, controlling for ruralness, areas with lower demand in 2019 
exhibited the greatest increase in 2020.

We make several theoretical contributions. First, we develop literature exploring spatial 
determinants of demand for LMFS by reconciling (Laudan, 1977) conflicting findings and 
establishing urban versus rural as a boundary condition (Makadok et al., 2018). Thus, we 
contribute to the last-mile SCM literature (e.g. Castillo et al., 2022; Rose et al., 2025) by 
identifying geographical areas in which to focus last-mile fulfillment network development 
and innovation. Second, we contribute to the literature exploring demand for LMFS by taking 
a longitudinal perspective, aligned with Miller et al.’s (2018) call to leverage growth models to 
answer a wider array of questions. We also extend the consumer-centric SCM literature (Esper 
et al., 2020) by demonstrating how differences in consumer behavior and preferences between 
urban and rural consumers (Esper and Peinkofer, 2017) inform supply chain strategy. In 
particular, we respond to a call to better understand how to structure firms’ logistics operations 
according to consumer demands (Gao et al., 2026).

This research provides managerial insights to retailers, last-mile delivery providers, and 
commercial real estate firms. The findings highlight a need to focus on last-mile expansion and 
innovation in urban areas. This is especially important given last-mile challenges in urban 
areas (e.g. congestion (Rose et al., 2016), expensive real estate (Gibson et al., 2018)). 
Additionally, given a negative relationship between the demand for LMFS in 2019 and the 
increase in 2020, service providers should devise contingency plans for consumers’ responses 
to shocks.
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2. Literature review
2.1 Consumer-centric SCM
Consumer-centric SCM recognizes the importance of prioritizing consumers when designing 
supply chain services (Esper et al., 2020). The value of this perspective has grown with the rise 
of the Internet (Esper et al., 2020) and heightened consumer expectations (Daugherty et al., 
2019), thus driving an increased focus on consumer issues in SCM (Baldi et al., 2024). We 
contribute by exploring demand for LMFS, with a focus on changes over time and 
heterogeneity across urban versus rural areas. Thus, this research broadens the context 
(Makadok et al., 2018) of the consumer-centric SCM literature and responds to a call to 
understand how to tailor SCM services – in this case, last-mile fulfillment networks – across 
consumer segments (Esper and Peinkofer, 2017).

2.2 Consumer-centric last-mile execution and demand for fulfillment services
Given the growth in e-commerce (US Census Bureau, 2023a), consumer-centric SCM 
researchers have explored last-mile delivery execution. Many of these studies focus on crowd-
sourced delivery, exploring how to optimize cost and service performance (Castillo et al., 
2018, 2022) as well as how to influence consumer perceptions through interactions with 
crowd-sourced drivers and platforms (Masorgo et al., 2023; Ta et al., 2018). Others focus on 
addressing last-mile challenges and have explored topics such as how to influence consumer 
adoption of parcel locker services (Rose et al., 2025). This literature is developing a 
comprehensive understanding of the tactical execution of last-mile delivery. However, the 
literature lacks an understanding of demand for such services, which might vary across rural 
versus urban areas and inform where to focus last-mile investments and innovation. This is 
especially important given varying last-mile challenges (Boyer et al., 2009); urban areas face 
higher real estate costs (Gibson et al., 2018), congestion, and routing constraints (Rose et al., 
2020a), while rural areas face higher costs and longer delivery times (Roberson, 2021).

Some literature explores e-commerce use, which relates to demand for LMFS and, thus, 
can inform last-mile investment efforts. This literature explores spatial determinants of 
consumers’ e-commerce use focused on the impact of whether consumers are from a rural or 
urban area and resides in SCM journals – specifically transportation journals – as well as other 
disciplines. Supplementary Materials Section I summarizes key studies. Anderson et al. 
(2003) proposed competing hypotheses (1) the innovation-diffusion perspective (e.g. Farag 
et al., 2006), whereby it is expected that urban consumers will display higher demand for 
LMFS (i.e. will be more likely to use e-commerce) based partly on education levels and the use 
of Internet for other purposes (Anderson et al., 2003), and (2) the efficiency perspective (e.g. 
Farag et al., 2006), whereby it is expected that rural consumers will display higher demand for 
LMFS as they have “the most to gain” from accessing the variety of goods available online 
(Anderson et al., 2003, p. 421). Mixed conclusions have been reached (see Supplementary 
Materials Section I), limiting our ability to effectively draw conclusions. Thus, we address 
several features of the literature to reconcile inconsistencies and develop actionable insights.

First, this literature mostly relies on survey and/or interview data. Thus, the measure of 
online shopping behavior (i.e. demand for LMFS) is retrospective and perceptual. Clarke et al. 
(2015) examined online shopping frequency with four categories: often, sometimes, rarely, 
and never. Options such as “often” or “sometimes” are left up to interpretation by the 
respondent (Bocklisch et al., 2012). Further, retrospective measures can be affected by recall 
bias (Tax et al., 1998). Therefore, validity may suffer because of the response process 
generating the data (Miller et al., 2021). We utilize transaction data, thereby measuring 
demand for LMFS more precisely.

Second, urban/rural measures primarily relate to where the consumer lives (e.g. Young 
et al., 2022). However, consumers often shop near their work (Shi et al., 2019). Consequently, 
basing the measure on the consumers’ area of residence may affect results by not considering
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the overall area in which they shop. As will be explained, we account for this by conducting 
analyses at a commuting zone level.

Lastly, prior research is primarily cross-sectional (e.g. Cao et al., 2013; Song, 2022; Zhen 
et al., 2018). Given behavior can change over time (Miller et al., 2018; Swider et al., 2024), we 
use longitudinal data (Singer and Willett, 2003; Willett, 1989) to explore demand for LMFS 
over time. Further, as recognized by Young et al. (2022), an important shock that could shift the 
demand was the COVID-19 pandemic. Using transaction data, we build upon Young et al. 
(2022) to further understand how this shock changed demand for LMFS.

3. Theory and hypotheses
We draw from Argyres et al. (2019) and consider the impact of three types of costs relevant in 
our consumer context (Bigelow et al., 2019): adjustment costs, opportunity costs associated 
with using LMFS (i.e. shopping online for home delivery), and opportunity costs associated 
with not using LMFS (i.e. shopping in-person). While adjustment costs in a firm-level context 
are defined as “the costs and risks of moving from an existing strategic position to each of the 
alternative positions of imitating, differentiating, or exiting” (Argyres et al., 2015, p. 222), we 
conceptualize adjustment costs as the costs consumers incur to switch from traditional brick-
and-mortar shopping to instead shopping online and using LMFS. We additionally draw from 
the innovation-diffusion and efficiency hypotheses (Anderson et al., 2003) and contextualize 
(Craighead et al., 2016; Johns, 2006) elements of these perspectives to engage in middle-range 
theorizing (Stank et al., 2017).

We first explain how we expect the rate of increase in demand for LMFS in the US during 
2010–2019 to be moderated by the urban/rural nature of an area. While there are conflicting 
theoretical arguments (Anderson et al., 2003), we believe a stronger claim can be made that 
mechanisms (Astbury and Leeuw, 2010) consistent with the innovation-diffusion perspective 
will persist (Farag et al., 2006). First, adjustment costs (Argyres et al., 2015) of using LMFS 
are expected to be lower for urban than rural consumers as urban consumers tend to be 
younger, which is positively correlated with Internet and smartphone use (Pew Research, 
2024). Thus, urban consumers have less difficulty relying on LMFS via shopping online.

Additionally, rural consumers should experience greater opportunity costs for adopting the 
use of LMFS. The primary opportunity cost is the delivery time incurred as compared to 
instantly possessing an item via shopping in-person. Rural consumers face longer delivery 
times, whereas highly concentrated (Rose et al., 2020b) urban consumers benefit from faster 
delivery (Gibson et al., 2018). The benefit of faster delivery is supported by research showing 
that faster delivery leads to higher sales (Fisher et al., 2019).

Moreover, urban consumers face higher opportunity costs of not utilizing LMFS (i.e. being 
a “late mover” (Argyres et al., 2019)). Urban consumers tend to have less time (Farag et al., 
2006) but more monetary resources for shopping (Trovall, 2023). Thus, there is a cost of more 
time/effort spent shopping if urban consumers do not embrace LMFS. Additionally, urban 
consumers have lower personal vehicle ownership rates (Holian, 2020), reducing willingness 
to travel to stores (Ellickson et al., 2020) and increasing their burden for searching at brick-
and-mortar retailers (Talukdar, 2008). Finally, urban congestion (Rose et al., 2017) makes 
accessing brick-and-mortar stores more difficult. Thus, using LMFS should improve urban 
consumers’ shopping experience and ease of access (Seiders et al., 2000), heightening the 
opportunity cost of not utilizing LMFS. We therefore hypothesize:

H1. In 2010–2019, urban areas increase demand for last-mile fulfillment services at a 
faster rate than rural areas.

Next, we explain how we expect levels of demand for LMFS prior to COVID-19 to relate to a 
jump in demand following the onset of the pandemic, conditional on the extent to which an 
area is urban versus rural. COVID-19-related challenges in the US, such as store closures 
(Kapner, 2020) and fear of contracting the virus (Mertens et al., 2020), should increase the use
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of LMFS overall. We expect areas with lower rates of demand for LMFS in 2019 will see larger 
increases in 2020 for several reasons. First, following the COVID-19 shock, consumers in 
areas with a previously lower degree of demand for LMFS should see a sharper decrease in the 
opportunity cost for adopting the use of LMFS due to widespread store closures (Kapner, 
2020). Due to such closures, the typical benefit of quicker access to goods via shopping in 
stores (i.e. the opportunity cost associated with using LMFS of longer wait times for goods) 
was muted. Second, this shock should increase the opportunity costs associated with not using 
LMFS, as areas with lower existing demand for LMFS (i.e. lower use of online shopping) 
would see a greater decrease in the variety of goods they have access to given store closures 
(Kapner, 2020). Third, adjustment costs for adoption should decline more for areas that, prior 
to 2020, had lower rates of LMFS use. This is because many Americans were unemployed (US 
Employment and Training Administration, 2024) with an inability to socialize in-person due to 
stay-at-home orders (Mervosh et al., 2020), meaning typical adjustment costs related to 
moving down the e-commerce learning curve should be muted. Therefore, we hypothesize:

H2. The areas with the lowest levels of demand for last-mile fulfillment services pre-
COVID, holding constant an area’s degree of ruralness, experience the largest 
percentage increase in demand after the onset.

Lastly, we explain why we expect urban areas in the US will display a greater jump in demand 
for LMFS than rural areas following the COVID-19 shock.[1] Urban consumers tend to be 
younger and have greater familiarity with the Internet (Pew Research, 2024), resulting in lower 
adjustment costs for using LMFS via online shopping. Further, urban consumers’ lower rate of 
personal vehicle ownership (Holian, 2020) would make them more exposed to contracting 
COVID-19 from public transit, which should make using LMFS more attractive given that 
individuals in urban areas were also more concerned about contracting COVID-19 (Chauhan 
et al., 2021). Further, individuals in urban areas were more in favor of taking measures such as 
staying home to reduce virus spread (Chauhan et al., 2021). Based on their perspectives 
regarding the virus and mitigation measures, we expect that COVID-19’s onset negatively 
impacted in-store shopping convenience (Seiders et al., 2000) more for urban consumers, 
increasing their opportunity costs associated with not using LMFS. We therefore posit:

H3. Urban areas experience the largest percentage increase in demand for last-mile 
fulfillment services after the onset of the COVID-19 pandemic.

4. Research design
4.1 Sample
We rely on annual data from 2010–2023 for households in the US. We start with 2010 as only 
4.4% of US retail sales were conducted online (US Census Bureau, 2023a), meaning demand 
for LMFS had not yet widely spread. Further, it avoids interference from the Great Recession 
(Rich, 2013). 2023 is the final year as this allows us to address our research questions and is the 
most recent data available at the time of this study. We obtain data from the NielsenIQ 
Consumer Panel Dataset, which has been employed in recent SCM research (e.g. Pan et al., 
2023; Sodero, 2022). This dataset from a panel of around 60,000 US households provides data 
for each shopping trip made by a household (e.g. retail channel type, products purchased, total 
spent) as well as household characteristics (e.g. county of residence, demographics). To ensure 
adequate data coverage and address issues that could occur by measuring urban-rural at a 
residence location level (e.g. based on zip code) – which might not adequately reflect the area in 
which consumers shop (Shi et al., 2019) – our unit of analysis is the commuting zone by year.

Commuting zones group US counties into 741 regions to depict local economies that 
encompass areas where people live and work (US Department of Agriculture, 2019). Thus, it is 
likely that consumers shop in the zone in which they live, indicating that assigning a 
representation of the urban-rural makeup of that zone is an accurate reflection of a household’s
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shopping environment. We thus link households to commuting zones based on the county. We 
remove commuting zones that do not have observations in every year of the study as zones that 
are missing a record in a year are unlikely to have many households contributing information 
in years that do have data, making it unlikely that the data is representative of the zone’s 
population. During initial data analysis (Chatfield, 1985), two observations identified as 
outliers were removed (89 and 95% of trips were reportedly online). Removing 361 
observations resulted in a balanced panel of 8,862 observations across 633 zones.

4.2 Variables
i indexes each commuting zone and t indexes the measurement occasion (year). Our dependent 
variable, demand for LMFS, is operationalized as a commuting zone’s share of trips that were 
conducted via the online channel each year.[2] We pool all shopping trips within a commuting 
zone and calculate the proportion of trips in the online channel as follows:

ShareTripsOnline it ¼ 
Count of Trips Online it
Count of Total Trips it

(1)

We add 0.005 to each proportion (as 194 records are 0) and employ a logit transformation 
(Smithson and Verkuilen, 2006):

LogitShareTripsOnline it ¼ Ln 
�

ShareTripsOnline it
1 � ShareTripsOnlineit 

� 

(2)

This transformation is preferred for studying variables that are proportions (Smithson and 
Verkuilen, 2006). Thus, LogitShareTripsOnline becomes the dependent variable.

The primary predictor of interest is the passage of time, split into two variables to model (1) 
the 2010–2019 slope and (2) the 2020 jump. The first predictor, Trend10to19, indicates the rate 
of change in demand for LMFS from 2010 to 2019. To enable testing H2, Trend10to19 is set 
equal to 0 in 2019–2023 and decreases by 1 unit each year prior to 2019. The second predictor, 
Jump20to23, is a dummy variable indicating that the observation is from the year 2020 (when 
COVID-19 hit) or later (i.e. it is equal to 1 in 2020–2023 and 0 otherwise). Supplementary 
Materials Section II summarizes how these variables are assigned.

The last predictor is a moderator, Rural, a continuous variable representing the commuting 
zone’s degree of ruralness. It is sourced from the Economic Research Service (US Department 
of Agriculture, 2019), which assigns Rural-Urban Continuum codes at a county level ranging 
from 1 (most urban) to 9 (most rural). We utilize annual population data from the US Census 
Bureau to assign an annual weighted value of the rural-urban continuum for each commuting 
zone. Next, we average the rural-urban continuum for each commuting zone across 2010–
2023 to ensure effects signify between-subject estimates (Certo et al., 2017). Rural is grand-
mean centered to improve interpretability.

Given the nature of Trend10to19, Jump20to23, and Rural – which are exogenous and 
unlikely to be impacted by upstream predictors which would need to be controlled for (Cinelli 
et al., 2022) – omitted variable endogeneity concerns are reduced (Ketokivi and McIntosh, 
2017). Furthermore, including control variables that reside theoretically downstream of focal 
predictors should be avoided to ensure theorized predictions map to empirical tests (Carlson 
and Wu, 2012; Miller and Kulpa, 2022), which necessitates that we be judicious in including 
controls. We control for one important factor: the presence of an Amazon fulfillment center 
(Amazon). Given Amazon’s dominance in online retailing (Droesch, 2021) and its increasing 
presence across the US (Daleo, 2022), it is expected that its presence impacts demand for 
LMFS. We control for Amazon fulfillment centers because their presence reduces delivery 
time, subsequently increasing online shopping (Fisher et al., 2019). Data is sourced from 
MWPVL International, which provides information such as addresses and opening dates of
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Amazon facilities (MWPVL International Inc, 2023) and is employed in prior research 
(Ahmed et al., 2022). For each observation, Amazon equals 1 if the commuting zone had an 
Amazon fulfillment center during that year and 0 otherwise. Even if the fulfillment center 
opened in the fourth quarter, the observation is assigned a 1 given retail seasonality, with sales 
heavily concentrated toward the end of the year (US Census Bureau, 2023b).

4.3 Descriptive statistics and plots
Supplementary Materials Section III presents descriptive statistics. Supplementary Materials 
Section IV presents model-free evidence (Davis-Sramek et al., 2023) in support of the general 
upward trend in demand for LMFS and a jump in 2020, continuing through 2023.

5. Analysis and results
5.1 Modeling approach
We implement a series of discontinuous growth models (Bliese and Lang, 2016). While 
growth models enable an examination of whether there are changes over time and differences 
among commuting zones in the pattern of change, discontinuous growth models build upon 
these to capture a discontinuity affecting the change trajectory (Bliese and Lang, 2016). 
Accordingly, discontinuous growth models allow us to (1) explore predictors of the trajectory 
of demand for LMFS (Bliese and Ployhart, 2002) and (2) isolate the periods before and 
following COVID-19 (Bliese and Lang, 2016).

Following Singer and Willett’s (2003) notation, we first specify the following 
unconditional discontinuous growth model:

LogitShareTripsOnline it ¼ π 0i þ π 1i Trend10to19 it þ π 2i Jump20to23 it þ ϵ it (3)

π 0i ¼ γ 00 þ ξ 0i (4)

π 1i ¼ γ 10 þ ξ 1i (5)

π 2i ¼ γ 20 þ ξ 2i (6)

The level-1 model (Equation (3)) represents the change process for commuting zones, 
including a slope for 2010–2019 (Trend10to19) and a discontinuity starting in 2020 
(Jump20to23) (Bliese and Lang, 2016). The level-2 model (Equations 4–6) allows for 
differences across commuting zones in the level-1 parameters by incorporating random effects 
(ξ 0i , ξ 1i , and ξ 2i ). The composite unconditional model substitutes level-2 into level-1:

LogitShareTripsOnline it ¼ ðγ 00 þ ξ 0i Þ þ ðγ 10 þ ξ 1i ÞTrend10to19 it

þ ðγ 20 þ ξ 2i ÞJump20to23 it þ ϵ it (7)

We allow the random effects to covary, and Equation (8) reports the variance-covariance 
matrix for Equation (7), indicating that the residuals from the level-2 model are normally
distributed with a mean of 0 (Singer and Willett, 2003). The variances are along the diagonal, 
with covariances on the off-diagonals (Singer and Willett, 2003).

2

4
ξ 0i
ξ 1i
ξ 2i

3

5∼ N 

0

B
B 
@

2 

4 
0
0 
0

3

5 ; 

2
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6
4 

σ 20
σ 01 σ 21
σ 02 σ 12 σ 22

3

7
7
5

1
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We next present the first-order terms model to test H2, with the following level-1 model:

LogitShareTripsOnline it ¼ π 0i þ π 1i Trend10to19 it þ π 2i Jump20to23 it þ π 3i Amazon it

þ π 4i Rural i þ ϵ it (9)

The level-2 model includes Equations (4–6) plus fixed components:

π 3i ¼ γ 30 (10)

π 4i ¼ γ 40 (11)

Equations (10) and (11) specify that the effects of Amazon and Rural do not vary by commuting 
zone, thereby entering only as fixed effects[3] (Bliese and Lang, 2016). This composite model 
tests H2:

LogitShareTripsOnline it ¼ ðγ 00 þ ξ 0i Þ þ ðγ 10 þ ξ 1i ÞTrend10to19 it
þ ðγ 20 þ ξ 2i ÞJump20to23 it þ γ 30 Amazon it
þ γ 40 Rural i þ ϵ it

(12)

Given that the random effects are consistent with the model in Equation (7), Equation (8) 
represents the variance-covariance matrix for Equation (12). As Trend10to19 equals 0 in 2019 
(see Table B in Supplementary Materials Section II), the intercept represents the level of online 
shopping reliance in 2019 when all other right-hand side variables are zero. Thus, we test H2 
by examining the covariance between the random effects for the intercept (ξ 0i ) and 
Jump20to23 (ξ 2i ). H2 predicts σ 02 will be negative.

Finally, we present the interactions model to test H1 and H3, which allows the slope and 
discontinuity to change based on a commuting zone’s degree of ruralness (Singer and Willett, 
2003). The level-1 model is as follows:

LogitShareTripsOnline it ¼ π 0i þ π 1i Trend10to19 it þ π 2i Jump20to23 it þ π 3i Amazon it

þ π 4i Rural i þ π 5i 

� 

Trend10to19 it 3Rural i 
�

þ π 6i 

� 

Jump20to23 it 3Rural i 
� 

þ ϵ it (13)

The level-2 model includes Equations (4)–(6) and (10)–(11) and fixed components:

π 5i ¼ γ 50 (14)

π 6i ¼ γ 60 (15)

The composite model is as follows:
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LogitShareTripsOnline it ¼ ðγ 00 þ ξ 0i Þ þ ðγ 10 þ ξ 1i ÞTrend10to19 it

þ ðγ 20 þ ξ 2i ÞJump20to23 it þ γ 30 Amazon it

þ γ 40 Rural i þ γ 50 

� 

Trend10to19 it 3Rural i 
�

þ γ 60 

� 

Jump20to23 it 3Rural i 
� 

þ ϵ it (16)

The variance-covariance matrix for Equation (16) is represented by Equation (8). H1 predicts
γ 50 will be negative. H3 predicts γ 60 will be negative.

5.2 Results
We tested our hypotheses via maximum likelihood estimation with robust standard errors 
utilizing the mixed command in SAS 9.4. Table 1 presents results. Model 1 reports results from 
a random intercepts model to calculate the intraclass correlation coefficient (ICC) of 0.309; 
30.9% of the variation in the proportion of trips online resides between commuting zones, 
demonstrating the relevance of explaining such variation. Model 2 reports results from the 
unconditional discontinuous growth model Equation (7). Translating coefficients to percent 
form (Allison, 2012), Trend10to19 indicates that with each additional year from 2010–2019, 
there was a 4.3%[4] increase in the odds of shopping online. Jump20to23 indicates that the 
shock increased the odds of completing a shopping trip via the online channel by 50.7%. The 
model-implied change process is shown in Figure 1 along with the average share of trips in the 
online channel (on a logit scale) across the 633 commuting zones. The model-implied 
predictions fall within the 95% confidence intervals for the logit of the proportion estimates, 
suggesting our specification adequately approximates the mean vector, a necessity for growth 
curve models (Cudeck, 1996). It is noteworthy that the jump experienced in 2020 was 
sustained through 2023, suggesting a fundamental change occurred with online shopping and 
demand for LMFS.

Model 3 presents results from Equation (12). Supporting H2, the covariance between the 
random intercept and Jump20to23 is negative and significant (σ 02 5 �0.089, z-statistic 5 �
6.49, p < 0.01); conditional on Amazon and Rural, there is a significant negative correlation 
between the level of online shopping reliance in 2019 and the jump that occurred in 2020 and 
was sustained through 2023. Converting the covariance, the correlation is �0.37. This 
indicates that commuting zones that displayed lower demand for LMFS in 2019 displayed the 
greatest jump in 2020.

Model 4 reports results from Equation (16). Supporting H1, the interaction between
Trend10to19 and Rural is negative and significant (γ 50 5 �0.004, z-statistic 5 �2.13,
p < 0.05). Figure 2 plots the marginal effect of Trend10to19 across the range of Rural. At the
minimum of Rural (i.e. the most urban commuting zones), the passage of each year from 2010 
to 2019 resulted in a 5.9% increase in the odds of shopping online. In contrast, at the maximum
of Rural (i.e. the most rural commuting zones), the passage of each year from 2010–2019 
resulted in a 2.5% increase in the odds of shopping online. Accordingly, the marginal effect of 
Trend10to19 was more than double in the most urban zones compared with the most rural 
zones, suggesting a managerially relevant moderation effect. This indicates that urban zones 
increased their demand for LMFS more quickly than rural zones during 2010–2019.

Supporting H3, the interaction between Jump20to23 and Rural is negative and significant 
(γ 60 5 �0.030, z-statistic 5 �2.73, p < 0.01). Figure 3 plots the marginal effect of
Jump20to23. At the minimum of Rural, the onset of COVID-19 resulted in a 68.4% increase in
the odds of shopping online. In contrast, at the maximum of Rural, the onset of COVID-19
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resulted in a 32.5% increase in the odds of shopping online. This is a practically relevant effect 
given that the most urban commuting zones saw an increase in the odds of shopping online that 
was nearly double what was observed in the most rural zones. This indicates that urban zones 
displayed a greater increase in demand for LMFS in 2020 than rural zones.

Two robustness tests resulted in consistent conclusions (see Supplementary Materials 
Section V).

6. Summary of results
In summary, results support all hypotheses. Urban consumers increased demand for LMFS 
more rapidly than rural consumers from 2010 to 2019 (supporting H1). We theorized this was 
because they experience fewer adjustment and opportunity costs for LMFS and higher 
opportunity costs for not using LMFS. Results from Table 1 Model 4 indicate that, from 2010

Table 1. Main results

Label Model 1 Model 2 Model 3 Model 4

Fixed effects 
Intercept γ 00 �3.611***

(�221.82)
�3.593*** 
(�157.78)

�3.602***
(�156.23)

�3.600***
(�153.82)

Trend10to19 γ 10 0.042***
(13.05)

0.042***
(12.77)

0.042***
(12.40)

Jump20to23 γ 20 0.413***
(18.74)

0.410***
(18.43)

0.408***
(17.87)

Amazon γ 30 0.054***
(3.54)

0.013
(0.80)

Rural γ 40 �0.029***
(�3.44)

�0.040***
(�3.24)

Trend10to19 3 Rural γ 50 �0.004**
(�2.13)

Jump20to23 3 Rural γ 60 �0.030***
(�2.73)

Variance components 
Var. Intercept σ 20 0.145***

(15.31)
0.276***
(14.94)

0.268***
(14.86)

0.268*** 
(14.87) 

Var. Trend10to19 σ 21 0.005***
(12.81)

0.005***
(10.43)

0.005*** 
(12.76) 

Var. Jump20to23 σ 22 0.217***
(12.52)

0.217***
(12.51)

0.213*** 
(12.45)

Cov. Trend10to19, 
Jump20to23

σ 12 �0.008***
(�4.26)

�0.008*** 
(�4.29)

�0.009***
(�4.56)

Cov. Trend10to19, 
intercept

σ 01 0.024***
(10.56)

0.023***
(10.43)

0.023*** 
(10.43)

Cov. Jump20to23, 
intercept

σ 02 �0.085***
(�6.14)

�0.089*** 
(�6.49)

�0.090***
(�6.61)

Var. Residual σ 2ϵ 0.326***
(64.14)

0.151***
(59.00)

0.151***
(58.99)

0.151***
(59.00)

Model fit
�2 log likelihood 16,453.556 11,956.211 11,936.015 11,914.313
Pseudo R 2 – 0.180 0.195 0.199
Sample
Observations 8,862 8,862 8,862 8,862
Number of groups 633 633 633 633
Note(s): Outcome: LogitShareTripsOnline jt . Models were analyzed with robust standard errors. z-statistics are
reported in parentheses; *p < 0.10, **p < 0.05, ***p < 0.01
Source(s): Authors’ own work
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to 2019, the most urban areas saw a 67.1% increase in online shopping reliance, compared with 
just 25.3% for the most rural areas. Considering the jump in 2020, urban consumers increased 
demand for LMFS to a greater degree as urban commuting zones experienced the greatest 
percentage jump in online shopping reliance (supporting H3). Moreover, urban areas saw a 
greater jump in demand for LMFS in 2020, with the most urban areas seeing a 68.4% increase 
in the odds of online shopping beyond 2019 levels, compared with the most rural areas seeing 
just a 32.5% increase in the odds of online shopping beyond 2019 levels. What makes this 
especially interesting is that, holding constant rural-urban categorization and the presence of 
Amazon fulfillment centers, there was a negative relationship between 2019 levels of demand 
for LMFS and the jump in 2020 (supporting H2). The patterns regarding the increase held 
through the study timeframe ending in 2023 (see Figure 1).
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Figure 2. Plot of the simple slope of Trend10to19 across the range of Rural. Note: Unlike in the analysis, the
values of Rural in the figure are not mean-centered. Source(s): Authors’ own work
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Figure 1. Observed and model-implied predicted values for logit of online shopping proportion. Source(s): 
Authors’ own work
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7. Contributions, implications, limitations, and future directions
7.1 Theoretical contributions
We extend the literature exploring spatial determinants of e-commerce use and, accordingly, 
demand for LMFS focused on the differences between urban and rural consumers by 
reconciling conflicting findings. In doing so, we contribute to the consumer-centric last-mile 
SCM literature by expanding beyond the tactical execution focus (e.g. Castillo et al., 2022; 
Rose et al., 2025) to consider demand to prioritize last-mile networks and innovations. Results 
are consistent with the theory we postulate regarding the moderating impact of ruralness (H1 
and H3) which, when coupled with the strength of the data we utilize vis-�a-vis prior designs 
using perceptual survey measures (e.g. Clarke et al., 2015), reconciles anomalous findings 
(Laudan, 1977) and suggests assuming innovation-diffusion (Anderson et al., 2003) as the 
base case. Thus, this research builds upon the study of urban versus rural areas as a boundary 
condition (Makadok et al., 2018) of demand for LMFS.

Second, we take a longitudinal perspective to explore demand for LMFS over time by 
employing growth modeling, which is not commonly employed in SCM literature (Miller 
et al., 2018). Using discontinuous growth models (Bliese and Lang, 2016), we explore how an 
area’s ruralness moderated the rate at which demand for LMFS increased over the 2010–2019 
period (US Census Bureau, 2023a) as well as during the COVID-19 shock. The nuanced 
findings highlight the benefits of adopting a longitudinal theorizing perspective that can be 
tested with growth models (Miller et al., 2018), which we hope inspires wider use of growth 
models in SCM research.

Finally, we contribute to the growing (e.g. Confente et al., 2021; Kumar et al., 2023; Paluzzi 
et al., 2025) consumer-centric SCM literature (Esper et al., 2020) by developing a better 
understanding of the factors affecting demand for LMFS. In turn, the findings inform SCM 
decisions for retailers, last-mile delivery providers, and commercial real estate firms (see 
Section 7.2). Additionally, by exploring demand for LMFS over time in urban versus rural 
areas (H1 and H3), this research explores how to tailor SCM services to consumer segments 
(Esper and Peinkofer, 2017).

7.2 Managerial implications
Given we find urban consumers increased demand for LMFS at a faster rate (H1), have shown 
higher levels of demand, and displayed the greatest demand jump in 2020 (H3), our findings
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Figure 3. Plot of the simple slope of Jump20to23 across the range of Rural. Note: Unlike in the analysis, the
values of Rural in the figure are not mean-centered. Source(s): Authors’ own work
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indicate that US retailers should continue building out fulfillment networks near urban areas, 
as supported by previous research supporting the innovation-diffusion perspective (e.g. Song, 
2022; Zhou and Wang, 2014). Similarly, the demand for LMFS in urban areas displayed by our 
empirical findings informs commercial real estate firms’ placement of warehouses. These 
implications are especially important as cities are not seeing residents leaving like in 2020 
(Overberg et al., 2023), indicating the demand seen in urban areas is likely to continue.

As consumers in urban areas are most likely to utilize LMFS, our results also support the 
need for continued innovation and research addressing urban logistics challenges (e.g. Rose 
et al., 2020a) and how to best serve urban consumers in the last-mile (e.g. Rose et al., 2025; 
Vakulenko et al., 2022). For example, retailers and last-mile service providers may continue to 
expand parcel lockers (Garland, 2025; Ranjbari et al., 2023) in urban areas to encourage more 
consumers to complete the final leg of the last-mile journey, thereby addressing complexity 
and congestion (Rose et al., 2020a) that providers endure. Additionally, to overcome real 
estate costs (Gibson et al., 2018) yet serve urban consumers quickly, retailers can consider 
utilizing stores as micro e-fulfillment centers (Young, 2022).

We next consider implications of the empirical finding that rural consumers increase 
demand for LMFS at a less rapid rate (H1) and to a lower degree than urban consumers. These 
results hold when controlling for the presence of an Amazon fulfillment center, indicating that 
the lower demand and slower increase are not a function of a lack of e-commerce 
infrastructure. Thus, expanding fulfillment offerings in rural areas would be unlikely to alter 
these findings. Accordingly, this suggests US retailers can continue focusing on brick-and-
mortar offerings in rural areas to adequately serve customers. Retailers that have successfully 
expanded in rural areas include Dollar General (Delesline, 2024) and Petco (Jansen, 2022).

In addition to serving rural consumers via currently preferred means (i.e. brick-and-mortar 
stores), US retailers should consider influencing rural consumers to increase demand for 
LMFS. For example, hedonic motivation (i.e. enjoyment or fun) is a determinant of technology 
adoption (Childers et al., 2001; Venkatesh et al., 2012), indicating that retailers can consider 
creating an enjoyable online shopping experience for consumers, such as through livestream 
shopping (Achara, 2025). Similarly, the cost and benefit trade-off shapes technology use 
(Dodds et al., 1991; Venkatesh et al., 2012). Accordingly, retailers can aim to maximize the 
benefits of online shopping, such as by utilizing AI to provide tailored recommendations 
(Hewson et al., 2025). These efforts are especially important for pure e-commerce retailers to 
increase sales to consumers in rural areas, given that our empirical results indicate such 
consumers are less likely to shop online.

Lastly, we consider the implications of the empirical support for H2. Controlling for rural 
and urban categorization and the presence of an Amazon fulfillment center, areas with lower 
levels of demand for LMFS in 2019 experienced the greatest increase in demand in 2020. 
Thus, demand patterns changed. Thus, retailers must evaluate networks and offerings with 
real-time data to adjust to evolving consumer trends (McCarthy et al., 2022). These insights 
extend to other services and contexts. In the case of shocks that affect demand for services (e.g. 
buy-online-pickup-in-store (Kohan, 2023)), service providers cannot necessarily expect 
previous use patterns to hold. Thus, it is important to be prepared to expand offerings based on 
new demand patterns following shocks. When exploring how consumers may respond to a 
shock, managers can consider adjustment costs and opportunity costs (Argyres et al., 2019).

7.3 Limitations and future research
Considering limitations, given the way the transaction data is reported and the information 
provided, it is not clear whether all e-commerce is properly captured in the online channel data. 
However, given model-free evidence (see Supplementary Materials Section IV) consistent 
with expectations, any bias is consistent across years and should not impact conclusions. 
Similarly, some buy-online-pickup-in-store activity may be reported in the online channel 
data, indicating there is not a perfect 1:1 relationship between demand for LMFS and the way
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in which we operationalize this variable. However, our model-free evidence aligns with the 
overall trend observed in the US Census Bureau’s (2023a) data regarding the percent 
e-commerce retail sales as a percent of total sales, and the majority of the variation in that data 
is driven by nonstore retailers (which require the use of LMFS), indicating that there is a strong 
validity claim (Miller et al., 2021) that these data represent our variable of interest. We are also 
unable to perfectly capture the environment in which a household shops, making the ruralness 
measure imperfect. Given that commuting zones capture where people live and work (US 
Department of Agriculture, 2019), however, it likely adequately captures their shopping 
environment.

While the observed patterns extend through 2023, this study can be extended to periods 
farther removed from the pandemic. Studies can also adopt growth models to explore 
additional predictors, such as other consumer characteristics that retailers could tailor to or 
additional geographic variables that impact retailers’ and last-mile providers’ networks. 
Similarly, research could explore whether predictors vary across product categories and/or 
types of online retailers to establish additional boundary conditions (Makadok et al., 2018). 
Additionally, studies could explore patterns of demand for LMFS in other countries. Finally, 
the methodological approach can be adapted to study behavior over time and in response to 
other shocks.

Notes
1. This prediction and H2 are not inconsistent. These predictions are tested by different model 

parameters.

2. Some trips in the online channel may be completed via buy-online-pickup-in-store (thus meaning 
there is not a perfect 1:1 relationship with demand for LMFS). However, our model-free evidence 
aligns with the overall trend observed in the US Census Bureau’s (2023a) data regarding the percent 
e-commerce retail sales as a percent of total sales, and the majority of the variation in that data is driven 
by nonstore retailers (which require the use of LMFS), indicating that there is a strong validity claim 
(Miller et al., 2021) that these data represent our variable of interest.

3. The term “fixed effect” is used here differently than the term is used in the econometrics literature 
when describing estimation of panel data models (Bell and Jones, 2015) per Singer and Willett (2003).

4. The coefficient is translated to percent form following Allison (2012): 1003½expð0:042Þ − 1�.

Supplementary material
The supplementary material for this article can be found online.
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