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Abstract

Expecting mothers in rural areas face a tradeoff between hospital quality and distance

traveled to deliver their babies. We utilize a hospital choice framework to examine

this tradeoff using the Vitals Statistics Birth Records and the American Hospital As-

sociation annual surveys over 2007-2017. We find that rural pregnant mothers have

negative marginal utility for distance traveled as further distances are associated with

additional transportation costs, opportunity cost of time, and discomfort for a preg-

nant woman. We also find that mothers value the characteristics of obstetric beds,

bassinets (beds for babies), Neonate Intensive Care Unit hospitals (NICU), hospitals

accredited by the Joint Commission, public and non-profit hospitals. More specifically,

high-risk mothers are willing to travel 9.5% more miles (relative to the mean) to go to

any NICU hospital. NICU hospitals may represent an emergency exit plan for mothers

who expect a challenging birth. These findings have important policy relevance for

Certificate of Need Laws (CON), given the obstetric care shortage and the closures of

many rural hospitals.
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1 Introduction

In the United States, mothers living in rural areas face substantial disparity in accessing

medical care of good quality (Douthit et al. (2015), Kozhimannil et al. (2019)). Numerous

clinical factors such as rising cost of care, low Medicaid reimbursement rates, and competi-

tion from urban hospitals adversely impact rural health facilities and the quality of services

provided (Roh et al., 2008). These conditions, among others, led to the closure of 181 hos-

pitals in rural areas since 2005 (Cecil, 2020). Over 10% of rural women drive more than 100

miles for maternity care (CMS, 2018). Moreover, evidence supports that several patients

who access rural hospitals report on their low quality care and poor reputation (Taylor and

Cosenza (1999); Liu et al. (2007)). As a result, many of them bypass their local facilities for

more distant hospitals (Bronstein and Morrisey (1991), Premkumar et al. (2016)).

In this paper, we answer the following questions: how many more miles are rural mothers

willing to travel to a high-quality hospital? And, how does this tradeoff vary by age, race,

education, risk level, and types of insurance coverage? These questions matter because 35%

of all US counties have no hospital providing obstetric services (Dimes, 2018), and women

living in communities with obstetric care shortages have a higher proportion of delivery

complications, higher rates of premature births, and greater neonatal care costs than other

women (Nesbitt et al., 1990). Distance traveled is associated with a reduction in health care

utilization, higher rates of c-section and neonatal hypoglycemia (Robbins et al., 2019), and

higher rates of adverse perinatal outcomes (Grzybowski et al. (2011), Ravelli et al. (2011)).

To estimate the tradeoff between hospital quality and distance, we use the 2007-2017 Vital

Statistics Data Files (birth records) and the American Hospital Association (AHA) annual

surveys. Because the restricted version of the birth records that we use does not include the

address and the hospital of birth of the patient, we use the centroids of the county of resi-

dence and birth occurrence for the analysis. We develop a three-step method to investigate
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the tradeoff of interest. First, we create a small dataset that enables us to identify all the

counties within a radius of 50 miles of each specific county. We create a “ghost” county for

all the counties that are outside of the 50 miles. We consider 50 miles as the defined market

area after several considerations such as distance traveled distributions and Federal regula-

tions related to the establishment of small rural hospitals such as Critical Access Hospitals

(CAH) and Sole Community Hospitals (SCH). Second, we merge the small dataset with the

natality files using the county of residence. This step enables us to observe all the potential

counties where the individual could give birth in the country (within the 50 miles radius +

outside the 50 miles radius through the “ghost” county). Finally, we merge the obtained

dataset with the hospital records to match births with hospitals. For the “ghost” county, we

create a single “ghost” hospital to which we impute the average hospital characteristics. We

yield a total of 113,488,826 birth-hospital matched observations for a total of 6,039,936 rural

residing mothers who gave birth between 2007 and 2017, where the average mother has 18

hospitals in her choice set.

Even after merging birth records and hospital data, we still do not know the chosen hospital

while we can identify the county of birth occurrence, which may have several hospitals. A

simple conditional logit (fixed-effect logit model) would suffice to estimate the model if we

knew the selected hospital. To go around this issue, we utilize a maximum likelihood esti-

mation procedure that aggregates the probability of choosing any hospital within a county

as the sum of the probabilities of selecting each hospital within the county. Many rural

counties have only one hospital, and for mothers choosing such a county the probability of

that county is exactly a conditional logit formulation.

The numerical estimation of the maximum likelihood is identified by variations in hospital

features (size, demand, cost, number of maternity care providers with admitting privileges,

number of registered nurses, etc.), community characteristics (economic condition, Medicaid
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expansion, obstetric reimbursement rates, Certificate of Need Laws, immigrant childbirth-

friendly policies), and choice set features (bypass phenomenon, going beyond the defined

market area). Given that this is a within-individual framework, all factors that stay con-

stant within individuals across hospitals (e.g., age, education, etc.) will not impact the

choice model unless they are interacted with hospital characteristics. This random utility

model determines strict utilities that capture the desirability of hospital alternatives. It is

rooted in the utility maximization theory and has a compensatory or tradeoff interpretation

between the explanatory variables.

Specifically, to estimate the tradeoff of interest, we apply great-circle or spherical distances to

proxy for road distance or actual travel times. Spherical distances characterize the shortest

distance between two points (the centroid of the county of residence and a potential birth

occurrence county). Given that hospital quality is a multifaceted object, we employ differ-

ent measures of quality such as hospital accreditation by the Joint Commission, an indicator

for Neonate Intensive Care Units (NICU), number of obstetric beds and bassinets (beds for

babies), hospital teaching status, and indicators for public and non-profit hospitals. These

hospital quality indicators refer to the process of care contrary to other hospital quality met-

rics used in the literature such as mortality rates and readmission rates, which pose selection

issues and necessitate an adjustment in differences in case-mix, which is controversial (?).

The results show that rural mothers have negative marginal utility for distance and positive

marginal utility for hospital quality. Mothers are willing to travel 0.03 miles and 0.0413 miles

for a one-unit increase in obstetric beds and bassinets, respectively. The analysis also shows

that high-risk mothers value the characteristics of Neonate Intensive Care Unit hospitals. A

high-risk pregnant mother is a mother that is below 17 years old, or that is 35 and older

and have had at least one previous c-section, or that is 44 years and older, or that has a

plural birth (e.g., twins, triplets) and have had at least one previous c-section, or that has at
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least one pre-pregnancy risk factors such as diabetes, chronic hypertension, and eclampsia

(Mayo-Clinic (2020)). High-risk mothers are willing to travel an additional 3.08 miles to go

to a NICU hospital, which represents an extra 9.5% of the average distance traveled by those

mothers. The high-risk mother heterogeneity analysis shows that the willingness to travel

additional mileage for NICU hospitals is 3.93 miles for other-race (e.g., Asian), 3.66 miles for

blacks, 3.09 miles for whites, and 1.24 miles for Hispanics. In particular, high-risk mothers

below 21 years are willing to travel an extra 10.4 miles (or 32% more miles) to go to NICU

hospitals. Given that these hospitals have advanced technology and trained specialists to

take care of the newborn, the choice of NICU hospitals by a high-risk mother may represent

a contingency plan for those mothers in the advent of a difficult birth.

The results also suggest that rural mothers are less likely to select University-affiliated in-

stitutions for delivery purposes. There are several possible explanations for this finding.

First, very few rural providers can admit patients in teaching hospitals, which reduces the

likelihood that rural patients will choose Academic Medical Centers for delivery. Second,

patients who expect a smooth delivery process are less likely to choose those hospitals since

they are associated with additional transportation costs, more opportunity cost of time, and

additional discomfort for a pregnant mother. Third, some patients are less likely to choose

teaching hospitals because they are afraid that the attending physician may be a resident

and not a senior doctor (Mishori, 2003).

Furthermore, the results show that rural mothers value hospitals accredited by the Joint

Commission, which is the reference in terms of hospital quality and safety standards. Re-

garding hospital ownership, rural mothers value the characteristics of both public and non-

public hospitals more than they value private for-profit hospitals. This is likely to be because

those institutions are relatively cheaper than private for-profit institutions. The results are

robust to several specification checks such as mother heterogeneity analysis, a control group
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design, and choice set expansion and contraction. Overall, the study concludes that rural

patients dislike going to hospitals that are further away and value quality care.

The results are consistent with the random utility theory, which posits that mothers will

choose the hospital that maximizes their satisfaction considering traveled distance and hos-

pital quality. This paper makes several contributions to the literature. One particular

strength of the paper is combining two large datasets, such as the universe of birth records

in the United States and the near-universe of hospitals. We exploit these large datasets to

evaluate the quality-distance tradeoff for the US rural mothers, a population not studied pre-

viously. The quasi totality of the studies that investigate this tradeoff is either state-specific

(Luft et al. (1990), Premkumar et al. (2016)) or use Medicare patients (Adams et al. (1991),

Tay (2003)). Our main limitation comes from the Vital Statistics data that only reports the

county of birth and not the birth hospital. To our knowledge, we are the first to develop a

probabilistic approach that turns around this issue to evaluate the tradeoff between distance

traveled and hospital quality.

In a context of obstetric care shortages and hospital closures, access to care becomes really

important for policy perspective. The study helps think about tradeoff for policy perspec-

tive, especially by evaluating the willingness to travel additional miles for better quality for

different sub-groups of the population. In that sense, the paper helps knowing who is harmed

and benefited from policy interventions to subsidize, open, or close various types of health

facilities, including NICU, teaching, public, private, critical access, and sole community hos-

pitals. Our results are directly relevant to policy debates on 1) the necessity to invest in the

expansion of health care facilities in rural areas and 2) the necessity to invest in improving

the quality of care provided in rural communities, both of which pertain to Certificate of

Need Laws (CON Laws). These policy recommendations can have tremendous impacts on

the 18 million women of reproductive age living in rural areas.
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The remainder of the study is organized in this order. Section II presents the literature

review, section III covers the conceptual framework, section IV describes the data sources.

Last, sections V to VIII exhibit respectively the model specification, the empirical results,

the robustness checks, and a discussion of the findings.

2 Literature review

2.1 Hospital Choice Process

Understanding patients’ hospital choice requires at least some comprehension of individuals’

decision to seek care in the first place. Andersen et al. (1968) lays the underpinning of

individual behavioral processes underlying the hospital choice model. While the Andersen

model is not directly related to hospital choice, it displays a suitable mechanism of an in-

dividual decision to seek care. Andersen et al. (1968) prescribes the following three sets of

determining factors to a person’s decision to seek medical care: 1) medical needs factors such

as the perceived health status of an individual, the nature of his/ her medical conditions; 2)

predisposing factors (age, education, and race) that affect an individual’s marginal tendency

toward seeking medical care; and 3) enabling factors to determine individual access to care

such as income, insurance coverage, physicians’ access, etc... As for choosing a specific hospi-

tal, Porell and Adams (1995) argues that there is little consensus regarding the step-by-step

process of individuals choosing a particular hospital.

In general, a patient chooses a doctor that has admitting privileges in a given hospital, and

considering the person’s insurance, the doctor decides on which hospital to treat the patient.

In some cases, the treating physician may have affiliations to several hospitals. Garnick et al.

(1987) and Luft et al. (1990) argue that diagnosing physicians dominate the hospital selec-

tion decision for patients, while studies by McGuirk and Porell (1984) and Morrisey et al.

6



(1988) assert that patients play the critical role in terms of hospital selection after evalu-

ating distance travel, perceived quality of the hospital, as well as physicians affiliations to

specific hospitals. To this, Porell and Adams (1995) adds it doesn’t matter whether patients

or physicians make the decision. As long as the relative preferences are expressed in terms

of hospital characteristics, quality, and price, the relative preferences should be reflected in

systematic hospital choice patterns.

The hospital choice is often made one or several months before childbirth. And, in most

cases, childbirth is a non-emergency care where a mother, her physician, and her lay net-

work (family and friends) prepare for the birth event. In these cases, the mother delivers the

baby in a hospital that was already chosen by the physician considering the patient’s insur-

ance (or the partner’s insurance), the patient’s preferences, and the physician’s preferences

and hospitals’ affiliations. But, in some cases labor can be unexpected, which may constrain

women choices regarding the hospital they deliver at. Under the Emergency Medical Treat-

ment & Labor Act, signed by Congress in 1986, hospitals are required to provide emergency

care to patients regardless of their ability to pay. So, in emergency situations, the mother is

likely to go to the nearest hospital.

2.2 Hospital Choice and Distance

The earliest strand of the hospital choice literature was heavily focused on distance decay,

which emphasizes that more considerable distances tend to decrease hospital utilization.

The “distance decay” literature is also in line with the first law of geography, according to

which near things have more association than things that are remotely dispersed. In general,

the model fitted to assess the spatial patterns in hospital utilization is a form of a negative

exponential function of distance (Morrill and Earickson (1968), Morrill et al. (1970)). An es-

sential finding of this literature is that distance-utilization elasticity is much lower for larger
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hospitals than smaller hospitals.

Other studies in this literature performed a spatial analysis model used in geography and

social physics to predict the flows of hospital admissions based on the economic sizes and

distance between the community of residence and hospital localization. Known as the gravity

model, the latter is similar to the Newtonian gravity model. Its hypothesis postulates that

the greater the distance between two points in space, the lesser the spatial interaction be-

tween these points. Specifically, the social gravity model is expressed as follows: Iij =
GiHj

Fij

,

where Iij represents the count of patients from community i going to hospital j; Gi accounts

for the population mass of the gravity model often labeled in terms of the population size of

the place of residence; Hj represents the capacity of hospital j, and Fij accounts for frictional

force or patient travel time. Roghmann and Zastowny (1979) considers Fij as the distance

of patient i to the nearest and next-nearest hospital in community j. As such, the gravity

model postulates that the number of patients flowing from community i to hospital j is a

negative function of the distance travel.

Another group of studies in the hospital choice literature uses the McFadden (1974) condi-

tional logit model or some other forms of Random Utility Model (RUM). Specifically, the

conditional logit choice model is expressed as follows: Pih =
exp(U(Xi, Hh)∑H

h=0 exp(U(Xi, Hh))
, where

Pih symbolizes the probability that patient i chooses hospital h, U(Xi, Hh) represents a linear

function of individual characteristics such as age, race, gender, etc. and features of different

hospital alternatives. In general, this literature considers distance as a disamenity or a cost

factor which brings dis-utility to the individuals (Luft et al. (1990), Tay (2003), Chandra

et al. (2016)). The negative effect of distance on demand is large (Tay (2003)) and it is

associated with a significant reduction in the likelihood that a hospital will be chosen. Other

non-RUM studies find that increased travel time is associated with reductions in the likeli-

hood of having a checkup by minority children (Currie and Reagan, 2003) while Buchmueller
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et al. (2006) find that increased distance to the nearest hospital is associated with higher

mortality and injuries.

Overall, conventional wisdom, as established by the distance decay approach, gravity model,

and Random Utility Models, supports the idea of a strong negative relationship between

patient distance traveled and hospital choice. Simply put, distance plays a significant role

in the hospital selection process of a patient.

2.3 Hospital Choice and Hospital Quality

The literature on hospital quality and quality of care shows that there is a multitude of

possible dimensions and criteria to define hospital quality and quality of medical care. A

seminal paper, Donabedian (1966), like Lee (1933), defines quality as value judgments to

the several aspects and dimensions of a process called medical care. Another early and in-

fluential study, Klein et al. (1961), argues that the notion of patient care is not a unitary

concept and that there will always be an array of criteria to measure the quality of patient

care. Even more recently, Chandra et al. (2016) supports the notion that hospital quality is

a multi-dimensional object that is a combination of hospitals’ ability to produce good health

outcomes, patients’ beliefs regarding hospitals’ ability to produce good health outcomes, and

patients’ satisfaction from past experiences. As such, conventional wisdom regards hospital

quality as a non-unitary, elusive, and multi-dimensional concept along the spectrum of time.

A hospital is an economic agent with a production function and uses several inputs such

as equipment, beds, nurses and doctors, and other factors to produce medical and surgical

treatment. The hospital quality literature review suggests that studies generally either use

an input or an output approach, which, by and large, implies a distinction between means

and ends. Although economically speaking, the input comes typically first, the hospital

quality and medical care quality literature in its earlier strand focused more on medical
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care outcomes to assess hospital quality. Previous studies have considered outcomes such as

perinatal mortality (NYAM (1955); Shapiro et al. (1960)), surgical fatality rates (Lipworth

et al., 1963). More recent studies in their assessment of the quality of care also relied on

outcomes such as risk-adjusted 30-day survival rates (Chandra et al., 2016), risk-adjusted

readmission rates as a proxy for medical errors and inappropriate discharge (Chandra et al.

(2016); Jencks et al. (2009), Axon and Williams (2011)), severity-adjusted mortality and

complication rates (Luft et al., 1990).

Given that the quality measures have not been standardized and mostly were not used nation-

ally, several organizations such as the Centers for Medicare and Medicaid Services (CMS),

the American Hospital Association, the Joint Commission on Accreditation of Healthcare

Organizations (JCAHO), and many other partners have joined their forces to create the

Hospital Quality Alliance (HQA). Under this joint effort, hospital facilities accept to provide

CMS indicators of quality of care on several conditions such as acute myocardial infarction,

congestive heart failure, and pneumonia (Jha et al., 2005). Since November 2004, when HQA

data became available, many studies have analyzed patient’s perceptions of hospital care.

Jha et al. (2007) uses Medicare enrollees admitted for acute myocardial infarction, conges-

tive heart failure, and pneumonia to evaluate their relationship with the HQA indicators of

performance. The study concludes to the validity of the HQA indicators in the sense that

higher performance on the HQA measures was associated with lower risk-adjusted mortality

for the three conditions, which represent over 15% of Medicare hospital medical and surgical

admissions.

Although the outcomes (output approach) considered in the literature are relatively concrete

metrics, Donabedian (1966) argues that there are many drawbacks to using outcomes as a

dimension of quality of care. The first inconvenient is whether the outcome utilized is the

relevant measure. A scenario where the criterion to assess medical care is survival rate in
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a non-fatal situation is an example. The study further argues that even in a context where

the outcomes chosen to evaluate hospital quality are relevant, several other limitations must

be reckoned with: First, other medical service determinants may affect the outcome. Sec-

ond, sometimes it may take more than decades before relevant effects are present. Thirdly,

sometimes, medical care measures are not clearly defined and can be difficult metrics to

use. The study suggests that criteria such as patient attitudes and satisfactions, and social

rehabilitation are some examples.

Furthermore, Tay (2003) argues that there are several problems with patient outcomes as

quality indicators. Patient outcomes are noisy, especially for low-patient volume hospitals.

There may also be a selection bias problem where individual hospitals attract the patients

with the worse health outcomes. Patients tend to sort hospitals as a function of the sever-

ity of their illnesses. As such, the bias dimension is heterogeneous in the severity of the

disease, with severely ill patients seeking hospitals that provide more intensive treatments.

Tay (2002) also suggests that this bias may lead to systematic differences in patient health

outcomes across hospitals. That being the case if lower quality rural hospitals only attract

and admit less ill and low-risk patients, the quality of care they actually produce is likely to

be lower than that implied by the average mortality or readmission rates of their patients.

Tay (2002) suggests one way to solve this problem is to use a behavioral hospital choice

model to overcome the selection problem.

Besides the output approach, the literature refers to the process of care and the setting in

which it takes place as other assessment methods of medical care and hospital quality (Don-

abedian, 1966). This approach considers the structure, administrative processes, adequacy

of facilities and equipment, the personal and medical staff’s competence level, etc. By and

large, this framework relies on the hypothesis that if a hospital operates under the proper

settings and instrumentalities, the provision of quality care will be automatic. Donabedian
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(1966) argues that one limitation of this approach is that the association between structure

and process or structure and outcome is not clearly established.

2.4 Quality Metrics Used In This Paper

To estimate the tradeoff between hospital quality and distance, we use several quality met-

rics. In general, those quality measures are related to the settings and instrumentalities

associated with the provision of quality care.

Our first quality metric is a dummy variable that captures whether a potential hospital

of birth provides Neonate Intensive Care Unit (NICU) care. Given the possibility of un-

expected factors such as prematurity1, Respiratory Distress Syndrome (RDS) 2, infection3,

hypoglycemia4, maternal chorioamnionitis 5, and even re-admission, expectant mothers gen-

erally value hospital that also provides intensive care services. For infants born in a non-

NICU setting, when there is an emergency that requires the skills and specificities of a NICU,

the newborns are transferred to a NICU. Hence, there may be potential additional stress for

the mothers related to the process of moving the child to a hospital with NICU. As such,

the existence of a NICU in a hospital facility may change patient’s perceptions regarding the

hospital’s ability to produce good pregnancy and neonatal care. Existing literature suggests

that parents value a NICU’s presence in a health facility (Cleveland, 2008).

Our second quality measure accounts separately for the number of obstetric beds and bassinets

(beds for babies) in a potential hospital of birth. This metric is a proxy for the health facil-

ity’s size, which is generally perceived as a signal of quality by patients (Boscarino, 1988).

1Prematurity is when the baby is born too early (less than 37 weeks of gestation).
2RDS is a prevalent respiration issue in babies that is due to immature lungs. Oxygen machines, breathing

tubes, or ventilators are generally needed to help infants overcome this respiratory problem.
3Infection or sepsis is a widespread cause of neonatal death.
4low blood sugar level
5maternal inflammation of the placenta or the umbilical cord that increases the risk of the baby to have

an infection.
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Our third quality measure is an indicator for whether a potential hospital of birth receives

an accreditation from the Joint Commission6. In general, Medicare-participating hospitals

need to follow a set of Conditions of Participation (CoP) rules, which guarantee a minimum

safety level. Under the CoPs, the requirements are authenticated through accreditation and

certification (Moffett et al. (2005)). But, specifically, for non-emergency care such as child-

birth, where a mother and her lay network (family and friends) tend to do online shopping

for a hospital to deliver7, it is likely that an accredited hospital will be perceived as a sig-

nal of good quality by expectant mothers. Besides, if the choice was made by a physician

that has admitting privileges in a given hospital, it is also likely that this facility is accredited.

Finally, the fourth quality measure captures patients’ valuation of teaching hospitals. These

facilities have the reputation of highly specialized (Levin et al., 2000) and high-quality care

(Boscarino, 1992). They also tend to use cutting-edge technology to do state-of-the-art re-

search to develop new treatments and cures. They have a wide range of interns and residents

and are generally affiliated with a medical school, which can also increase patients’ percep-

tion about their ability to provide good health outcomes. Consequently, high-income rural

patients are likely to value them as producers of good quality medical care when choosing.

The four measures of quality considered in this study capture different aspects of quality of

care. In general, they represent a mixture of a hospital setting and its ability to produce

good medical services and are likely to influence patient’s beliefs about hospitals’ capabilities

to have good health outcomes.

6Founded in 1951, the Joint commission is the oldest and the reference in terms of hospital quality and
safety standards. The accreditation is not necessarily specific to maternity care.

7Anhang Price et al. (2014) provides suggestive evidence that patients consult hospital rankings a year
before their visits.
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3 Conceptual Framework

This section presents a basic utility framework that relies on the Maximum Utility Theory

and the idea that the expectant mother chooses the hospital for delivery to maximize utility.

Each patient faces a choice among h = 1, 2, ..., H hospital alternatives and derives satisfaction

from the medical care received from each possible hospital choice. A mother may have

perceptions about the quality of a hospital, attitudes regarding the importance of the quality,

preferences among specific hospital alternatives, and a protocol to maximize preferences

considering the direct out-of-pocket transportation costs and the opportunity cost of travel

time (McFadden, 1986). Specifically, the model is built under the following assumptions:

1. Expectant mothers are assumed to try to get the most value from their resources.

2. Expectant mothers’ incomes are limited. They face a budget constraint8.

3. A mother’s choice set is made of several hospital alternatives.

4. Mothers form beliefs about the quality of care that they are likely to receive in each

possible hospital alternatives.

5. Mothers are aware of the distance in miles to travel from their residence to a given

hospital choice.

6. Mothers have clear preferences over various hospital alternatives and will choose the

one that maximizes their satisfaction.

7. Whether the mother or a referring physician chooses the hospital for the patient does

not really matter9.

8The money constraint may not be significant for most rural mothers because Medicaid/CHIP covers
births for women up to some high-income levels depending on the state and its Medicaid expansion status.
Also, emergency Medicaid pays for labor and delivery for non-citizens who do not otherwise qualify for
Medicaid.

9Almost all papers in the hospital choice literature make this assumption. Porell and Adams (1995) adds
it doesn’t matter whether patients or physicians make the decision. As long as the relative preferences are
expressed in terms of hospital characteristics, quality, and price, the relative preferences should be reflected
in systematic hospital choice patterns.
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8. A mother’s place of residence is exogenous.

Given that every obstetric service provided by the chosen hospital has a price tag which

depends on the insurance network, expectant mothers select the hospital that maximizes

their expected utility across all alternatives considering their limited incomes. In general,

patients formulate their demand for obstetrics care from a given hospital h based on their

characteristics such as medical needs, perceived health status, predisposing factors (age,

education, race, etc.), and enabling factors (income, insurance coverage, etc.).

A patient’s utility can be expressed as follows:

Uih = Vih(distanceih, qualityh),

with i being the patient and h a particular alternative. The marginal utilities will depend on

the functional form chosen to represent the mothers’ preferences. As such, any monotonic

transformation of the utility is also going to affect the marginal utilities and its interpretation.

For a more consistent interpretation, we will refer to the ratio of marginal utilities. For exam-

ple, if we consider a change in the health care consumption bundle (∆distanceih,∆qualityh)

such that the mother is kept at the same indifference curve, we must have:

∆Udistanceih + ∆Uqualityh = ∆U

⇒

MUdistanceih ∗∆distanceih +MUqualityh ∗∆qualityh = 0

⇒ which is equivalent to:

MRS =
∆qualityh

∆distanceih
= −MUdistanceih

MUqualityh
.

The ratio of the two marginal utilities is the Marginal Rate of Substitution (MRS) between
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quality and distance. It represents the combinations of distance and quality that provide the

mother the same level of satisfaction. It measures the rate at which the mother is willing to

substitute distance for quality. Because the mother is on the same indifference curve (Fig-

ure 1), the dis-utility resulting from an increase in distance traveled is exactly offset by the

utility resulting from an increase in quality. For example, in the case of obstetric beds as an

indicator of quality, if the MRS=-2, the mother will be willing to give up 2 miles of distance

for every 1 additional obstetric bed. Besides, we assume that minority, low-education, low

risks level are less likely to be willing to tradeoff distance for quality because their hospital

decision process is more likely to be driven by the distance to the hospital, its related out-

of-pocket transportation, and additional discomfort associated with more travel time.

The conceptual framework yields the following testable predictions:

1) On average, mothers dislike hospitals that are further away.

2) On average, mothers prefer hospitals with better quality.

3) On average, minority, older, low-educated, and low-risk level mothers face

relatively lower tradeoffs than their peers.

4 Data

4.1 Data Sources and Manipulation

To evaluate the tradeoff between hospital quality and distance, we use the following two data

sources: the 2007-2017 U.S. Linked live birth and infant death certificates data and the 2007-

2017 American Hospital Association (AHA) Annual Survey data. Besides, to compute the

distance10 measures, we obtain latitude and longitude coordinates for residential and birth

10We use great-circle distances or spherical distances, which characterize the shortest distance between
two points (the centroid of the county of residence and a potential birth occurrence county). The distance
metrics are calculated using the haversine law and are correct to within about 0.5%(NAVY, 1987). Ideally,
we would want to use the actual distance traveled by the patient. Due to data limitation, we use this
spherical distance measure as a proxy.
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occurrence counties from different commercially available geographic files. We identify rural

mothers using county FIPS codes and the definition adopted by the Office of Management

and Budget (OMB). For rural counties, we consider the 2013 Rural-Urban Continuum Codes

of four or more 11.

We make use of the natality and period linked birth-infant-death data from the National

Center for Health Statistics for mothers’ information. This is an administrative data set

that provides birth certificates for all births in the United States and linked death records

for all deaths that occurred within the first year of life. It is the best available source of in-

formation for a national study on a mother’s birthplace analysis and is widely utilized in the

maternal and infant health literature. While the dataset identifies the county of residence

and birth occurrence12, the restricted version of the data that we use does not have mothers’

and hospitals’ addresses. Given that the natality data doesn’t provide information about

the hospital of birth, we use the American Hospital Association (AHA) annual surveys to

link the mothers to a potential hospital13. The AHA is a survey of the complete universe

of U.S. hospitals with a 80% response rate. For non-responding hospitals14, the AHA uses

an estimation process to impute missing statistical values. This survey represents one of

the most comprehensive and credible sources of information about hospital facilities and is

widely used in the hospital literature. This data provides the complete address of nearly all

hospitals in the U.S. (whether they answer the survey for a particular year or not).

11The 2013 Rural-Urban Continuum Codes use the degree of urbanization and adjacency to a metro area
to classify nonmetropolitan counties (Economic Research Service, U.S Department of Agriculture). The
official classification scheme is made of three metro and six non-metro categories.

12For about 30% of women, the county of residence and birth occurrence is different. There are mainly
three reasons why this may be the case. First, it may be that the county of living has never had a hospital,
whether providing obstetric care or not (March of Dimes (2018)). Second, it may also be the case that the
county of residence had one or several hospitals closed during the birth occurrence period. Finally, it may
happen that the women decided to bypass their county hospital to go to another county hospital, as it is
often the case in rural areas (White and Morrisey, 1998).

13In rural areas, over the study period, there are 98% hospital births, 1.5% home births, and 0.50% births
coming from freestanding birth center. So, a non-hospital birth is a rare event. We only keep the hospital
births.

14Some responding hospitals have missing values for some of our indicators. See appendix for more details
about how we deal with those missing values.

17



Besides the natality and AHA data, we create a separate dataset that enables us to iden-

tify all the counties that are within a radius of 50 miles of each specific county. A “ghost”

county was also created for all the counties outside of the 50 miles defined market area.

This small dataset was then merged with the natality files using the county of residence.

Upon merging, for each individual, we are able to observe all the potential counties where

the individual could give birth (within the 50 miles radius + outside the radius through the

ghost county). We can identify the actual county of birth of occurrence from the natality

data, along with the other potential counties where the birth could have occurred. We use

50 miles as our defined market area for the hospital choice framework after several consid-

erations such as distance traveled distributions, and Federal Regulations15 related to the

establishment of community hospitals such as Sole Community Hospital (SCH) and Critical

Access Hospital (CAH). Below, we also use several other market areas to corroborate our

results. The data shows that traveling across the entire country to give birth is a rare event16.

As said earlier, for each mother, we are able to identify all the potential counties where she

could give birth, including the actual county of birth occurrence and the “ghost” county,

which allows us to close the choice set for each mother. We then merge this data to the

near universe of hospitals in the United States 17. For the “ghost” county, we create a single

15Critical Access Hospitals are created through the Balance Budget Act of 1997. They must be located
more than 35 miles from another hospital. According to the Title 42 of the 1983 Federal Regulations, a Sole
Community Hospital (SCH) must be about 50 miles away from other hospitals.

16We understand that a mother may go even beyond 1,000 miles if she has a condition that requires a
specialist from a faraway county. Only 6.7% of the mothers in the dataset go outside of the defined market
area of 50 miles to deliver their babies. Some expectant mothers may pick a hospital in a faraway county to
deliver because 1) they don’t like the characteristics of the hospitals in the market designated area; 2) they
have a condition that requires them to see a specialist that maybe even 1000 miles away, or 3) because of
some other strange reasons. Several papers in the literature (Luft et al. (1990), Tay (2003), Moscelli et al.
(2016)) drop all the individuals in their sample who shopped outside of their defined market areas.

17We merge with all types of hospitals and not only obstetric units. One could also suggest using observed
demand patterns to create the choice set. One way to do the observed demand patterns approach is to find
a benchmark in the literature or limit the choice set to hospitals where, say, at least ten births occurred last
year. The demand pattern approach has a built-in selection problem. Maybe, the other places with zero
births were not chosen for delivery because they have low quality. Indeed, some of those places may not have
obstetric units, but there is significant evidence of births in other places with no obstetric units. As such,
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“ghost” hospital to which we impute 18 the average hospital characteristics and differentiate

it with a dummy variable indicating if it is more than 50 miles from the county of residence.

We yield a total of 113,488,826 birth-hospital matched observations, for a total of 6,039,936

rural-residing mothers who gave birth between the period 2007 and 2017. The average num-

ber of hospitals in each mother’s choice set is 18 (See Figure 2, for more information about

the distribution of hospitals in the county of childbirth). Although we only select rural

mothers for whom the tradeoff between distance and quality is arguably a more interesting

phenomenon, they could give birth in any urban county considering the 50 miles and how

close they live to a metropolitan area.

To evaluate the tradeoff of interest, we employ great-circle or spherical distances. This acts

as a proxy for road distance or actual travel times. We use the AHA survey data to create

several hospital quality indicators (See Appendix for details about how we deal with miss-

ing values). We utilize the number of obstetric beds and the number of bassinets (sleeping

baby’s beds) in a given hospital. We also consider a dummy variable that takes one if a

given hospital has at least one Neonate Intensive Care Unit (NICU) bed and zero otherwise.

Empirical evidence shows that mothers value NICU because of the possibility of taking care

of the baby in case of early delivery, health problems, or the possibility of a difficult birth

(Conner and Nelson, 1999). We use dummy variables to identify teaching status, and an

indicator that controls for any accreditation received by a given hospital. These multiple

aspects of hospital quality will enable us to assess which quality factors mothers value when

considering a hospital for delivery. The multiple aspects of hospital quality used in this pa-

per are mostly related to the patient’s perceptions of the hospital quality. These factors are

likely to play a significant role in the patient’s choice of a hospital. In that regard, Chandra

et al. (2016) argues that hospital quality is a multidimensional object that is a combination

the distance-based approach is better. At least, it solves the selection problem by including all hospitals
within a given area, whether good or bad.

18Imputing the average in-state hospital characteristics changes very little.
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of hospital capacity to produce good health outcomes, patients’ beliefs about hospital ability

to have good health outcomes, and patients’ satisfaction from past experiences. Sixma et al.

(1998) suggests that hospital quality, as seen through the patient’s eyes, is of paramount

importance in hospital choice.

One important limitation of this study comes from the Vital Statistics data that only reports

the county of birth, and not the hospital of birth. A simple conditional logit (fixed-effect

logit model) would suffice to estimate the model if the chosen hospital was known. Given

the absence of this information, we exploit a maximum likelihood estimation framework

that aggregates the probability of choosing any hospital within a county as the sum of the

probabilities of choosing each hospital within the county. Many rural counties have only one

hospital, and for mothers choosing such a county the probability of that county is exactly a

conditional logit formulation.

4.2 Descriptive Statistics

Table 1 below presents the descriptive statistics. Over the sample period 2007-2017, the study

sample has 113,488,826 birth-hospital observations for a total of 6,039,936 rural mothers and

an average of 18 hospitals per individual located within 50 miles of the centroid of the county

of residence. Only 6.7% of the mothers go beyond the 50 miles to deliver their babies, with

the majority being white. Half of the rural mothers are between 25 and 34 years, 70% are

white, 57% of those mothers are married, 62% of them have more than one child, and 50%

of them have more than a high school degree. The average distance between the centroid

of the county of residence and a potential county of birth is 32.24 miles. The average

number of obstetric beds is about 8 beds and 8.2 bassinets (beds for babies). Over the

period, 12% of all the hospitals have at least one neonate intensive care unit bed, and 66%

of them are accredited by the Joint Commission. Only 2.4% of those health facilities are

major teaching hospitals, while 18% are minor teaching hospitals. About half of them are
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non-profit hospitals, and 23% of them are public hospitals. A large portion of the hospital

facilities over the sample period have relatively small beds, including 19% critical access

hospitals and only 4.8% Sole Community Hospitals. The average hospital has 40 maternity

care providers with admitting privileges and 194 registered nurses.

5 Empirical Specification

To estimate the tradeoff between hospital quality and distance faced by US rural mothers,

we use a mother-hospital probabilistic choice model rooted in the Maximum Utility Theory.

This approach provides a theoretical justification and the solid empirical ground needed to

estimate the model and offer some insights into the role of care quality and distance in the

mother’s hospital choice.

5.1 Model specification

The empirical analysis is based on the Random Utility Theory, which treats some aspects

of individual preferences unobservable to the researcher as random. The model is estimated

using a maximum likelihood approach. Specifically, the utility of choosing a particular

hospital for delivery is modeled as:

Uiht = Viht + εiht (1)

with

Viht = Wihtα + Zit ∗ δht + γht + λsct

where i = 1, ..., N is the rural expectant mother, with N being the total number of mothers;

h = 1, ...., Hit is the hospital where patient i could deliver the baby, with Hit being the total

number of hospital alternatives in the mother’s choice set; and t being the birth year. Ad-

ditionally, the Viht (explained component of the utility) captures the desirability of hospital
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alternatives. These utilities are a linear function of hospital-specific attributes (distance and

quality metrics), interaction terms between hospital features and individual characteristics,

interactions between individual factors and some features of the choice set (bypass phe-

nomenon, going beyond the defined market area), and community features. Given that this

approach is a within-individual framework, all factors that do not vary within individuals

across hospitals will not impact the choice of hospital. We do allow some individual-specific

variables such as age, education, and marital status to interact with hospital attributes. The

γht component captures hospital characteristics such as different indicators for total hospital

beds, outpatient visits, hospital personnels, number of registered nurses adjusted by the state

scope of practice laws, number of maternity care providers with admitting privileges, and

hospital total expenses. The interaction terms are used to capture observable heterogeneity

in the estimated coefficients.

Besides, the λsct component captures several community features such as hospitals in Medi-

caid expansion state, obstetric reimbursement rates, certificates of needs law, poverty rates,

county household income, unemployment rate, and county population. These impacts are

identified by variations in the choice sets that overlap several counties and states. For ex-

ample, the choice set for mothers living in a state with Medicaid expansion could include

hospitals located in another state that did not expand Medicaid. This random utility model

has a compensatory or tradeoff interpretation between the different explanatory variables.

Luft et al. (1990) argues that one major advantage of this type of qualitative choice model-

ing is that it considers the characteristics of the alternatives rejected and the chosen one in

computing parameter estimates.

The unobserved random error term, εiht, captures disturbances from unmeasured attitudes

and preference variations that are independently and identically distributed according to a

type I extreme value distribution. In this framework, a mother will choose an alternative
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j if it provides the highest utility. The probability of individual i choosing a hospital j in

county c is given by:

Pijt = P (Uijt > Uilt) =

∑
j∈Cexp(Vijt)∑Hit

h=1 exp(Viht)
,∀ l ∈ Hit,

where the summation in the numerator is the sum over all hospitals within county c. The

log-likelihood is maximized numerically given hospital-specific attributes, individual-specific

characteristics, choice set features, several interaction terms, and community amenities.

5.2 Other Independent Variables

Critical Access Hospitals (CAH)

The Centers for Medicare and Medicaid Services designate Medicare-participating hospital

facilities as Critical Access Hospitals if they meet specific criteria, such as being located in a

rural area of either more than 35-miles from the nearest hospital, reporting no more than 25

beds (either inpatient or swing beds), maintaining an average length of stay of 96 hours or

less for acute care patients, and providing 24/7 emergency services. Those hospitals account

for two-thirds of all rural hospitals and maybe the first access to care for many rural areas

mothers. As such, we control for critical access in the model. Although they may not be

well-equipped with high-level technological materials, given their nearness, patients’ network

perceptions, the possibility of 24/7 emergency care, they may be well-valued by mothers.

Sole Community Hospitals (SCH)

In 1983, Congress created the SCH program to bolster rural hospitals and provide care to

individuals living in very remote areas where travel, weather conditions, and the absence of

health facilities may represent a significant barrier to access care. According to the Title 42 of

the 1983 Federal Regulations, to be designated as SCH, a hospital must either be more than

23



50 miles away from other hospitals or less than 50 miles but was not accessible to patients

due to some topographical or weather conditions for an extended period. Since topography

is not uniformly distributed in the country, Sole Community Hospitals may represent the

unique source of care that some mothers can acquire at a reasonable distance.

Public Hospitals (PH)

Public hospitals are grouped into Federal (e.g., Navy Hospital) and non-Federal Hospitals

(e.g., state Hospital, Hospital district). Because those health facilities are generally either

partly or fully funded by public funds, they accept nearly everyone, regardless of insurance

status. While public hospitals are usually more affordable and larger, private or for-profit

hospitals tend to provide more personalized care due to doctors and nurses overseeing fewer

patients per person. Hence, we expect mothers with restrictive insurance coverage and low

purchasing power to value public hospitals more. Higher-income patients and those with

high valuations for short waiting periods are expected to prefer private hospitals.

Non-Profit Hospitals

Non-Profit Hospitals are charity institutions that do not pay taxes in exchange for meaningful

contributions to their communities. They are generally cheaper than investor-owned for-

profit institutions. About 50% of US hospitals are non-profit institutions. We expect patients

with low purchasing power to value the characteristics of non-profit hospitals.

5.3 Endogeneity

The model’s central assumption is that distance and the observed quality measures are uncor-

related with the error term, meaning that they are exogenous. Endogeneity of the distance

variable would mean that mothers self-select their place of residence due to obstetric care

providers in a community. While there is significant evidence of mothers’ location decision

for school quality (Liu et al. (2010)), to our knowledge, no study suggests that mothers sort
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communities of residence due to obstetric care. As a result, we argue that distance from a

county of residence to a potential county of birth is exogenous.

Regarding the possible endogeneity of hospital quality, the literature takes different posi-

tions, including 1) not discussing it (Luft et al. 1990); 2) discussing it and assuming that it

is exogenous (Tay 2003) 19, and 3) treating it as endogenous and using hospital fixed-effects

among other approaches (Gutacker et al. (2016)). The possible endogeneity of the hospital

quality measures would mean that there are unobserved hospital factors that are correlated

with at least one of the quality metrics and that affect hospital choice. In the appendix, we

present a lagged quality 20 measures model to examine whether recent changes in quality

measures might be related to the unobserved components (Gutacker et al., 2016)

It may also be that there is a systematic selection pattern where sicker patients select better

quality hospitals. Tay (2002) argues that this systematic patient selection bias is more of a

problem for studies that use hospital outcomes (mortality rates, readmission rates, etc.) as

quality indicators. If lower-quality rural hospitals only attract and admit less ill and low-risk

patients, the quality of care they actually produce is likely to be lower than that implied by

their patients’ average mortality or readmission rates. As noted above, the quality metrics

used in this study are related to the settings and instrumentalities associated with quality

care provision. Also, provider quality metrics are adjusted by a large set of demographic

and community characteristics. Consequently, unobserved patient selection should not bias

our results substantially.

19Tay (2003) even argues that to her knowledge no other study has addressed the endogeneity aspect of
quality choice of hospital.

20Here, demand reacts to past hospital quality values, but past indicators of quality cannot be affected by
demand today. Additionally, demand may influence the provision of obstetric beds, bassinets beds, NICU
beds, etc. Due to hospital short-run capacity constraints, an increase in demand may even cause some beds’
re-allocation into obstetric beds. This would also lead to potential simultaneity bias, where choice affects
quality and quality influences choice. Although the short-run capacity constraint is also less relevant for our
individual choice model, we believe that the use of a lag-quality model may solve this potential problem
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A hospital fixed-effect approach could remove possible unobserved time-invariant hospital

characteristics such as hospital culture and attitudes toward quality care. It would capture

each hospital’s time-invariant features as the between-hospital variations would be elimi-

nated. As such, the model would be identified of within-hospital variations over time. There

is a key one problem with this approach: there is very low within-provider variations over

time and much of these variations could reflect simple measurement issues. To investigate

the possibility of low within-provider variations, we compute the Intraclass Correlation Co-

efficient (ICC) for the quality metrics. Intraclass Correlation Coefficients (ICC) account for

the total amount of variance attributable to between-unit rather than within-unit differences

over time (Hausknecht et al., 2008). The between-provider variations range between 94%

and 98% for the quality metrics; all of these variations will be discarded by the inclusion of

hospital fixed effects, which would induce very low within variations in the hospital qual-

ity metrics. These low within-providers variations are consistent with Tay (2003)’s idea,

according to which a health facility may take several years to adjust quality. Furthermore,

Gutacker et al. (2016) argues that minimal within-provider variations such as these are likely

to obstruct the identification of a hospital fixed-effect model and that this model could yield

very large standard errors for the estimates of the marginal utility of quality.

5.4 Results’ Interpretation

The model estimates marginal utility for traveled distance and different hospital quality

measures. The marginal utility represents the net utility from the change in a given factor.

For example, the point estimates for private for-profit hospitals represent the net utility from

comparing private for-profit to non-private for-profit hospitals. A negative marginal utility 21

for private for-profit hospitals means that patients do not value the characteristics of private

for-profit hospitals relative to non-private for-profit hospitals. It may be that the patients

like the quality of the services provided by private for-profit hospitals but dislike the cost

21The utility function (1) is unique up to a linear transformation. Any monotonic transformation will
affect the marginal utility. A more consistent measure is the ratio of marginal utilities.
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of those facilities relatively more than non-private for-profit. As such, even if patients have

private for-profit hospitals in their choice set, they are less likely to go to those facilities.

On the other hand, if the marginal utility for private for-profit hospitals is positive, patients

would be more likely to go to those facilities if they have them in their choice set.

This paper uses different observable heterogeneity models. Considering that coefficients

in separate Multinomial Logit Model may be scaled differently, we use an interpretation

consistent for all the models. We compute the willingness to travel (WTT) for a unit change

in a given quality measure m by the following formula: WTTm = (− MUqualityht
MUdistanceiht

) as in

Moscelli et al. (2016) and Gutacker et al. (2016). WTTm is the change in distance that a

rural mother requires to offset a one unit increase in a given quality measure m. It represents

the additional miles a given mother would be willing to travel to a hospital of higher quality.

6 Empirical Results and Discussions

6.1 Main Effects

Table 2 reports the results for the main specification, where the main effects are estimates

of marginal utilities for a given factor. The estimates show that rural mothers have negative

marginal utilities for distance. Mothers also expressed negative valuations for counties that

are outside of the 50-miles radius from their county of residence. This result makes sense

because higher distances are synonym of higher out-of-pocket transportation costs and more

significant discomfort for a pregnant mother. The finding is also consistent with studies

using different approaches such as distance decay, gravity model, and other Random Utility

Models.

The results also indicate that rural patients value obstetric beds and bassinets (beds for

babies). The marginal utility for obstetric beds is 0.00387 and 0.00521 for bassinets. Con-
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sidering the dis-utility of distance of 0.126, the willingness to travel (WTT) is 0.03 miles

for obstetric beds and 0.0413 miles for bassinets, respectively. As such, rural mothers would

be willing to travel an additional 0.03 miles for an increase of one obstetric bed and 0.0413

miles for a one unit increase in bassinets. Rural mothers value bassinets more than they

value obstetrics beds. The estimates suggest that studies that do not consider bassinets

when analyzing mother hospital decision are likely to be biased.

Additionally, the effects of Neonate Intensive Care Unit (NICU) on patients utility are given

by the following linear relationship:
∂U

∂NICU
= −0.38 + 0.769 ∗ Risky. For low-risk indi-

viduals, the marginal effect of NICU is -0.38 compared to 0.389 for high-risk individuals.

High-risk patients are mothers over the age of 44 years or beyond 35 years and have had

a previous c-section or had a c-section while having a plural birth (twin or triplets). The

results suggest that those mothers value the characteristics of hospitals that have at least

one NICU bed compared to facilities that do not have NICU beds. The WTT is 3.08 miles

for high-risk mothers. As such, high-risk mothers are willing to travel an additional 3.08

miles for NICU hospitals. This willingness to travel is significant as it represents 9.5% of

the average distance traveled by high-risk mothers. Therefore, NICU hospitals represent

a contingency plan for high-risk mothers in case there is something wrong with the baby

as those hospitals are often equipped with advanced technology and healthcare specialists

to take care of the newborn. However, there is at least one reason why a low-risk rural

mother may not be interested in a hospital that provides NICU services. Only 3.63% of

hospitals located in rural areas offer NICU services 22. NICU hospitals are generally lo-

cated in large urban areas that are likely to be far from rural patients. Low-risk mothers

are less likely to choose a NICU hospital far away considering the additional out-of-pocket

transportation cost, the opportunity cost of time, the discomfort for the pregnant mother

associated with driving additional miles, and the expectancy of a possible smooth pregnancy.

22When needed, the majority of the remaining hospitals transfer patients to NICU hospitals.
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The results also show that rural mothers value hospitals accredited by the Joint Commission.

Rural mothers are likely to go to these hospitals as they value their characteristics. As far

as Academic Medical Centers, the estimated marginal utility is -0.738 for major teaching

facilities and is -0.105 for minor teaching hospitals. Although teaching hospitals use cutting-

edge technology to cure rare and complicated illness conditions, rural patients are less likely

to deliver their babies in those facilities. Patients have greater dis-utility for major teaching

hospitals relative to minor teaching facilities. There are at least two reasons for the negative

marginal utility finding. First, University-affiliated hospitals are generally located in big

cities that are likely to be far from rural patients. Second, less than 1% of maternity care

providers in rural areas have privileges to admit patients in teaching hospitals, thereby reduc-

ing the likelihood that these facilities will be chosen even if they are in the mothers’ choice set.

It is also worthwhile to note that some rural hospitals have affiliations with Academic Medical

Centers. Although a patient chooses a rural community facility, depending on the complexity

of the care needed, some patients may be overseen by specialists in academic medical centers

through Telemedicine. Additionally, a significant fraction of teaching hospitals is considered

Safety Net Hospitals (Sutton et al., 2016), which are providers of last resort who offer care

to vulnerable populations such as Medicaid and uninsured individuals. But the fact that

University-affiliated hospitals are primarily located in urban areas, vulnerable populations

tend to go to Critical Access Hospitals or Sole Community Hospitals, which are likely to be

nearer options, albeit with relatively lower quality care.

Furthermore, the results also show that rural mothers value the characteristics of public

hospitals and non-profit hospitals relative to private for-profit hospitals. The estimated

marginal utility is 0.0724 for public and 0.157 for non-profit hospital facilities. Considering

the dis-utility of distance, the WTT is 0.57 miles for public and 1.25 miles for non-profit

29



hospitals. As such, rural mothers value non-profit hospitals more than public and private

hospitals as they are willing to travel an additional 1.25 miles for a unit increase in those

institutions. 49% of hospitals in the country are non-profit institutions. As tax-exempted

institutions, they are required to accept all patients irrespective of their financial situations

or health insurance status. They are typically cheaper options for mothers than private

for-profit institutions, while for-profit hospitals are generally better equipped with special-

ized materials. For-profit hospitals tend to provide more personalized care due to providers

overseeing fewer patients per person.

Finally, the main results show that rural mothers do not value the characteristics of critical

access hospital (CAH) as the marginal utility for CAH is -0.144. CAHs typically have no

more than 25 beds and are located up to 35 miles away from another hospital. They also

have an average length of stay of 96 hours and provide 24/7 emergency services. Although

they are likely to be near rural patients relative to other health facilities, rural patients are

less likely to go to those hospitals for delivery purposes. Among the possible reasons for this

finding are the poor reputation and the low quality of care provided by those institutions

(Taylor and Cosenza (1999); Liu et al. (2007)). Contrary to CAHs, the marginal utility is

positive but statistically insignificant for Sole Community Hospitals (SCH). Given that those

facilities were designed to provide care to very remote areas, it may be that they represent

the unique source of care for some individuals.

7 Robustness Checks

7.1 Mother Heterogeneity Analysis

Location and quality may mean something entirely different for several distinct sub-population

groups. As such, in Table 3, we present a mother observable heterogeneity analysis by esti-

mating the model for the following sub-categories: black, white, Hispanic, other-race (e.g.,
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Asian), high education (some college or more), low education (high school and below), mar-

ried, and non-married. In Table 4, we analyze the following sub-categories: teenage mothers

(21 years or less), young (between 21 and 34 years, relatively lower birth complications),

old (35 years and above, relatively higher birth complications), Medicaid, private insurance,

uninsured individuals, elective C-section, and induction of labor.

The first rows of Table 3 and Table 4 show that all the sub-groups have negative marginal

utilities for distance. So, it doesn’t matter the race, education, marital status, age (teen

or young), public insurance status, or private; all these types of rural mothers dislike dis-

tance. Also, all the race groups have positive valuations for obstetric beds and bassinets,

with the other-race group (e.g., Asian) having relatively higher WTT for obstetric beds and

Hispanics for bassinets. While mothers with higher education value obstetric beds relatively

more than lower education level mothers, this is the opposite for bassinets. Overall, for all

the different sub-groups considered, obstetric beds are statistically significant to explain a

mother’s hospital choice, except for insurance status. Medicaid patients for whom delivery

cost is irrelevant and private insurance holders for whom price may also be somewhat irrele-

vant have statistically insignificant effects for obstetric beds. In contrast, the sub-analysis by

insurance status reveals that all the sub-categories value bassinets, with Medicaid patients

having relatively greater WTT.

The mother heterogeneity analysis shows that all low-risk mothers, including education lev-

els, marital status, age (teen or young), insurance levels such as Medicaid or private, have

negative marginal utilities for hospitals with Neonate Intensive Care Units beds. These low-

risk groups probably dislike the fact that they would have to drive significantly more miles

to reach a NICU hospital, given that only 3.63% of hospitals located in rural areas offer

NICU services. Besides the higher out-of-pocket transportation cost, the more significant

discomfort related to several prenatal visits in a possibly far away NICU hospital, low-risk
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rural mothers probably expect a smooth delivery, which may not necessitate a contingency

plan in their views.

The heterogeneity analysis shows that high-risk mothers have strong valuations for NICU

hospitals. High-risk black mothers are willing to travel 3.66 additional miles to a hospi-

tal with at least one NICU bed. This willingness to travel represents 11% of the distance

traveled by the average high-risk black mother. The WTT is 3.09 miles for high-risk white

mothers, 1.24 miles for high-risk Hispanic mothers, and 3.93 miles for high-risk other-race

(e.g., Asian) mothers. As far as education level, lower education low-risk mothers have one

more mile in terms of willingness to travel to NICU hospitals than higher education high-risk

mothers, with the average distance being almost the same for these two groups. Besides,

high-risk teenage mothers have a 10.4 miles willingness to travel to a NICU hospital, repre-

senting 32% of the average distance traveled by those mothers. Given that high-risk teenage

mothers may not even have a fully developed body themselves, they are likely to give birth

to a baby that necessitates the care of trained neonatologists and be in a facility with very

advanced equipments. As such, choosing a NICU hospital to give birth may represent an

emergency exit plan for high-risk teenage mothers.

Overall, the heterogeneity analysis shows that high-risk mothers value the characteristics of

NICU hospitals and are likely to go to those institutions to deliver their babies if they have

them in their choice set. However, the analysis also shows that high-risk old patients and

high-risk elective c-section patients have negative marginal utilities for hospitals with NICU

beds. There are several reasons why those patients may have negative marginal utilities

for NICU hospitals. Based on our definition of riskiness, a patient is high-risk when she

is approaching the end of the reproductive spectrum (49 years) or being somewhat old (35

years) and had a previous c-section or a plural birth. Some of the old patients that fit our

riskiness criterion may well be old and had a previous c-section, but also had one or several
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vaginal births after the c-section. About 13% of mothers that had a previous c-section have

a vaginal birth with no meaningful complications later. Considering the spatial constraint

associated with going to a NICU, old rural mothers who expect a smooth birth process may

be less likely to choose a NICU hospital.

Regarding elective c-section patients, they are mothers who scheduled a c-section for non-

medical reasons. Elective c-section patients who fit our riskiness description are likely to

be old mothers who did not present a significant risk because physicians would not have

authorized the elective c-section if the patients were relatively risky. As such, these patients

may not be interested in a NICU hospital if they expect a smooth birth process and/or have

a major spatial constraint.

Additionally, the heterogeneity analysis shows that all race groups, except blacks, have

positive and statistically significant marginal utilities for hospitals accredited by the Joint

Commission, which is the reference in terms of hospital quality and safety standards. The

other race categories have the following WTT for accredited hospitals: 0.42 miles for whites,

0.85 for other-race (e.g., Asian), and 1.12 miles for Hispanics. The results also indicate that

low education mothers have slightly more willingness to travel to accredited hospitals than

high education mothers, and non-married also have a somewhat higher WTT than married

individuals. However, privately insured mothers have a relatively greater desire to travel

additional miles for accredited hospitals than Medicaid mothers. Uninsured mothers who

have no insurance networking constraint show a greater willingness to travel for accredited

hospitals than Medicaid and private insurance mothers.

All the sub-groups (16 in total, considering Table 3 and Table 4) have negative marginal util-

ities for Academic Medical Centers. University-affiliated hospitals such as Major and Minor

teaching hospitals use cutting-edge technological equipment to treat rare and complicated
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diseases. However, several factors may explain why rural mothers do not choose teaching

hospitals to give birth. The location of those University-affiliated institutions typically im-

poses a spatial constraint on rural mothers. As such, they are likely to select and value

closer alternatives relatively more, although sometimes of less quality. In settings where the

physician chooses the childbirth location, it is also the case that teaching hospital facilities

are less likely to be selected even if they are in patients’ choice set. Less than 1% of maternity

care providers in rural communities have the right to admit patients to teaching hospitals,

which reduces the likelihood a provider will refer a patient to an Academic Medical Center.

Additionally, the sub-category analysis indicates that among the different race groups, only

Hispanics and white have positive and statistically significant marginal satisfaction for public

hospitals compared to private for-profit institutions. The effects are positive for blacks and

other-race (e.g., Asian), but they are statistically insignificant. The willingness to travel for

public hospitals is the greatest for Hispanics, 1.33 miles. Both high and low education groups

value the characteristics of public hospitals more than private for-profit hospitals, with higher

education groups having a somewhat higher WTT. Both married and non-married groups

are more satisfied with the characteristics of public hospitals than private for-profit institu-

tions, with married mothers having a greater WTT. As far as insurance coverage, Medicaid

mothers have the lowest willingness to travel for public hospitals (0.60 miles) while uninsured

individuals have the highest (2.06 miles). This makes sense because uninsured individuals

are more sensitive to delivery costs than insurance holders, and public hospitals are generally

cheaper than private for-profit institutions.

Black is the only race group that values private for-profit hospitals’ characteristics more

than non-profit hospitals. Although private for-profit hospitals are generally more expensive,

they have relatively shorter waiting periods, more personalized care, and better technologi-

cal equipment than non-profit hospitals. All the other sub-populations categories value the
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characteristics of non-profit hospitals more than public and private for-profit institutions.

Additionally, the different groups have negative marginal satisfaction for critical access hos-

pitals while Hispanics and the other-race (e.g., Asian) are likely to choose Sole Community

Hospitals as they provide them positive marginal utilities.

In general, mothers may be exposed to very different societal factors, and the underlying

health and social inequities across groups may differ. However, the fact that heterogeneity

analysis across the 16 groups is robust and consistent provides some faith in the estimation

design and that the results are not likely to be driven by unobserved confounders.

7.2 Control Group

To further check our results’ sensitivity to potential unobserved hospital heterogeneity, we

present a table showing the differences by education and health insurance status where we

aim to demonstrate that the effect of quality is lower when it should be lower. Hence, we use

a control group of mothers whose choice of hospital is likely to be less subject to quality. We

hypothesize that poor mothers of low education are less likely to respond to hospital quality

than non-poor-college-educated mothers. Given that we don’t observe income measures in

the data, we use Medicaid status as a proxy for mother’s poverty. Medicaid pays for the

delivery of low-income patients up to 60 days postpartum. As low education criterion, we

use high school level and below. As such, for the control group, we consider mothers whose

delivery was paid by Medicaid and whose highest level of education accomplished was a

high school degree or less. We argue that these low-income-low-education rural mothers are

less likely to respond to quality. Their hospital choices are likely to be mainly driven by

distance. On the other hand, highly educated private insurance holders are more likely to

have relatively lower dis-utility for distance.

Table 6 below presents the results of the control group analysis. The results show that poor
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low-education mothers and non-poor-college-educated mothers behave the way we expect

for all the quality metrics, except for NICU beds. Although the willingness to travel for a

quality hospital is almost always higher for college-educated who hold private insurance, the

difference in terms of WTT is not meaningful. However, college-educated private insurance

holders have lower dis-utility for additional distance traveled than the control group. Overall,

the result suggests that mothers in the control group are somewhat less subject to quality

care and are mainly driven by distance, while college-educated and privately insured mothers

expressed relatively lower dis-utility for longer distances.

7.3 Choice Set Expansion and Contraction

Thus far, we use a market area of 50 miles to evaluate the tradeoff of interest. To further

check the robustness of the results to potential unobserved confounders, we use two different

specifications: 1) expand the choice set up to 60 miles beyond the county of residence, and

2) shrink the option set to 40 miles. These specifications are equivalent to adding 10 miles

(or alternative hospital choices to each individual) and removing 10 miles (or removing al-

ternative hospital choices). Table 7 below presents the choice set expansion and contraction

models’ results. For the 40-miles radius, on average, mothers have 12 hospitals in their

choice sets compared to 18 and 27 for the 50-miles radius (main specification) and 60-miles

radius, respectively. Only 6.7% of individuals go outside the 50-miles radius for the main

specification, and only 3.5% go beyond the 60-miles. The market area population coverage

is very high, and the ghost county is not a suitable option for most people.

Overall, for all the quality metrics, the tradeoff decreases with respect to the radius of the

choice set. The larger the choice set, the lower the willingness to travel for more quality,

which makes sense because rural have strong dis-utility for driving further distances. This

negative relationship can be witnessed in the estimated marginal utilities for distance and

ghost county. The dis-utility to go outside the defined market area is -0.57 for the 40-miles
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radius, -1.437 for the 50-miles radius, and -1.988 for the 60-miles radius. But, the choice set

expansion and contraction analysis shows that the three models reach the same qualitative

conclusion in terms of which types of hospitals rural mothers value. Rural mothers value

obstetric beds, bassinets (beds for babies), accredited hospitals, public hospital facilities, and

non-profit institutions. High-risk rural mothers value NICU hospitals, while low-risk indi-

viduals do not value the characteristics of NICU hospitals. The three models also conclude

that patients expressed dis-utility for distance, University-affiliated institutions, and Critical

Access Hospitals to deliver their babies. As such, mothers are likely to choose the hospitals

for whom they express strong valuations and not likely to go to hospitals that they do not

value much.

Adding or removing 10 miles to the main specification doesn’t change the main specifica-

tion’s conclusion. Also, considering the Independent and Irrelevant Alternatives (IIA) 23

hypothesis, if the model is well specified, one shouldn’t expect a different conclusion when

adding or removing hospitals from the mothers’ choice sets. As such, the fact that the base-

line estimates are robust to the various choice set definitions shows that the model is well

specified, and the results are unlikely to be driven by unobserved confounders.

8 Conclusion

For this analysis, we consider a choice set of 50 miles between the centroid of the county

of residence and birth occurrence for rural mothers who gave birth between 2007 and 2017.

This yields 113,488,826 individual-hospital matched observations for a total of 6,039,936 ru-

ral mothers and an average of 18 hospitals in the mothers’ choice set. The average distance

traveled by the rural mothers in the sample period is 32.24 miles. Overall, 6.7% of the rural

23McFadden (1986) argues that it is possible to steer clear of the IIA limitation but stay within the
confines of the MNL family by allowing the strict utilities for an alternative to be a function of features
of the choice set. In this way, the model avoids IIA restrictions but maintains some of the computational
advantages of the MNL framework.
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mothers bypass the 50 miles to deliver their babies, with the majority being white. The

estimates show that rural mothers have strong disutility for further distances. Mothers also

expressed strong negative valuations for counties outside of the 50-miles radius from their

county of residence.

Blacks have a higher dis-utility to go beyond 50 miles for childbirth, while college-educated

and privately insured mothers expressed relatively lower dis-utility for longer distances. The

latter groups are likely to have extensive insurance coverage, and high purchasing power in-

sofar as traveling further miles may cost them less than the average rural mother. The fact

that patients express disutility for additional distances makes sense because further distance

means higher direct out-of-pocket transportation costs, opportunity costs of time, and more

significant discomfort for a pregnant mother. Our findings are consistent with the distance

decay hypothesis, the gravity model, and several other random utility models utilized in the

literature.

The results find that rural mothers value obstetrics beds and bassinets (beds for babies).

Rural mothers would be willing to travel an additional 0.03 miles for an extra obstetric bed

and 0.0413 miles for an additional bed for babies. Hence, the mothers value bassinets more

than they value obstetrics beds. The other-race group (e.g., Asian) has a relatively higher

willingness to travel for obstetric beds, and Hispanics show a greater desire to travel for

bassinets. While mothers with higher education value obstetric beds relatively more than

lower education level mothers, this is the opposite for bassinets.

We also analyze the tradeoff between distance traveled and hospital quality for high-risk

and low-risk patients. High-risk patients are mothers over the age of 44 years or beyond 35

years and have had a previous c-section or had a c-section while having a plural birth (twin

or triplets). On the one hand, the results show that all types of low-risk patients, such as
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education levels, marital status, age, and insurance levels, express strong negative marginal

utilities for Neonate Intensive Care Unit hospitals. Those hospitals are often equipped with

advanced technology and healthcare specialists to take care of the newborn. They are gen-

erally located in large urban areas that are likely to be far from rural patients. Low-risk

mothers are less likely to choose a NICU hospital far away, considering the additional out-

of-pocket transportation cost, the opportunity cost of time, the discomfort for the pregnant

mother associated with driving extra miles, and the expectancy of a possibly smooth delivery.

On the other hand, high-risk patients strongly value the characteristics of Neonate Inten-

sive Care Unit hospitals relative to non-NICU institutions. High-risk mothers are willing

to travel an additional 3.08 miles to go to a NICU hospital, which represents 9.5% of the

average distance traveled by those mothers. High-risk black mothers are willing to travel

3.66 (or 11%) additional miles to a hospital with at least one NICU bed. The desire to travel

extra miles is 3.93 miles for high-risk other-race (e.g., Asian), 3.09 miles for high-risk white

mothers, and 1.24 miles for high-risk Hispanic mothers. High-risk mothers below the age

of 21 are willing to travel 10.4 or 32% more miles to go to a NICU hospital. Considering

that high-risk teenage mothers may not even have a fully mature body themselves, they are

likely to give birth to a baby that necessitates the care of trained neonatologists and be in

a facility with very advanced equipment. Thereby, choosing a NICU hospital to give birth

may represent an emergency exit plan for high-risk mothers if there is something wrong with

the baby, as those hospitals are often equipped with advanced technology and healthcare

specialists to take care of the newborn.

Although Academic Medical Centers use cutting-edge technological equipment to cure rare

and complicated diseases, rural mothers are less likely to select those institutions for de-

livery purposes. Rural patients show strong negative valuations for the characteristics of

University-affiliated hospitals for several reasons. Teaching hospitals are generally located
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in urban areas that may be far away from rural patients. As such, low-risk patients that

expect a smooth delivery are less likely to choose those hospitals as they are associated with

money costs and discomfort for a pregnant mother. Also, very few rural providers have

admitting privileges in University-affiliated hospitals, which reduces the likelihood that a

rural provider will refer a patient to an Academic Medical Center for delivery. While rural

patients have negative marginal utility for major and minor teaching hospitals, they express

strong valuations for hospitals accredited by the Joint Commission. Privately insured moth-

ers have a relatively greater desire to travel additional miles for accredited hospitals than

Medicaid mothers. On the other hand, uninsured mothers who have no insurance networking

constraint show a greater willingness to travel for accredited hospitals than Medicaid and

private insurance mothers.

As far as hospital ownership, rural mothers value the characteristics of non-private for-profit

institutions more than they value private for-profit hospitals, with relatively stronger valu-

ations for non-public than public hospitals. The willingness to travel for public hospitals is

the greatest among Hispanics, 1.33 miles. Both married and non-married groups are more

satisfied with the characteristics of public hospitals than private for-profit institutions. Re-

garding insurance coverage, uninsured individuals have the highest willingness to travel, 2.06

miles. This makes sense because uninsured individuals are more sensitive to delivery costs

than insurance holders, and public hospitals are generally cheaper than private for-profit

institutions. Private for-profit hospitals are usually more expensive, have relatively shorter

waiting periods, more personalized care, and better technological equipment than non-profit

hospitals.

This paper raises several issues and makes important policy considerations. The results show

that rural mothers express strong disutility for additional distance traveled and have strong

valuations for better quality hospitals. Our findings make sense because low accessibility,

40



low availability, and low quality of maternity care have serious negative consequences on

mothers’ and infants’ outcomes. Distance traveled is associated with reductions in health

care utilization, higher rates of c-section and neonatal hypoglycemia (Robbins et al., 2019),

and higher rates of adverse perinatal outcomes (Grzybowski et al. (2011), Ravelli et al.

(2011)). Women living in communities with obstetric care shortages have a relatively higher

proportion of delivery complications, higher prematurity rates, and greater neonatal care

costs (Nesbitt et al., 1990).

The study’s findings have substantial policy implications. First, the results suggest that in-

vesting in the expansion of health care facilities will improve patient satisfaction by reducing

travel time. Second, our results also suggest that investing in public transportation or, at

least, reducing transportation costs for low-income populations is likely to improve patient

satisfaction. Medicaid patients are more sensitive to distance than privately insured patients

(Phibbs et al., 1993), and public transportation is critical for health care delivery (Evans and

Lien, 2005). Third, investment in quality care is also instrumental for patient satisfaction.

The policy recommendations matter because nearly 35% of US counties have no obstetrician-

gynecologists (March of Dimes, 2018), and 56% have no nurse-midwives (ACNM, 2018). The

American Congress of Obstetrician-Gynecologists (ACOG) estimated a shortage of up to

8,800 Ob-gyn by 2020. This workforce shortage and the closures of several rural hospitals

are likely to dampen the already low-accessibility and low-quality care in rural areas. Con-

sequently, the key stakeholders need to expand and provide seamless maternity care of good

quality in rural areas.
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Table 1: Descriptive Statistics

Mean Standard Deviation

Distance and Quality Metrics
Distance (in Miles) 32.24 14.75
Obstetric beds 7.88 13.26
Neonate Intensive Care Unit 0.12 0.32
Bassinets (beds for babies) 8.21 12.3
Accredited Hospitals 0.66 0.46
Major Teaching Hospital 0.024 0.15
Minor Teaching Hospital 0.18 0.38
Public Hospital 0.23 0.42
Non-Profit Hospital 0.49 0.50
Critical Access Hospital 0.24 0.41
Sole Community Hospital 0.048 0.21

Hospital Characteristics
Maternity Providers With Admitting Privileges 40.3 74.9
Registered Nurses 194 326

Individual Characteristics
High-risk 0.06 0.23
20-24 years 0.30 0.46
25-34 years 0.50 0.50
35-44 years 0.09 0.29
White 0.70 0.46
Black 0.09 0.29
Hispanic 0.08 0.27
Married 0.57 0.50
Several Children 0.62 0.48
More than High School 0.49 0.47
Bypasser 0.067 0.25
Black Bypasser 0.006 0.08
Hispanic Bypasser 0.006 0.08
White Bypasser 0.05 0.21

Community Characteristics
Unemployment rate 6.98 2.69
Medicaid reimbursement rates for Obstetrics Care ($) 1333 266
ACA 0.18 0.38
Certificate of Need Law 0.73 0.43
Any Child-related Immigrant Friendly Policy 0.59 0.47

Individual-Hospital Observations 113,488,826
Rural Mothers Over the Period 6,039,936
Average Number of Hospital Per Individual 18

Notes: Authors’ analysis using Vital Statistics & American Hospital Annual Survey Data.
The maternity care providers with admitting privileges are obstetrician and gynecologists,
geriatrics, family practice doctors, general internal doctors, and general practitioners who
can admit patients to specific hospitals. In rural communities, those doctors are generally
the ones who provide obstetric care (Dimes, 2018).
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Table 2: Estimates of Marginal Utility

Coefficient Standard Errors

Distance Metrics

Distance -0.126*** (0.000183)

Ghost County -1.437*** (0.0195)

Hospital Quality Metrics

Obstetric beds 0.00387*** (0.00061)

Bassinets (beds for babies) 0.00521*** (0.00063)

Neonate Intensive Care Unit (NICU) -0.38*** (0.0134)

High-risk*NICU 0.769*** (0.0211)

Accredited Hospitals 0.0573*** (0.00065)

Major Teaching Hospitals -0.738*** (0.0529)

Minor Teaching Hospitals -0.105*** (0.0098)

Public Hospitals 0.0724*** (0.0089)

Non-Profit Hospitals 0.157*** (0.0084)

Hospital Low Quality Metrics

Critical Access Hospitals -0.144*** (0.009)

Sole Community Hospitals 0.009 (0.0106)

Individual-Hospitals 113,488,826
Individual 6,039,936

Notes: Authors’ analysis using Vital Statistics & American Hospital Annual Survey Data for the years

2007-2017. The model controls for distance and different hospital quality metrics. A high-risk individual is

a mother over the age of 44 years or that is beyond 35 years and have had a previous c-section, or a

mother that had a c-section and a plural birth. The model also controls for hospital size variables

(different indicators for total hospital beds, outpatient visits, registered nurses and other personnels,

number of registered nurses adjusted by the state scope of practice laws, number of maternity care

providers with admitting privileges, and hospital total expenses), community characteristics

(unemployment rate, Medicaid expansion, obstetric reimbursement rates, certificate of needs law,

poverty rates, household income, and county population). The standard errors are clustered at the

individual level.
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Table 5: Estimates of Marginal Utilities Using Lag Values for Quality Metrics

Main Specification Model With Lag Hospital Values

Distance Metrics

Distance -0.126*** -0.127***
(0.000183) (0.000184)

Ghost County -1.437*** -1.563***
(0.0195) (0.0168)

Hospital Quality Metrics

Obstetric beds 0.00387*** 0.00377***
(0.00061) (0.000633)

Bassinets (beds for babies) 0.00521*** 0.00469***
(0.00063) (0.000646)

Neonate Intensive Care Unit (NICU) -0.38*** -0.297***
(0.0134) (0.0117)

High-risk*NICU 0.769*** 0.770***
(0.0211) (0.0222)

Accredited Hospitals 0.0573*** 0.0616***
(0.00065) (0.00652)

Major Teaching Hospitals -0.738*** -0.777***
(0.0529) (0.0524)

Minor Teaching Hospitals -0.105*** -0.0833***
(0.0098) (0.00921)

Public Hospitals 0.0724*** 0.0713***
(0.0089) (0.00894)

Non-Profit Hospitals 0.157*** 0.155***
(0.0084) (0.00838)

Hospital Low Quality Metrics

Critical Access Hospitals -0.144*** -0.145***
(0.009) (0.00926)

Sole Community Hospitals 0.009 0.0210**
(0.0106) (0.0104)

Individual-Hospitals 113,488,826 113,488,826
Individual 6,039,936 6,039,936

Notes: Authors’ analysis using Vital Statistics & American Hospital Annual Survey Data for the years

2007-2017. Each column represents a different model. Each model controls for distance and different hospital

quality metrics. A high-risk individual is a mother over the age of 44 years, or that is beyond 35 years and have

had a previous c-section, or that had a c-section and a plural birth. The model also controls for hospital size

variables (different indicator for total hospital beds, outpatient visits, registered nurses and other personnels,

number of registered nurses adjusted by the state scope of practice laws, number of maternity care providers

with admitting privileges, and hospital total expenses), community characteristics (unemployment rate,

Medicaid expansion, obstetric reimbursement rates, certificate of needs law, poverty rates, household

income, and county population). The standard errors are clustered at the individual level.
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Table 6: Differences by Education and Health Insurance Status

Low-Education&Medicaid College-Education&Private-Insurance

Distance Metrics

Distance -0.135*** -0.114***
(0.000451) (0.000548)

Ghost County -1.634*** -0.966***
(0.0493) (0.0637)

Hospital Quality Metrics

Obstetric beds 0.00141 0.00303
(0.00154) (0.00203)

Bassinets (beds for babies) 0.00566*** 0.00532***
(0.00152) (0.00201)

Neonate Intensive Care Unit -0.370*** -0.397***
(0.0326) (0.0421)

High-risk*NICU 0.813*** 0.577***
(0.0591) (0.0537)

Accredited Hospitals 0.0738*** 0.0649***
(0.0155) (0.0205)

Major Teaching Hospitals -0.754*** -0.496***
(0.119) (0.112)

Minor Teaching Hospitals -0.0955*** -0.163***
(0.0205) (0.0254)

Public Hospitals 0.0877*** 0.110***
(0.0212) (0.0308)

Non-Profit Hospitals 0.166*** 0.237***
(0.0199) (0.0284)

Hospital Quality Metrics

Critical Access Hospitals -0.181*** -0.178***
(0.0232) (0.0301)

Sole Community Hospitals -0.0229 0.0176
(0.0226) (0.0301)

Individual-Hospitals 21,749,109 10,135,710
Individual 1,208,284 563,095

Notes: Authors’ analysis using Vital Statistics & American Hospital Annual Survey Data for the years

2007-2017. Each column represents a different model. The model controls for distance and different hospital

quality metrics. A high-risk individual is a mother over the age of 44 years or that is beyond 35 years and have

had a previous c-section, or a mother that had a c-section and a plural birth. The model also controls

for hospital size variables (different indicators for total hospital beds, outpatient visits, registered nurses

and other personnels, number of registered nurses adjusted by the state scope of practice laws, number

of maternity care providers with admitting privileges, and hospital total expenses), community characteristics

(unemployment rate, Medicaid expansion, obstetric reimbursement rates, certificate of needs law, poverty

rates, household income, and county population). The standard errors are clustered at the individual level.
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Table 7: Estimates of Marginal Utilities Using Different Choice Sets

40-miles Radius 50-miles Radius 60-miles Radius

Distance Metrics

Distance -0.103*** -0.126*** -0.140***
(0.000174) (0.000183) (0.000198)

Ghost County -0.570*** -1.437*** -1.988***
(0.0177) (0.0195) (0.0216)

Hospital Quality Metrics

Obstetric beds 0.00636*** 0.00387*** 0.00419***
(0.000553) (0.00061) (0.000665)

Bassinets (beds for babies) 0.00675*** 0.00521*** 0.00285***
(0.000567) (0.00063) (0.000680)

Neonate Intensive Care Unit (NICU) -0.443*** -0.38*** -0.383***
(0.0124) (0.0134) (0.0146)

High-risk*NICU 0.839*** 0.769*** 0.750***
(0.0192) (0.0211) (0.0240)

Accredited Hospitals 0.0620*** 0.0573*** 0.0331***
(0.00602) (0.00065) (0.00706)

Major Teaching Hospitals -1.011*** -0.738*** -0.704***
(0.0547) (0.0529) (0.0554)

Minor Teaching Hospitals -0.100*** -0.105*** -0.0814***
(0.00892) (0.0098) (0.0106)

Public Hospitals 0.0918*** 0.0724*** 0.0405***
(0.00825) (0.0089) (0.00969)

Non Profit Hospitals 0.187*** 0.157*** 0.141***
(0.00772) (0.0084) (0.00907)

Hospital Low Quality Metrics

Critical Access Hospitals -0.166*** -0.144*** -0.108***
(0.00870) (0.009) (0.0101)

Sole Community Hospitals 0.0142 0.009 -0.0203*
(0.00950) (0.0106) (0.0117)

Individual-Hospitals 70,701,421 113,488,826 163,078,272
Individual 6,039,936 6,039,936 6,039,936
Average Number of Hospitals 12 18 27
Market Area Population Coverage 91.54% 93.3% 96.5%

Notes: Authors’ analysis using Vital Statistics & American Hospital Annual Survey Data for the years 2007-2017.

Each column represents a different model. The three columns are 40, 50, and 60 miles radius between the centroid

of the county of residence and county of birth occurrence. A high-risk individual is a mother over the age of 44 years, or

that is beyond 35 years and have had a previous c-section, or that had a c-section and a plural birth. The model also

controls for hospital size variables (different indicator for total hospital beds, outpatient visits, registered nurses and

other personnels, number of registered nurses adjusted by the state scope practice laws, number of maternity care

providers with admitting privileges, and hospital total expenses), community characteristics (unemployment

rate, Medicaid expansion, obstetric reimbursement rates, certificate of needs law, poverty rates, household

income, and county population). The standard errors are clustered at the individual level. Coefficients from

separate Multinomial Logit Model may be scaled differently. For a consistent interpretation, we compute the

Willingness To Travel (WTT). See the empirical section for more details about the WTT.
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9 Appendix A: Glossary and AHA Data-Cleaning Steps

9.1 Glossary

ACA Affordable Care Act

CAH Critical Access Hospital

CHIPRA Children Health Insurance Reauthorization Act

CON Certificate of Need Law

UCO Unborn Child Option

SCH Sole Community Hospital

MaTH Major Teaching Hospital

MiTH Minor Teaching Hospital

NICU Neonate Intensive Care Unit

SD Standard Deviation

WTT Willingness To Travel
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9.2 AHA Data-Cleaning Steps For Missing Values in Responding

Hospitals

In the AHA data covering the period 2007-2017, over 20% of the hospital reported missing

values for the number of Neonate Intensive Care Unit beds. As it has been argued in Freed-

man et al. (2015), a hospital facility will often report missing values for the number of NICU

beds for a particular year while reporting the same number of NICU beds before and after the

missing. We carry forward the number of beds and fill almost all the missing values. Addi-

tionally, some of the remaining missings were filled with the previous year’s values, regardless

of the same number of beds before and after missing. For the remaining (0.98% of the total

observation) missing values, if the hospital facility has zero obstetric beds and zero bassinets

for a specific year, we impute zero for the number of NICU beds. This approach is effective

for several reasons, including the fact that it takes time for hospitals size to change and the

fact that we only consider an indicator variable of any NICU beds for our measure of quality.

For our accreditation indicator, we had the same type of reporting issues. About one-third

of the hospitals had missing values for whether or not they were accredited by the Joint

Commission for a specific year while reporting the same non-missing value one year before

and one or several years after. Given that it unlikely that hospitals’ accreditation status will

be changing back and forth every other year, we fill the missing values by carrying forward

the accreditation status. Over the sample period, 66% of the hospitals were accredited by

the Joint Commission, which is similar to the 65% found in Lam et al. (2018). We also use

the same methodology to solve some of the missing values of obstetric beds. However, when

the number of obstetric beds is different for the year before and after a missing value, we

impute the average hospital obstetric beds.
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