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Abstract

Health inequality can affect economic productivity, labor force participation, or the intergenerational

transmission of poverty. Health disparities based on socioeconomic ranking are widely documented, but

there is also growing evidence of disparities based on geographic locality. This paper investigates a po-

tential contributing factor to socioeconomic and geographic-based health inequality: access to secondary

health care. We exploit bus line introductions to Arab towns in Israel, which substantially increased sec-

ondary health care access among a mostly disadvantaged population, and find that older adult reporting

of chronic health conditions increased in the short term. However, this effect fades away in the long run.

We argue that greater chronic condition rates in the short term reflect higher diagnosis rates resulting from

increased access to health care professionals rather than health deterioration. This effect weakens in the

long run when the benefits of greater access to health care offset the higher diagnosis rates.
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1 Introduction

Health inequality based on socioeconomic status has been widely documented in terms of birth outcomes,

morbidity, chronic conditions, life expectancy, and infectious diseases (Case et al. (2002); Chetty et al. (2016);

Currie and Hyson (1999); National Center for Health Statistics (1998); Marmot et al. (1991); Marmot (2005)).

Understanding the reasons and causes for socioeconomically-based health disparities is important due to

implications related to broad economic matters such as productivity, income distribution, labor force par-

ticipation and the intergenerational transmission of poverty (Fuchs (2004)). As a result, the causal links

driving these disparities have been widely investigated and include poor access to health care, financial

constraints, environmental differences, differential access to information, and behavioral factors.1

There is also growing evidence that health disparities are not just driven by socioeconomic background,

but also by geographic locality (Cullen et al. (2012); Chetty et al. (2016); Deryugina and Molitor (Forthcom-

ing); Makdissi et al. (2013)), and that one’s place of residence can have significant effects on life expectancy

(Deryugina and Molitor (2020); Finkelstein et al. (2021)). In fact, even after controlling for individual socioe-

conomic factors, low income older adults in more affluent localities have better health outcomes than their

counterparts in less advantageous localities (Polyakova and Hua (2019)). However, the underlying mech-

anisms for geographic health disparities documented have hardly been investigated. More specifically,

the role of reduced health care supply in generating these differences, among a myriad of other possible

channels characterizing low-income communities - including socioeconomic status, peer effects, the local

environment, and public policy (Deryugina and Molitor (Forthcoming)) - has not received much attention.

This is despite documentation of disadvantaged communities’ decreased access to health care facilities.2 In

this study, we investigate how increased access to secondary and specialty health care facilities and profes-

sionals affects older adult health outcomes within disadvantaged communities.

In Israel, the Arab minority is socioeconomically disadvantaged for the most part. Most Arab towns are

segregated and peripheral communities, although all basic health services, such as primary care doctors,

are available within them as part of Israel’s national health insurance coverage. For secondary health care

services, including specialized physicians or equipment, travel to a larger (Jewish) town or city is needed.

Health disparities between the Arab and Jewish populations are significant, with almost a three-year gap in

life expectancy at birth and a much higher prevalence of various chronic conditions, including overweight

and diabetes (Chernochovaky et al. (2017)). A reform that was announced in 2007 to introduce bus lines to

1See Adler and Newman (2002) for a summary of all these factors. Currie (2011) provides an overview of health disparities at birth
and their causes. Chen et al. (Forthcoming) present evidence that greater access to medical information through doctors within the
family improves health outcomes and can explain socioeconomically-based health disparities. Brown et al. (2014) present evidence
that poor households are less likely to seek health care than non-poor households in Turkey, and this is driven primarily by financial
constraints. Evidence on differentials in health behaviors can be found in Rehm et al. (2016) concerning dietary intake and in Hiscock
et al. (2012) concerning smoking. Cutler and Lleras-Muney (2010) rule out numerous behavioral factors, such as discounting or the
value of the future in the education-health gradient, but show that knowledge and measures of cognitive ability have a large role.

2See for example Hing and Hsiao (2014) who report a smaller supply of physicians in rural areas in the U.S., which generally have
higher rates of poverty and lower income per capita. Brown et al. (2016) report lower availability of primary care doctors in census
tracts in Philadelphia with higher shares of African-Americans. Isabel and Paula (2010) document geographic disparities in physician
density in Portugal that appear to be driven by geographic income inequality.
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Arab towns is thus an opportunity to evaluate changes in the health of older adults within socioeconomi-

cally disadvantaged communities that experienced increased access to secondary health care services.

Our study exploits the staggered introduction of public transportation bus lines to Arab towns in Israel,

while utilizing data on health outcomes covering Arab households in four annual cross sectional surveys

- two survey years before the initial introduction of public transportation in our sample of towns, and two

survey years up to six years following it. We combine this data with detailed bus schedule information from

Israel’s Ministry of Transportation (MOT) in order to match each survey respondent with a measure of the

bus frequency in their town over the year preceding their interview date. We focus on older adult health

outcomes as increased access to secondary health care services at these ages (50-75) can have a profound

effect on treatment and diagnosis of various health conditions that begin to prevail at this age.

Our findings suggest that some of the Arab-Jewish health disparities in Israel may partially be attributed

to reduced access to health care facilities and professionals. Within two years following the introduction of

public transportation to Arab towns, there was increased diagnosis rates of common health conditions such

as high cholesterol and heart problems, in addition to increased diagnosis rates of rare health conditions.

We also find greater reporting of suffering from a chronic condition in general. More than two years since

the initial introduction of public transportation to Arab towns, there were improved health outcomes in

terms of overweight and no increased rates of reporting chronic conditions, common health conditions, or

rare health conditions.

We interpret greater reporting of some conditions among survey respondents in the short term as indica-

tive of increased diagnosis rates rather than a deterioration in health in response to public transportation

penetration. This is corroborated by the null effects we find in the long term, thus indicating that something

is offsetting the increased diagnosis rates several years after the initial introduction of bus lines. The main

candidate for this is improved health - health improvements with respect to chronic conditions should not

be observed in the short term, as the effects of greater access to secondary health care on chronic conditions

are not immediate. Our hypothesis is further supported by our analysis of the effect of public transportation

penetration on mortality. We do not find greater mortality in response to public transportation expansion,

and if anything, our analysis suggests a decrease in mortality rates in the long term.

Our regression specifications address the potential endogeneity of bus line introduction timings and

intensities by including town fixed effects that control for time-invariant town characteristics that are corre-

lated with town-level bus intensity measures or the timing of public transportation penetration. We further

include in our regression specifications subdistrict-year fixed effects that control for time-variant shocks

that are mutual to clusters of towns in close proximity to each other. Thus, our identification relies on the

assumption that our bus intensity measures are exogenous to our outcomes of interest, conditional on fixed

effects. We establish this further by showing that time-varying town characteristics are not correlated with

bus intensity measures over time, while controlling for town and year fixed effects.

Within the economics literature, our work is related to several studies on the health effects of prox-
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imity to health care services, including hospitals and emergency departments (Buchmueller et al. (2006);

Currie and Reagan (2003); Gujral and Basu (2019); Shen and Hsia (2016)). This study complements these

important aspects of health care access and supply by evaluating the lack of secondary health care services

within disadvantaged communities. It also relates to the effects of lack of health insurance coverage on

health outcomes.3 A study closely-related to ours is Aggarwal (2021), which specifically discusses supply

constraints of health care facilities in rural India. Aggarwal (2021) evaluates a reform that increased access

to health care services through the construction of roads that connected villages in India to larger towns

or cities. Her focus is on access to reproductive health care facilities and women’s delivery and post-natal

outcomes. The results show an increased probability of institutional delivery, increased proper pre-natal

and post-natal care, and a reduction in the gender gap in infant mortality. Our paper complements Aggar-

wal (2021) by examining a reform that also increased access to health care for disadvantaged communities

via transportation infrastructure. However, our paper differs by evaluating a disadvantaged setting in a

developed country with a national advanced health care infrastructure, where basic health care facilities

are already provided for within localities. As such, our focus is on older adults, for whom secondary health

care services are more relevant.

Our paper proceeds as follows. In the next section, we provide some background information on the

Arab population in Israel and describe the disparities between the Arab and Jewish population in terms of

health outcomes and access to health care facilities. We also provide some background on the reform that

introduced public transportation to Arab towns in Israel beginning in 2008. We then proceed to describe

our data (Section 3), our empirical strategy (Section 4), followed by results and a discussion of these results

(Section 5). Robustness checks are provided in Section 6, followed by concluding remarks.

2 Background

2.1 The Arab Population in Israel and Health Services

Arabs constitute roughly 20% of the population of Israel (8 million in 2014). The vast majority of Arabs

reside in separate towns and cities, which for the most part are ranked low socioeconomically. The Arab

population in Israel is characterized by low income, employment rates, and educational attainment, and

high fertility rates.4

All citizens in Israel are covered by Israel’s national health insurance plan. The vast majority of doctors

in Israel - whether primary care or secondary care specialized doctors - serve patients within this plan. Pri-

mary care doctors and most other basic services, such as prenatal care or basic nurse services, are generally

available locally even within small communities. Primary care doctors provide referrals due to medical re-

3Sommers et al. (2017) provide a thorough summary of this topic while Black et al. (2019) and Miller et al. (Forthcoming) provide
more recent, although opposing, findings.

4We note that the Israeli Arab population referred to in this study does not include Palestinians living in the West Bank or the Gaza
Strip, who are not citizens of Israel.
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quests or conditions to secondary care specialists. Secondary care services are often only available in large

medical centers, thus accessing them entails travel to a larger nearby city for residents from small towns or

communities.

There are significant life expectancy gaps between Arabs and Jews in Israel, with the mean life ex-

pectancy at birth among Jews in 2015 being 82.7 compared to only 79 among Arabs (Chernochovaky et al.

(2017)). In terms of morbidity, the Arab population has significantly higher rates in many leading health risk

factors, such as diabetes and high blood pressure (Chernochovaky et al. (2017)). Although some of these

gaps can be explained by socioeconomic and cultural differences between Arabs and Jews (Baron-Epel et al.

(2007); Baron-Epel and Kaplan (2009)), there is also evidence pointing at reduced access to healthcare as a

potential cause. Chernochovaky et al. (2017) report that the mean distance to the nearest hospital from an

Arab town in Israel is 22 km, in comparison to 14 km for Jewish towns. Indeed, there are no hospitals or

major health centers in Arab towns in Israel.5 Furthermore, according to Israel’s 2016 social survey, while

57 percent of Jews reported visiting a specialized doctor in the last year, only 30 percent of muslim Arabs

reported this (Chernochovaky et al. (2017)). This can help explain the large gaps in terms of efficiency in

healthcare utilization between Arabs and Jews - Arabs utilize emergency room treatment at much higher

rates than their Jewish counterparts (Chernochovaky et al. (2017)), thus indicating that they significantly

delay preventative measures that can be provided by specialized physicians.

2.2 Public Transportation in Israel and within Arab Communities

Public transportation in Israel operates primarily via buses, taxis or inter-city trains. Public transportation

services are not provided within a free market; rather, they are under the regulatory supervision of the

Israeli MOT, which determines the extent of competition between operators for each region and locality,

provides permits and licenses for each route, and sets the routes, stations, frequencies and prices.

Despite very low private car ownership rates among Arabs, due to economic constraints, and many

women not being able to drive due to traditional barriers, Arab communities have been significantly de-

prived of public transportation infrastructure until the last decade. According to an Israeli government

report from 2016, in 2009 41% of Arab localities in Israel had no public transportation services and an ad-

ditional 43% had only a low level (Greenwald et al. (2018)). For many communities (including cities with

populations of several tens of thousands), the only option for mobility was either walking to a bus/train sta-

tion outside the community (usually more than a few kilometers) or taking unauthorized vans that served

these communities, which cost significantly more than public transportation bus services in Israel, were

sporadic in their time schedules, and posed a constraint on women from these traditional communities,

who could not travel in crowded vans among men.

In 2007 the Minister of Transportation announced a 5-year plan to invest over 200 million NIS annually6

5This is with the exception of Nazareth, the largest Arab city in Israel, which has several Christian hospitals (rather than Israeli
government-funded ones) and is excluded from our sample, as it was served by bus lines prior to 2008 (see Data section below).

6roughly equivalent to 57 million USD in 2007.
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to fill this gap. The new bus networks gradually developed over the next years and increased significantly

residents’ mobility within and between their communities and access to large Jewish cities located close to

them, thus expanding work and education opportunities, as well as access to professional health services. In

2011, the new Minister of Transportation announced that over 400 million NIS were spent on infrastructure

and public transportation over the last few years and that 3.5 million passengers from Arab towns and

communities utilize the improved public transportation network annually. According to a report for the

Israeli parliament concerning public transportation in Arab towns, women were the main beneficiaries of

this reform, comprising the majority of passengers on these new bus lines (Ronen (2014)). Nonetheless,

despite substantial investment and improvements, the gaps in public transportation between Jewish and

non-Jewish communities remain considerable (Naali-Yosef and Cohen (2012)).

In a recent study, Abu-Qarn and Lichtman-Sadot (Forthcoming) evaluate the effect of public transporta-

tion penetration to Arab towns in Israel on labor force participation and educational attainment among

young adult Arabs. The paper finds that young adult males had increased their educational attainment

in response to buses connecting both to higher education and work opportunities and increased their la-

bor force participation at the expense of educational attainment in response to buses that connect to work

opportunities without connecting to higher education opportunities. This study expands upon the evalu-

ation in Abu-Qarn and Lichtman-Sadot (Forthcoming) by examining an additional impact of public trans-

portation penetration to Arab towns - health outcomes and health disparities. We hypothesize that the

effect of public transportation on health should be primarily among the older adult population, as primary

care infrastructure is readily available within Arab localities and public transportation increases access to

secondary health care services, which are more relevant for the older adult rather than the young adult

population.

Figure 1 presents the gradual penetration of public transportation to the towns in our sample over time.

The vertical axis provides the number of towns served by bus lines, and the horizontal axis is a timeline

for the years 2007-2014. By construction, all 39 towns in our sample had no public transportation services

at the end of 2007. However, by 2014, the end of our sample period, 22 towns were served by public

transportation. Even after initial public transportation penetration, bus services continued to expand for

different towns over the course of our sample period.

3 Data

Our data are obtained primarily from two sources. Data on all bus lines in Israel, their frequencies, origin

and final destination were provided to us by the Israeli MOT for the period 2008-2014. Data on outcomes

concerning the health of individuals in Arab communities in Israel were extracted from a survey of the Arab
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Figure 1: The Number of Towns in the Sample with Public Transportation Penetration

Notes: This figure presents the gradual penetration of bus lines to the towns in our main sample - towns with a socioeconomic ranking
of 2 or less - over time. Our sample covers 39 towns. The vertical axis is the number of towns served by the buses. See Data Section
for further details on our bus line data.

minority in Israel conducted by the Galilee Society in 2004, 2007, 2010, and 2014 (Arab Survey, hereafter).7

Each cycle of the Arab Survey covers roughly 15,000 individuals from about 3,000 households, with the

exception of the 2010 cycle which was limited to 8,500 individuals from 1,900 households. All four cycles

are repeat cross-sections, and it is not possible to follow households over time. Household members were

asked about household and demographic characteristics, employment and education, as well as health

measures. Individuals report whether they suffer from any chronic health conditions based on a diagnosis

by a physician. They also indicate which chronic diseases they suffer from. We aggregate the four most

common health conditions among older adults - heart problems, high cholesterol, high blood pressure, and

diabetes - into a single indicator variable indicating whether they were diagnosed with at least one of these.

We also construct a separate indicator variable for whether individuals have been diagnosed with rare

health conditions that the survey inquires about. These include: asthma, migraines, ulcer, joint problems,

anemia, cancer, bone disease, genetic blood disease, and epilepsy. Each of these conditions has a prevalence

of 4 percent or less among the older adult population in our sample (for some health conditions even less

than 1 percent) but the indicator variable for suffering from at least one of these conditions has a mean of

over 15 percent. The 2007-2014 surveys also inquired about weight and height for a subset of the sample,

from which we constructed BMI measures. We constructed an indicator variable for BMI that is greater

than 25, which is the official threshold for being defined as overweight. This includes obesity as well, with

7The Galilee Society is a Palestinian Arab non-government organization located in Israel. The Arab Survey is conducted by the
Rikaz Center for Social Research within the Galilee Society and its funding is provided by organizations such as the European Union,
among others.
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an official BMI threshold of 30. We thus perform our analysis on four dependent variables: three are health

variables that are dependent on physician diagnosis - Having No Chronic Health Conditions, Having a

Common Health Condition, or Having a Rare Health Condition - and one - Overweight/Obese - is a health

measure that is self-reported and does not depend on physician diagnosis.

Most of our analysis focuses on the older adult population - age 50-75. Most chronic health conditions

- particularly those documented in the Arab Survey - become prevalent around age 50. As a result, at this

age, diagnosis and healthcare service utilization becomes increasingly relevant in order to prevent and treat

these conditions. Our results are not sensitive to expanding this age range by 5-10 years. We limit the upper

bound of our sample’s age range, as we wish to include the population for which public transportation

usage is relevant, and at older ages, this is more of a problem. We present further analysis for adults ages

30-49, and most of these results confirm the higher relative relevance of these health outcomes among the

older adult population, rather than younger adult age ranges.

We report results separately for males and females. This is due to several reasons. First, male and fe-

male responses to different health conditions may vary. For example, three of the four health conditions

categorized as Common Health Conditions in our data - namely heart problems, high cholesterol, and high

blood pressure - are still for the most part perceived as male health conditions (Mosca et al. (2000, 2013)),

although cardiovascular disease (i.e. heart problems) is the leading and second leading cause of death

among women in the U.S. and Europe, respectively (Eurostat (2020)). Second, Arabs in Israel are highly

traditional, in particular the older adult population which was not exposed to recent transitions within Is-

rael’s Arab society towards greater social and economic opportunities to females. This can potentially result

in varying gender responses to greater access to secondary health care. For example, gender differences in

independent mobility outside of their town may result in different responses to bus penetration. Lastly,

there is evidence that females utilized the new bus lines more than men (Ronen (2014)), and this can result

in different responses based on gender.

The MOT data on bus lines details every bus line in Israel and its frequency on three representative

Tuesdays - at the end of March, June and December - each year between 2008 and 2014.8 Based on this,

we summed the frequencies of all bus lines serving a town for those three dates. We then divided these

frequency sums by the town population at the relevant year. This results in 3 bus intensity measures for

each year. Under the assumption that residents’ health conditions are not immediately affected by the

contemporaneous intensity of bus lines serving their town, our main variable of interest is the mean of the

3 bus intensity measures over the course of the year preceding one’s interview date.

Bus line data could not be obtained prior to 2008. As such, if a town was served by bus lines as of early

2008, we could not know when these bus lines were introduced.9 We thus could not determine what the

treatment variable values should be for these towns prior to 2008. As a result, we excluded 17 towns from

8Note that the end of December is a normal work week in Israel. The dates selected - at the end of March, June and December -
were determined by the MOT based on its capabilities in terms of extracting data from its system.

9MOT data for bus lines begin only in 2008 because prior to that all documentation of bus lines in Israel were not digitized by the
MOT and no data was found available.
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our sample that were served by bus lines as of early 2008.10 We further excluded towns that only appeared

in our pre-treatment period - i.e. did not appear in 2010 or 2014.11

As residents in towns ranked lowest socioeconomically have the least access to private vehicles, most

of our analysis focuses on these towns, which we select based on Israel’s Central Bureau of Statistics (CBS)

socioeconomic (SE) ranking. The lowest ranked towns have a ranking of 1 or 2, out of a scale of 1 - the lowest

- to 10 - the highest.12 We also show results for individuals from towns ranked higher socioeconomically,

with a ranking of 3-5 from the CBS SE ranking scale.13 Our final sample includes roughly 1,300 males and

females ages 50-75 from 39 towns ranked lowest socioeconomically. From towns with a higher SE ranking,

we have roughly 1,500 males and females from this age group. Despite the Arab Survey covering over 8,500

individuals in each of its four cycles, the relatively small final sample is consistent with excluding towns

with public transportation pre-2008 and that were only surveyed in the pre-treatment years coupled with

the overwhelmingly young composition of the Arab population in Israel.14

3.1 Summary Statistics

In Table 1, we present summary statistics for our sample of adults aged 50-75 by their towns’ socioeconomic

ranking. Table 1 suggests large differences in bus intensity measures between towns ranked lower and

higher socioeconomically (when conditioning on non-zero bus measures). This suggests that the assign-

ment of bus frequencies is not random. However, as we will outline in Section 4.2 below, our identification

does not rely on purely random assignment but rather on the exogeneity of our bus intensity measures

conditional on fixed effects. We establish this in Table 2, which tests for a correlation between time-varying

town characteristics and bus intensity measures. We further show in our analysis that our results are not

sensitive to the exclusion of individual-level control variables, thus suggesting that our main variables of

interest in our regression analysis are not correlated with town demographic characteristics.

Table 1 also presents evidence of differences in our health dependent variables across SE status. While

older adults from higher SE ranked towns have lower diagnosis rates of health conditions, they have a

10A total of 26 Arab towns were served by bus lines as of early 2008. Out of these, 19 towns are covered in the Arab Survey, but for
two of them we were able to verify that public transportation was indeed only introduced in January 2008, so they were kept in the
sample.

11Most towns in our sample do not appear in all 4 survey years and the number of town-year combinations in our sample is at most
78 (depending on the gender sample). Table 10 in the Appendix provides a list of the towns in our sample.

12SE rankings are based on demographic variables, such as the mean age, ratio of adults to children, the share of families with four
or more children, educational attainment, employment, and living standards. The ranking is in integers ranging from 1 - the lowest -
to 10 - the highest. The index is updated every 2-3 years, with the exception of a break in updates between 2008 and 2013. Arab towns
in Israel are ranked low in this index - in our sample, most are ranked 4 or under, and more than half are ranked 1 or 2. A SE ranking
of 1 (4) in 2013 implied a mean of 9 (12.7 ) years of schooling for those aged 25-54, in comparison to the national Israeli mean of 13.5
years of schooling. Mean per capita monthly income in towns with a SE ranking of 1 (4) was 1,181 (3,183) NIS, equivalent at the time
to $325 ($877), in comparison to the national Israeli mean of 4,057 NIS ($1,118).

13Five is the highest SE ranking among the Arab towns in our data, and there are only two such towns. All other towns are ranked
four or below.

14In 2010, for example, Arabs in Israel that were ages 55+ comprised a mere 7.5 percent of the overall Arab population in Israel (CBS
(2010)). Considering that of the 39 eligible towns in our sample of towns covered in the Arab Survey, there is a total of slightly less
than 23,000 observations over the four cycles, a final sample of 2,800 adults ages 50-75 from these towns is fairly consistent with the
age composition of the Arab population in Israel.

8



Figure 2: Bus Intensity Measures - Adults Age 50-75 from Low Socioeconomically Ranked Towns

Notes: The sample includes individuals ages 50-75 from the Arab Survey from low socioeconomically ranked towns that did not have
public transportation prior to 2008. Mean Number of Buses Last Year is the mean across three dates in the preceding year of the
frequencies of all bus lines serving the town per 1000 residents in the town.

greater prevalence of overweight.

Figure 2 presents the distribution of bus intensity measures for the sample of males and females aged 50-75

from the lowest socioeconomically ranked towns, conditional on non-zero bus intensity values. As can be

seen, there are over 450 individuals out of slightly less than 1,300 with non-zero values and the variation

between these measures is quite large.

4 Empirical Strategy

4.1 Regression Specifications

If bus line penetration improved adult health outcomes, then we would mostly expect these improvements

to prevail in the longer term, particularly when assessing chronic health conditions. We assign to each

individual in our sample the mean of bus measures over the entire year preceding one’s interview date.

However, the actual effect of greater access to healthcare services on health outcomes may even take longer

than a year. For this reason, our regression specification separately evaluates the effect of bus lines in the

short term and long term, with the short term being up to two years since the initial introduction of public

9



Table 1: Summary Statistics

Notes: The sample is individuals aged 50-75 from the Arab Survey for towns that did not have public transportation prior to 2008 .
Standard deviations are in parenthesis. Mean Number of Buses Last Year is the mean across three dates in the preceding year of the
frequencies of all bus lines serving the town per 1000 residents in the town. Lowest socioeconomic (SE) status towns refers to towns
ranked 1-2. Higher SE status towns refers to towns ranked 3 and higher. For details on town SE ranking, see footnote 12 in Section 3.
Common Health Conditions refers to the following: diabetes, heart problems, high cholesterol, or high blood pressure. Rare Health
Conditions refers to the following: asthma, migraines, ulcer, joint problems, anemia, cancer, bone disease, genetic blood disease, and
epilepsy.
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transportation to one’s town. This results in the following regression specification:

Outcomeitmy = β0 + β1BusIntensityShortTermtmy + β2BusIntensityLongTermtmy

+ηXitmy + µs,y + γt + ρm + εitmy (1)

We evaluate health outcomes for individual i in town t surveyed in month m in year y. Town t is part

of subdistrict s. We control for individual-level and town-level demographic characteristics in equation (1)

(Xity) - quadratic function of age, a series of indicators for the individual’s relation to household head, the

number of household members, individual’s years of schooling (categorical), and the town’s socioeconomic

ranking. µs,y is subdistrict-year fixed effects, γt is town-level fixed effects, and ρm is fixed effects for the

month of interview. All standard errors are clustered at the town level, to account for the possibility of

within-town correlation of the error term, εitmy (Bertrand et al. (2004)).

Equation (1) is similar to a standard difference-in-differences (DID) specification only the main variable

of interest is an intensity of treatment measure, rather than an indicator variable. In addition, the intensity

of treatment measure is split into two - a variable for individuals observed up to 2 years since the initial

introduction of bus lines to their town and a variable for individuals observed 2 years or more since the

initial introduction of bus lines. This results in two coefficients of interest in equation (1): β1 and β2. Each

capture the effect of each additional bus per 1000 residents serving the town in the short and long term,

respectively. Treatment is staggered with the initial introduction of bus lines ranging between 2008 and

2013.

4.2 Identification

An ideal setting for causally identifying the effect of public transportation on health outcomes would ran-

domly assign bus line penetration and their frequency changes across towns. Obviously, it is plausible

that bus lines are not randomly assigned but rather are correlated with town characteristics that are also

determinants of residents’ health outcomes. We argue that our bus intensity measures are exogenous con-

ditional on town and time fixed effects. As such, our regression specifications include town fixed effects,

which control for any time-invariant differences between towns that are correlated with their bus intensity

measures or the timing of public transportation penetration. In addition, our regression specifications take

a more conservative approach than simply including year fixed effects, but rather include subdistrict-year

fixed effects that control for time-variant shocks that are mutual to clusters of towns in close proximity to

each other in a single year. Subdistricts are defined by Israel’s CBS as areas with a mutual large (Jewish)

city that serves as its economic and social activity center.15,16

15Subdistricts are called Napha in Hebrew.
16We note that our bus intensity measures do not only vary across towns and years but also to a small extent within town-year

combinations, and this is due to varying interview timings for individuals in our sample. Because we take the mean bus intensity
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In Table 2 we establish our identification assumption concerning the exogeneity of our bus intensity

measures by showing a lack of correlation between town-level time-varying characteristics during 2003-

2015 and our public transportation penetration measures, conditional on town and year fixed effects. We

run regressions with annual town-level characteristics as dependent variables and mean annual bus inten-

sity measures for the town as the explanatory variable, while controlling for town and year fixed effects.

The coefficient estimates from these regressions are presented in the top panel of Table 2 and none are

statistically significant at the 10% level.

We further establish causality by showing in the bottom panel of Table 2 that changes in our bus inten-

sity measures are not correlated with town-level migration or population composition measures. The same

regressions as in the top panel of Table 2 are run but with last year’s bus intensity measure to allow for

a lagged response in terms of migration. The statistically insignificant coefficient estimates in the bottom

panel of Table 2 alleviate concerns that any changes in older adult health outcomes are driven by compo-

sitional changes in the town’s population or perhaps changes in the availability of relatives to assist these

older adults.17

In Table 3, we examine whether household-level characteristics changed in response to public trans-

portation penetration. If important characteristics, such as household income or distance to health services

are correlated with changes in the availability of bus lines, then this can raise concerns that other factors

besides greater access to secondary health care are driving any changes we will observe in health outcomes

in response to buses in our analysis. The analysis in Table 3 utilizes data from the Arab Survey at the house-

hold level and focuses on the sample of all households with at least one older adult (ages 50-75) present -

i.e. our sample of older adults for the individual-level health outcomes analysis. We then run regression

specifications similar to equation (1) with the same main explanatory variables concerning bus line pene-

tration in the short and long term, but at the household level rather than the individual level, and as such,

individual-level controls are not included.

When examining Table 3, the first thing that is noticeable is the statitiscally significant correlation ob-

served between bus line penetration measures and two household-level variables - the reported availability

of public transportation, and household level health expenditure. Although there does not appear to be an

increase in the probability that public transportation services are within 5 kilometers of a household in the

short term, there is a statistically significant increase in reporting this in the long-term. This indicates at

least to some extent that respondents are aware of public transportation penetration. Interestingly, house-

measures from the year preceding the interview date, if interview dates range over several months for certain town-year combinations,
then this can result in different bus intensity measures within the same town for the same survey year. For our male older adult
population from the lowest SES ranked towns, 8 town-year combinations have different bus intensity measures (out of 78). This is
not sufficient variation to exploit the randomness of interview timings as a source for identifying a causal relationship between bus
services and health outcomes within a regression specification with town-year fixed effects. However, this variation is exploited to
some extent within our regression framework that includes subdistrict-year fixed effects.

17We stress that the Arab population in Israel is highly immobile with the vast majority residing in the same town they were born in
for their entire life. The main exception is females who get married to someone outside of their hometown, in which case they move
to the husband’s hometown. Table 2 demonstrates this with mean outward and inward migration flows for our sample towns ranging
from 2.6 to 5.2 persons per 1000 residents, which is very small. As a comparison, these figures are in the 40’s for similarly-sized Jewish
towns.
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Table 2: Public Transportation and Town Characteristics

Notes: The sample period is 2003-2015 and all town-level characteristic data is from the Israel CBS. Total number of towns varies based
on dependent variable availability from 30 to 35. The top panel (demographic town characteristics) coefficient estimate presented is
for this year’s bus intensity measure and the bottom panel (migration dependent variables) coefficient estimate presented is for last
year’s bus intensity measure. All regressions include town and year fixed effects. Standard errors clustered at the town level are in
parenthesis. *** p<0.01, ** p<0.05, * p<0.1

hold health expenditures increase in the short term but not in the long term. This suggests that whatever

is driving larger health expenditures in the short term may be offset in the long term. One possibility for

this is greater access to health care services, which in the short term increases payments for health care pro-

fessionals or medications prescribed by additional professionals seen, but in the long term these payments

may be offset through improved health outcomes, which decreases spending on medication and health care

professionals. We note that a deterioration of health outcomes resulting from greater public transportation

penetration would not be consistent with Table 3’s results regarding health expenditure, as this does not

explain the offset in the long term.

We note that the rise in monthly household health expenditures is very small - 26.77 NIS, roughly equiv-

alent to 7 USD in 2010 - and less than 10 percent of the mean overall household health expenditure. These

small values - including the mean monthly household health expenditure - are highly consistent with the

existence of Israel’s national health insurance program, which covers nearly all health expenditures with

relatively small co-payments for health care visits or medications.

All additional dependent variables in Table 3 do not show a correlation with bus line penetration in-

tensity. This serves as further reassurance in terms of our identification following Table 2 above showing

similar results for town-level characteristics. We further validate our regression framework in Table 12 in

the Appendix, which takes three main household-level variables from Table 3 - monthly health expenditure,
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Table 3: Public Transportation and Older Adult Household Level Characteristics

Notes: The sample includes all households in the Arab Survey with at least one older adult (ages 50-75) present. The number of
observations varies based on the availability of the dependent variable. Standard errors clustered at the town level are in parenthesis.
*** p<0.01, ** p<0.05, * p<0.1

income, and overall expenditure - and adds them as control variables to our main regression specification

in equation (1). Although these variables can be endogenous within our regression framework, we nev-

ertheless present these results in the Appendix and show that our results do not change substantially in

response to this inclusion of control variables.

5 Results

5.1 Bus Intensity Measures and Health Outcomes - Raw Data

We begin by presenting the means of our four dependent variables for various bus intensity measures for

our sample of older adults residing in the towns ranked lowest socioeconomically. We present results by

gender in Figure 3 below. We create bins of bus intensity measures (on the horizontal axis of each sub-figure

in Figure 3), such that the number of observations for each gender for which the means are calculated are

at least 50 (see Figure 2 for the distribution of bus intensity measures in our sample).

Figure 3 suggests a clear pattern for three of our dependent variables - No Chronic Health Conditions,

Common Health Conditions, and Rare Health Conditions. As the bus intensity measures transition from

zero to non-zero, we observe a supposedly deterioration of health - a decrease in the probability of having

no chronic health conditions and an increase in the probability of having either a common or rare health

condition. However, this pattern is reversed as bus intensity measures rise. This suggests that upon initial

introduction of buses - when bus intensity is relatively low - adverse health conditions are more prevalent,

but later on - as bus intensity measures continue to rise - this trend fades away. We will argue that something

is offsetting this initial effect of public transportation penetration, and it is health improvements in the long

term due to greater access to secondary health care services.
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Figure 3: Bus Intensity and Mean Health Outcomes

Notes: The sample includes individuals ages 50-75 from the Arab Survey from low socioeconomically ranked towns that did not have
public transportation prior to 2008. The horizontal axis in each sub-figure presents the range of bus intensity measures across which
the mean health outcome indicated in the title of that sub-figure was calculated. Each range includes at least 50 observations for each
gender.

We find that these patterns are not observed for the dependent variable Overweight/Obese. In fact,

there is no clear trend in overweight/obesity means as we transition from zero bus intensity to the lower

non-zero bus intensity measures. However, there is evidence of a slight decline in this variable in response

to the higher bus intensity measures, relative to the mean when the bus intensity measure is zero. This may

suggest a decrease in overweight/obesity in the long-term as bus intensity measures rise.

We proceed to our regression analysis, which analyzes separate effects for the long term versus the short

term, to confirm our conjectures based on the evidence from Figure 3.

5.2 Regression Results - Low SES Adult Population

Table 4 presents results for our regression specification - equation (1) - for all adults ages 30-75 residing in

the lowest SES ranked towns. For each dependent variable, the coefficients β1 and β2 are presented sepa-

rately for the male and female samples, with and without individual-level control variables. The coefficient

estimates are relatively stable across specifications with and without individual-level control variables, thus

alleviating concerns that our main explanatory variable in the regression is correlated with these.
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Table 4 primarily documents adverse effects of public transportation penetration on health outcomes .

Both females and males report a lower probability of having no chronic health conditions. Females report

greater diagnosis of common health conditions , and males report a greater prevalence of being diagnosed

with a rare health condition. The probability of female overweight/obesity increases. With the exception of

overweight/obesity, all statistically significant adverse effects are in the short term but not in the long term.

Although the difference between the short and long term coefficient estimates is not statistically significant

(p-values from t-tests are not presented in Table 4), this could suggest that these supposedly adverse effects

are stronger in the short term than they are in the long term - at least for chronic health conditions.

Quantitatively, the female response in terms of the probability of having no chronic conditions is a 1.65

percentage points decline for every additional bus frequency per 1000 residents (as a mean of the measures

during the year preceding their interview date). A mean of 1.44 for this measure (see Table 1) implies a

decrease of 2.4 percentage points, which is a 3.6 percent decline from the mean. Similar calculations reveal

that the female probability of having at least one of the common health conditions and the male probability

of having at least one of the rare health conditions increase by 7.3 and 19.1 percent of the mean, respectively.

We next evaluate whether some of the responses observed in Table 4 vary between older adults (ages

50-75) and younger adults (ages 30-49). Most of the health conditions we examine have a much greater

prevalence among older adults. Figure 6 in the Appendix demonstrates this. We present results for coef-

ficient estimates of β1 and β2 from equation (1) in Table 5 for two samples of adults residing in the lowest

SES ranked towns - ages 30-49 and ages 50-75.

The results in Table 5 show that the short-term effects observed in Table 4 on the probability of having no

chronic health conditions or a common health condition are indeed driven by the older adult population.

For rare health conditions, the male short-term effect observed in Table 4 is similar for both the younger and

older adult samples. The increase in overweight observed among females is entirely driven by the younger

adult age group. In fact, older adult males and females actually experience a decrease in the probability of

being overweight in the long term. For the older adult sample, the supposedly adverse effects continue to

be statistically meaningful solely in the short term, as was exhibited in Table 4.

Quantitatively, the magnitudes of the older adult responses observed are substantial relative to the

dependent variable means. The female response in terms of the probability of having no chronic conditions

constitutes a 4.3 percentage points decline for every additional bus frequency per 1000 residents (as a mean

of the measures during the year preceding their interview date). A mean of 1.44 for this measure (see

Table 1) implies a decrease of 6.2 percentage points, which is a 17 percent decrease from the mean. Similar

calculations reveal that the female probability of having at least one of the common health conditions and

the male probability of having at least one of the rare health conditions increases by 9 and 11 percent of the

mean, respectively. The probability of older adults being overweight or obese in the long term decreases by

16 and 22 percent of the mean for males and females, respectively.

Taken together, the results presented in Tables 4 and 5 suggest that in the short term there are increased
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Table 4: Public Transportation Penetration and Adult Health in Low SES Towns

Notes: The table presents the coefficient estimate β1 and β2 from equation (1). For each dependent variable, results are presented
for the male and female adult population (age 30-75) in the first 2 and last 2 columns, respectively. Within each sex, results are
presented with or without individual level controls - quadratic function of age, indicators for relation to household head, indicators
for month of interview, number of household members, town’s socioeconomic ranking (indicators), and educational attainment levels
(categorical). “Buses per 1000 Residents - Last Year” refers to the mean bus frequency measure for the individual’s town of residence
among the 3 dates documented in bus line data during the year preceding the individual’s interview date. This variable is either for
individuals observed within 2 years of public transportation penetration to their town or at least two years after the introduction of
public transportation to their town. “Common Health Conditions” is an indicator equal to one if diagnosed by a physician with at
least one of the following: heart problems, high cholesterol, high blood pressure, or diabetes. “Rare Health Conditions” is an indicator
for having been diagnosed by a physician with at least one of the following: asthma, migraines, ulcer, joint problems, anemia, cancer,
bone disease, genetic blood disease, and epilepsy. Standard errors clustered at the town level are in parenthesis. *** p<0.01, ** p<0.05,
* p<0.1
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diagnosis rates of chronic, common and rare health conditions in response to public transportation pene-

tration and these statistically significant effects are no longer observed in the long term. In addition, this is

primarily driven by the older adult population. Lastly, the older adult population exhibits a decrease in the

probability of being overweight or obese in the long term in response to public transportation penetration

. In contrast to this, younger adult females exhibit an increase in the probability of being overweight or

obese both in the short and long term.

For the older adult population, we argue that the increased prevalence of adverse health conditions is

in response to greater diagnosis of health conditions rather than a deterioration of their health in response

to public transportation penetration. This is supported by the finding that adverse effects for the older

adults are stronger in the short term, when improved health outcomes are less likely. In the longer term,

when improvements in health outcomes are more likely and can offset the increased diagnosis rates, we

should observe weaker - if any - adverse health effects. For overweight/obesity, we even observe in the

long term improvements for male and female older adults. This is also consistent with the fact that our

overweight/obesity measure is based on self-reported weight and height measurements so it is not based

on diagnosis by a doctor, and as such we should not observe an increase in this in response to greater access

to healthcare specialists.

Despite the consistent picture in the older adult population results, for younger adult females, we ob-

serve increases in the probability of overweight/obesity both in the long and short term, and in the long

term they actually appear stronger. The increased overweight/obesity rates may be due to pre-existing

trends among females. However, we are unable to test for this, as weight and height measurement data are

only available starting in 2007. We further note that we may have to interpret all overweight results (includ-

ing those of older adults) more cautiously, as the sample sizes are much smaller for this dependent variable,

in comparison to our other dependent variables. This is due to no weight and height measurements in the

2004 survey and only a sub-sample covered in the three other surveys. Lastly, an additional possible ex-

planation for increased overweight among younger adult females is that long distances to accessing public

transportation penetration prior to bus penetration within towns were an opportunity for physical activity

for this population and with the reduced distance to accessing public transportation this mode of staying

in shape became more rare, thereby leading to greater overweight rates.

5.3 Regression Results - High SES Older Adult Population

We conducted the same regression analysis as in Table 5 on the sample of older adults in higher SES Arab

towns. Although higher SES towns are still ranked fairly low, their vehicle ownership rates are higher.

As such, we should expect public transportation to have smaller effects on health outcomes among these

populations. The results are presented in Table 6 and indeed confirm our expectations and exhibit public

transportation effects in fewer health outcomes, in comparison to Table 5. For male common health con-

ditions, there is evidence of a decreased probability in the long term. For female rare health conditions,
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Table 5: Public Transportation Penetration and Adult Health in Low SES Towns - Older vs. Younger Adults

Notes: The sample is male and female older adults residing in the lowest SES ranked towns. The table presents the coefficient estimates
β1 and β2 from equation (1). For each dependent variable and age group, results are presented for males and females in the first and
second column, respectively. Individual level controls are the following: quadratic function of age, indicators for relation to household
head, indicators for month of interview, number of household members, town’s socioeconomic ranking (indicators), and educational
attainment levels (categorical). “Buses per 1000 Residents - Last Year” refers to the mean bus frequency measure for the individual’s
town of residence among the 3 dates documented in bus line data during the year preceding the individual’s interview date. This
variable is either for individuals observed within 2 years of public transportation penetration to their town or at least two years
after the introduction of public transportation to their town. “Common Health Conditions” is an indicator equal to one if diagnosed
by a physician with at least one of the following: heart problems, high cholesterol, high blood pressure, or diabetes. “Rare Health
Conditions” is an indicator for having been diagnosed by a physician with at least one of the following: asthma, migraines, ulcer,
joint problems, anemia, cancer, bone disease, genetic blood disease, and epilepsy. Standard errors clustered at the town level are in
parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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there is evidence of increased diagnosis rates in the short-term. However, this coefficient estimate is very

large in magnitude, and it is entirely driven by including asthma as one of the rare health conditions, thus

suggesting that this result is likely spurious.18

5.4 Mortality

Given the evidence of increased diagnosis rates in response to public transportation penetration, we wish to

verify that our results are indeed driven by higher diagnosis rates of health conditions that existed regard-

less of public transportation penetration rather than by deterioration in adult health. We therefore proceed

to examine the effect of public transportation on mortality rates among adults ages 50 and older in Arab

towns in Israel.

We utilize data from Israel’s CBS that is obtained in cooperation with Israel’s Ministry of Health on

annual deaths at the town-level. For each Arab town, we obtained restricted data documenting the number

of annual deaths for the period 2003-2016 by sex for ages 50-75 resulting from the following leading causes

of death: cancer, respiratory conditions, heart conditions, infections, and liver/kidney problems. For our

results to be statistically meaningful, we limit our sample to towns that had at least two deaths annually

(by sex) for all years in the sample. We are limited in this analysis to towns that are officially recognized by

the Israeli government - the data does not exist for towns that are not officially recognized, and we have 11

such towns in our Arab Survey sample. This results in 15 towns that are ranked lowest socioeconomically

and 17 towns that are ranked higher. It should be noted that our sample of towns for each SES ranked

group is not balanced, as some towns shift from being ranked lowest to higher (and vice versa) during the

sample period. The number of deaths is divided by the number of residents (in thousands) in the town and

year that are ages 60-75. The CBS provides population breakdowns by town and year only for specific age

intervals and these did not include the possibility to calculate the population for ages 50-75.

In addition to mortality rates, we also utilize data from the CBS on the mean age at death for each year

and town for deaths at ages 50 and over. For this we also restrict the deaths to those resulting from the

above-mentioned health conditions.

Our regression specification is as in equation (1) but we include year fixed effects rather than subdistrict-

year fixed effects due to the substantially smaller number of towns. We present results with or without

linear time trends at the town level. The point estimates with or without linear time trends are quite similar,

although the standard errors are sometimes larger with linear time trends. Our variables of interest are the

mean bus intensity measures for the short and long term within two years of initial introduction and more

than two years after initial introduction, respectively.

18Specifically, we ran the same regression as in Table 6 for the same sample but with rare health condition now defined as having
at least one of the components of rare health condition, with the exception of asthma. The short-term coefficient estimate dropped
to 0.06 with a p-value of 0.5. When conducting the same exercise while excluding every other component of the dependent variable
rare health conditions, the coefficient estimate remained stable around its value in Table 6, with p-values under 0.05. In our sample of
842 females ages 50-75 from higher SES towns, 18 of them have a positive indicator for asthma, 5 of which are observed with positive
public transportation measures. If the positive and large coefficient estimate is entirely driven by this health conditions, given such a
small number of observations driving this result, we conclude that this result is spurious.
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Table 6: Public Transportation Penetration and Older Adult Health in Higher SES Towns

Notes: The sample is male and female older adults (ages 50-75) residing in the higher SES ranked towns. The table presents the
coefficient estimates β1 and β2 from equation (1). For each dependent variable, results are presented for males and females in the
first and second column, respectively. Individual level controls are the following: quadratic function of age, indicators for relation to
household head, indicators for month of interview, number of household members, town’s socioeconomic ranking (indicators), and
educational attainment levels (categorical). “Buses per 1000 Residents, Last Year” refers to the mean bus frequency measure for the
individual’s town of residence among the 3 dates documented in bus line data during the year preceding the individual’s interview
date. This variable is either for individuals observed within 2 years of public transportation penetration to their town or at least
two years after the introduction of public transportation to their town. “Common Health Conditions” is an indicator equal to one if
diagnosed by a physician with at least one of the following: heart problems, high cholesterol, high blood pressure, or diabetes. “Rare
Health Conditions” is an indicator for having been diagnosed by a physician with at least one of the following: asthma, migraines,
ulcer, joint problems, anemia, cancer, bone disease, genetic blood disease, and epilepsy. Standard errors clustered at the town level
are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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Table 7: Public Transportation Penetration and Adult Mortality

Notes: The sample is towns with at least 2 annual deaths in all years of our sample period - 2003-2016. The table presents the
coefficient estimates β1 and β2 from equation (1) but without subdistrict-year fixed effects due to the smaller number of towns in
the sample and with the addition of town-specific linear time trends in the second columns of each dependent variables-gender-SES
ranking combination. “Buses per 1000 Residents, Last Year” refers to the mean bus frequency measure for the town among the 3 dates
documented in bus line data during the year preceding the mortality data. This variable is either for individuals observed within 2
years of public transportation penetration to their town or at least two years after the introduction of public transportation to their
town. Standard errors clustered at the town level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1

The results are presented in Table 7 for two dependent variables, and two SES samples for both genders.

The results do not suggest increased mortality in response to public transportation. Furthermore, a few

statistically significant coefficient estimates point in the direction of reduced mortality. Death rates may

have decreased in the longer term in both the lowest and higher SES ranked towns and females’ mean

age at death seems to have increased in the long term in the lowest SES ranked towns. This validates our

hypothesis that increased diagnosis of health conditions is not driven by health deterioration.

5.5 Discussion

We observe greater diagnosis rates of adverse health conditions among older adult Arabs in response to

public transportation within two years of initial penetration to one’s town. This suggests that public trans-
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portation penetration increases diagnosis rates of many health conditions in the short term.19 The increases

are no longer observed in the longer term, and for overweight/obesity, we observe decreased rates. Thus,

in the short term, greater access to health care specialists increases diagnosis of health conditions that were

apparently prevalent regardless of public transportation penetration. However, in the longer term, some of

these increased diagnosis rates may be offset by actual improved health due to greater access to healthcare

facilities and specialists, and these improvements are even observed with statistically meaningful estimates

for overweight/obesity.

Overweight/obesity is the only outcome in our analysis that does not rely on a doctor’s diagnosis but

rather on self-reported weight and height measurements. As such, it is not surprising that in the short term

we do not observe an increased probability of this variable. It further makes sense that the decreased prob-

ability of overweight/obesity is most apparent in the longer term, in comparison to other health conditions.

Following greater access to secondary health care specialists, older adult Arabs are doing more to improve

their health. This is reflected in overweight/obesity measures more than other health measures that may

still experience increased diagnosis rates due to greater access to secondary physicians.

We stress that the patterns observed in our results - increased diagnosis rates in the short term followed

by null effects or improved health in the long term cannot be explained by potential health hazards intro-

duced as a result of public transportation penetration, such as pollution. If such hazards were driving the

higher diagnosis rates in the short term, then we should have also observed a persistence or even increase

of higher diagnosis rates in the long term, when public transportation continued to serve these towns and

even increased in its intensity. Our results - from Figure 3 and Tables 4-6 - are not consistent with this.

Mortality measures presented in Table 7 are also independent of doctors’ diagnosis, and indeed we

do not observe mortality results that reflect health deterioration in response to public transportation pen-

etration. Furthermore, there is some evidence of decreases in mortality measures in response to public

transportation penetration in the longer term.

The short-term increases in diagnosis rates vary based on gender. Namely, female diagnosis of common

health conditions increases, whereas for rare health conditions, the increase is only found among males. We

note that females gained relatively more from the introduction of public transportation, as they were more

constrained in using alternative modes of transit prior to the introduction. Furthermore, for our common

health conditions, there is limited awareness of the high prevalence of these conditions (heart problems,

high cholesterol) among females (Mosca et al. (2000, 2013)). Greater access to health care specialists may

boost awareness, thus resulting in higher diagnosis rates. The fact that only males respond in terms of

rare health conditions may be due to the diagnosis of some of these conditions requiring greater travel

to specific hospitals located further away geographically. Females’ lower mobility within this traditional

society may have inhibited greater access to these specific specialist health care services. Thus, despite

evidence of greater female use of the new bus lines, in comparison to male use (Ronen (2014)), this may be

19We note that Polyakova and Hua (2019) also find increased chronic disease rates among low-income older adults in rural areas in
the U.S. and speculate that this may be due to systematic under-diagnosis of chronic conditions in less affluent areas.
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Figure 4: Jewish-Arab Overweight and Obesity Disparities - Ages 55-64

Notes: Sources are Ministry of Health (2003), Ministry of Health (2012), and Ministry of Health (2017). The horizontal axis is the years
the survey took place. The vertical axis presents the percent difference between the Arab and Jewish populations.

confined to shorter travel distances that do not reach specific health care services associated with diagnosis

of some of our rare health conditions.

If indeed improvements in health suggested by the results of Table 5 can decrease Arab-Jewish health

disparities, it is worth examining this in the context of the actual health disparities existing in Israel. The

most appropriate health outcome to assess this with is overweight/obesity, as the other health measures

in Table 5 combine several health outcomes. According to Table 5, the male decline in overweight/obesity

in response to public transportation penetration is greater than the female effect. Thus, we would expect

Arab-Jewish overweight/obesity disparities to decrease more among male Arabs after public transporta-

tion penetration as opposed to among females. The Israel National Health Interview Surveys for 1999-2000

through 2013-2015 (Ministry of Health (2003, 2012, 2017)) provide statistics for overweight and obesity for

the Jewish and Arab populations ages 55-64.20 These statistics are summarized in Figure 4 below. As can

be seen the Arab-Jewish male overweight/obesity disparity decreased during this period - from 12 per-

cent in 1999-2000, prior to public transportation penetration, to roughly 7.5 precent during 2007-2010 and

2013-2015, the years after public transportation penetration. In contrast, the female overweight/obesity

gap remained mostly stable during this same period. This is despite Table 5’s result demonstrating a statis-

tically significant decline in females’ probability of overweight/obesity. Of course, changes in overweight

disparities over this period cannot solely be attributed to public transportation penetration, and it is likely

that other factors are affecting overweight trends among both the Arab and Jewish populations during this

period. Nevertheless, the substantial decline among males accompanied by no change among females is

consistent with the results in Table 5 suggesting a larger effect among males than among females.

20There is an additional National Health Interview Survey covering the years 2003-2004 but only obesity (BMI≥ 30) statistics are
provided, without overweight.
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6 Robustness Checks

6.1 Excluding Districts

To alleviate concerns that our results are driven by a single district or a group of towns in close proxim-

ity to each other, we ran our regression from equation (1) excluding four different district combinations

- Jerusalem and Central, North, Haifa, and South. Figure 5 plots for each dependent variable and each

gender sample of older adults from low SES towns the estimates for β1 and β2 from equation (1), and their

95 percent confidence intervals. The top filled-in dot represents the estimate for older adults from Table

5, while all other dots exclude towns from certain districts as indicated by the legend at the bottom of the

figure.

The results in Figure 5 demonstrate coefficient estimates that are relatively stable, although when towns

from the South are excluded from the sample, adverse short term effects are more pronounced, even where

null effects were observed for the entire sample. In some cases, excluding southern towns also resulted in

increased standard errors, and this is consistent with the fact that over 30 percent of the observations in the

sample are from the south, which accounts for 17 towns, out of a sample of 39.

6.2 Placebo Analysis

Within the difference-in-differences framework of our regression specification, our analysis relies on par-

allel trends pre-treatment. We verify this through a placebo test for pre-existing trends in our outcomes

of interest. We use the same sample of older adults from low SES ranked towns from our analysis, only

excluding 2010 and 2014, the years for which there were positive values of bus penetration. We assign 2004

and 2007 observations “last year” bus intensities, as documented in our MOT bus line data for 2008 and

2011, respectively, thus treating them as if they are observed in 2009 and 2012, respectively. We then run

regression specification (1) on the new data. The results are presented in Table 8 and exhibit non-significant

coefficient estimates. Out of 12 coefficient estimates, only one is statistically significant at the 10 percent

level, which can be argued to be by chance.21 We note that the results in Table 8 should be interpreted cau-

tiously, as some coefficient estimates are quite large in magnitude and are not statistically significant due

to large standard errors. Furthermore, the lack of statistical significance may also be driven by the smaller

sample size, as only two survey years are utilized as opposed to four in the true analysis.

6.3 Disaggregating Common Health Conditions Dependent Variable

Our dependent variable “Common Health Conditions” is an indicator variable equal to one if individuals

reported being diagnosed by a physician with at least one of the following: heart problems, high cholesterol,

high blood pressure, or diabetes. We run separate regressions for each of these dependent variables to

21The dependent variable “Overweight or Obese” is not included in this analysis as weight and height measurements were not
included in the 2004 survey.
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Figure 5: Robustness Check - Excluding Districts from Regression Analysis

Notes: The sample is male and female older adults (ages 50-75) residing in the lower SES ranked towns. Each graph presents for a
separate dependent variable the coefficient estimates β1 and β2 from equation (1) along with their 95 percent confidence intervals for
the sample of all districts, excluding Central district (and Jerusalem), excluding North District, excluding Haifa district, and exclud-
ing South district, according to the legend presented at the bottom. For additional explanations on the dependent and explanatory
variables see Table 5.
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Table 8: Placebo Analysis - Assigning Bus Intensities Five Years Later for 2004 and 2007 Data

Notes: The sample is male and female older adults (ages 50-75) residing in the lowest SES ranked towns from 2004 and 2007. The
table presents the coefficient estimates β1 and β2 from equation (1). For each dependent variable, results are presented for males and
females in the first and second column, respectively. Individual level controls are the following: quadratic function of age, indicators
for relation to household head, indicators for month of interview, number of household members, town’s socioeconomic ranking
(indicators), and educational attainment levels (categorical). “Buses per 1000 Residents, Last Year” for the individual being observed
within 2 years of public transportation penetration to their town or at least two years after the introduction of public transportation to
their town is as defined for the placebo analysis, with individuals from 2004 and 2007 treated as if they are observed in their towns in
2009 and 2012, respectively. Standard errors clustered at the town level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1

better understand how public transportation affects each of these conditions separately. Table 9 presents

the results of these specifications for older adults in the lowest SES ranked towns and older adults in the

higher SES ranked towns in the top and bottom panels, respectively.22

Similar patterns to those observed in Tables 5-6 emerge in Table 9 - coefficient estimates are statistically

significant when there is an increase in diagnosis rates in the short term or decreased diagnosis rates in the

longer term. This is more apparent for the older adult population residing in the lowest SES ranked towns,

also in accordance with Tables 5-6. Some of the coefficient estimates for older adults residing in the higher

SES ranked towns are too large, but qualitatively they are consistent with the main results in Table 6.

We find no effect of public transportation on older adults’ probability of having high blood pressure.

This is not surprising, as high blood pressure among older adults is often diagnosed and managed within

primary care, which was readily available prior to public transportation penetration.

An outlier in our results is the decrease in older adult low-SES female diabetes rates in the short term. It

is plausible that this may be in response to greater access to secondary health care. However, it is not very

convincing that these effects would be observed already within two years of initial public transportation

penetration to one’s town. The vast majority of those diagnosed with diabetes do not reverse their diag-

nosis and there is no cure for diabetes. As such, decreases in diagnosis rates should result primarily from

preventative measures among those who are prone to diabetes but have not experienced it. This would

require lifestyle choices among these persons, but in response to this the decrease in the probability of di-

22We do not present results for younger adults (age 30-49) in the lowest SES towns as the prevalence of each of these conditions
separately is 4 percent or under for all conditions, with the exception of diabetes, with a mean of 6-7 percent in the population.
Coupled with a small sample size, it is difficult to meaningfully interpret the coefficient estimates for such regressions.
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Table 9: Disaggregating Common Health Conditions Dependent Variable

Notes: The sample is male and female older adults residing in the lowest SES ranked towns and in the higher SES ranked towns in
the top and bottom panels, respectively. The table presents the coefficient estimates β1 and β2 from equation (1). For each dependent
variable, results are presented for males and females in the first and second column, respectively. Individual level controls are the
following: quadratic function of age, indicators for relation to household head, indicators for month of interview, number of household
members, town’s socioeconomic ranking (indicators), and educational attainment levels (categorical). “Buses per 1000 Residents - Last
Year” refers to the mean bus frequency measure for the individual’s town of residence among the 3 dates documented in bus line data
during the year preceding the individual’s interview date. This variable is either for individuals observed within 2 years of public
transportation penetration to their town or at least two years after the introduction of public transportation to their town. Standard
errors clustered at the town level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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abetes would not be expected to occur within a short time period of increased access to secondary health

care .

We would like to note that our sample period is a period of significant changes in terms of awareness of

increased diabetes and overweight among the Arab population and particularly among older Arab females,

who experience the highest rates of overweight and diabetes in Israel.23 While it is not directly obvious how

this change in the health care community’s attention towards diabetes can relate to lower diabetes rates

among older Arab females, it is possible that greater awareness beginning around the middle of the sample

period paid off by the end of the sample period in terms of reducing diabetes cases, and this reduction over

time is correlated with greater public transportation penetration . We note that this is purely speculative

and we do not have empirical evidence to support this.24

7 Concluding Remarks

We hypothesize that public transportation penetration to peripheral Arab towns in Israel will increase ac-

cess to secondary health care services and specialists. Our findings showed that greater public transporta-

tion increases older adults’ diagnosis rates of common health conditions, including heart problems and

high cholesterol, their diagnosis of rare health conditions, and their probability of having some chronic

health condition more generally. This is more noticeable among populations that reside in towns ranked

lower socioeconomically, which have less access to alternative modes of transportation. The increased di-

agnosis rates in the short term, followed by null effects on diagnosis rates or evidence of improved health

in the longer term is consistent with improvements in some of these health outcomes in the longer term that

are offsetting the observed rise in diagnosis. Indeed, for the probability of overweight/obesity, we observe

a decline in response to public transportation penetration in the long term. The idea that increased diagno-

sis rates are not indicative of a decline in this population’s health is further corroborated by an analysis of

mortality measures, which do not increase - neither in the short term nor in the longer term - in response to

public transportation penetration, and there is even some suggestive evidence of a decline in mortality.

Overall, our results emphasize the importance of reducing physical barriers in order to access sec-

ondary health care facilities and specialists, particularly among socioeconomically vulnerable populations

and communities. Health disparities between more advantaged and less advantaged populations are com-

mon throughout the world. The causes of these disparities have been investigated to varying extents and

23Diabetes is extremely high among older females in the Arab population - in 2015, 14.3 percent of females ages 45-54 and 32.2
percent of females ages 55-64 had diabetes, and this is compared with 5.3 and 12.3 precent rates respectively for the same-age Jewish
female population (Chernochovaky et al. (2017)). Thus, diabetes rates among Arab females are nearly three times higher than among
Jewish females for ages 45-64. For males, diabetes rates are also higher among Arabs, but the differences are not at the same orders of
magnitude as in females (12.4 versus 7.8 precent and 26.9 versus 17.4 percent for ages 45-54 and 55-64, respectively).

24We stress that greater awareness of potential health risk factors is likely unique (or at least much stronger) when it comes to
diabetes among Arab females during this period. During the 15 or so years preceding our sample period, Arab female diabetes rates
have risen substantially in comparison to those of Jewish females, after being relatively similar (Na’amnih et al. (2010)). Furthermore,
awareness of this phenomenon became more apparent only in the early 2000’s, as pointed out by Treister-Goltzman and Peleg (2015)
and a literature search we conducted in medical journals that discusses the rise of diabetes cases among Arab females in Israel.
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are numerous - cultural, educational, language barriers, and more. Geographic health disparities have

been investigated to a much smaller extent and their underlying mechanisms have hardly been addressed.

This paper shows that physical access to secondary health care can be one additional factor leading to geo-

graphic and socioeconomic health disparities, and moreover, it can be easily addressed by increased public

transportation networks that connect to centers with specialist health care services.

Our evidence on improved older adult health outcomes is also related to implications of better health

from an economy-wide perspective. These include the potential for greater worker productivity and labor

force participation (see Verikios et al. (2015)). Lastly, our results open the possibility of trading off invest-

ment in local health infrastructure with public transportation investment. Further research can explore

whether public investing in bus infrastructure in peripheral disadvantaged communities is more effective

than investing in healthcare infrastructure, particularly secondary healthcare infrastructure, which can of-

ten be more costly due to specialized personnel and equipment.
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Appendix

A List of Towns in the Sample

Table 10: Town List

Notes: Total number of towns: 39. Male and Female columns refers to the number of observations in the sample of older adults (ages
50-75) for that town and year.
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Figure 6: Dependent Variable Means by Age and Gender

B Summary Statistics - Disaggregating Dependent Variables

In Table 11 we present summary statistics for the components of our aggregated dependent variables -

Common Health Conditions and Rare Health Conditions. Common Health Conditions is comprised of

diabetes, heart problems, high cholesterol, and high blood pressure. All other health conditions in Table 11

are components of Rare Health Conditions.

C Means of Dependent Variable by Age Group

We present the means of our four dependent variables by age groups - 30-39, 40-49, 50-59, and 60-75 -

and gender in Figure 6. As can be seen, for three of our four dependent variables - No Chronic Health

Conditions, Common Health Conditions, and Rare Health Conditions - these health conditions are much

more relevant at an older age . For Rare Health Conditions, there is a sharp increase when transitioning from

the 40-49 to the 50-59 age range. For Overweight, only females demonstrate rising rates as age increases,

and this is not as sharp as with the other health conditions that are much less apparent at younger ages.
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Table 11: Summary Statistics - Disaggregating Dependent Variables

Notes: The sample is individuals aged 50-75 from the Arab Survey for towns that did not have public transportation prior to 2008 .
Standard deviations are in parenthesis. Mean Number of Buses Last Year is the mean across three dates in the preceding year of the
frequencies of all bus lines serving the town per 1000 residents in the town. Lowest socioeconomic (SE) status towns refers to towns
ranked 1-2. Higher SE status towns refers to towns ranked 3 and higher. For details on town SE ranking, see footnote 12 in Section 3.
The number of observations varies for each health condition and gender and ranges for low SE towns from 495 to 651 and for higher
SE towns from 603 to 842.
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D Controlling for Household Level Income and Expenditure

In Table 12, we present regression results when we control for household level expenditure or income

- specifically, monthly health expenditure, monthly income, and monthly overall expenditure. The first

two columns for each dependent variable present results without controlling for the additional household

level variables, and these results are identical to those presented in Table 5, while the last two columns

include these controls. Despite the potential for endogeneity of these additional control variables - as is

indeed exhibited at least for health expenditure in Table 3 - we nevertheless present this analysis, which

demonstrates relatively stable coefficient estimates even when controlling for these variables. Specifically

all statistically significant coefficient estimates remain statistically significant and of the same magnitude,

with the exception of the short term effect of buses on male rare health conditions, which is of a similar

magnitude but with a p-value of only 0.21. We note that an additional caveat regarding these results is the

significant change in the sample size, as all three control variables need to be available for all observations

in the regression.
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Table 12: Public Transportation and Older Adult Health - Controlling for Household Level Income and
Expenditure

Notes: The sample is older adults (ages 50-75) residing in the lowest SES ranked towns. The table presents the coefficient estimates β1
and β2 from equation (1). For each dependent variable and specification, results are presented for males and females in the first and
second column, respectively. Individual level controls are the following: quadratic function of age, indicators for relation to household
head, indicators for month of interview, number of household members, town’s socioeconomic ranking (indicators), and educational
attainment levels (categorical). All household expenditure and income variables are at the monthly level. Standard errors clustered at
the town level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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