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Abstract
This paper examines the welfare consequences of reallocating high-skilled labor across
borders. A labor demand shock in Norway—driven by a surge in oil prices—substantially
increased physician wages and sharply raised the incentive for Swedish doctors to com-
mute across the border. Leveraging linked administrative data and a dose-response
difference-in-differences design, we show that this shift doubled commuting rates and
significantly reduced Sweden’s domestic physician supply. The result was a persis-
tent rise in mortality, with no corresponding health gains in Norway. These effects
were unevenly distributed, disproportionately harming certain places and populations.
The underlying mechanism was a severe strain on Sweden’s healthcare system: short-
ages of young, high-skilled generalists led to more hospitalizations, premature dis-
charges, higher readmission rates, and delayed care. Mortality effects were larger in
low-density physician regions and concentrated in older individuals and acute condi-
tions—circulatory, respiratory, and infectious diseases. Our findings show that even
temporary, intensive-margin shifts in skilled labor can generate large and unequal wel-
fare losses when public services are already capacity-constrained.
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1 Introduction
Cross-country employment has surged in recent decades, reshaping the geography of labor mar-

kets. Millions of workers now live in one country while working in another. These shifts are re-
defining the boundaries of local labor markets and enabling firms and countries to access talent in a
much broader arena. The trend is particularly pronounced among young and high-skilled workers,
who are more mobile and tend to sort into occupations that offer higher returns to cross-border
employment (e.g. Dodini, Løken and Willén, 2022; European Commission, 2017).

The effects of skill-biased worker mobility are ambiguous. On one hand, “brain drain” presents
a growing challenge for policymakers as the movement of cross-border workers accelerates, making
countries more vulnerable to global and regional labor market fluctuations. This issue is especially
acute for complex and specialized tasks, where high-skilled talent is harder to attract, replace, and
develop quickly. On the other hand, “brain gain” offers an opportunity for local areas struggling to
cultivate their own talent, potentially acting as an antidote to specific or strategic labor shortages in
certain areas. The overall impact, therefore, depends on the net benefits to the destination country
or region relative to the costs borne by the country or region of origin. Currently, we do not have a
comprehensive understanding of these shifts and their long-term implications for efficiency, equity,
and overall welfare.

Understanding the broad welfare implications of brain drain is challenging due to three key
obstacles. First, there is a lack of fine-grained longitudinal data that cuts across national borders,
making it difficult to estimate cross-country labor supply changes. Second, there is a lack of ex-
ogenous variation in high-skilled labor mobility, which complicates efforts to isolate the impact of
worker flows on welfare outcomes. Lastly, it is very difficult to identify objective welfare measures
that are comparable across origin and destination countries. Due to these challenges, evidence on
the causal effects of brain drain on welfare is scarce.

This paper overcomes both the data and identification challenges in the context of the Scandina-
vian health care sector, offering a thorough synthesis of the welfare implications of brain drain both
in the sending and receiving areas. Specifically, we study how exogenous shifts in the cross-border
mobility of highly skilled physicians shape welfare in both sending and receiving regions. First, we
examine the impact of changes in physician supply on local mortality. We then analyze its implica-
tions for inequality in mortality outcomes across countries, across municipalities within countries,
and across individuals within municipalities. Finally, we investigate the mechanisms driving these
effects, focusing on healthcare access, quality, and costs.

To quantify these consequences, we combine our mortality estimates with economic bench-
marks to estimate the social value of physician labor. This allows us to assess whether the welfare
losses from physician outflows exceed the fiscal costs of retention, and to benchmark these es-
timates against existing evidence for other healthcare workers. In an era of increasing global and
regional market integration, rising inequality, and shifting demographics, understanding the impact
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of worker mobility—both across and within countries—is essential. This is particularly relevant
as international and regional institutions advance policies to further integrate labor markets and
facilitate worker flows.

Our empirical strategy exploits a unique labor demand shock in Norway, driven by a sharp surge
in oil prices and a rapid expansion of the country’s oil sector. This shock rippled through the econ-
omy, supercharging real wages across industries and occupations and nearly doubling the within-
occupation wage differential between Sweden and Norway. As a result, the incentive for Swedes to
commute across the border for work increased substantially, drawing more Swedish workers into
the Norwegian labor market. For most occupations, including non-doctor healthcare workers (e.g.,
nurses), the commuting response was driven by proximity to the border, as taking a job in Nor-
way oftentimes required fully substituting their Swedish employment (Dodini, Løken and Willén,
2022). However, doctors–who were in short supply in Sweden and enjoyed highly flexible work
arrangements in Norway–could adjust their labor supply on the intensive margin instead. Unlike
other workers, their ability to take on short, irregular stints meant their response was dictated by
relative gains to commuting based on the pre-shock wage levels in their home districts and was not
constrained by distance to the border.1

This setting allows us to implement a dose-response difference-in-differences framework, lever-
aging municipality-level variation in pre-shock doctor pay as the intensity measure among non-
border municipalities. The key idea is that municipalities with lower pre-shock wages experienced
a stronger incentive to commute and a greater outflow of physicians, generating variation in expo-
sure to physician brain drain across places. By exploiting this variation, we can identify the causal
impact of physician mobility on health outcomes and inequality. A key identifying assumption is
that only doctors respond to this variation, which we confirm by showing that no other occupations
exhibit similar mobility patterns. This supports the exclusion restriction and reinforces the idea
that broader commuting pressures remain constant across non-border municipalities. With access
to rich register data, we track Swedish individuals commuting to Norway, offering novel insights
into brain drain’s consequences for both origin and destination countries. On the Norwegian side,
we use multiple indicators of physician demand–baseline doctor wages, the share of physicians near
retirement, baseline physician density, and existing commuter networks–to predict where incoming
commuters might work and estimate their effects.

We present four core sets of findings. First, we confirm that the Norwegian labor demand shock
prompted a significant response from Swedish physicians. In the years following the shock, the
number of Swedish physicians commuting to Norway increased by more than 50 percent, resulting

1This shock is particularly interesting because labor mobility and cross-border commuting were already well estab-
lished before the boom. However, the surge in real wages in Norway increased the return to commuting from Swedish
communities (despite stable macroeconomic conditions in Sweden). This pulled workers into Norway rather than
pushing them out of Sweden.
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in a substantial loss of high-skilled physicians for Sweden and a corresponding gain for Norway.2

Notably, this shift in commuting behavior was primarily driven by young, highly productive gener-
alists, who are more cash-constrained and less mobility-constrained.

We then show that the outflow of high-skilled doctors from Sweden led to significant and per-
sistent increases in mortality in areas with higher rates of physician out-commuting. These effects
were concentrated among individuals aged 55+, a group more likely to experience acute health
issues requiring immediate attention. Additionally, we find that the mortality effects were signifi-
cantly larger in municipalities with lower baseline physician density, consistent with the idea that
areas with more limited healthcare capacity are less able to absorb physician outflows. In contrast,
the influx of commuting doctors into Norway did not result in measurable improvements in mortal-
ity rates, suggesting that the benefits of “brain gain” in receiving countries do not necessarily offset
the costs borne by the sending countries. This aligns with the fact that Norway already has one of
the highest physician-to-population ratios in the OECD, while Sweden’s rate is about 20 percent
lower. The limited marginal impact of additional doctors in Norway stands in stark contrast to the
severe consequences of physician shortages in Sweden.

We next turn to the distributional consequences of physician outflows and show that their effects
extend well beyond average mortality rates, deepening existing inequalities in health outcomes. The
loss of doctors disproportionately harms more vulnerable populations and exacerbates disparities
across countries, regions, and individuals. At the country level, the widening gap between Sweden
and Norway underscores the asymmetric impact of brain drain on healthcare systems. Counter-
factual estimates suggest that fully closing the Sweden-Norway physician wage gap would have
reduced mortality by 1 per 1,000 in Sweden by 2013. Our back-of-the-envelope calculations fur-
ther show that the welfare gains from such a reduction in mortality would have greatly exceeded
the fiscal cost of raising physician wages to levels competitive with Norway. Within Sweden, mu-
nicipalities with lower baseline physician density relative to the population size experienced sig-
nificantly steeper increases in mortality than those with higher baseline physician density, despite
experiencing similar rates of physician out-commuting. In a separate analysis, we also quantify how
much equalizing physician wages across the highest- and lowest-paid municipalities within Sweden
would benefit the lower-paid municipalities. At the individual level, low-income and less-educated
populations bear the brunt of the physician shortage, facing higher mortality rates and reduced ac-
cess to timely care. These groups are more reliant on public healthcare systems and emergency
services, which are particularly strained by the outflow of physicians. The inability to seek alter-
native care, such as private healthcare or treatment in better-staffed regions, further amplifies these

2Throughout the paper, we use the terms “commuting” and “commuters” to describe physicians working in and
earning income on the Norwegian side of the border while officially residing in Sweden. This includes daily commuters
whose primary job is in Norway, those working in Norwegian hospitals and clinics for short stays (e.g., weekends, 1–2
weeks per month), and those taking longer continuous stays of up to two quarters. Commuting entails an intensive
margin loss of physicians’ human capital in addition to any extensive margin loss in this context.
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disparities.
Finally, we explore the mechanisms driving these effects. The mortality increase is primarily

linked to the loss of high-quality young generalist physicians, whose departure disproportionately
disrupts first-contact and emergency care. Acute conditions such as circulatory, respiratory, and
infectious diseases—where immediate intervention is critical—account for most of the observed
rise in mortality. Beyond mortality, we find that the physician shortage places substantial strain
on Sweden’s healthcare system. Hospitalization rates increase, likely reflecting a rise in misdiag-
noses or lower-quality care at the initial point of contact. At the same time, hospitals attempt to
manage capacity by accelerating patient discharges, often at the expense of patient needs, lead-
ing to considerably higher readmission rates. In response to the growing competition for doctors,
Swedish municipalities raise wages in an attempt to limit outflows, but these efforts fall short of
reversing the trend. Instead, they increase hospital operational costs, further limiting resources and
capacity. Taken together, fewer doctors, rising hospitalization rates, increased operational costs,
and premature discharges contribute to delays in patient access to care, overburdening the system
and ultimately leading to worse treatment outcomes.

Our findings highlight how shocks to the human capital stock can significantly impact the sta-
bility of healthcare systems. This is a critical consideration for policymakers seeking to build more
resilient healthcare systems. This includes the systems that set physician pay, those that train new
physicians, and those that reallocate physicians across space. These shocks can occur for a range
of reasons, from migration policies that influence the mobility of healthcare workers to broader
changes in labor market dynamics and exchange rate dynamics. Therefore, policies that address the
training, retention, and recruitment of healthcare professionals, especially in vulnerable sectors like
emergency care, are essential for maintaining high standards of patient care and protecting public
health. More broadly, our results highlight the need for the stability and development of human
capital beyond healthcare; similar risks exist in other strategically critical sectors—such as nuclear
energy, advanced aerospace engineering, and cybersecurity—where workers require extensive, spe-
cialized training and where talent shortages can undermine core societal functions.

The overall welfare (mortality) effect in our setting is negative, driven by the disruption to
healthcare services and the reduced quantity and quality of care patients receive. While the severity
of these effects depends on factors such as the initial distribution of doctors, the baseline quality
of healthcare services, and the ability of institutions to train and replace healthcare workers, our
findings are especially relevant given the ongoing healthcare workforce crisis in Europe and the
U.S. As of 2022, the EU faced a shortage of 1.2 million doctors, nurses, and midwives, while the
U.S. is projected to experience a shortfall of up to 86,000 physicians by 2036 (OECD and Euro-
pean Commission, 2024; GlobalData Plc, 2024). These shortages, driven by demographic aging,
physician retirements, difficult working conditions, and too few new professionals being trained,
have already strained healthcare systems and limited access to care. The fact that many countries
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are struggling to maintain adequate staffing suggests that the negative effects we document may
therefore have greater generalizability. Given Scandinavia’s strong healthcare system and financial
capacity, our results may be seen as conservative estimates or lower bounds, reinforcing the broader
policy relevance of our findings.

By providing a unified framework for understanding the welfare effects of brain drain in both
sending and receiving countries using exogenous variation in mobility and combining it with de-
tailed and objective welfare measures, we contribute to the existing literature in five distinct ways.

First, we contribute to the literature on brain drain by providing the first causal estimates of its
short- and long-term welfare consequences for sending and receiving countries. As Batista et al.
(2025) note in their review, “Despite fears of medical brain drain, causal evidence is absent on
negative impacts.” Our study directly fills this gap by identifying the effects of physician outflows
on mortality, inequality, and healthcare system strain in both origin and destination regions.

Prior research on this topic primarily examines individual returns, determinants of high-skilled
emigration, and responses in education and training, especially within developing contexts (e.g.,
Docquier and Rapoport, 2012; Khanna et al., 2022; Abarcar and Theoharides, 2024; Mobarak,
Sharif and Shrestha, 2023). Historical episodes such as the forced dismissal of scientists in Nazi
Germany have also been explored (Waldinger, 2012), but these settings fundamentally differ from
voluntary migration (see Becker and Ferrara, 2019). Although concerns about high-skilled out-
flows are widely recognized—particularly in countries facing critical shortages in essential sectors
(see Lutz et al., 2019)—empirical evidence quantifying broader economic and welfare impacts of
large-scale out-migration remains limited. Existing studies rarely examine how brain drain influ-
ences service provision and long-term labor market adjustments. We fill this gap by identifying
mechanisms through which losses in high-skilled human capital, including short-term and inten-
sive margin adjustments, disrupt local labor markets and public services. Our findings emphasize
that constraints on rapidly scaling up the supply of highly specialized workers exacerbate welfare
losses associated with brain drain.3 Additionally, our study contributes to the scarce causal litera-
ture investigating physician responses to changes in compensation, highlighting labor supply and
practice location decisions in cross-border contexts (e.g., Devlin and McCormack, 2023; Clemens
and Gottlieb, 2014; Alexander, 2020; Alexander and Schnell, 2024).

Second, we contribute to the literature on place-based inequality and health disparities by pro-
viding causal evidence on how healthcare shocks and disruptions shape regional inequalities. Prior
research has shown that location significantly influences health outcomes, but the underlying mech-
anisms remain difficult to disentangle. Finkelstein, Gentzkow and Williams (2021) finds that mov-
ing from a low-health to a high-health area in the U.S. increases life expectancy at age 65 by 1.1
years, explaining nearly half of the 90-10 mortality gap. Lleras-Muney, Schwandt and Wherry

3For example, in contrast to nurse emigration from the Philippines, where educational programs rapidly expanded
to offset migration-related losses (Abarcar and Theoharides, 2024), the extensive time and cost required for physician
training limit swift adjustments in local supply.
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(2024) highlights place as a key driver of poverty-related health disparities, while Finkelstein et al.
(2024) shows that economic downturns, such as the Great Recession, affected both economic activ-
ity and elderly mortality, revealing complex interactions between economic and health outcomes.

While these studies provide valuable insights, they primarily rely on observational correlations,
making it difficult to isolate the causal effects of healthcare supply constraints on regional health
disparities and the mechanisms through which they operate. Our study addresses this gap by ex-
ploiting exogenous variation in physician outflows, offering a unique opportunity to identify how
reductions in the supply of, and access to, healthcare expertise affect mortality and hospital strain
across regions. By directly measuring the effects of physician shortages, we provide new evidence
on how health system capacity shapes place-based disparities in health outcomes.

Third, we contribute to the literature on the consequences of migration for sending countries,
an area that remains significantly understudied. While extensive research has examined the labor
market effects of immigration and job posting in receiving countries (e.g. Johnson, 1980; Grossman,
1982; Borjas, 1987; Card, 1990; Friedberg, 2001; Borjas, 2003; Ottaviano and Peri, 2012; Foged
and Peri, 2016; Friedberg and Hunt, 2018; Piyapromdee, 2021; Muñoz, 2024), studies on how
out-migration affects the countries left behind are comparatively scarce. The few existing studies
focus primarily on individual labor market outcomes, community development, and firm behavior
(Hafner, 2021; Bütikofer, Løken and Willén, 2022; Dicarlo, 2022; Dodini, Løken and Willén, 2022),
leaving broader macroeconomic and institutional effects largely unexplored.4

We advance this literature by shifting the focus from individual-level outcomes to system-wide
consequences, offering new evidence on how shortages of skilled human capital impact public
services, healthcare quality, and population-wide welfare. By exploiting exogenous variation in
out-commuting, we provide causal estimates of the direct costs imposed on sending countries, iden-
tifying mechanisms through which even the temporary loss of expertise disrupts essential services
and amplifies inequality. This moves beyond prior studies that largely focus on workers and firms,
instead revealing how migration and other shocks to movement reverberate across entire economies.

Fourth, we deliver new, causal evidence on physician shortages and mortality, demonstrat-
ing that the loss of general physicians in Swedish hospitals directly increases elderly mortality.
While prior studies link physician quality to patient outcomes (Badinski et al., 2023; Finkelstein,
Gentzkow and Williams, 2021; Ginja et al., 2025) and physician working time and decision mak-
ing to patient outcomes (Chan, 2018; Silver, 2021; Currie, MacLeod and Musen, 2024), we break
new ground by identifying, for the first time, the population-wide effects of a large-scale physician

4The most relevant work on the Swedish and Norwegian contexts has primarily examined firm behavior and local
labor market dynamics in municipalities located directly along the border (Dodini, Løken and Willén, 2022). While that
setting captures broad economic responses to shifts in labor market competition, our analysis is designed to answer a
fundamentally different question: what are the welfare consequences when high-skilled professionals, critical to public
service provision, temporarily reallocate across borders? To do so, we focus on municipalities far from the border
and leverage variation in exposure to physician brain drain. This allows us to isolate the population-level effects on
healthcare capacity, mortality, and inequality.
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outflow—isolating its impact from broader health system dynamics.
Fifth, we push the frontier on healthcare capacity constraints by revealing that physician short-

ages do more than degrade care quality and inflate costs—they actively overload the system, trig-
gering higher hospitalization and readmission rates. While existing research explores hospital
competition (Gaynor, Moreno-Serra and Propper, 2013), regulated pay for nurses (Propper and
Van Reenen, 2010), cost-cutting in emergency care (Knutsson and Tyrefors, 2022), and the inter-
ruption of treatments arising from nursing strikes (Gruber and Kleiner, 2012) and parental leave
programs (Friedrich and Hackmann, 2021b), we provide the first causal evidence that physician-
driven system strain has direct, quantifiable consequences for mortality.

Finally, our analysis also speaks to a broader concern in the design of public systems: how
regulated institutions respond when exposed to mobile, high-skilled labor. We show that interna-
tional wage competition can produce large and unequal welfare consequences when public sector
pay, though somewhat flexible in our setting, cannot fully adjust to shifts in supply. This insight
connects to a broader logic observed in Propper and Van Reenen (2010) and Britton and Propper
(2016): public services become vulnerable when pay structures fail to keep pace with local la-
bor market conditions, leading to staffing shortages and declines in performance in hospitals and
schools. While their settings focus on nurses and teachers within a single country, we study a differ-
ent question using a plausibly exogenous shock to physician mobility across borders. This allows us
to isolate the causal effects of high-skilled reallocation on population-level outcomes. By covering
all municipalities in both Sweden and Norway, we show how such shocks generate persistent and
unequal impacts on mortality, service capacity, and access—particularly for older individuals and
socioeconomically disadvantaged groups.
2 Background
2.1 Swedish Healthcare Sector

Sweden’s healthcare system is based on a publicly funded, universal model primarily financed
through taxes and copayments at the point of service. The system is designed to ensure broad access
to healthcare services for all citizens, with copayments being relatively low and capped annually to
limit out-of-pocket expenses.5 While the public system provides comprehensive coverage, private
providers have become more common over the past few years among high-income individuals who
seek quicker or more specialized care. This shift reflects an increasing trend toward private health-
care access for those with the financial means to opt for it. However, this was extremely rare during
our analysis period.6

The healthcare system in Sweden operates within a multi-tier structure, with general practition-
ers, specialists, and hospitals forming the core of the system. Primary care is delivered by general

5The annual cap in 2003 was 900 SEK for out-patient visits and 1,800 SEK for prescription medication, which
corresponds to approximately $135 and $270 in 2025 dollars, respectively, after adjusting for inflation.

6During our sample period, less than 5 percent of individuals held private health insurance. Since then, the number
has risen sharply, and currently stands at 15 percent.
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practitioners, while more specialized treatments are referred to specialists and hospitals. During
our sample period, emergency departments in Sweden were primarily staffed by generalists and
primary care physicians. Larger hospitals sometimes involved specialists from internal medicine,
surgery, orthopedics, and anesthesiology, but these settings—mainly university hospitals—are ex-
cluded from our analysis.7 Eighty percent of physicians in Sweden are represented by the Swedish
Medical Association, which helps doctors in contract negotiations, regulates licensing and training
standards, offers legal assistance in disciplinary matters, and helps establish safety and patient care
standards in the country. Unlike most university programs in Sweden, the number of medical school
seats is determined by the national government. While the SMA does not control admissions, it
frequently weighs in on policy debates about training capacity and expansion, often emphasizing
the need to align medical education with available clinical training resources.

Since the mid-1990s, physician wages in Sweden have been determined through individual wage
setting between employers and employees, leading to regional and role-specific variation in com-
pensation. Factors such as experience, education, specialization, local budgets, and healthcare de-
mand contribute to wage differences across health regions. This decentralized salary system aligns
compensation with regional healthcare needs and market conditions, resulting in substantial spatial
wage variation. We exploit this regional wage variation before the labor demand shock in Norway
to identify the effects of physician out-commuting on local health outcomes.
2.2 The Sweden-Norway Border

The Sweden-Norway border is the longest cross-country land border in Europe, spanning 1619
kilometers. This is equivalent to approximately 60 percent of the US - Mexico border.

The Norwegian and Swedish labor markets are among the most integrated in Europe, thanks
to strong institutional and historical ties. In 1954, predating both the European Union’s single
market and the Schengen Agreement, the Nordic Passport Union was established as a pioneering
move to strengthen regional cooperation across country borders. The Nordic Passport Union is an
agreement that allows citizens of the Nordic countries—Denmark, Finland, Iceland, Norway, and
Sweden—to travel, live, and work freely across their borders without the need for a passport or
residence permits. It is one of the earliest and most comprehensive regional agreements of its kind,
emphasizing the deep cooperation among these nations.

There are three features of this agreement that are particularly interesting for our study. First,
citizens of the Nordic countries can cross borders without passports and reside in each other’s
countries without residence permits. This applies to all Nordic citizens, regardless of the purpose of
their travel or stay (work, study, or leisure). Second, Nordic citizens enjoy similar rights as nationals
when residing in another Nordic country. This includes access to social security, healthcare, and
education, making it easier to integrate. Third, Nordic citizens can work in any Nordic country

7Since 2012, Sweden has gradually transitioned toward employing full-time Emergency Medicine (EM) specialists
who work exclusively in hospital emergency departments, aiming to improve continuity and expertise in acute care.
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without a work permit and are not required to reside in the country where they are employed.8 In
contrast to labor markets, the product market is much less integrated since Norway is outside the
EU customs union.

In terms of institutional barriers to employment integration, Sweden and Norway are very sim-
ilar with respect to labor market design, education systems, and welfare policies, and there are
very few prohibitive occupational licensing restrictions across the border. The cultural proximity
and mutually intelligible languages further reduce barriers to workplace integration. Specifically,
Norwegian and Swedish are closely related North Germanic languages with high mutual intelli-
gibility. While some differences exist, their structural similarities greatly facilitate cross-border
communication. As a result, individuals working in either country can use their native language in
professional settings without significant barriers, and this is often incorporated into law.9 Shared
norms and values also make it easier for workers to adapt to different work environments.

Finally, Nordic countries have agreements to prevent double taxation and to coordinate social
security systems. This ensures that cross-border workers receive equitable treatment in terms of
benefits, pensions, and healthcare. In particular, tax and welfare systems in the Nordic region re-
quire workers to pay taxes and receive welfare benefits in the country where they are employed.
This applies to all cross-border commuters, with one exception: workers who live in a border mu-
nicipality on one side of the border and work in a border municipality on the other side pay income
taxes in their country of residence. These individuals are omitted from our analysis.
2.3 Working Across the Border

Labor mobility across the Sweden-Norway border has been a significant feature of the Nordic
labor market over the past several decades. Swedish nationals account for around 80% of all cross-
border commuting in the Nordic countries, primarily commuting to Denmark and Norway. The
proximity of these countries, combined with their large labor markets and high wages near smaller
Swedish cities, makes them attractive destinations for Swedes living near the borders.10 Fewer than
2,000 Norwegians commute to other Nordic countries annually.

The cross-border commuting flow from Sweden to Norway was substantial in the late 90s and
early 00s, with around 30,000 workers annually. It remained stable until 2004, then more than
doubled in the following years due to rising labor demand and wage growth in Norway. Doctors
were among the first to increase commuting, shifting patterns nearly a year earlier than other occu-
pations. Unlike other workers, they could adjust labor supply on the intensive margin by working
short, irregular stints. Their flexible contracts and autonomy over working hours allowed them to
respond quickly to wage differentials more quickly than other professions. Instead of committing to

8With the implementation of the Schengen Agreement in 1996, the Passport Union became part of the broader
European system of free movement.

9For example, the laws governing the Higher Education Sector in Norway explicitly states that the language of
instruction has to be Swedish, Norwegian, or Danish.

10Commuters are typically young, high-income, highly-educated, men, and single. They span all industries, with
doctors and economists most common among the high-skilled.
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permanent relocation, they could selectively increase commuting when Norwegian wages outpaced
Swedish alternatives. On average, Swedish commuters spend 3.8 years working in Norway, while
those who transition fully stay for an average of 2.3 years.

Swedish doctors can easily commute to Norway due to streamlined mobility rules. As discussed
above, Swedish nationals have the right to live and work in Norway without the need to apply for
a work or residence permit. To work as a doctor, however, Swedish citizens must still obtain a
Norwegian Medical Certificate. This can be acquired through a simple online form where workers
upload their relevant medical degree along with information about their citizenship. The process
is quick (approximately 4 to 6 weeks), and the certificate is valid for life. There is no language
barrier; Swedish doctors can work in Norway using Swedish. Many Swedish physicians find work
in Norway through third-party staffing agencies that match Swedish labor supply with Norwegian
demand. This system is institutionalized: the Norwegian government grants recruitment rights
to a fixed number of private companies (currently eight) authorized to place Swedish doctors in
Norwegian healthcare positions. In parallel, a substantial share of commuting physicians also se-
cure positions through direct contact with Norwegian employers. These institutional arrangements
closely mirror many of the locum tenens arrangements in, for example, the United States, where
the Interstate Medical Licensure Compact allows physicians across 39 states to work across state
lines, and a number of large private companies place these physicians in short-term contracts in
hard-to-staff areas or areas undergoing manpower transitions.
2.4 The Norwegian Economic Boom

Before 2004, Sweden and Norway exhibited relatively stable economic conditions, with parallel
per capita GDP growth trends, stable exchange rates, and consistent macroeconomic factors across
both countries. However, between 2004 and 2009, Norway experienced a significant divergence in
economic growth, driven primarily by the sharp rise in oil prices and a rapid expansion of the oil
sector. In particular, the annual GDP per capita gap increased from approximately USD 11,000 in
2003 to USD 43,000 in 2013. Figure A1 shows the change in GDP per capita and exchange rate
across the two countries over our analysis period.11 Figure A2 shows the revenue from the oil sector
to the Norwegian government over time - the primary driver behind these divergent macroeconomic
trends. As shown in the figure, oil revenue remained relatively stable until 2003-2004, after which
it increased substantially, doubling by 2006–2008.

This period of economic boom in Norway was not only characterized by an increase in GDP
but also by a dramatic decline in unemployment and a substantial rise in wages across nearly all
occupations (Dodini, Løken and Willén, 2022). This wage growth was broadly distributed, affecting
both private and public sectors, and was largely driven by both broad-based increases in demand
and Norway’s national sectoral collective bargaining system. Specifically, wages in the export-

11We focus on the non-PPP adjusted GDP per capita as Swedish commuters would receive a wage from Norway
but live and consume in Sweden.

10



oriented industrial sector, where the oil industry plays a central role, set the benchmark for wage
negotiations in other sectors due to Norway’s coordinated wage-setting system. In this system,
the internationally exposed sectors negotiate first, establishing a wage norm (or benchmark) that
other industries tend to follow. When the export sector secures strong wage growth, this norm
pulls up wages in the rest of the economy, leading to significant spillover effects across all sectors
(Bhuller et al., 2022; Dale-Olsen, 2024). As the oil sector, which accounts for 25% of Norway’s
GDP and 35% of state revenues, continued to perform well, the increased government spending and
aggregate demand fueled substantial wage growth across various industries. The implication was a
considerable increase in the within-occupation wage gap between Norway and Sweden (Figure 4).12

The unprecedented rise in wages and labor demand in Norway had significant spillover effects
on neighboring Sweden, especially in regions near the Norwegian border. The demand for labor in
Norway intensified competition for workers, which, in turn, spurred a surge in cross-border com-
muting from Sweden. The number of Swedish workers commuting to Norway doubled between
2004 and 2009, reflecting the growing disparity in economic conditions between the two countries.
2.5 Commuting Shock

The Norwegian labor demand shock propagated across the economy, generating a significant
inflow of Swedish workers into various industries. This is illustrated descriptively in Panel (a) of
Figure 1, which plots the raw number of Swedes with positive wage income from Norway (while
still residing in Sweden) between 2001 and 2013. The figure shows a relatively steady number
of Swedes crossing the border for work annually—approximately 30,000—before 2004. However,
this number climbs rapidly as the labor demand shock takes hold in Norway, doubling to 60,000
workers in less than three years. This increase is substantial given the relatively small populations
of the Scandinavian countries (4.5 million in Norway and 9 million in Sweden in 2003).

Panel (b) of Figure 1 focuses on Swedish doctors and reveals a similar commuting pattern as
seen in the overall population, although Swedish doctors begin commuting about a year earlier.
This may reflect the greater flexibility of Swedish physicians’ contracts and their leverage at the
negotiation table, enabling them to substitute portions of their Swedish positions for Norwegian
equivalents relatively quickly (discussed in detail in Section 2).

Panel (c) of Figure 1 presents analogous information, measured as the growth rate in the share
of commuters relative to the baseline (2003), across health workers, non-health workers, nurses,
and doctors. Across all groups, there are notable increases in commuting growth rates, ranging
from 50 percent for doctors to over 100 percent for nurses.

To examine where these commuters come from, Figure 2 provides heat maps showing the geo-
graphic variation in commuting responses for all workers (Panel a), nurses (Panel b), and doctors
(Panel c). These maps highlight a key nuance: while most workers’ responses correlate with their
proximity to the border, doctors do not follow this pattern. We hypothesize that this is due to the

12Figure A3 presents the same within-occupation wage gap over time, stratified by ISCO-88 occupation codes.
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relatively flexible contracts of Swedish doctors, which make it easier to substitute part of their
Swedish work with Norwegian opportunities. Additionally, the absence of large hospitals right on
the Norwegian side of the border necessitates air travel for Swedish commuting doctors regardless
of where in Sweden they live.

If distance does not drive Swedish doctors’ decisions to commute, what does? Figure 3 demon-
strates that physicians are more likely to seize improved labor market opportunities in Norway when
the return to commuting is higher. Specifically, there are significant regional differences in physi-
cian wages within Sweden, with the 25th percentile physician wage being 451000 SEK in 2003
and the 75th percentile being 573160 SEK.13 Figure A8 provides the full density distribution of
physician wages across Swedish municipalities in 2003.

Figure 3 shows a strong correlation between average physician wages in a municipality prior to
the shock and the subsequent commuting response (percentage change relative to baseline), sup-
porting this hypothesis. Interestingly, this relationship does not hold for non-doctors, whether based
on non-doctor base pay or doctor base pay. This difference is likely due to the less flexible con-
tracts held by non-doctors, who typically need to commute daily on a near-full-time basis, making
distance a more significant factor. In contrast, doctors can more easily take advantage of periodic,
infrequent opportunities, allowing them to adjust their commuting based on wage differentials rather
than proximity.

The geographic variation in commuting responses for doctors is crucial for our analysis. Previ-
ous research has shown that Swedish border municipalities experienced significant changes due to
the Norwegian labor demand shock, from individual commuting decisions to firm behavior, popu-
lation shifts, and local economic development near the border (Dodini, Løken and Willén, 2022).
Consequently, focusing on these areas would prevent us from isolating the causal effects of brain
drain—specifically, the outflow of physicians—on population health outcomes. Therefore, we ex-
clude border municipalities from our analysis.14

3 Data and Method
3.1 Data

Our primary data come from administrative registers at Statistics Sweden, covering all individ-
uals aged 16 through 65 from 2001 to 2013. The demographic data include age, gender, marital
status, family composition, education, and residence. Socioeconomic data include employment,
occupation, earnings, and social welfare participation.

Using a database established by the Nordic Council of Ministers to track worker flows across
the peninsula, we link our individual data to a Norwegian register detailing the employment history

13Wages for doctors in Sweden are individually negotiated between the worker and the employer, leading to regional
variation driven by factors such as supply, demand, experience, and competition.

14In their work, Schlenker (2024) investigate hospital mortality rates near the German border, attributing increased
mortality to a shortage of nurses who began commuting to Switzerland following the 2011 appreciation of the Swiss
franc. However, because the currency shock likely affected other types of workers, firms, and local economic conditions
near the border, it is not possible to isolate the mortality effects to nurse brain drain alone.
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of all Swedes that have ever worked in the country. This data, also covering 2001-2013, provides
individual-level information on Swedish residents’ labor market activities in Norway, including
employment, earnings, industry, and municipality of work. These data are linked to our main data
via social security numbers shared between the two national statistical agencies. Together, these
data enable us to identify all doctors in Sweden, what they look like in terms of socioeconomic and
demographic characteristics, and if they have ever worked in Norway.

We combine these data with detailed health data extracted from rich administrative records held
by Statistics Sweden. These data include information on mortality, cause of death, hospitalizations,
length of hospitalizations, time between hospitalizations, and surgeries, for each individual in the
country. These data allow us to directly examine the potential welfare effect of brain drain from
Sweden to Norway, as well as identify the underlying mechanisms.

Finally, to better understand whether any potential brain drain effects in Sweden are offset by
brain gain effects in Norway, we supplement our data with rich register-based data from Statistics
Norway. These data mirror the Swedish data described above (with the exception of the health
mechanisms) and allow us to examine whether the inflow of high-skilled doctors into Norway had
a positive health effect on the population as measured by mortality.

Table A7 presents summary statistics. Since we use a dose-response difference-in-differences
design, we do not require treatment and control groups to be identical, only that they would have
trended similarly in the absence of the shock (something we examine in detail in the result section).
3.2 Overview of Design

In theory, the rapid growth of the Norwegian economy generated improved labor market op-
portunities accessible to all Swedes willing to commute. This presents a central challenge for our
analysis: identifying observational units within Sweden that experienced varying degrees of ex-
posure to commuting pressure that only impacted the commuting patterns of physicians. Defining
such variation is crucial for establishing a clear set of treatment and control units to disentangle the
causal effects of brain drain.

To address this challenge, we leverage regional differences in physician pay within Sweden
before the onset of the labor demand shock in Norway. Average physician salaries vary significantly
across municipalities (Figure A8). Importantly, physicians are more likely to pursue improved labor
market opportunities in Norway when the financial return to commuting is higher, as it is when
baseline physician pay in Sweden is lower. By capitalizing on these pre-shock pay differences,
we implement a dose-response difference-in-differences approach, treating regional variation in
baseline pay as a predictor of the commuting response. This design allows us to isolate the causal
effect of physician brain drain on key outcomes such as mortality rates. This design mirrors those
used in prior work that have used regional differences in pay to identify causal effects in a range of
different settings (Willén, 2021; Britton and Propper, 2016; Propper and Van Reenen, 2010).

In addition to the parallel trends assumption inherent to the difference-in-differences frame-
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work, our approach requires that variation in physician commuting responses across municipalities
is not confounded by simultaneous outflows of other workers or other concurrent shocks that dif-
ferentially shape the outcomes of interest across areas with higher versus lower baseline physician
pay. In Section 4, we demonstrate that these areas experienced no other negative effects from the
Norwegian labor demand shock, that only Swedish doctors in these regions (and no other groups of
workers) responded to the increased external opportunities, and that variation in baseline pay does
not predict changes in pre-shock outcomes. Together, these findings provide robust support for the
identification assumptions necessary for causal inference in our setting.
3.3 Visual Illustration of Design

Our analysis leverages pre-shock differences in physician pay across Swedish municipalities as
a measure of treatment intensity in a difference-in-differences framework. To clarify our empirical
approach, we begin with a visual illustration of the causal pathway using raw data.

We first examine whether variation in pre-shock physician base wages influenced post-shock
cross-border commuting, serving as the first stage in our difference-in-differences framework. Panel
(a) of Figure 5 presents a binned scatter plot of the relationship between changes in doctor com-
muting (2003–2013) and base physician earnings (2003) at the municipality level. The plot reveals
a strong, negative, and nearly linear relationship: municipalities with lower base earnings in 2003
were significantly more likely to lose doctors to Norway after the positive wage shock. This provides
clear evidence that financial incentives played a key role in shaping physician mobility.

Next, we assess whether pre-shock physician wages predict post-shock mortality rates, repre-
senting the reduced-form effect in our framework. Panel (b) of Figure 5 displays a binned scatter
plot showing a negative relationship between base physician earnings and changes in mortality
(2003–2013). Municipalities with lower wages in 2003 experienced sharper increases in mortality
over the post-shock period, suggesting that physician outflows had measurable consequences for
local health outcomes.

Finally, we bring these two pieces of evidence together by directly examining the relationship
between physician mobility and mortality. Panel (c) of Figure 5 shows a positive, nearly linear re-
lationship between changes in doctor commuting and changes in mortality rates. In other words,
municipalities that lost more doctors due to stronger financial incentives for cross-border commut-
ing also experienced relative increases in mortality. This pattern underscores the potential health
consequences of physician shortages driven by these wage differentials.

The results above document descriptive evidence of brain drain and its negative welfare effects
in Sweden. To interpret these as causal, several assumptions must hold. First, municipalities with
different exposure to the labor demand shock must have followed similar trends in the absence of
the shock. Second, no concurrent changes correlated with baseline physician pay should indepen-
dently affect both mobility and mortality. Third, baseline pay must not influence other municipal
outcomes during the shock—such as commuting in other occupations or population growth—that
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could directly affect the outcomes of interest.
In the next section, we outline how we examine and address these assumptions within our causal

framework. Importantly, however, we note that even simple placebo tests based on raw data provide
strong initial support for these assumptions. For example, Figure 5 shows a placebo analysis of
changes in mortality rates between 1994 and 2003 against base doctor wage earnings in 2003.
Unlike the post-shock period, this pre-shock analysis reveals no evidence of a relationship between
base wages and mortality.
3.4 Technical Implementation of Design

Our analysis employs a conventional dose-response difference-in-differences framework, where
we compare changes in outcomes across municipalities over time based on their average physician
wage in 2003—the year before the Norwegian labor demand shock. This approach allows us to
identify relative effects by comparing municipalities that were more or less exposed to the shock
based on their initial wage levels.

The technical implementation of our approach consists of three steps. First, we calculate the
average physician pay across all municipalities in Sweden in the year before the Norwegian labor
demand shock began pulling Swedish doctors into the country. Second, we drop Swedish munici-
palities located on the border with Norway. This is motivated by the fact that these areas experienced
substantial changes in response to the Norwegian labor demand shock across multiple dimensions,
including a large amount of out-commuting among other occupations, a deteriorating business cli-
mate, and out-migration from the border municipalities to other areas in Sweden (Dodini, Løken
and Willén, 2022). This makes it difficult to isolate the unique effect of the increase in commuting
behavior of physicians. The other areas of Sweden away from the border, however, saw no such
changes (Dodini, Løken and Willén, 2022). Third, we exclude university hospital regions, as they
follow fundamentally different growth trends across all observable characteristics.15

After having constructed our sample, we estimate the following event study model:

Ymt = α +
t=2013∑
t=2001

[δt(BasePaym)] + γm + ρt + εmt, (1)

where Ymt represents an outcome of municipality m at time t. BasePay is a continuous variable
taking the value of the log average physician pay in the municipality in 2003 - the year before the
Norwegian labor demand shock. For ease of interpretation, we estimate the models interacting
with −1 × BasePay so that the coefficients capture the effect of increasing out-commuting and
a greater incentive to commute because lower BasePay values correspond to a larger increase in
commuting. The δt coefficients trace out any pre-treatment relative trends (for δ2001 through δ2003)

15Specifically, when we include these municipalities, we observe similar effects in terms of commuting responses
and mortality (Table A5). However, these municipalities were on a higher underlying population growth trajectory and
are unique in Sweden given their large size relative to other municipalities.
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as well as any time-varying treatment effects (for δ2004 through δ2013). We omit δ2003 such that all
coefficients are relative to the year prior to the onset of the shock. Standard errors are clustered at
the municipality level.

In terms of fixed effects, all specifications include year (ρt) and municipality (γm) fixed ef-
fects. The time fixed effects eliminate any macroeconomic shocks that affect all municipalities in
the same year from biasing the results. The municipality fixed effects absorb any systematic differ-
ences across municipalities that are constant over time. Our coefficients, therefore, measure relative
changes within municipalities over time.

To parsimoniously summarize the large set of coefficients obtained through Equation 1, we also
present results from a simplified difference-in-differences framework:

Ymt = α + β1Treatm + β2(Treatm × Postt) + γm + ρt + εmt, (2)

where Postt is a dummy variable equal to one for observations in 2004 through 2013—the years
following the onset of the Norwegian labor demand shock. The coefficient of interest in Equation
2 is thus β2, providing us with the average relative effect of the commuting shock during the post
period. All other variables are defined as above.

As discussed in Section 3.2, causal identification from Equations 1 and 2 requires that outcomes
in treated and control municipalities would have trended similarly absent the shock (the common
trends assumption). This assumption is important, because the estimation framework leverages the
evolution of the outcomes in the control group to infer what would have happened in the treatment
group without the shock. Additionally, identification requires no other contemporaneous policies
or shocks coinciding with the Norwegian boom that occurred in the Swedish municipalities with
high pre-shock physician wages relative to Swedish municipalities with low pre-shock physician
wages.

The results from Equation 1 help us examine if our data are consistent with the first assump-
tion. Specifically, the δt coefficients trace out any pre-treatment relative trends (for δ2001 through
δ2003), allowing us to study to what extent trends in Swedish border municipalities prior to the boom
matched those in the control municipalities. Complementing our register data with aggregate mu-
nicipality mortality data from 1994 onward allows us to extend the pre-trend analysis and ensure
that there are no differential trends in the ten years leading up to the shock with respect to our
key outcome. In Section 5.6, we subject our analysis to a rich set of robustness checks to provide
additional support for our required assumptions.

In addition to estimating the effects on Swedish municipalities, we also investigate potential
consequences in Norway. To assess the effects in Norway, we use pre-shock indicators of physician
demand—such as baseline physician wages, age composition, physician density, and commuter
networks—to predict where Swedish doctors are most likely to work. We then examine whether
these inflows affected local mortality or the labor supply of Norwegian physicians. While this
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exercise reveals that these predictors of commuters’ destinations within Norway are fairly weak,
these results are essential for understanding the aggregate welfare effects of cross-border physician
mobility. We discuss the empirical approach and findings in greater detail in Section 6.
4 First-Stage Brain Drain

In this section, we demonstrate a substantial commuting response among doctors as a function of
the pre-shock average physician wage in their municipality of residence. Furthermore, we confirm
that pre-shock physician wages are not associated with factors that could confound our results and
lead to biased estimates, ensuring that the observed effects are specifically attributable to the loss
of doctors rather than other potential municipality-specific shocks or trends.
4.1 Commuting Response

Panel (a) and (b) of Figure 6 illustrates the proportion of doctors in a municipality who com-
mute across the border for work, plotted as a function of the average pre-shock physician wage in
the municipality using Equation 1. Panel (a) shows results using unweighted data in which each
municipality represents a single observation, while Panel (b) shows results in which the estimates
have been weighted by the underlying baseline population in the municipality (to better account for
size differences across places).

Three observations are worth noting. First, before 2004, commuting patterns among doctors
showed no significant differences between municipalities with higher and lower average physician
base wages. This suggests that the trends were similar across these groups prior to the shock, lending
credibility to the parallel trends assumption, which is crucial for causal inference. Second, start-
ing in 2004, a clear divergence emerges, which becomes more pronounced in the following years.
Specifically, doctors who stood to gain the most from commuting based on the wage gap between
their municipality of residence and opportunities in Norway began commuting more frequently as
the external opportunities in Norway became increasingly attractive. This pattern underscores the
role of economic incentives in driving commuting behavior following the shock. Third, four years
after the shock began, the effect appears to have stabilized, with a coefficient estimate of between
0.05 (unweighted) and 0.08 (weighted) and a p-value of less than 0.01. This represents a sizable
effect, indicating that physicians are relatively responsive (elastic) to increases in outside options
in terms of mobility and commuting behavior.

In addition to presenting the time-varying treatment effects based on Equation (1), we provide
results from the simplified difference-in-difference specification using Equation (2). These coeffi-
cients represent the weighted average treatment effect across all post-treatment years (2004–2013)
and offer a more straightforward interpretation of the effect magnitudes and their relative sizes
across different outcomes.

In Column (1) of Table 1, we present the average post-treatment commuting effect. Consistent
with the event study findings, the result shows a significant commuting response: a 100 log-point
reduction in the base physician wage in 2003 generates a 3.4 percentage-point increase in the share
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of commuting doctors. This represents more than a doubling of the commuting rate compared to
the pre-treatment mean (measured in 2003). Note that one log-point in our setting is approximately
5,000 SEK (USD 500), which is very close to 1 percent of the average physician wage in 2003.

In Column (2) of Table 1, we present the average post-treatment effect on the total number of
doctors in the municipality. The result reveals no significant change on this dimension, suggesting
that doctors substitute some of their time working in Sweden with work in Norwegian hospitals,
but that they do not leave their positions in Sweden entirely. In other words, the shock generates an
intensive-margin effect on labor supply among Swedish doctors, but little extensive-margin effect
on physicians living in more exposed municipalities. Another possible explanation for the lack of a
significant effect in Column (2) is that commuting doctors are replaced by other incoming doctors
(from other regions, from unemployment, or from abroad). However, as shown in Table A6, our
estimates of doctor inflow (including moves from other Swedish municipalities and new trainees)
and the number of immigrant doctors reveal no significant effects on these margins either. This is
important because the loss of physicians’ human capital on the intensive margin would, presumably,
need to be met with an increase in supply to make up the difference. On the extensive margin,
new physicians are not arriving in the more intensely exposed municipalities. Therefore, there is
essentially no measurable supply response, either through reallocation across space, recruiting from
abroad, or in expanding the training of new physicians.16

Table 1, Columns (3)–(8), examine whether the treatment generated other changes in the mu-
nicipalities that could confound the results and bias the interpretation of our findings. The results
reveal no significant effects on other demographic characteristics of the municipalities. Specifically,
there are no changes in the number or commuting propensity of other types of healthcare workers
(Columns (3) and (4)) or nurses (Columns (5) and (6)). Additionally, neither the total population
nor the elderly population (65+) shows differences based on the 2003 base physician wage. These
findings suggest that other potential confounding factors at the municipality level are uncorrelated
with base physician wages, supporting the validity of the exclusion restriction in this context.

Are Swedish municipalities responding to the increased competition for their healthcare work-
ers? In Table A9, we show that the average Swedish wage is increasing in response to the outflow
of physicians, eliminating approximately 20-25 percent of the cross-country physician wage gap
(column 1). This is a relatively sizable response, though not sufficient to prevent a large outflow
of doctors to Norway. The wage increase generates an increase in the overall cost of physicians in
the affected regions (column 2). There are two particularly noteworthy implications of this find-
ing. First, the reallocation of already scarce resources to cover rising physician wages implies that

16Additionally, we observe no sizeable increase in the number of new doctors graduating from medical school
during this time period, suggesting that the loss of physicians is not compensated through an increased supply of newly
trained doctors (going from 0.09 per 1,000 people in 2001 to 0.10 per 1,000 people in 2013). Limits on medical school
funding and capacity—set by the national government—along with frequent concerns raised by the Swedish Medical
Association about training expansions, may play a role in the inability to quickly expand physician training. As a result,
many Swedish physicians are trained in other European countries and regions such as Denmark and the Baltics.
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regions may need to divert funds from other essential spending categories, plausibly increasing fi-
nancial strain and risking further reduction in patient care quality. We explore this in detail below.
Second, in later sections we will also show that the physicians most likely to commute to Norway
are positively selected from the ability distribution, implying an increase in the cost of physicians
who, on average, are of lower quality.17

5 Second-Stage Mortality Effects
In this section, we establish a clear relationship between lower pre-shock average physician

wages in a municipality and higher post-shock changes in mortality rates. The analysis shows
that this effect is concentrated among individuals aged 55 and older. In Section 7.2, we identify
three specific causes of death driving these results: respiratory diseases, infectious diseases, and
circulatory diseases. These causes, often linked to sudden and urgent health conditions requiring
immediate attention in emergency settings, highlight the critical importance of timely medical care
in reducing adverse health outcomes.
5.1 Mortality Effects

Panels (c) and (d) of Figure 6 illustrate the relationship between the mortality rate and the aver-
age physician base wage in a municipality for a given year, based on the event study specification
outlined in Equation 1. For ease of interpretation, we use −1 × BasePay as the treatment inten-
sity variable so that the estimates can be interpreted as the effect of an increase in physician out-
commuting. To strengthen the validity of our approach, we extend the event study back to 1994, a
full decade before the shock occurred. While cross-border commuting data are only available from
2001 onward, historical mortality data at the municipality level allow us to examine trends long
before the shock. This extended timeline provides a stronger foundation for verifying the required
parallel trends assumption, confirming that municipalities with higher and lower average physician
wages followed similar mortality trajectories before the increase in physician commuting.18 Panel
(a) shows results using unweighted data in which each municipality represents a single observation,
while Panel (b) shows results in which the estimates have been weighted by the underlying baseline
population in the municipality (to account for size differences across municipalities).

We see no observable differences in mortality between municipalities with higher and lower
average physician base wages prior to 2004. However, a clear divergence emerges starting in 2004,
with significantly higher mortality rates in municipalities with more doctors commuting across the
border. This divergence underscores the mortality impact of the shock to physicians’ labor supply

17Even though the commuting is characterized as an intensive margin response on the hours dimension, the fact that
higher-skilled physician reduce their time in Sweden implies that the gain in average wage must, to an extent, be driven
by higher compensation for lower-quality physicians. This is consistent with prior work on cross-border migration and
commuting (e.g. Dodini, Løken and Willén, 2022).

18As another test of the parallel trends assumption, we estimate our model while replacing the 2003 level of the
average physician wage (the “Treat” interaction) with the 2001-2003 change in the average physician wage in the
municipality. This specification in Table A10 reveals if differential trends in physician wages before 2003 predict
commuting behavior after 2003. The result is a tightly estimated zero, meaning different trends in doctor wages do not
predict later commuting behavior and can, therefore, explain our results.
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to local healthcare institutions.
Column (1) of Table 2 presents the average post-treatment effect using the simplified difference-

in-difference specification from Equation 2. The results indicate that a 1 log-point decrease in the
base physician wage in 2003 is associated with an increase in mortality of 0.8 per 1,000 inhabitants,
equivalent to 7 percent of the mean mortality rate. As shown in Table 2, Columns (2)–(5), this effect
is driven almost entirely by the elderly population aged 65 and above, with no significant impact
observed for individuals under 55. This pattern highlights how the shock disproportionately affects
the most vulnerable populations, reinforcing the critical importance of local healthcare access in
mitigating adverse health outcomes.
5.2 Inequality Effects

As demonstrated in Section 4.1, regions with lower pre-shock physician wages experienced
higher out-migration of doctors. Section 5.1 shows that this commuting response led to a significant
increase in mortality rates in these affected regions. This suggests that uneven exposure to the labor
demand shock, and the resulting brain drain in the healthcare sector, exacerbated regional health
disparities in Sweden. While prior research has emphasized the importance of location in shap-
ing health outcomes, disentangling the mechanisms driving these disparities remains a challenge
(e.g., Finkelstein, Gentzkow and Williams (2021), Lleras-Muney, Schwandt and Wherry (2024),
Finkelstein et al. (2024)).

This shock generates three distinct types of inequality: across countries, across municipalities,
and across individuals. In this subsection, we examine each type of inequality separately. We
conduct counterfactual exercises to explore how these disparities would have evolved in the absence
of the shock, the potential costs of averting the mortality effects of the shock, and whether such
interventions would be cost-effective. Through this analysis, we aim to understand the broader
implications of labor market shocks on regional health inequalities and individual-level disparities.
5.3 Across Country Inequality

The primary dimension of health inequality generated by this shock is the disparity between
Sweden and its neighboring country, Norway. To quantify the magnitude of this impact, we conduct
a series of counterfactual exercises that estimate how mortality rates in Sweden would have evolved
if physician wages had kept pace with those in Norway.

Panel A examines the scenario where Swedish physician wages in 2004 matched those in Nor-
way in the same year. This counterfactual scenario isolates the effect of the initial wage gap under
the assumption that wages for Swedish physicians did not lag behind their Norwegian counterparts.
Our findings suggest that, in the absence of this baseline wage gap, mortality rates in Sweden would
have been approximately 0.4 deaths per 1,000 lower by 2013. The cost of this policy, as calculated
by the total increase in wages required for this to come into play and fixing the number of physicians
in 2004, is $3.1 billon.19 This exercise highlights the significant role of the initial wage differential

19154000 (gap) * 86 (average number of physicians in analysis municipalities) * 235 (number of municipalities in
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in shaping mortality outcomes, with a reduction in the wage gap translating to tangible improve-
ments in public health.

Panel B explores the scenario in which the wage gap between Sweden and Norway remains
constant at its 2004 level, but Swedish wages grow at the same rate as Norwegian wages from
2004 to 2013. This scenario evaluates the impact of wage growth disparities over time. Our results
show that if Swedish physician wages had grown in tandem with those in Norway, mortality rates
in Sweden would have been approximately 0.7 deaths per 1,000 lower by 2013. The cost of this
policy, as calculated by the total increase in wages required for this to come into play and fixing
the number of physicians in 2004, is $2.7 billion.20 This suggests that the failure to match wage
growth contributed not only to the outflow of skilled physicians but also to higher mortality rates,
underscoring the broader health consequences of unequal wage trajectories.

Finally, Panel C presents a counterfactual scenario in which Swedish physician wages close
the baseline gap with Norway and also keep pace with the wage growth observed in Norway after
the wage shock. In this scenario, total mortality rates in Sweden would have been approximately
1 death per 1,000 lower by 2013. The cost of this policy, as calculated by the total increase in
wages required for this to come into play and fixing the number of physicians in 2004, is $5.9
billion.21 This exercise underscores the cumulative impact of both addressing the initial wage gap
and aligning wage growth between the two countries, emphasizing the long-term health benefits of
more equitable labor market conditions.

Using our estimates of the average age at death to calculate the effects on life expectancy over
the population, the three counterfactual scenarios above would have resulted in increases in life
expectancy relative to the observed outcomes of approximately 0.5, 0.6, and 1.1 years in these
municipalities by the end of 2013.

The valuation of a statistical life year (VSLY) is a widely used measure to assign a monetary
value to improvements in health outcomes or extensions in life expectancy. VSLY estimates vary
substantially across regions, reflecting differences in socioeconomic factors. For this analysis, we
use a conservative estimate of VSLY at USD 35,000, as reported for the European Union (EU).22

Cost per person = VSLY × Life expectancy reduction

= 35, 000× {0.5, 0.6, 1.1} = {17, 500; 21, 000; 38, 500}USD

analysis) = 3.1 billion SEK = 311 million USD. 10-year total: $3.1 billion.
20We multiply the amount required to keep the SWE-NOR physician wage gap at the 2004 level for each year by

86 (the average number of physicians per municipality) and 235 (the number of municipalities). This yields annual
costs in billion SEK of of 1.1, 1.6, 2.1, 2.7, 4.0, 4.0, 3.8, 4.2, and 3.6. The total over nine years is 27.1 billion SEK,
corresponding to approximately $2.7 billion.

21Following the same procedure as above, this yields annual costs in billion SEK of 3.2, 4.3, 4.8, 5.3, 5.8, 7.1, 7.1,
7.0, 7.6, and 6.8. The total over ten years is 58 billion SEK, or approximately $5.9 billion.

22This provides a lower-bound estimate of the economic cost of reduced life expectancy. For comparison, the VSLY
in the United States is significantly higher at an estimated USD 369,000.
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For the total population in our sample areas of 3.5 million, this amounts to total gains of $61,
$73, and $134 billion over ten years. This implies a cost-benefit ratio of roughly 1:23 across all
three scenarios, meaning that every dollar spent yields approximately $23 in social value.
5.4 Inequality Across Municipalities

The second dimension of health inequality generated by the shock is within Sweden, across
municipalities. We consider two forms of inequality across space: (1) places with low baseline
levels of physician density that are more vulnerable to shortages if physicians leave; and (2) areas
with relatively low physician wages.

Places with different doctor densities. Municipalities with lower baseline levels of physician
density may have been more vulnerable to shortages and worsening care once physicians began
commuting to Norway in larger numbers. This dynamic might exacerbate inequality across places
within Sweden by drawing away human capital resources from places in which that human capital
has the highest marginal returns. We test this in Table A1 by estimating Equation 2 with an added
interaction for whether the municipality was below the sample median of baseline (2003) physicians
per capita. Despite having the exact same physician commuting response to the shock, the effects of
that commuting response on mortality in municipalities with lower physician density are between
5 and 8 percent larger than in areas with higher baseline physician density. This dynamic increases
inequality in longevity across Swedish municipalities by increasing the relative deprivation of areas
already struggling to retain physicians.

Places with different doctor salaries. Prior to the commuting shock, municipalities with lower
physician wages (Q1) exhibited lower mortality rates than those with higher wages (Q4). Specifi-
cally, pre-shock mortality was 11.7 per 1,000 in Q1 municipalities, compared to 13.0 per 1,000 in
Q4, creating a mortality gap of 1.3 per 1,000. However, following the shock to physician wages
in Norway, the larger wage differential in Q1 municipalities led to stronger commuting pressures
on Swedish physicians. This induced a significant outflow of healthcare workers from these areas,
exacerbating the shortage of medical personnel in Q1 municipalities and driving up mortality rates.

To quantify the effect, we leverage the relationship between wages and mortality from our
difference-in-differences regression (Equation 2). A one-unit decrease in log wages is associated
with a 0.774 per 1,000 increase in post-shock mortality. Given a baseline log wage difference be-
tween Q1 and Q4 municipalities of 0.50, we predict that mortality in Q1 rose by 0.774 × 0.50 =

0.387 per 1,000 relative to Q4, representing a significant reduction relative to the baseline gap of
1.3. However, this convergence does not signal an improvement in health outcomes. The narrowing
gap reflects increased mortality in lower-wage municipalities rather than improvements in higher-
wage municipalities. In this sense, the shock resulted in regressive inequality, where the health
outcomes in higher-wage areas remained stable, but those in lower-wage areas deteriorated.
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5.5 Inequality Across People
The third dimension of inequality is that across individuals. As extensive research shows, there

is a strong socioeconomic gradient in health (e.g., Case, Lubotsky and Paxson (2002); Currie and
Schwandt (2016)). Regional disparities in commuting responses may therefore not only shape in-
equality between localities but also exacerbate individual-level disparities in healthcare access and
outcomes within regions. As discussed earlier, age-specific effects have already been uncovered,
with negative health implications loading on the older and more vulnerable population. In this
section, we examine the mortality effects across different demographic groups and assess the dif-
ferential impacts by education and income levels.

Table 3 presents the mortality effects by key demographic groups: education (more or less than
a high school degree) and income (above or below the mean annual income). The estimates reveal
heterogeneous effects of physician out-commuting across these groups, indicating that the shock’s
impact on mortality was not uniform.

The results in Table 3 show that low-income individuals experienced a significant increase in
over 65 mortality, with an increase of 4.9 per 1,000 following the shock. In contrast, high-income
individuals saw no significant change in mortality (65+), with a negligible change of -0.2 per 1,000.

This result across suggests that low-income individuals were more likely to suffer negative
health impacts from the shock compared to more advantageous groups. The higher mortality rate
in this group likely reflects their greater vulnerability, as low-income individuals are typically at
higher risk for adverse health outcomes and have more limited access to healthcare resources. High-
income individuals, on the other hand, are more likely to have better access to healthcare, including
private care options, which may have mitigated the adverse effects of the shock.

For education, the low-education group experienced an increase in over 65 mortality of 3.1 per
1,000, statistically significant at the 5% level. However, the difference between the two groups
in terms of the mortality response is not statistically significant. This implies that low-education
individuals might have been more affected by the shock, but this evidence is merely suggestive.

Our results align with the broader literature on socioeconomic gradients in health, which demon-
strates that disadvantaged groups often experience a disproportionate burden from economic and
policy shocks. In particular, the increase in mortality for lower-income individuals underscores the
importance of addressing inequality within regions to avoid exacerbating existing health disparities.
5.6 Robustness

In this section, we conduct a series of additional tests to assess the validity of the identification
strategy and rule out concerns about unobserved confounders or spurious correlations.

Placebo Tests for Commuting Behavior. An important concern in our identification strategy is
whether the relationship between pre-shock physician wages and subsequent commuting behavior is
unique to physicians or whether it reflects broader labor market dynamics that influence workers in
other occupations. If wages in non-healthcare occupations also predicted physician commuting, this
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would suggest that the treatment intensity measure, which is based on pre-shock physician wages,
might be capturing more general economic conditions rather than physician-specific incentives.

To test this, Table A3 examines whether pre-shock wages in non-healthcare occupations pre-
dict physician commuting behavior as a function of the Norwegian labor demand shock. Column
(2) shows that non-healthcare wages have no predictive power for physician commuting, indicat-
ing that the observed physician outflows are not driven by general labor market conditions. The
remaining columns extend this analysis by including physician wages, non-healthcare wages, and
non-doctor healthcare wages in a single specification. The results confirm that only physician wages
significantly predict physician commuting to Norway, with non-healthcare wages and non-doctor
healthcare wages having no explanatory power.

A complementary test reverses this approach by examining whether pre-shock physician wages
predict commuting in other occupation groups. Table A4 reports these estimates, showing that base-
line physician wages do not predict commuting for non-physician workers, non-physician healthcare
workers, nurses, or any healthcare workers who are not physicians or nurses. If physician wages are
simply capturing broader economic conditions or reflecting labor demand shifts that affected multi-
ple sectors, we would expect to see some degree of mobility among other occupations in response to
the Norwegian labor market shock. However, the fact that no such pattern emerges suggests that the
observed outflows are uniquely concentrated among physicians. These results are also consistent
with the spatial commuting patterns shown in Figures 2 and 3 based on raw data.

Placebo Test for Mortality Effects in July. The ideal placebo test for the mortality effects un-
covered in the main specification is to examine a period in which the commuting response does not
necessarily represent a reduction in physician labor supply in Sweden. This would allow us to assess
whether the observed mortality increases are truly driven by physician shortages or whether they
reflect broader patterns of deteriorating health that happen to be correlated with the treatment mea-
sure. If areas with lower pre-shock physician wages systematically experienced worsening health
outcomes for reasons unrelated to a reduction in labor supply, this could lead to a misattribution of
mortality increases to physician shortages rather than underlying health trends.

Mortality in July provides a natural setting for this test. The Swedish labor market is structured
around a statutory right to summer vacation, as codified in the Annual Leave Act (Semesterlagen,
1977:480), which grants employees, including healthcare professionals, four to five weeks of con-
tinuous leave, most often taken in July. This means that even if physician commuting to Norway
is large during this period, it is unlikely to significantly reduce physician labor supply in Sweden.
Many commuting physicians take advantage of their scheduled leave to work temporarily in Norway
as sommarvikar (Summer temp) rather than by cutting their regular hours in Sweden.

While not all commuting physicians fall into this category, the overwhelming majority do, and
the Swedish healthcare system anticipates these planned absences in its staffing decisions. If the
mortality effects in the main analysis were driven by physician shortages, no effect should be ob-
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served in July, when the system is already structured to accommodate reduced staffing and when
commuting itself does not generate an additional supply drop, as physicians are substituting vaca-
tion time for temporary work in Norway. Conversely, if mortality were to increase in July as well,
this would suggest that the estimated effects in other months could be driven by unrelated health
trends rather than the causal impact of physician shortages.

To test this, we re-estimate the main dose-response difference-in-differences model using July
mortality as the dependent variable. The treatment intensity measure remains the inverse of log
pre-shock physician wages. The specification includes all baseline controls and clusters standard
errors at the municipality level. The result yields a coefficient estimate of -0.016 with a standard
error of 0.298 and a p-value of 0.955 in terms of per capita mortality (per 1000 people). This is
a relatively precisely estimated zero with confidence intervals that rule out any meaningful effect
size, indicating that increased physician commuting during this period has no impact on mortality.23

These findings strengthen the causal interpretation of the main results, demonstrating that mortality
only increases when physician commuting leads to an actual reduction in healthcare availability.

Permutation Test for Treatment Assignment. We conduct a permutation test to assess whether
the treatment assignment mechanism introduces any bias into the estimates. The key idea behind
this test is to check whether the effects we observe in the main analysis could have appeared by
chance rather than reflecting a true causal relationship. If our treatment intensity measure—based
on pre-shock physician wages—were simply picking up random variation in mortality or commut-
ing, we would expect to see similar results even when the treatment is randomly reassigned.

To test this, we randomly shuffle baseline physician wages across municipalities and re-estimate
our model using these permuted treatment intensity values. We repeat this process 300 times to
create a distribution of placebo estimates that shows what the results would look like if treatment
were assigned randomly. We compare this distribution to the actual estimates to determine whether
the observed effects are larger than what would be expected under random assignment.

Figure A9 presents the distribution of placebo estimates. Panel A reports the placebo estimates
for physician commuting, while Panel B shows the estimates for mortality. Our main estimates
lie in the extreme tail of the simulated distribution, with a p-value of 0.02, confirming that the
observed effects are highly unlikely to be driven by spurious correlations. These results strengthen
the robustness of the treatment assignment strategy and further validate our causal interpretation.

Sensitivity to Sample Selection and Treatment Definitions. The final set of robustness tests
examines whether the results are sensitive to alternative sample selection criteria and treatment
definitions. Table A5 presents estimates using different specifications.

First, we assess whether including university hospital regions and border municipalities affects
the results. The main analysis excludes these regions because they differ systematically from other
municipalities in ways that could confound the estimates. University hospital regions are much

23On the Norwegian side, we see no evidence of a mortality effect in July either.
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larger, have distinct population growth trends, and feature highly specialized healthcare facilities
with different patient referral patterns, making them less comparable to other municipalities. Bor-
der municipalities, in contrast, are more exposed to cross-border economic activity and labor market
fluctuations that could independently influence both physician mobility and health outcomes. Prior
work also has shown that the labor demand shock in Norway had substantial effects on these munic-
ipalities across multiple dimensions, complicating the interpretation of the treatment effects. For
completeness, Table A5 reports estimates when including these excluded regions. Panel A adds
university hospital regions to the sample, while Panel B incorporates border municipalities. The
estimated coefficients remain similar, suggesting that the main findings are not driven by their ex-
clusion. However, given the structural differences between these areas and the rest of the sample,
these results should be interpreted with caution.

Second, we test whether extreme observations influence the results by trimming the top and
bottom percentiles of the mortality distribution. This adjustment removes potential outliers and
ensures that the findings are not driven by extreme values. The results, presented in Panel C, remain
consistent with the main analysis.

Third, we examine whether the results hold when replacing the continuous treatment variable
with a binary indicator. Panel D defines municipalities with below-median baseline physician wages
as treated, providing a simpler treatment assignment mechanism. The results are similar to those
in the main specification though naturally smaller in magnitude, indicating that the findings are not
sensitive to the choice of treatment definition.

Fourth, we refine this binary treatment approach using the synthetic difference-in-differences
method developed by Arkhangelsky et al. (2021), which extends the logic of the synthetic control
approach (Abadie, Diamond and Hainmueller, 2010) to a difference-in-differences setting. This
method constructs a synthetic weighted average of pre-treatment outcomes from the donor pool of
control units to match the pre-trends of treated units. The results, presented in Panel E, are even
stronger than those in Panel D, providing further evidence that the observed mortality effects are
not sensitive to the choice of control group.

Finally, we examine whether baseline physician wages predict subsequent population growth to
ensure that the treatment intensity variable is not proxying for broader regional economic conditions
or any differential influx of immigrants during the expansion of the European Union. Table A5,
column (2), shows no relationship between pre-shock physician wages and later population trends,
reinforcing that baseline physician wages do not reflect later shocks or developments after 2005
beyond their role in predicting physician commuting. Furthermore, Table A11 also shows that areas
with lower baseline physician wages did not experience any differential changes to their immigrant
makeup, either in levels or in the share of the foreign-born population. This helps us rule out
the possible health effects of changing the composition of the local population to include more
immigrants, particularly from the lower-income countries of Eastern Europe that joined the EU.
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6 Effects in Norway
We turn to the Norwegian side of the border to examine whether the inflow of commuting physi-

cians from Sweden aligned with local physician demand and whether it affected patient outcomes
or the retention of Norwegian physicians. While this empirical setup holds less statistical power for
predicting commuters’ destination than predicting out-commuting on the Swedish side, the analysis
addresses a key and often overlooked question: do receiving regions benefit from inflows of skilled
labor to the same extent that sending regions may be harmed? Understanding this asymmetry is
central to evaluating the broader welfare consequences of cross-border professional mobility.

We begin by examining whether new commuters were disproportionately allocated to munici-
palities with signs of physician shortages. Figure A5 presents four correlations between commuter
growth from 2005 to 2013 and baseline municipality characteristics. Panel A plots 2005 log physi-
cian earnings, Panel B shows the share of physicians aged 55 and older, and Panel C captures base-
line physician density. None of these indicators is strongly correlated with commuter inflows. If
anything, Panel C suggests that municipalities with more physicians per capita and a lower share of
commuters at baseline saw slightly larger increases in commuting physicians–opposite the pattern
we might expect if new inflows responded to local need. Panel D shows no systematic relationship
between actual commuter inflows and predicted exposure from a shift-share instrument as in Card
(2001), constructed by interacting national commuting growth with the 2005 distribution of com-
muters across municipalities. These patterns suggest that the allocation of commuting physicians
was not strongly shaped by wages, expected retirements, shortages, or past commuter flows.

We then explore whether municipalities that received more commuting physicians experienced
changes in over-65 mortality rates or physician separation. Panel A of Figure A6 interacts the total
2005-2013 change in commuters with year indicators and shows no meaningful change in mortality
in municipalities with larger commuter inflows. This suggests that the arrival of Swedish physicians
did not translate into improvements in population health outcomes. Given that commuters are more
likely to work in municipalities with a major or university hospital (Appendix Table A8), Panel
B splits municipalities by major hospital presence and again finds no differential mortality trends,
reinforcing the absence of observable health impacts. Finally, Panel C examines whether Norwegian
physician separation rates responded to the arrival of commuters, and again finds no clear effects,
implying that the inflow did not displace incumbent physicians or improve their retention.

Taken together, these results suggest that the inflow of Swedish commuting physicians was not
targeted to underserved areas and did not produce detectable effects on patient outcomes or physi-
cian retention. While Sweden experienced measurable losses following the outflow of physicians,
there is little evidence of corresponding gains in Norway. This asymmetry reinforces the broader
point: when health systems are already well-resourced, the marginal benefit of skilled labor inflows
may be limited, especially when those inflows are not directed to areas with high need. For exam-
ple, Norway has approximately 20 percent more general practitioners per capita than Sweden, and
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if the marginal return to an additional physician diminishes with density, this may help explain the
limited impact observed. These findings are consistent with our results on the Swedish side, where
physician outflows had the largest mortality effects in areas with low baseline physician density.
7 Mechanisms

In this section, we aim to disentangle the mechanisms through which our observed mortality
effects in Sweden operate. We start by identifying the types of doctors who are most likely to
commute, providing insight into which healthcare units are likely most affected by the brain drain.

Next, we study detailed cause-of-death to better understand which aspects of the hospital and
healthcare system drive the overall mortality patterns we observe. This analysis helps identify
whether physician shortages disproportionately affect certain conditions, such as cardiovascular
diseases, infections, or emergency cases, shedding light on where gaps in care emerge.

Finally, we examine changes in key healthcare system outcomes to further explore how these
shifts impact hospital performance. We analyze hospitalization rates, time between patient visits,
average visit durations, and surgical outcomes to assess potential declines in quality and capacity
at local hospitals. Together, these analyses shed light on how physician shortages, driven by cross-
border commuting, may reduce healthcare system responsiveness and overall patient care quality.
7.1 Commuter Types

To better understand the mechanisms behind the observed effects, we examine heterogeneity
in commuting responses among doctors. We identify which types of physicians are most likely to
leave and, consequently, which hospital areas may be most affected by the resulting brain drain.
By analyzing these patterns, we aim to shed light on how cross-border commuting impacts the
distribution of medical labor across departments, particularly those critical to patient care.

Our analysis is conducted at the individual level, using a modified and disaggregated version of
Equation 1, estimated separately for each demographic group. This approach enables us to examine
heterogeneity in responses across various doctor characteristics, such as age, gender, family situa-
tion, and specialization. However, because the estimates are derived from individual-level regres-
sions, the point estimates are not directly comparable to the municipality-specific effects presented
in Table 1. This is because the municipality-level estimates are not weighted by the population.24

Table A2 summarizes the results of this analysis. Column (1) highlights the overall effect: the
share of doctors commuting to Norway increased substantially from 4 percent before 2004 to over
12 percent during the 2005–2014 period. This increase is particularly pronounced among younger
doctors, males, and those without children, who appear more responsive to the enhanced incentives
for commuting. These groups likely have fewer constraints related to family or long-term career
commitments, making them more adaptable to the opportunities presented by the wage differential
(e.g., Dodini, Løken and Willén (2022); Le Barbanchon, Rathelot and Roulet (2021)).

When examining productivity using pre-shock earnings as a proxy, we find strong evidence
24We can recover the individual effects using population-weighted estimates at the municipality level.
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of positive selection, with higher-paid doctors being more likely to commute. This suggests that
the doctors leaving are not only more mobile but also among the most productive within their
municipalities. The data further reveal that generalists, rather than specialists, are driving this effect.
Many of these generalists are younger doctors who have recently completed medical school and are
working in hospital wards in general and emergency departments in particular. As frontline workers,
they often serve as the first point of contact for patients presenting with acute illnesses, including
circulatory, respiratory, and infectious diseases. Their departure poses substantial challenges for
hospitals in maintaining capacity to deliver timely care, particularly for emergencies.

These findings align closely with our cause-of-death results show in the next subsection, which
show that the observed mortality increases are driven by conditions often requiring immediate med-
ical attention, such as circulatory, respiratory, and infectious diseases. These conditions are typi-
cally managed in emergency departments and require prompt interventions by skilled physicians.
The heterogeneity analysis reinforces this mechanism: the doctors most likely to commute are pre-
cisely those working in these critical roles. This consistency underscores the broader implications
of cross-border commuting on the healthcare system’s ability to respond to urgent patient needs,
particularly in vulnerable municipalities.
7.2 Cause of Death

After examining the commuting and overall mortality effects of the Norwegian labor demand
shock, a critical question arises: what types of illnesses underlie the observed changes in mortal-
ity that we identify? Understanding this is essential for unpacking the mechanisms driving our
findings and for understanding the broader implication of brain drain in the health care sector. To
address this question, we leverage detailed cause-of-death data from the death registry and catego-
rize causes into two broad groups. The first group consists of conditions traditionally regarded as
urgent and requiring immediate medical intervention in emergency settings: circulatory diseases,
respiratory diseases, and infectious diseases. The second group includes all other causes, including
chronic illnesses, such as cancer, mental health conditions, endocrine disorders, digestive diseases,
musculoskeletal conditions, neurological disorders, accidents, and other miscellaneous causes.

In Panel A of Table 4, we focus on the aggregate categories of death causes: emergency and
non-emergency illnesses. The results show that urgent conditions predominantly drive the observed
mortality changes. These conditions, such as circulatory, respiratory, and infectious diseases, of-
ten require immediate interventions and access to emergency healthcare services, highlighting the
critical role of local physician availability in mitigating adverse outcomes. In addition, these are
likely to require close observation after treatment to mitigate risks of complications. In contrast, we
find no significant effects for non-emergency causes, which typically involve illnesses with longer
time horizons, such as cancer, mental health conditions, and musculoskeletal disorders. These con-
ditions are generally managed by highly specialized physicians over extended periods, suggesting
that the mortality increase is primarily linked to acute and sudden health crises rather than chronic
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or less time-sensitive illnesses.
For full transparency, Panel B presents the effects for each individual cause category. This dis-

aggregated analysis confirms that circulatory diseases, respiratory diseases, and infectious diseases
are the primary drivers of the mortality increase. However, the disaggregation introduces slightly
noisier estimates, particularly for circulatory diseases, due to smaller sample sizes and greater vari-
ability across municipalities. Despite this, the overall pattern remains consistent with the aggregate
results. These findings underscore the critical importance of a responsive healthcare system, par-
ticularly in delivering urgent care for acute conditions. They also highlight how disruptions in
physician availability can disproportionately impact vulnerable populations and individuals facing
sudden medical emergencies.
7.3 Hospitalization

To further understand and disentangle the mechanisms driving the observed mortality effects,
we analyze how the commuting shock affected hospital utilization. Reduced physician availability
may lead to delays in treatment, inadequate management of health conditions, greater reliance on
hospital services, and less continuity of care. This is particularly the case in light of the increased
wage bill documented in prior sections (Appendix Table A9). If so, patients may experience wors-
ening conditions that necessitate hospitalization.25

Using the simplified difference-in-differences estimator, we estimate the effect of the commut-
ing shock on hospitalizations per 1,000 people. Column (1) of Table 5 shows a significant increase
in hospitalization rates following the shock: a 1 log-point lower pre-shock physician wage (a 0.01
log change) led to an increase of 0.142 hospitalizations per 1,000 individuals. These findings are
consistent with less access to skilled generalist physicians at the first point of contact raising the
likelihood of misdiagnoses or conditions worsening before appropriate care is received, resulting
in hospitalization. The positive selection of skilled doctors into commuting likely amplifies these
effects, as their absence disproportionately affects the capacity of local healthcare services.

This pattern aligns with the broader framework that physician shortages contribute to systemic
healthcare strain. Higher hospitalization rates suggest that disruptions in the quality and quantity
of care at the first point of contact led to a greater need for hospital-based treatment, increasing the
overall demand for acute medical services.

The event study results in the appendix (Figure A11) confirm that these hospitalization effects
track closely with the timing of the commuting shock and do not violate the common trends as-
sumption required for causal inference in our setting. The increase in hospital admissions appears
persistent, reinforcing the interpretation that physician shortages cause a lasting strain on the system

25To further examine the operational costs as a function of the physician out commuting, we also digitize net cost
information (costs net of revenues) for the aggregate healthcare regions in Sweden (21). We then plot the change in
net cost over the treatment period as a function of the base wage. The result is shown in Figure A10 and illustrates a
strong negative correlation. This provides further suggestive evidence of the strong impact of the out-commuting on
operational costs and the financial strain on the healthcare system.
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rather than a temporary adjustment.
7.4 Length of Hospital Stay

A sharp rise in hospitalizations coupled with physician shortages may force hospitals to shorten
inpatient stays to manage capacity constraints. If hospitals are unable to accommodate the rising
number of patients, they may need to discharge individuals sooner than under normal conditions,
potentially affecting recovery and increasing the risk of readmission.

Column 2 of Table 5 shows a statistically significant reduction in the average length of hospital
stays. This finding suggests that hospitals actively managed capacity by discharging patients earlier,
possibly prioritizing acute care cases over extended inpatient monitoring. These adjustments are
consistent with a system under strain, where hospitals must balance rising admissions with limited
physician availability.

The reduction in hospitalization length is further evidence that physician shortages affected
hospital entry and the duration of inpatient care. These findings highlight how hospitals adapted
to workforce constraints by altering discharge patterns, potentially shifting more responsibility to
outpatient and follow-up care while forgoing care at critical moments shortly after treatment.
7.5 Time Between Hospitalizations

To further assess the strain on healthcare systems, we examine changes in the time between
successive hospitalizations. A reduction in time between visits imply more frequent hospital ad-
missions, which may indicate worsened health outcomes or inadequate care at earlier stages.

Column (3) of Table 5 shows a statistically significant decline in the time between hospitaliza-
tion events. This effect indicates that hospitals faced sustained increases in demand. The increase
in hospitalization frequency suggests that physician shortages contributed to lower-quality care at
earlier stages, resulting in more cases requiring follow-up hospitalizations.

Together with the hospitalization and length-of-stay findings, this result indicates that physician
shortages not only increased overall hospital utilization but also affected patient management within
the healthcare system, leading to more frequent readmissions.26

7.6 Surgical Procedures
Despite the broad disruptions observed in hospital admissions, hospitalization length, and read-

mission frequency, Column (4) of Table 5 shows no significant change in the likelihood of pa-
tients undergoing surgical procedures. However, the event study in Figure A11 hints at a short-
term increase following the shock. This may reflect shifts in hospital treatment strategies under
strain—shorter stays, delayed care, and reduced access to early intervention could raise the need
for surgery. However, given that commuting primarily affected generalists rather than surgical spe-
cialists (Section 7.1), it is plausible that surgical capacity remained stable. Overall, we interpret
the lack of a clear effect as consistent with the pattern of disruption concentrated in diagnostics and

26Appendix Figure A11 provides additional evidence of an increase in the number of hospitalization events per
person, reinforcing the conclusion that hospital utilization rose as a result of the commuting shock.
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inpatient care rather than surgical services.
7.7 Summary of Mechanisms

Our analysis of the commuting shock’s mechanisms provides a clearer understanding of how
physician shortages translate into increased mortality. First, we document that commuting is con-
centrated among younger, high-skilled generalist physicians, who are more mobile and responsive
to outside labor market opportunities. These doctors are disproportionately responsible for staffing
emergency departments and general hospital wards, where immediate access to care is critical.
Their departure reduces frontline hospital capacity, particularly for acute and urgent conditions.

Second, we find clear evidence of strain on the healthcare system following the commuting
shock. Hospitalization rates increase, hospital stays become shorter, and patients require more
frequent readmissions. These effects are consistent with reduced continuity of care and lower treat-
ment quality at earlier stages, which may lead to worsened health outcomes. Importantly, we ob-
serve no significant change in surgical procedures, suggesting that specialist-driven care remained
largely unaffected. This distinction reinforces the idea that disruptions primarily affected general
and emergency care rather than specialized treatment units.

Finally, the mortality effects align closely with these healthcare system disruptions. The ob-
served increase in deaths is concentrated among older patients and those suffering from circulatory,
respiratory, and infectious diseases. These conditions require immediate and continuous medical
intervention, making them particularly vulnerable to shortages of skilled generalist physicians. The
fact that high-skilled doctors were the most likely to commute further exacerbates this issue, as their
departure disproportionately impacts the quality of emergency and inpatient care. Overall, these
findings illustrate how even moderate reductions in the local physician workforce—particularly
among key frontline providers—can generate system-wide consequences, increasing strain on hos-
pitals and raising mortality risks for the most vulnerable patient populations.
7.8 Benchmarking the Social Value of Physicians

To benchmark the social value of physician labor, we replicate the back-of-the-envelope ap-
proach developed by Friedrich and Hackmann (2021a), who estimate the marginal product of nurses
by combining mortality effects with assumptions about life-years lost and the monetary value of a
statistical life year (VSLY). In their setting, a parental-leave reform in Denmark led to a sharp,
policy-induced reduction in nurse employment across hospitals and nursing homes. A 10 percent
decline in nurse staffing (1,100 nurses) increased mortality among elderly nursing home residents by
1.5 percentage points, based on a reference population of 100,000 residents. To translate this effect
into economic value, they assume that each excess death corresponds to one lost life-year. Rec-
ognizing that the affected population is frail and institutionalized, they adjust the standard VSLY
of $100,000 by a quality-of-life factor of 0.35—implying a value of $35,000 per life-year. This
yields a total patient welfare loss of $52.5 million. Dividing this by the staffing reduction implies a
social value of approximately $47,700 per nurse per year. Compared to an average nurse salary of
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$24,000, this corresponds to a value-to-wage ratio of roughly 2.
We adapt this framework to estimate the social value of physicians in our setting on the Swedish

side. A 3.4 percentage point increase in cross-border commuting corresponds to 3.74 additional
physicians leaving the municipality for work in Norway, out of an average stock of 110 physicians.
Since we do not observe hours worked directly, we estimate labor supply effects in full-time equiva-
lents (FTEs) using earnings data. We use the ratio of average income earned by Swedish commuters
in Norway to the base wage of a full-time Norwegian physician, yielding an estimate of 0.35 FTEs
per commuting physician. This implies a total labor reduction of 1.31 FTEs (3.74 × 0.35).

To estimate the corresponding mortality effect, we use our baseline estimate of 0.88 excess
deaths per 1,000 residents. In a municipality of 20,000 people, this corresponds to 17.6 additional
deaths. Following the conservative assumption in Friedrich and Hackmann (2021a), we treat each
death as representing one lost life-year. However, because the affected population in our setting
is younger and healthier, we do not apply a quality-of-life adjustment. We value each life-year at
the full VSLY of $100,000. This results in a total social value of $1.76 million. Dividing by the
estimated labor loss of 1.31 FTEs yields a marginal product of approximately $1.34 million per
physician per year. Relative to an average physician wage of $150,000 toward the end of the period,
this implies a value-to-wage ratio of 8.9.27

Inverting the logic of our back-of-the-envelope calculation, we estimate that each physician FTE
annually saves approximately 13.4 life years, implying a cost of $11,200 per life year saved. This
is substantially lower than the VSLY of $100,000 and also below the corresponding estimate of
$17,600 per life year saved for nurses in Friedrich and Hackmann (2021a).

These estimates imply that physicians are considerably more underpaid relative to their social
value than nurses.28 The value-to-wage ratio for physicians in our setting is 8.9, compared to a ratio
of roughly 2 for nurses in Friedrich and Hackmann (2021a). This highlights the central role of physi-
cians in preserving life and suggests that the marginal social product of physician labor far exceeds
both their compensation and that of other core healthcare workers. That said, this estimate may
still overstate the true marginal product of physicians, as it does not account for longer-term health
effects associated with disruptions to continuity of care (such that the commuting effects is greater
than the reduction in physician supply). Moreover, physicians’ expertise is often complementary
to the work of other healthcare workers, such that their absence could reduce the productivity or
effectiveness of the broader care team.
8 Discussion

The acceleration of cross-border worker mobility has reshaped local labor markets, particularly
for high-skilled workers. While migration or commuting offers numerous opportunities, it also
introduces significant challenges, especially for countries facing high outflows of skilled profes-

27The exchange rate at the time was approximately $1:6.1 SEK.
28If anything, our estimates may be conservative, as they reflect a relatively healthier population at baseline.
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sionals. The effects of this “brain drain” are not just limited to the loss of talent; they can ripple
through public services, healthcare systems, and overall welfare. This is particularly crucial in sec-
tors like healthcare, where shortages of skilled workers can directly impact service delivery and
health outcomes.

This paper studies the welfare consequences of high-skilled labor mobility by examining how
a labor demand shock in Norway triggered a sharp increase in cross-border commuting among
Swedish physicians. Using linked administrative data and a dose-response difference-in-differences
design, we show that even temporary, intensive-margin outflows of doctors led to persistent in-
creases in mortality in Sweden—with no measurable gains in Norway. These effects were concen-
trated in low-capacity health systems, among older individuals, and for acute conditions. We then
trace how the shock amplified inequality across multiple dimensions: across countries, across mu-
nicipalities, and across individuals. Together, the findings reveal how brain drain in public services
can generate large and unequal welfare losses, even in settings with strong institutions.

Our results underscore the need for policymakers to grapple with the increasingly complex con-
sequences of brain drain, particularly in sectors where public services rely on scarce, high-skilled
professionals. For sending countries, the challenge lies in preserving the benefits of labor mobility
while maintaining the resilience of essential systems. This calls for strategies that mitigate exposure
to staffing shocks without curbing flexibility. More broadly, the findings highlight the importance
of integrating the welfare implications of skilled worker movement into economic planning, human
capital policy, and the long-run design of public systems.

References
Abadie, Alberto, Alexis Diamond, and Jens Hainmueller. 2010. “Synthetic Control Methods for Com-

parative Case Studies: Estimating the Effect of California’s Tobacco Control Program.” Journal of the
American Statistical Association, 105(490): 493–505.

Abarcar, Paolo, and Caroline Theoharides. 2024. “Medical worker migration and origin-country human
capital: Evidence from us visa policy.” Review of Economics and Statistics, 106(1): 20–35.

Alexander, Diane. 2020. “How Do Doctors Respond to Incentives? Unintended Consequences of Paying
Doctors to Reduce Costs.” Journal of Political Economy, 128(11): 4046–4096.

Alexander, Diane, and Molly Schnell. 2024. “The Impacts of Physician Payments on Patient Access, Use,
and Health.”Technical Report 3.

Arkhangelsky, Dmitry, Susan Athey, David A Hirshberg, Guido W Imbens, and Stefan Wager. 2021.
“Synthetic Difference-in-Differences.” American Economic Review, 111(12): 4088–4118.

Badinski, Ivan, Amy Finkelstein, Matthew Gentzkow, and Peter Hull. 2023. “Geographic variation in
healthcare utilization: The role of physicians.”Technical report, National Bureau of Economic Research.

Batista, C., D. Han, J. Theoharides, and D. Yang. 2025. “Brain Drain or Brain Gain? Effects of High-
Skilled International Emigration on Origin Countries.” Science, Forthcoming.

Becker, Sascha O, and Andreas Ferrara. 2019. “Consequences of forced migration: A survey of recent
findings.” Labour Economics, 59 1–16.

Bhuller, Manudeep, Karl Ove Moene, Magne Mogstad, and Ola L Vestad. 2022. “Facts and Fantasies
About Wage Setting and Collective Bargaining.” Journal of Economic Perspectives, 36(4): 29–52.

Borjas, George J. 1987. “Immigrants, Minorities, and Labor Market Competition.” ILR Review, 40(3):
382–392.

34



Borjas, George J. 2003. “The Labor Demand curve is Downward Sloping: Reexamining the Impact of
Immigration on the Labor Market.” The Quarterly Journal of Economics, 118(4): 1335–1374.

Britton, Jack, and Carol Propper. 2016. “Teacher Pay and School Productivity: Exploiting Wage Regula-
tion.” Journal of Public Economics, 133 75–89.

Bütikofer, Aline, Katrine V Løken, and Alexander Willén. 2022. “Building Bridges and Widening Gaps.”
The Review of Economics and Statistics 1–44.

Card, David. 1990. “The impact of the Mariel boatlift on the Miami labor market.” ILR Review, 43(2):
245–257.

Card, David. 2001. “Immigrant Inflows, Native Outflows, and the Local Labor Market Impacts of Higher
Immigration.” Journal of Labor Economics, 19(1): 22–64.

Case, Anne, Darren Lubotsky, and Christina Paxson. 2002. “Economic Status and Health in Childhood:
The Origins of the Gradient.” American Economic Review, 92(5): 1308–1334.

Chan, David C. 2018. “The efficiency of slacking off: Evidence from the emergency department.” Econo-
metrica, 86(3): 997–1030.

Clemens, Jeffrey, and Joshua D Gottlieb. 2014. “Do Physicians’ Financial Incentives Affect Medical Treat-
ment and Patient Health?” American Economic Review, 104(4): 1320–1349.

Currie, Janet, W Bentley MacLeod, and Kate Musen. 2024. “First Do No Harm? Doctor Decision Making
and Patient Outcomes.”Technical report, National Bureau of Economic Research.

Currie, Janet, and Hannes Schwandt. 2016. “Mortality Inequality: The Good News from a County-Level
Approach.” Journal of Economic Perspectives, 30(2): 29–52.

Dale-Olsen, Harald. 2024. “Technological Development, Market Power, and the Role of Unions.”
Devlin, Aileen M, and Grace McCormack. 2023. “Physician Responses to Medicare Reimbursement

Rates.” Journal of Health Economics, 92, p. 102816.
Dicarlo, Emanuele. 2022. “How Do Firms Adjust to Negative Labor Supply Shocks? Evidence from Mi-

gration Outflows.”
Docquier, Frédéric, and Hillel Rapoport. 2012. “Globalization, brain drain, and development.” Journal of

economic literature, 50(3): 681–730.
Dodini, Samuel, Katrine Løken, and Alexander Willén. 2022. “The Effect of Labor Market Competition

on Firms, Workers, and Communities.” Discussion Paper Series in Economics 17/2022, Norwegian School
of Economics.

European Commission. 2017. “2017 Annual Report on Intra-EU Labour Mobility.”Technical report, Pub-
lications Office of the European Union.

Finkelstein, Amy, Matthew Gentzkow, and Heidi Williams. 2021. “Place-based drivers of mortality: Ev-
idence from migration.” American Economic Review, 111(8): 2697–2735.

Finkelstein, Amy, Matthew J Notowidigdo, Frank Schilbach, and Jonathan Zhang. 2024. “Lives vs.
livelihoods: The impact of the great recession on mortality and welfare.”Technical report, National Bureau
of Economic Research.

Foged, Mette, and Giovanni Peri. 2016. “Immigrants’ Effect on Native Workers: New Analysis on Longi-
tudinal Data.” American Economic Journal: Applied Economics, 8(2): 1–34.

Friedberg, Rachel M. 2001. “The Impact of Mass Migration on the Israeli Mabor Market.” The Quarterly
Journal of Economics, 116(4): 1373–1408.

Friedberg, Rachel M, and Jennifer Hunt. 2018. “The Impact of Immigrants on Host Country Wages,
eEployment and Growth.” In The New Immigrant in the American Economy.: Routledge, 89–110.

Friedrich, Benjamin U., and Martin B. Hackmann. 2021a. “The Returns to Nursing: Evidence from a
Parental-Leave Program.” The Review of Economic Studies, 88(5): 2308–2343, URL: https://doi.org/10.
1093/restud/rdab008, DOI: http://dx.doi.org/10.1093/restud/rdab008.

Friedrich, Benjamin U, and Martin B Hackmann. 2021b. “The Returns to Nursing: Evidence from a
Parental-Leave Program.” The Review of Economic Studies, 88(5): 2308–2343, URL: https://doi.org/10.
1093/restud/rdaa082, DOI: http://dx.doi.org/10.1093/restud/rdaa082.

35

https://doi.org/10.1093/restud/rdab008
https://doi.org/10.1093/restud/rdab008
http://dx.doi.org/10.1093/restud/rdab008
https://doi.org/10.1093/restud/rdaa082
https://doi.org/10.1093/restud/rdaa082
http://dx.doi.org/10.1093/restud/rdaa082


Gaynor, Martin, Rodrigo Moreno-Serra, and Carol Propper. 2013. “Death by market power: reform,
competition, and patient outcomes in the National Health Service.” American Economic Journal: Eco-
nomic Policy, 5(4): 134–166.

Ginja, Rita, Julie Riise, Barton Willage, and Alexander Willén. 2025. “Does Your Doctor Matter? Doctor
Quality and Patient Outcomes.” Journal of Political Economy: Microeconomics.

GlobalData Plc. 2024. “The Complexities of Physician Supply and Demand: Projections From 2021 to
2036.” March, URL: https://www.aamc.org.

Grossman, Jean Baldwin. 1982. “The substitutability of natives and immigrants in production.” The Review
of Economics and Statistics 596–603.

Gruber, Jonathan, and Samuel A Kleiner. 2012. “Do Strikes Kill? Evidence from New York State.”
American Economic Journal: Economic Policy, 4(1): 127–157.

Hafner, Flavio. 2021. “Labor Market Competition, Wages and Worker Mobility.”
Johnson, George E. 1980. “The labor market effects of immigration.” ILR Review, 33(3): 331–341.
Khanna, Gaurav, Emir Murathanoglu, Caroline B Theoharides, and Dean Yang. 2022. “Abundance

from abroad: Migrant income and long-run economic development.”Technical report, National Bureau of
Economic Research.

Knutsson, Daniel, and Björn Tyrefors. 2022. “The quality and efficiency of public and private firms: evi-
dence from ambulance services.” The Quarterly Journal of Economics, 137(4): 2213–2262.

Le Barbanchon, Thomas, Roland Rathelot, and Alexandra Roulet. 2021. “Gender Differences in Job
Search: Trading Off Commute Against Wage.” The Quarterly Journal of Economics, 136(1): 381–426.

Lleras-Muney, Adriana, Hannes Schwandt, and Laura Wherry. 2024. “Poverty and Health.”
Lutz, Wolfgang, Gemma Amran, Alain Bélanger, Alessandra Conte, Nicholas Gailey, Daniela Ghio,

Erofili Grapsa, Katherine Jensen, Elke Loichinger, Guillaume Marois et al. 2019. Demographic sce-
narios for the EU: Migration, population and education.: Publications Office of the European Union.

Mobarak, Ahmed Mushfiq, Iffath Sharif, and Maheshwor Shrestha. 2023. “Returns to international
migration: Evidence from a Bangladesh-Malaysia visa lottery.” American Economic Journal: Applied
Economics, 15(4): 353–388.

Muñoz, Mathilde. 2024. “Trading Nontradables: The Implications of Europe’s Job-Posting Policy.” The
Quarterly Journal of Economics, 139(1): 235–304.

OECD, and European Commission. 2024. Health at a Glance: Europe 2024: State of Health in the EU
Cycle. Paris: OECD Publishing, , URL: https://doi.org/10.1787/b3704e14-en, DOI: http://dx.doi.org/10.
1787/b3704e14-en.

Ottaviano, Gianmarco IP, and Giovanni Peri. 2012. “Rethinking the Effect of Immigration on Wages.”
Journal of the European Economic Association, 10(1): 152–197.

Piyapromdee, Suphanit. 2021. “The Impact of Immigration on Wages, Internal Migration, and Welfare.”
The Review of Economic Studies, 88(1): 406–453.

Propper, Carol, and John Van Reenen. 2010. “Can Pay Regulation Kill? Panel Data Evidence on the Effect
of Labor Markets on Hospital Performance.” Journal of Political Economy, 118(2): 222–273.

Schlenker, Oliver. 2024. “The deadly consequences of labor scarcity: Evidence from hospitals.”Technical
report, Working Paper Series.

Silver, David. 2021. “Haste or waste? Peer pressure and productivity in the emergency department.” The
Review of Economic Studies, 88(3): 1385–1417.

Waldinger, Fabian. 2012. “Peer effects in science: Evidence from the dismissal of scientists in Nazi Ger-
many.” The review of economic studies, 79(2): 838–861.

Willén, Alexander. 2021. “Decentralization of Wage Determination: Evidence from a National Teacher
Reform.” Journal of Public Economics, 198, p. 104408.

Tables and Figures

36

https://www.aamc.org
https://doi.org/10.1787/b3704e14-en
http://dx.doi.org/10.1787/b3704e14-en
http://dx.doi.org/10.1787/b3704e14-en


Table 1: Commuting and Other Demographic Variables

Doctors Other Healthcare Nurses Population

Commute Number Commute Number Commute Number Total 65+
(1) (2) (3) (4) (5) (6) (7) (8)

Post × Treat 0.034** 1.619 -0.003 7.413 -0.001 -4.971 329.38 -12.942
(0.013) (9.439) (0.002) (24.398) (0.005) (7.703) (213.180) (15.866)

Mean 0.031 86 0.013 1008 0.032 319 15,250 2,930
Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ** denotes significance at the 5% level.

Table 2: Mortality Effects

Mortality Rate (per 1,000)

Total Age 65+ Age 55+ Age <35 Age 35-55
(1) (2) (3) (4) (5)

Post × Treat 0.774*** 3.116** 1.963** 0.064 0.584
(0.286) (1.478) (0.815) (0.074) (0.399)

Mean 11.801 51.993 32.376 0.387 4.687
Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, ** denote significance at the 1% and 5% levels, respectively.

Table 3: Mortality Effects by Demographic Groups

Over 65 Mortality Rate (per 1,000)

Low Education High Education Low Income High Income

Panel A: Overall
Post × Treat 3.099** 2.872 4.918** -0.203

(1.446) (4.224) (2.500) (0.698)

Panel B: RIC Conditions
Post × Treat 2.785** 2.388 4.439** 0.416

(1.250) (3.385) (1.930) (0.778)

Mean (overall) 46.26 53.54 74.056 10.881
Mean (RIC) 34.13 37.68 50.985 8.956

Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. “RIC conditions”
aggregates respiratory, infectious, and circulatory causes of death.
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Table 4: Causes of Death

Panel A: Aggregate Categories

RIC CEDMN
(1) (2)

Post × Treat 2.377** 0.040
(1.054) (0.595)

Mean 24.95 14.12

Panel B: Detailed Categories

Respiratory Infectious Circulatory Cancer Mental Endo + Dig Musc + Nerve Accident Other
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Post × Treat 0.949*** 0.300* 1.127 0.240 0.019 -0.158 -0.041 0.067 0.207
(0.302) (0.155) (0.894) (0.439) (0.356) (0.267) (0.229) (0.178) (0.297)

Mean 3.01 0.56 21.40 10.21 1.92 2.59 1.32 1.30 2.03
Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations (municipalities × 14 years).
Notes: RIC aggregates respiratory, infectious, and circulatory causes of death. CEDMN aggregates cancer, endocrine, digestive, muscular, and nerve-related causes
of death. The “treat” variable is −1× the log of average physician base pay in the municipality.
Standard errors in parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table 5: Mechanisms: Hospitalization Responses

Hosp. Hosp. length Time between Surgeries
(1) (2) (3) (4)

Post × Treat 14.183*** -0.429** -3.036* 0.005
(5.025) (0.178) (1.730) (0.006)

Mean 203.19 6.532 62.885 0.072
Observations 3,059 3,059 3,059 3,059

Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: Hosp: (Number of hospitalizations * 1000 / base pop). Hosp. length: hospitalization spell length. Time
between: days between hospitalization events (same year).
Standard errors in parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Figure 1: Swedish Commuting Response

(a) All workers (b) Doctors

(c) Growth rate by sector

Source: Authors’ calculations of Swedish register data.
Notes: Panels (a) and (b) show the commuting response for all workers and doctors, respectively. Panel (c) presents
the growth rate of commuting across different sectors.

39



Figure 2: Swedish Commuting Response by Occupation

(a) All Workers (b) Nurses (c) Doctors

Source: Authors’ calculations of Swedish register data.
Notes: Panels (a), (b), and (c) illustrate the commuting response for all workers, nurses, and doctors, respectively.
The geographic nature of the response varies across groups.
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Figure 3: Swedish Commuting Response: Wage and Distance Effects

(a) Doctors (b) Doctors (weighted)

(c) Non-Doctors (d) Non-Doctors (weighted)

Source: Authors’ calculations of Swedish register data.
Notes: Panels (a) and (b) show the commuting response for doctors with and without frequency weights for the
size of the municipality. Panels (c) and (d) show the response for non-doctors. Doctors respond to wage returns,
while non-doctors do not.
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Figure 4: Shock to Labor Market Competition: Occupation Earnings Differential

Panel A: Within-Occupation Earnings Difference, All Occupations

Panel B: Within-Occupation Earnings Difference, Doctors

Source: Authors’ calculations of Swedish register data.
Notes: The figure shows the occupation earnings differential adjusted for purchasing power, highlighting the impact
of labor market competition on wages. Panel A is the average across all occupations, while Panel B is for doctors
only.
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Figure 5: Base Pay, Commuting, Mortality and pre-Mortality

(a) Commuting vs Base Pay (b) Mortality vs Base Pay

(c) Mortality vs Commuting (d) Pre-mortality vs Base Pay (placebo)

Source: Authors’ calculations of Swedish register data.
Notes: For Panels A and B: Each data point represents the change in the outcome variable for a municipality between 2003 and 2013, plotted against the base doctor
wage in the municipality in 2003. The dotted line represents an OLS regression of the outcome variable on the base doctor wage in 2003, weighted by population
size. For Panel C: Each data point represents the change in mortality rates for a municipality between 2003 and 2013, plotted against the change in doctor commuting
over the same period. The dotted line represents an OLS regression of the change in mortality on the change in commuting, weighted by population size. For Panel
D: Each data point represents the change in the outcome variable for a municipality between 1994 and 2003, plotted against the base doctor wage in the municipality
in 2003. The dotted line represents an OLS regression of the outcome variable on the base doctor wage in 2003, weighted by population size.
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Figure 6: Share of Doctors Commuting and Mortality Rates per 1,000

(a) Share doctors commuting - unweighted (b) Share doctors commuting - weighted

(c) Mortality- unweighted (d) Mortality - weighted

Source: Authors’ calculations of Swedish register data.
Notes: Each point represents the coefficients from Equation 1. The “treat” variable is −1× the log of average
physician base pay in the municipality. The lines represent 95% confidence intervals. The dashed line is the year
physician wages began growing quickly in Norway. Panel b. and d. estimates are weighted by total population in
2003. .
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Figure 7: Counterfactual Total Mortality Rates in Sweden

Panel A: Counterfactual if Swedish Wages Fixed at 2004 Norwegian Levels

Panel B: Counterfactual if Sweden-Norway Wage Gap Fixed at 2004 Level

Panel C: Counterfactual if Swedish Wages Equaled Norwegian Wages from 2004-2013

Source: Authors’ calculations of Swedish register data.
Notes: We first estimate Equation 1. Then we set the counterfactual wages in Sweden to different levels and plot
the evolution of counterfactual mortality rates given each scenario.
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A Online Appendix (not for publication)

Table A1: Mortality Effects by High vs Low Baseline Physician Density
Mortality Rate (per 1,000)

Total Age 65+ Age 55+ Commuting
(1) (2) (3) (4)

Post × Treat 0.822*** 3.352** 2.095** 0.034**
(0.300) (1.567) (0.856) (0.013)

Post × Treat × Low Density 0.037*** 0.181*** 0.101*** -0.000
(0.009) (0.047) (0.027) (0.000)

Mean 11.801 51.993 32.376 0.031
Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. “Low density” is
defined as having physician density below the sample median in 2003. Standard errors in parentheses. ***, **
denote significance at the 1% and 5% levels, respectively.
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Table A2: Commuting by Group Characteristics

Age Group Gender

All Young Mid-career Old Male Female

Post × Treat 0.081*** 0.128*** 0.020 0.033** 0.088*** 0.054***
(0.016) (0.031) (0.014) (0.015) (0.022) (0.011)

Mean 0.044 0.022 0.061 0.042 0.063 0.016
Observations 615,138 238,726 203,486 156,896 322,508 292,630

Nativity Parental Status Wage Level

Immigrants Natives Children No Children High Pay Low Pay

Post × Treat 0.080*** 0.089*** 0.024* 0.109*** 0.085*** 0.007
(0.019) (0.018) (0.013) (0.024) (0.021) (0.009)

Mean 0.071 0.036 0.049 0.040 0.059 0.023
Observations 184,631 430,507 264,105 351,033 357,554 229,373

Occupation Type

Generalist Specialist

Post × Treat 0.112*** 0.002
(0.021) (0.015)

Mean 0.036 0.057
Observations 414,377 200,761

Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

47



Table A3: Effect of Norwegian Labor Demand Shock - Alternative Treatment Measures

Share of Doctors Commuting

(1) (2) (3) (4)

Post × Treat (Doctor Wage) 0.034** 0.033**
(0.013) (0.014)

Post × Treat 2 (Non-Health Wage) 0.002 -0.006
(0.021) (0.032)

Post × Treat 3 (Non-Doctor Health Wage) 0.029 0.024
(0.033) (0.049)

Mean 0.031 0.031 0.031 0.031
Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table A4: Effect of Norwegian Labor Demand Shock on Commuting Shares

Share of Share of Share of Share of Share of
Doctors Non-doc Non-doc Health Nurses Other Health

Commuting Commuting Commuting Commuting Commuting
(1) (2) (3) (4) (5)

Post × Treat 0.034** -0.002 -0.001 -0.001 -0.003
(0.013) (0.002) (0.003) (0.003) (0.002)

Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes 3,060 observations
(municipalities × 14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table A5: Effect of Norwegian Labor Demand Shock Across Panels

Doctors (Commute) Population (Total) Mortality (Total) Mortality (65+)
(1) (2) (3) (4)

Panel A: Including University Hospital Regions
Post × Treat 0.032*** 2595.651** 0.941*** 4.444***

(0.012) (1003.256) (-0.274) (-1.433)

Panel B: Including University Hospital Regions, Border
Post × Treat 0.039*** 2461.623*** 0.854*** 3.998***

(0.012) (927.824) (0.273) (1.402)

Panel C: Trimming (top and bottom percent)
Post × Treat 0.039** 267.52 0.906*** 3.561**

(0.016) (260.232) (0.306) (1.607)

Panel D: Binary
Post × Treat 0.012** -85.774 0.243* 1.112*

(0.005) (156.895) (0.127) (0.664)

Panel E: SDID Binary (entire country)
Post × Treat 0.012*** 827.493 0.332*** 1.734**

(0.005) (589.203) (0.120) (0.761)

Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes municipality-level observations across years.
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in parentheses. ***, **, and * indicate significance
at the 1%, 5%, and 10% levels, respectively.
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Table A6: Effect of Norwegian Labor Demand Shock on New and Immigrant Doctors

Number of New Doctors Number of New Immigrant Doctors
(1) (2)

Post × Treat -0.520 -0.451
(0.605) (0.431)

Mean 3.980 2.520
Observations (N) 2824 2824

Source: Authors’ calculations using Swedish registry data from 2001 to 2014. Sample includes municipality-level
observations across years.
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table A7: Descriptive Statistics by Group (Averages Across Entire Sample Period)

Panel A: Swedish Commuter and Non-Commuter Characteristics

Variable All Commuters All Non-Commuters Doctor Commuters Doctor Non-Commuters
(1) (2) (3) (4)

Age 34.89 (12.99) 40.39 (14.30) 43.82 (12.61) 43.89 (12.34)
Female 0.38 (0.49) 0.49 (0.50) 0.27 (0.44) 0.49 (0.50)
Married 0.01 (0.11) 0.03 (0.17) 0.04 (0.20) 0.04 (0.19)
Immigrant 0.31 (0.46) 0.19 (0.39) 0.36 (0.48) 0.30 (0.46)
Child Under 18 0.27 (0.44) 0.40 (0.49) 0.38 (0.48) 0.43 (0.49)
Border to Norway 0.15 (0.35) 0.02 (0.15) 0.02 (0.15) 0.01 (0.09)
Total Wage 319,563.6 (329,091.9) 190,318.4 (204,906.7) 736,681.6 (517,222.4) 484,614.3 (355,838.9)
Less than High School 0.09 (0.28) 0.21 (0.40) 0.00 (0.00) 0.00 (0.00)
High School 0.54 (0.50) 0.45 (0.50) 0.00 (0.00) 0.00 (0.03)
More than High School 0.38 (0.48) 0.34 (0.47) 1 (0) 1 (0.03)

Observations (N) 539,532 77,564,767 24,719 605,426

Panel B: Norwegian Municipality Characteristics Mean SD

Mortality Rate per 1,000 10.64 3.40
Over 65 Mortality Rate 48.32 11.82
Over 55 Mortality Rate 32.24 8.63
Under 35 Mortality Rate 0.83 0.72
Age 35-55 Mortality Rate 2.38 1.61
Population 17,769 145,767
Average Earnings (NOK) 308,830 69,266
Average Physician Earnings (NOK) 575,735 229,567
Average Nurse Earnings (NOK) 303,389 63,114
Commuting Physician Pct of Workers (2005) 0.11 % 0.56 %

Source: Authors’ calculations using Swedish and Norwegian registry data from 2001 to 2014.
Notes: Standard deviations in parentheses in Panel A.
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Table A8: Changes in Commuting Physicians from 2005-2013 in Norway, by Major or University
Hospital Status

No Yes Difference
(1) (2) (3)

University Hospital 1.008 18.250 17.24**
(11.165) (87.073) (2.95)

University or Major Hospital 0.366 11.029 10.66***
(10.019) (43.106) (3.69)

Major Hospital 0.788 8.889 8.101*
(16.199) (19.180) (2.47)

Source: Authors’ calculations of Norwegian register data.
Notes: Standard deviations in parentheses in columns 1-3. Standard errors of a t-test in parentheses in column 3.
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Table A9: Effects on Swedish Wages and Wage Bill

Log(Mean Swedish Wage) Log(Total Wage Bill)
(1) (2)

Post × Treat 0.256*** 0.283**
(0.070) (0.122)

Mean 13.15 16.38
Source: Authors’ calculations using Swedish registry data. Sample includes 3,060 observations (municipalities ×
14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table A10: Placebo: Commuting Effect based on wage trends

Share of Doctors Commuting Share of Doctors Commuting
(1) (2)

Post × [WageDoc,2003 −WageDoc,2001] 0.0006
(0.00004)

Post × [
WageDoc,2003−WageDoc,2001

WageDoc,2001
× 100] -5.28e-07

(1.86e-06)

Mean 0.031 0.031
Source: Authors’ calculations using Swedish registry data. Sample includes 3,060 observations (municipalities ×
14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table A11: Effects on Immigrant Population

Number Immigrants Share Immigrants
(1) (2)

Post × Treat 34.591 0.004
(141.150) (0.003)

Mean 1871.085 0.069
Source: Authors’ calculations using Swedish registry data. Sample includes 3,060 observations (municipalities ×
14 years).
Notes: The “treat” variable is −1× the log of average physician base pay in the municipality. Standard errors in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Figure A1: Macroeconomic Development Over Time Across Sweden and Norway
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Source: Authors’ calculations of Swedish and Norwegian register data.
Notes: Panel (a) shows the change in real GDP per capita over time. Panel (b) shows the NOK-SEK exchange rate.
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Figure A2: Norwegian Government Oil Revenue and Oil Prices Over Time
Panel A: Norwegian Oil Revenue Over Time Panel B: Europe Brent Spot Oil
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Source: Authors’ calculations based on Norwegian government data.
Notes: The figure presents the oil revenue collected by the Norwegian government over time, illustrating trends in
resource-based income.

Figure A3: Shock to Labor Market Competition: Occupation Earnings Differential by ISCO88
Group

Source: Authors’ calculations of Swedish register data.
Notes: The figure presents occupation earnings differentials adjusted for purchasing power, broken down by
ISCO88 occupational groups. This highlights how different skill-based job categories respond to labor market
competition.

58



Figure A4: Destination of Commuting Doctors
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Source: Authors’ calculations of Norwegian register data.
Notes: Panels (a), (b) illustrate the commuting response for nurses, and doctors, respectively, as a share of baseline
workers. The geographic nature of the response varies across groups.
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Figure A5: Factors Predicting Commuter Destination in Norway
Panel A: Baseline Physician Log Wage Panel B: Baseline Share of Physicians Over Age 55
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Panel C: Baseline Physician Density Panel D: Shift-Share Instrument
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Source: Authors’ calculations of Norwegian registry data.
Notes: The shift-share instrument in Panel D is the predicted number of physician commuters base on interacting the baseline share of total commuters in munici-
pality X by the total percent increase in commuters from 2005 to 2013.
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Figure A6: Norwegian Mortality Effects: Event Study Results
Panel A: Effects Per Change in Commuters, Over 65 Mortality Panel B: Effects of University or Major Hospitals, Over 65 Mortality
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Panel C: Resident Physician Separation Rates Panel D: Effect on Rates of Physician New Hires
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Source: Authors’ calculations of Norwegian registry data.
Notes: Panel A estimates the interaction between year dummies and the 2005-2013 change in the number of Swedish commuting physicians to the municipality.
Panel B interacts year dummies with an indicator for having a university or major hospital in the municipality as these were disproportionately likely to attract
new commuters. Panels C and D follow the specification in Panel A, but replacing physician separation and hiring rates as the outcome variable. 95% confidence
intervals are based on clustering at the municipality level.
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Figure A7: Effects on Work Effort by Norwegian Physicians: Event Study Results
Effects Per Change in Commuters

Panel A: Number of Norwegian Physicians per 10,000 People Panel B: Log Average Annual Earnings for Norwegian Doctors
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Panel C: Average Sick Days Taken by Doctors Panel D: Average Parental Leave Taken by Doctors
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Source: Authors’ calculations of Norwegian registry data.
Notes: Each panel estimates the interaction between year dummies and the 2005-2013 change in the number of Swedish commuting physicians to the municipality.
95% confidence intervals are based on clustering at the municipality level.
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Figure A8: Density of Physician Pay in 2003

Source: Authors’ calculations of Swedish registry data.
Notes:

63



Figure A9: Permutation Checks, 300 iterations
Panel A: Doctor Commuting

Panel B: Mortality

Source: Authors’ calculations of Swedish registry data.
Notes: These show the distribution of the β2 coefficient from Equation 2 after randomly shuffling the value of
the “treat” variable across municipalities. The “treat” variable is −1× the log of average physician base pay in
the municipality. In both cases, 2 percent of permutations return values slightly higher than the core estimate,
generating a randomization inference p-value of 0.02.
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Figure A10: Net Cost at the Health Region Level

Source: Authors’ calculations of digitalized data on health care costs from SKL.
Notes: This figure shows the change in the net cost of healthcare (costs net of revenues) between 2013 and 2003
as a function of the physician base wage. There are 21 health regions in the country.

Figure A11: Event Studies - Hospitalization outcomes

(a) Hosp. (b) Hosp. length (c) Hosp. per person

(d) Surgeries (e) Time between hospitalizations

Source: Authors’ calculations of Swedish register data.
Notes: The coefficients correspond to the event study specification in Equation 1 for each outcome.
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