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Abstract
Physician emigration can either function as an escape valve to help the health
labour market clear from a supply surplus, or aggravate the problem further in
case of a shortage. Either way, policy-makers should be particularly aware and de-
vise policies to minimize the occurrence of an imbalance in the physician workforce,
which may require physician retention policies if barriers to entry and other market
rigidities can not be removed. To this purpose we have developed an agent-based
computational economics model to analyse physician emigration, and used it to
study the impact of potential short-term and long-term retention policies. As a
real case study we have calibrated it with data from Portugal, which features a
very particular health system with many rigidities. Results show that all policies
are capable of increasing the workforce size, but not all reduce emigration. Further-
more, the welfare impact of the policies varies considerably. Whether policies to
retain physicians should be enacted or whether policy makers should let physicians
go will depend on the type of imbalance present in the health system.

Keywords: Healthcare workforce planning; Health policy; Agent-based computational
economics; International migration; Physician migration; International medical graduates
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1 Introduction
An adequate medical workforce is a critical requirement to an healthy population, as the
delivery of health care services is still highly dependent on physicians. In general, health
authorities are aware of the consequences of a disproportion in the physician workforce,
and put this issue on top of their political agendas (Ono et al., 2013). Notwithstand-
ing, shortages of physicians or a geographical maldistribution of health human resources
are still very common and affect all countries alike, from low- to high-income countries
(Labonté et al., 2015; Gauld and Horsburgh, 2015), suggesting that despite the rhetoric
no public policies have been enacted to address this issue or such policies have been
ineffective in achieving their goal.

Several factors originating from both the demand- and the supply-side may cause an
imbalance in the medical workforce (Amorim Lopes et al., 2015). Institutional and reg-
ulatory barriers, such as numerus clausus, licenses to practice or mandatory retirement
age; service delivery arrangements that may condition both the skill mix and the produc-
tivity of the health care workforce; non-controllable factors, such as mortality; changes
to demography, in particular to the size or age structure of the population; migration
flows; epidemiological needs; and many other factors may cause a change in the medical
workforce. Of all these factors, emigration is one of the most difficult to handle, as it
exerts an immediate influence on the supply of physicians.

Physicians are no different from other people, and emigrate with the purpose of being
better off (ex ante). The international migration literature lists a significant number of
”push” and ”pull” factors that may act as stimuli to leave or attract one to other coun-
tries, respectively. In the particular case of human resources for health, several authors
have identified critical factors (Clark et al., 2006; Ribeiro et al., 2014), for instance: in-
adequate compensation, when compared to other sectoral wages, but also to wages in
other countries; remuneration system not related to performance; heavy workloads; poor
working conditions; political instability; or unmet demand for medical education due
to numerus clausus or lack of residency positions; are reasons frequently provided for
wishing to move abroad. Regardless of the working and living conditions in the home
country, foreign countries may also offer fringe benefits that may attract physicians. For
instance, training opportunities; better compensation, in terms of wage differential; active
recruitment; or higher demand for health professionals.

In the case of an oversupply of medical doctors, emigration may actually act as a safety
valve in clearing the health labour market and minimizing the negative welfare impact
arising from unemployment. However, if there is a shortage in the medical workforce,
emigration aggravates the problem further. Actually, if it happens repeatedly, even small
numbers of physicians moving abroad may be responsible for large workforce variations
if no action is taken to mitigate it. Monte Carlo simulations run by Amorim Lopes
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et al. (2016) demonstrate that small variations in the emigration rate may cause large
variations in the workforce size, which may put the health system under severe pressure.

Although in some cases retention policies may exhibit a limited effect on dissuading
physicians from moving abroad (Hussey, 2007), empirical evidence seems to support the
view that some may actually work. For instance, Okeke (2014) found evidence that a
wage increase programme in Ghana reduced the foreign stock of Ghanaian physicians
by approximately 10%. The same conclusion was reached by Labonté et al. (2015),
who also found evidence from South Africa that wage incentives seem to work. In the
same line, Ortega and Peri (2009) estimated that an increase in the wage differential
between origin and destination countries of 1000 US $ increases the flow of migrants by
10-11%, with the corollary being that reducing the wage differential would decrease the
flow of migrants. On the opposite direction, Vujicic et al. (2004) found little correlation
between the supply of health care migrants and the wage differential between source and
destination countries, and suggests that wage differentials may be so large that a small
salary raise would produce little to not effect.

Theoretically, it is hard to argue against the role played by wages in the international
migration flows. Either when the physician is modelled as a rational utility-maximizer
agent that moves based on the wage differential, as it is commonly found in classic
theories, or when migration is taken as part of an investment in human capital, an
approach typically found in modern migration theories, the expected income is hardly
negligible (Bodvarsson and Van den Berg, 2013). Even if other less tangible factors, such
as working or living conditions, exert a bigger influence, there is theoretical ground to
assume that income, and therefore wages, is a relevant factor as well.

Wage incentives, framed within a suitable incentive system, may then be an adequate
way of targeting current physicians. Ono et al. (2014) points to this factor as a means to
respond to imbalances in the geographical distribution of physicians, but it applies also
to international migration. Overall, the authors identify three broad strategies available
to policymakers: (i) targeting current physicians by devising an incentive system, mostly
focused on financial incentives; this is a strategy for the short-term; (ii) targeting future
physicians in order to maximize the pool of physicians available to practice, which im-
plies increasing the number of qualified individuals; this strategy is clearly long-termed, as
earning a license to practice is a decade-long effort (iii) do with less, which means accept-
ing the current levels and optimizing the delivery of health care services to compensate
for the lack of physicians.

Although it is quite clear by now that policy levers exist to mitigate the emigration
of physicians, it is not always the case that we can grasp the full extent of their impact.
In very flexible health labour markets featuring few rigidities and institutional barriers
one can use analytical tools, such as dynamic stochastic general equilibrium (DSGE)
models, to study the effects of such policies, contingent upon no severe nonlinearities being
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present. Otherwise, the model loses tractability and it is very hard, if not impossible, to
account for second-order effects, and in some cases to first-order effects also. In such cases,
the predictive power of the model is simply non-existent for setting policy (Bouchaud,
2008). In practice, health labour markets can be extremely rigid, diverting strongly from
textbook Walrasian equilibrium. In fact, disequilibrium is the rule and not the exception.

For a real-case example consider the Portuguese health system. It features many
rigidities: numerus clausus exist to limit access to medical schools, since education is
subsidized; residency training is also limited by the Medical Association, who decides
how many vacancies to open for each medical specialty; the health labour market con-
veys many features of a monopsony, with the government being by far the largest employer
and with restrictions to supply reducing the short-run elasticity of supply; pay for per-
formance is used seldom, with few incentives existing to adjust physicians’ wage levels
according to their productivity; wages in the public sector are very sticky, being fixed by
the government through collective bargaining; wages in the public sector put an ”anchor”
on the salaries practiced by the private sector; the wage ceiling in the public system
caps the quantity of health care services supplied; very limited ”freedom of choice” in
the public sector, with citizens unable to choose their family doctor; low access fees that
virtually have no impact on the demand for health care services; etc. On top of this,
Portugal features one of most rigid labour markets in the EU according to OECD (2013).

Nonetheless, there is no reason why one would not want to study how to deal with
emigration in an health system so far away from theoretical competitive equilibrium
models, evaluate the use of certain policy levers to retain physicians, assess whether that
is an adequate action and inform policymakers accordingly. In the end, the apparatus
should be able to answer the question of how policymakers should deal with physician
emigration, although a one-size-fits-all optimal policy is unlikely to exist. For this purpose
we have developed a theoretical economy that reproduces all the traits of the Portuguese
health system, calibrating it using real data. Using this model we simulate the evolution
of the health system and conduct policy experiments to mitigate emigration, tracking
the impact at the micro-level – at the level of detail of a single agent. We play with
three policy levers: adjusting numerus clausus, the number of job offers to the public
sector and physician wages, and we observe their impact on the simulated economy, as
well as the first- and second-order effects. To account for second-order effects we conduct
a welfare analysis by providing a small framework to estimate the qualitative impact of
such policies in several hypothetical scenarios.

To implement the model we resorted to agent-based computational economics (ACE),
as these models go beyond Walrasian equilibrium foundations, representative agents and
the assumption of market clearing (Colander et al., 2008). In a non-Walrasian health
labour market, as is the case of Portugal for the reasons aforementioned, an agent-based
simulation model (ABM) is a very adequate tool for the problem at hand. Despite not
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being ubiquitous, in the sense that ABM models are still not present in the standard
toolkit of all economists, ABM are gaining traction, and several authors are advocating
for its use (Farmer and Foley, 2009). Fagiolo and Roventini (2012) provides several
examples of the use of ABM in modelling economics and policy, comparing it to typical
DSGE models. Neugart and Richiardi (2012) elaborates on the use of ABM to analyse
the labour market, while Dosi et al. (2010) documents a very interesting application of
ABM to devise a policy-friendly model that reproduces endogenous growth and business
cycles.

The remainder of this paper is organized as follows. Section 2 presents the economic
model and its components. Section 3 runs policy invariant simulations so as to obtain a
baseline scenario. Section 4 experiments with some policy levers, Section 5 discusses the
results and their implications and Section 6 concludes.

2 A model for physician emigration
Our simple economy features two types i of agents, physicians H and non-physicians L,
a publicly funded health care system run by the government and a private sector that
exists for accounting purposes only. The public sector is a highly regulated Beveridgean
national health system with salaries fixed by collective bargaining between unions and
the government. Given the size of the public sector, the wage level that results from the
negotiations anchors the salary paid in the private sector.

The aggregate supply of physicians SH is given by the current stock of physicians
already practicing plus the medical students about to join the profession and any foreign
doctors due to arrive in the future. We assume, and empirical data support this stance,
that the numerus clausus puts a limit on the supply of physicians, and that the number
of students willing to join medical school is higher than the cap imposed by the number
of vacancies. As a result, the supply schedule is to the left of its natural position in case
no access barriers existed.

We differentiate between potential and effective demand for healthcare services, where
by potential demand we imply demand effectively observed plus unmet needs. Due to the
restrictions imposed on the health labour market, such as a wage anchor and numerus
clausus, the quantity of healthcare services provided is below potential. In practice, this
results in care not delivered, usually observable in the guise of waiting lists and long
queues (Amorim Lopes et al., 2015). In this model, aggregate demand is assumed to be
exogenous and constant1.

1For an analysis of the impact of demography on the demand for health care services in Portugal refer
to Amorim Lopes et al. (2016).
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2.1 Households

All individuals derive utility from the consumption of private goods c, health care services
h and other publicly financed goods and services o. We assume the individual’s utility
takes a quasi-linear form:

Ui = ci + φ(hi, oi), (1)

where φ is increasing in h and o, and strictly concave. We impose strict concavity on
φ to ensure that φ′ is strictly decreasing, and therefore it satisfies the Inada conditions.
In this way we avoid the over-consumption of public services, without having to include
them in the budget constraint.

The individual’s healthcare need is determined exogenously by his medical circum-
stances, leading to a consumption of a given quantity of health care services h, which we
assume not to be dependent on income. Since publicly financed goods and services typi-
cally have zero (or very small) user charges, we assume only the consumption of private
goods is limited by the individual’s endowment Yi, which depends on the wage W , the
income tax rate tc and on government social transfers TS according to:

Yi = Wi(1− tc) + TSi. (2)

Also, the individual’s budget constraint is binding, taking the form:

Yi = ci, (3)

which implies all after-tax income is consumed.

2.1.1 Physician’s life cycle

Before being allowed to practice, aspiring physicians have to join medical school in order
to earn a license. A physician has to go through the following stages in life, illustrated
in Figure 1:

1. Enter medical school and complete the mandatory 6 years of studies

2. Upon earning the medical license, junior doctors are submitted to an admission
exam and join the internship for at least 1 year before applying to a specialty
residency

3. Junior doctors are ranked according to the grades obtained in the admission exam
and apply for a specialty residency; if unable to enrol in a residency program, the
doctor stays on hold until he can redo the exam and apply again the next year (in
most of the cases he can still practice as a clinician); depending on the specialty, it
may take between 3 and 6 years to complete
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4. Upon graduating, physicians join the public or the private sector, switching between
the two at any time, and practice until retirement

5. Retire at around the retirement age.

Additionally, a medical student may drop out from medical school, and any physician
may emigrate or die at any time. The time to transition from one state to another is
stochastic.

1

Med School

IAC

Specialty School

Graduation

Physician lifecycle

Training

Public Practice Private Practice

EmigratedWorkforce

Birth Dropout

18 years

Retired

No speciality

Mortality

Figure 1: The life cycle of a physician since joining medical school.

We explicitly model the different stages of a physician’s life cycle as they may influence
significantly the internal decision-making of a physician. For instance, anecdotal data
suggests it is more likely for a physician to emigrate in case he was unable to enrol in
the specialty of his liking, or in case he is unemployed. In contrast, it is less likely for a
physician to emigrate when he is at an older age, closer to retirement. Moreover, in this
way we can simulate precisely how external shocks and policy experiments unfold on our
model.

2.1.2 Migration decision-making

An individual emigrates in the expectation of being better off by doing so. Such decision
is similar to that of an investment – moving abroad entails an upfront cost, both financial
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and psychological; an opportunity cost, which are the earnings forgone, fringe benefits
and family and friends left at the home country; and increased earnings or other fringe
benefits obtained in the foreign country. The benefits, but also some of the costs, accrue
over a period of time. This implies that the value of such wage and non-wage income and
costs is discounted over time. Such assumption is consistent with the fact that emigration
rates decline with age (DaVanzo, 1980).

To model the physician’s internal migration decision we borrow from the labour mi-
gration literature (Borjas, 2001; Maloney and Gonzalez, 2005). We extend the typical
definition by explicitly including the cost of being unemployed or unable to obtain a train-
ing place at a residency program, which we assume to be greater than the opportunity
cost of not earning an income. The lack of vacancies at university hospitals is known to
be one critical push factor in the health labour market, in particular mismatches between
preferences and specialties (Ribeiro et al., 2014). Taken together, physicians emigrate
according to the sign of the following index function:

I∗ = Uk − U − C − Z, (4)

where Uk is the utility of living in country k and U is the utility of living in the home
country. C represents the disutility arising from migration, caused by leaving family and
friends behind, and adapt to a new environment (Kennan and Walker, 2013). We model
it as an exponential function of age, in line with (DaVanzo, 1980). Z is the disutility of
being either unemployed or unable to enrol in a residency program.

The utility of either staying U or moving abroad Uk are functions of consumption
of private and publicly financed goods, as defined in Eq. 1, restricted by the available
income Y , defined in Eq. 2. Empirically, we can only observe the indirect utility V , and
not the stated preferences. Let V (Y ) be the indirect utility enjoyed by individuals as a
function of their post-tax income:

V = f(Y ) = Y α (5)

with 0 < α < 1 to ensure the concavity of the value function, that is to say we assume
diminishing marginal returns. Moreover, we also incorporate time preference based on
the assumption that people prefer present to future consumption, and therefore apply a
discount factor until retirement age R. We therefore compute the discrete present value
according to:

PV =
R∑

t=a

V (Y )
(1 + ρ)t , (6)

where ρ is the discount factor and a the physician’s age at the time of decision making. In
the migration literature it is common to also define working conditions, which include non-
wage job characteristics people may value, such as safety, lack of stress, prestige, housing
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or transportation (Vujicic et al., 2004). We assume, without any loss of generality, there
is a monetary equivalent to the living conditions, and therefore wage and living conditions
are perfect substitutes.

All things considered, the model posits that the physician emigrates if, at any given
period t, Equation 7 is greater than zero:

I∗ = PVk − PVi − C − Z. (7)

The probability of a physician emigrating is then given by:

Pr{I∗ > 0} = Pr{Vk − Vi − C − Z > 0}. (8)

If, at any time, I∗ > 0 is true for any physician, then the migration market is in
disequilibrium. In fact, the market will always be in disequilibrium until all physicians
searching for a job find a desirable match.

2.2 Government

Government plays a key role in running the public health care system, in hiring physicians
and in deciding over budget allocations. The government raises taxes on income, T =
tcW , which are used for social transfers TS and to pay for the provision of public services
G, such as health care services h and other public services o:

G = h+ o. (9)

We assume the government runs a balanced budget. The budget constraint of the
government is then:

T −G− TS = 0. (10)

The unconstrained central planner’s problem is to maximize the aggregate welfare,
which we assume to be equal to the sum of all individual utilities:

max
∑

c+ φ(h, o). (11)

The allocation (c∗, h∗, o∗) is the Pareto-efficient constrained allocation that maximizes
(11) subject to (3) and (10).

2.3 Health labour market

The health care labour market is not Walrasian, as too many frictions exist, preventing it
from clearing. In particular, we assume real wages are set below their equilibrium level,
structural unemployment for the sector does not exist and labour rationing is the rule.
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These assumptions are far from being unrealistic in the case of Portugal. The aggregate
supply SH is computed by running the ABM and obtaining the forecasts for the number of
physicians available for practice. Finally, market and institutional factors may influence
government decisions, but in the end the wage level is decreed by the government. We
assume it is given exogenously by the salary tables currently in use.

2.4 Migration market

We build a migration market by adapting a simplified version of Mortensen and Pis-
sarides (1999)’s model of search in the labor market. Typically, the wage-setting relation
establishes that wages equal the expected prices times a function of unemployment and
a catch-all variable that includes factors at play in the labour market. In this case, we
assume the wage-setting relation is a function of the reservation wage of the worker, i.e.
the minimum value such that

WS =
⋃

arg min
Wk

{I∗ = 0}. (12)

Alternatively stated, it is the minimum value that compensates for the costs of emigrating,
as defined previously:

WS =
⋃

arg min
Wk

{Vi + C + Z = Vk}. (13)

A change in the domestic wage causes a shift in the WS curve. If the salary increases
(decreases), the reservation wage increases (decreases) as well, and the WS curve shifts
to the left (right). Changes in foreign wages cause a move along the WS schedule. The
higher the wage proposal, the more physicians will be willing to emigrate. Also, the
unemployment rate indirectly affects the WS curve. The higher the unemployment rate
in the health labour market, the greater the disutility Z brought by unemployment, which
also causes a shift in the WS curve.

For the vacancy supply V S we assume it is exogenous. There is a constant stream
of job offers produced by a stochastic process, with each physician receiving one random
job offer per year. Foreign wages are sampled from a beta distribution, positively skewed,
fitting a typical income distribution:

VS =
⋃

Wk ∼ Beta(α, β). (14)

The interaction between the WS schedule (supply of migrants) and the VS schedule
(demand for migrants) is insufficient to determine the number of physicians that emi-
grate. The mechanism that matches physicians and job proposals is imperfect and time
consuming. Not all job proposals reach all physicians, and it may happen that a physician
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never receives a job proposal above its reservation wage. The typical approach is to invoke
a matching function m = f(v, u), where v is the vacancy rate and u the unemployment
rate, which characterizes the aggregate meeting rate between employers and employees
and is derived from the Beveridge curve. Formally, the matching process is described as
a productive process, and modelled accordingly using a production function. We assume
random job offers arrive deterministically at a constant rate. Each physician receives one
job proposal per year, and the matching rate is equivalent to the probability of the value
of the job offer received by the physician to be above the value of his reservation wage. In
practice, and due to matching frictions, less physicians than the number the intersection
between WS and VS suggests actually emigrate.

2.5 Market interactions in the economy

When we combine all the individual blocks, more specifically the microeconomic foun-
dations behind migration decision-making, the health labor market and the migration
market, we obtain a small functioning economy. In this economy the migration decision,
and therefore the migration rate, is endogenous, but subject to the influence of policy
levers such as changes to the domestic wage. Increasing the domestic wage reduces the
incentives to emigrate, and decreasing it would generate the opposite effect. Furthermore,
an increase in the stock of physicians caused by a change in the numerus clausus will
affect the emigration levels, which is expected, but would also affect the growth rate of
the medical workforce. The intuition is that since specialty vacancies and job proposals
for joining the public sector are limited, more physicians will be awaiting for a spot.
Waiting influences positively the decision to emigrate through the mechanism described
before.

D

SH

Q

W

qc q′q∗

w∗

wc

WS(wc)

WS(w∗)

VS

w∗k

w′k

M

Wk

mcm∗

Figure 2: The interaction between the health and the migration market.

Figure 2 depicts some of the interactions in the economy. On the left we have the
health labour market, where SH is the aggregate labour supply of physicians and D is the
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demand for health care services. The migration market results from the interaction be-
tween the wage-setting curve WS, defined implicitly by the physicians’ reservation wage,
and the vacancy supply curve VS, i.e. the aggregation of all the foreign job proposals.
Actual emigration levels are below the equilibrium point due to matching frictions in the
migration market.

These two markets are always in interaction, and a change in one causes a change in
the other. For instance, the wage anchor wc puts a cap on the quantity of healthcare
services provided, and so the actual quantity provided is qc. Thus, it creates an hiatus
in demand, reducing the quantity of healthcare services provided by q∗ − qc units. But
the level of the domestic wage wc also influences the migration market by causing a shift
in the wage-setting curve WS, in this case from WS(w∗) to WS(wc). This increases the
number of potential migrants by mc−m∗. All things being equal, changes in the domestic
wage will affect the migration market by influencing the decision-making process and the
willingness to emigrate. The importance of this effect is considerable. Since wages in
the public sector are set by the government, it can be used as a policy lever. However,
increasing the wage bill puts an extra burden on public finances as well. Instead, if policy-
makers decide to increase the numerus clausus, and therefore the number of available
physicians, shifting the aggregate supply curve to the right, in the long run the number
of new entrants will increase. However, that also shifts the WS curve to the right,
implying that more people will emigrate also. Whether the wedge between the markets
compensates the increase in migrants will depend on the elasticity of emigration with
regards to wage. In the next two sections we will simulate the impact each type of policy
may have in a real life setting.
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3 Simulation results
Due to the highly stochastic nature of the model, in particular the life cycle governing the
physician’s various stages of life and the several nonlinearities arising from the agents’
decision-making rules, it is not possible to obtain an analytical, closed-form solution.
Also, since the health labour market departs too much from Walrasian assumptions an
equilibrium is not attained, and therefore cannot to be computed.

We can, however, run computer simulations through the ABM to experiment with
policy levers and observe and quantify their impact on the economy. To clear away
any simulation variability we run Monte Carlo simulations, collecting the averages and
standard-error bands, a procedure typically followed when running agent-based compu-
tational economic models (Dosi et al., 2010).

We start by devising a baseline model calibrated to replicate the status quo of the
physician workforce. More specifically, we load the model with the active physicians work-
ing in the Portuguese health system, as well as the students attending medical school,
internship or residency. Parameters such as the drop out rate, mortality rate or the
numerus clausus are also fed into the model. Finally, the number of years until transi-
tioning to another state in the physician lifecycle is drawn from distributions obtained
empirically. Initial conditions and parameters used on the baseline model are presented
in Table 1.

Table 1: Baseline parameters.

Description Symbol Value

Drop out rate 0.02

Mortality rate (life table) Qx p = Qx

Net public to private migration rate 0.02

Direct hiring rate (private sector) 0.03

Numerus clausus 1496

Residency vacancies 1637

Job contracts (public sector) 1934

Transition Med School to IAC (years) exp(γ, 1
λ ,min,max) [0, 2, 6, 14]

Transition IAC to Specialty (years) exp(γ, 1
λ ,min,max) [0, 0.4, 1, 2]

Transition Specialty to Graduated (years) exp(γ, 1
λ ,min,max) [0, 1, duration,duration +6]

Retirement age R ∼ N(µ, σ) [63.10, 4.9]

Discount rate ρ 0.05

Utility function parameter α 1.05

Emigration cost C 0.53e0.0492age · Vi
VS distribution Beta(α, β) [1500, 16000]

VS distribution support [x, x] [0, 10]
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Although no data exists to empirically estimate the V S distribution and remaining
emigration parameters, such as the emigration cost or the shape of the utility function,
the parameters were calibrated so that the endogenous emigration rate obtained follows
the numbers claimed by the Portuguese medical association, i.e. a rate of between 100
and 200 physicians per year.

Running the baseline case we obtain the forecasts for an invariant policy scenario,
the case when no policy interventions take place, and thus every exogenous parameter
stays unaltered. Figure 3 shows how the different stocks of physicians evolve through the
planning horizon. In the initial ten years there is a decrease in the number of physicians
both in the public and in the private sector, which is expectable given the age structure
of the physician workforce, as a considerable number of physicians are in their 50s and
about to retire. This gets reflected on the high number of retirees in the first years
(Figure 3c). Furthermore, the number of graduates, i.e. physicians that have completed
residency training but have not yet joined either the public or the private sector, increases.
This suggests that the current number of contracts is insufficient to absorb all the new
graduates, and slack is created in the physician workforce (Figure 3b). Whether this
slack is an actual surplus depends on whether demand stays constant and there is no
shortage in the present. Previous studies suggest that due to the aging of the Portuguese
population, demand for health care services is likely to increase (Amorim Lopes et al.,
2016).

Observing all the frictions affecting the health labour market (Figure 3c) we can
identify the main factors driving physicians out of the workforce. With the exception
of the number of retirements, which reflects the negatively skewed age structure of the
physician workforce, all the outflows are fairly constant. In particular, when we look
at the emigration rate we can observe a value varying between 0.25% and 0.35% of the
workforce. Likewise, the number of emigrants varied between 100 and 140 per year
(Figure 3d), in line with the values reported by the medical association.

2016 2020 2025 2030 2035 2040 2045 2050
Emigration (N) 124 117 122 124 120 122 121 124

(13) (10) (10) (11) (11) (10) (11) (11)
Workforce size (N) 35131 34767 37111 38648 40366 41639 41886 41138

(43) (81) (81) (103) (94) (116) (122) (125)
Emigration rate 0.35% 0.34% 0.33% 0.32% 0.30% 0.29% 0.29% 0.30%

Table 2: Average of the number of migrants and for the emigration rate (as a percentage of the total
workforce size) for the forecasting horizon. Standard deviation for the Monte Carlo simulation runs
reported in parenthesis.

As previously mentioned, stochasticity plays a major influence in the model. There-
fore, Monte Carlo simulations are needed to clear away any long tail statistical effects. In
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Figure 3: Forecasts generated by ABM for the baseline case. On panel (a) we have the forecasts for
the aggregate supply of physicians, including interns and residents; on panel (b) the aggregate supply
decomposed into each stock; on panel (c) are each of the frictions affecting the aggregates; and on panel
(d) the number of emigrants and emigration rate.

Table 2 we report the averages and standard deviations of the number of emigrations and
of the resulting emigration rate as a percentage of the total workforce when the model
is run multiple times. Considering that no shocks hit the economy and the workforce
size remains relatively stable it comes at no surprise that the emigration rate stays rela-
tively stable at 0.33%-0.38% for the whole horizon, averaging 0.34%, with the number of
physicians moving abroad ranging between 109 and 130, with an average of 120.

Figure 4 provides a more detailed account of the emigrants in our simulated economy.
According to the simulations, most of the emigrants are either enrolled in a residency
program or have graduated, but have not yet been hired. Physicians already under a
contract either in the public or in the private sector represent a very small share (less
than 8%) of all departures. Not surprisingly, the average age of those leaving while on or
about to join residency training is around 30 years of age, while those that have already
completed all medical specializations are usually older.
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Figure 4: Age profile of the emigrants that have left during the simulation period (35 years).

We can obtain further information by looking at the migration market. Figure 5b
provides an overview of supply (V S schedule) and demand (WS schedule). The quantity
at which it reaches equilibrium is approximately 820 workers. However, due to mismatches
in the migration market (i.e. not all physicians have access to the same job openings) the
market does not clear, and the number of physicians that actually emigrate is considerably
below the equilibrium point, as reported in Table 2. Figure 5a provides the wage premium
for all the physicians that have moved abroad in one particular year. In our simulated
economy half of the physicians that decide to emigrate do so for a wage differential equal
or less than 30%. Additionally, 14% of the migrants, or 624 physicians, would not have
emigrated had it not been for the burden of being unemployed (I∗ < 0 if Z = 0).

The model we have obtained accounts for a large number of empirical regularities
observed in the Portuguese health system: (i) the number of physicians emigrating falls
within the boundaries reported in the grey literature and by the medical association;
(ii) the average age at which physicians move abroad ranges between 25 and 40 years,
targeting especially young doctors (Gauld and Horsburgh, 2015); (iii) most of the physi-
cians that emigrate due so because they are not under a contract or could not join the
desired specialty. This suggests the model is robust enough to serve as a test bed to study
retention policies and obtain a qualitative measure of their impact. In the next section
we will experiment with some policy levers and observe the impact on the model.
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Figure 5: On the left panel we have the ratio of external wage to domestic wage for all migrants on a
random year. Half the migrants leave for a wage premium of less than 30%. On the right panel we can
observe the migration market in action, with the V S schedule aggregating all the job offers and the WS
schedule the reservation price of the physicians.

4 Policy experiments
Barriers to entry and extensive regulation in the Portuguese health labour market make
it difficult, if not impossible, for it to automatically adjust to an imbalance. Even if
there is a clear sense that a shortage or a surplus of physicians exists, the size of the
workforce is still severely conditioned by the number of vacancies to medical school,
by the number of residency vacancies and by the number of job offers awarded by the
largest employer, the national health system. Arguing about the economic sense of these
market rigidities is necessary, but outside the scope of this work. We therefore assume
government intervention through public policies is required to address an imbalance in
the Portuguese health labour market.

It is also assumed the main policy objective is to ensure a balanced workforce, with
a decrease in the emigration rate being a positive externality, but not a goal per se.
Policies targeting the physician workforce typically fall into one of two categories (McPake
et al., 2013): short-termed ones, producing immediate effects, such as raising wages, a
salary top-up or hiring foreign doctors; long-termed ones, such as expanding the numerus
clausus to medical school or increasing the number of job offers to the public sector.
Regardless of the time required to produce an effect, public policies are usually gauged
in terms of impact to either the level or the growth rate of income, or with regards
to changes in the income distribution arising from these interventions. Policies that
decrease the income level or rate, or increase inequality decrease social welfare. In the
particular case of physician emigration, policy makers may face additional dilemmas.
Some policies may help to tackle an imbalance in the physician workforce, but at the
same time may also increase inequality. Others, such as hiring foreign doctors, may
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cause an imbalance in developing countries, as the ”brain drain” typically flows from
developing to developed countries (Clark et al., 2006). Theoretically, we can pin down the
welfare impact of each policy, which we do in Section 5. In practice, however, computing
the precise outcome requires knowing the preferences of the population, which may not
be feasible, and so the policy conclusions are frequently ambiguous and surrounded by
uncertainty. Notwithstanding the welfare impact, each policy will have different first-
order effects on the physician workforce. These effects can be quantified by subjecting
the ABM previously devised to changes in these policy levers and observing the result in
the workforce projections.

In this section we analyse the effect three widely different policies exert on the physi-
cian population, which are: (i) raising wages; (ii) increasing job offers to the public sector;
(iii) expanding numerus clausus to medical school2. A priori we can anticipate that in-
creasing numerus clausus will expand the physician workforce, with the emigration rate
increasing as well. Optionally, an increase in the number of contracts to the public sector
reduces the chance of emigration due to unemployment, but it lasts only until there is a
stock of graduates available. Finally, increasing wages has a positive effect both on the
workforce size and on the emigration rate. The potential negative effects, however, are
only visible through a welfare analysis, and will depend on whether there is a shortage
or surplus in the supply of physicians.

4.1 Increase wages

Raising wages is a typical employee retention strategy, working through the channel
described in Section 2.1.2. In any system governed by, even if partially, the laws of
supply and demand, increasing prices ought to increase the quantity supplied. In the
migration market increasing wages raises the utility of staying, and therefore reduces the
incentives for moving abroad.

In the case of a private hospital or any other private health care institution, raising
wages is a relatively straightforward managerial decision with costs and benefits, and
can be enacted within a very short period. In a publicly funded health care system with
collective bargaining and a workforce size of over 30 thousand physicians, increasing wages
may have wide financial and economic repercussions. Understanding such consequences
is critical for evaluating the adequacy of this policy.

The most immediate impact of increasing wages results from the fact that the govern-
ment, like any other economic agent, is subject to a budget constraint. In the particular

2We do not consider hiring foreign doctors for three reasons: first, the economic and social impact on
destination country is trivial to determine; second, we want to produce structural changes in the health
labour market, not having to rely on an exogenous and uncontrollable source of labour to mitigate
deficiencies in supply; third, the World Health Organization has established a code of conduct for the
international hiring of physicians, aware of the harm emigration may cause on source, especially poor,
countries.
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Figure 6: The effect on both the remaining physician workforce and on the number of emigrants of
raising wages versus increasing the number of contracts to the public sector.

case of Portugal, to a very restrictive one. This means increasing public spending in one
sector of the economy implies, at least in theory, reducing spending on others. Therefore,
understanding the extent and impact on social welfare of such decision is critical.

There is one further nuance in our case study that complicates matters further. In
Portugal, college fees are subsidized. In the particular case of medicine, government covers
over 90% of the real cost in tuition fees. As a result, if a physician leaves the country
before practicing the return on investment is negative from the government perspective.
It has invested a substantial amount of resources in his or her education that could have
been allocated elsewhere. However, it is a sunk cost, and it should not weight on the
decisions to be taken henceforth. On the other hand, increasing wages has a direct cost
and may be an additional burden to the taxpayer, which may aggravate inequality further,
since physicians are already on the top end of the income distribution.

We can simulate the impact of raising wages using the model. Not surprisingly, raising
wages should decrease the number of physicians deciding to move abroad, which it does.
Figure 6 provides an introductory overview of the effect raising wages by 5% has on the
migration market, and hence on the domestic health labour market. The most relevant
insight is the fact that a wage raise of 5% led to a decrease in the migration levels. This
effect accrues over time, in the end exhibiting a non-negligible effect on the workforce
numbers (cf. Figure 6b).

Looking in detail at Table 3 we can observe that, on average, the emigration rate de-
creases 0.09 p.p. when salaries are raised 5%. In absolute terms, there are approximately
30 physicians less emigrating per year, which corresponds to a decrease of approximately
25% when comparing to the baseline case reported in Table 2.
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2016 2020 2025 2030 2035 2040 2045 2050
Raise wages by 5%

Emigration 92 86 90 92 88 91 92 91
∆ baseline -31 -32 -33 -32 -31 -32 -27 -35

(10) (9) (9) (9) (10) (10) (9) (10)
Workforce size 35147 34910 37413 39083 40969 42392 42741 42092
∆ baseline 16 143 302 435 603 753 856 954

(39) (75) (81) (90) (105) (123) (126) (120)
Emigration rate 0.26% 0.24% 0.24% 0.23% 0.22% 0.21% 0.21% 0.22%
∆ baseline p.p. -0.09 -0.09 -0.09 -0.09 -0.08 -0.08 -0.07 -0.09

Annual increase of 1125 contracts to the public sector

Emigration 125 110 108 104 96 99 90 98
∆ baseline 2 -7 -16 -19 -23 -24 -29 -28

(11) (10) (10) (11) (10) (9) (9) (11)
Workforce size 35126 34779 37230 38933 40843 42293 42697 42108
∆ baseline -5 12 119 285 477 654 811 970

(42) (76) (85) (95) (92) (96) (110) (113)
Emigration rate 0.35% 0.32% 0.29% 0.27% 0.24% 0.23% 0.21% 0.23%
∆ baseline p.p. 0 -0.02 -0.04 -0.05 -0.06 -0.06 -0.07 -0.07

Table 3: Monte Carlo simulation runs average of the number of migrants, the workforce size and the
emigration rate (as a percentage of the total workforce size). Standard deviations reported in parenthesis.

4.2 Increase the intakes to the public sector

Figure 4 reveals the typical profile of the emigrating physician. First in line come those
about to enter or that have already entered residency training. In second come the
graduates that have already completed their training, but have not yet joined either the
public or the private sector. This suggests that crafting a policy to retain these graduates
might also be an adequate option.

With a similar impact on the public budget and as an alternative to raising wages in
the public sector, we can also simulate the impact of increasing the number of job offers
to be awarded to graduates. We now adjust the number of contracts to the public sector
by calculating the number of physicians government can hire in alternative to raising
wages. In rough numbers, a 5% wage increase will cost approximately 45 million Euros
per year. Assuming an average yearly wage of 40 thousand Euros, government could offer
approximately 1125 contracts more.

Table 3 reports the impact this policy has on the supply of physicians. In comparison
to raising wages, it has two different effects. Firstly, it is not as effective in retaining
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emigrants, as it targets graduates mainly. Secondly, it takes a longer time to produce an
effect on the medical workforce, which can be explained by the high number of graduates
waiting for a position. In fact, the policy becomes ineffective after the initial slack of
graduates is absorbed by the public sector, since the number of contracts awarded is
higher than the number of physicians graduating each year, and the main reason being
that access to medical school is limited by numerus clausus. Increasing the number of
vacancies to medical school could also be an alternative policy, to which we turn next.

4.3 Increase numerus clausus

Increasing the numerus clausus, which acts as an effective barrier to entry in the health
labour market, is a completely different approach to the problem. Instead of reducing the
number of physicians willing to emigrate, the aim is to increase the workforce size so as
to compensate for the losses. Notwithstanding its direct impact on emigration, inability
to train and retain sufficient doctors may lead to an overdependence on foreign-trained
doctors or to an outright shortage (Bidwell et al., 2013). Very restrictive numerus clausus
may thus have a detrimental role on the size of the medical workforce.

As a matter of fact, the number of emigrants will most likely increase, albeit with the
growth of the workforce size absorbing the leaving physicians. A growth in the medical
workforce, notwithstanding the permanent losses to migration, has an additional benefit:
more health care services can be provided if necessary, which seems necessary given the
aging of the Portuguese population (Amorim Lopes et al., 2016). This is particularly
relevant in case there is a shortage in the physician workforce, i.e. HS < H∗.

To fully understand the effects in the health labour market we will increase the num-
ber of vacancies to medical school using two different metrics: (i) by considering the
total number of physicians emigrating on the baseline scenario, which according to the
results reported on Table 2 equals 120 per year, on average; (ii) by considering the num-
ber of physicians that have decided not to emigrate after the wage raise, which equals
approximately 30, so that we can compare policies.

Overall, results presented in Figure 7 clearly indicate that increases in the numerus
clausus bring changes to the physician workforce, helping to curb the alleged problem
created by emigration. However, these changes take time to produce an effect, as med-
ical students take 10 years, on average, to complete their specialized medical training.
Therefore, this is a policy targeting the medium to long-term, but ineffective at solving
short-term shortages. This is particularly noticeable in Figure 7b.

Results reported on Table 4 confirm some of the effects we predicted a priori: first, the
workforce expands; second, the emigration rate does not decrease, and it actually grows,
an expected consequence of the workforce expansion. Put differently, the emigration rate
grows more than the growth rate of the workforce. Before addressing the actual numbers
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Figure 7: The effect of increasing the numerus clausus on both the remaining physician workforce and
on the number of emigrants.

it is relevant to add that an increasing emigration rate is not necessarily adverse, unless
the policy objective is to reduce emigration. Instead, if keeping a balanced physician
workforce is the main goal, then changes to emigration levels are an acceptable outcome,
regardless of the instrument used.

When numerus clausus are expanded to compensate for approximately all the physi-
cians that emigrate in the baseline scenario, the workforce expands considerably. From a
starting point of approximately 35 thousand physicians, the physician workforce expands
to 43.5 thousand physicians by 2050 due to the additional inflows to medical college. As a
result, the workforce expands by 2358 physicians with regards to the baseline projections,
a 23% increase compared to the initial size observed in 2015, but only a 5.7% marginal
increase when compared to the baseline (cf. Table 2).

A less expressive increase of 30 vacancies, bringing the total number of students intakes
to 1526 per year, produces an overall increase in the workforce of about 688 physicians by
2050, a marginal increase of approximately 1.6% when compared to the baseline scenario
(see Table 2 - Workforce in 2050 vs Table 4 - Workforce in 2050). The increase in the
emigration rate is also small, exceeding no more than 2 basis points.

5 Welfare analysis
Emigration produces long lasting effects on the labour market, in this way affecting the
productive structure of the economy. Besides changes to the supply of labor, which we
have already examined, medical emigration may produce positive or negative external-
ities in other markets as well. Therefore, it is important to analyze its broad impact,
particularly to the nonemigrants, as it is known that, a priori, emigration increases the
utility of the migrants (otherwise they would not move abroad, unless forced to). To
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2016 2020 2025 2030 2035 2040 2045 2050
Increase numerus clausus by 125

Emigration 124 120 130 135 138 143 139 146
∆ baseline 2 3 6 11 19 20 20 20

(12) (11) (12) (12) (13) (12) (10) (14)
Workforce size 35123 34771 37255 39186 41304 43002 43713 43496
∆ baseline -8 3 144 539 938 1363 1827 2358

(43) (81) (78) (96) (104) (111) (114) (137)
Emigration rate 0.35% 0.34% 0.35% 0.34% 0.34% 0.33% 0.32% 0.34%
∆ baseline p.p. 0.01 0.00 0.02 0.02 0.04 0.04 0.04 0.04

Increase numerus clausus by 30
Emigration 124 119 126 131 129 134 132 136
∆ baseline 2 2 3 8 9 11 13 10

(12) (12) (10) (9) (11) (12) (11) (12)
Workforce size 35128 34772 37138 38732 40537 41936 42348 41826
∆ baseline -3 5 27 84 172 297 462 688

(43) (81) (78) (96) (104) (111) (114) (137)
Emigration rate 0.35% 0.34% 0.34% 0.34% 0.32% 0.32% 0.31% 0.32%
∆ baseline p.p. 0 0 0.01 0.02 0.02 0.03 0.02 0.02

Table 4: Monte Carlo simulation runs average of the number of migrants, the workforce size and the
emigration rate (as a percentage of the total workforce size). Standard deviations reported in parenthesis.

do so we need a welfare analysis framework, which we present next. By employing this
framework we can extend the analysis conducted in Section 4, where we have analyzed
the impact of retention policies in the health labour and migration market, and assess
the broad implications of these policies. They operate through different channels, and
their impact on the social welfare is therefore distinct.

5.1 A framework for welfare analysis

To analyze the impact on well-being and the channels through which emigration and
policies work, we need to analyze the impact a marginal change produces on social welfare.
For instance, a change in welfare resulting from a salary raise can be written as

∆U
∆WH

= ∂c

∂WH

+ ∂φ

∂WH

. (15)

Since we have assumed the consumption of public services does not depend on income, we
can further simplify to ∆U/∆WH = ∂c/∂WH . However, since we also assume government
runs a balanced budget according to Eq. 10, some effects will require a redefinition in
the composition of the government’s budget, which may imply changes to the level of
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publicly financed goods h and o. Considering this, for income-dependent welfare we can
use Eq. 3, extend the terms using Eq. 15 and write:

∆U
∆WH

= U ′
[
∂W

∂WH

(1− ti) + ∂TSi
∂WH

−W ∂t

∂WH

]
, (16)

where U ′ is the marginal utility. The first term in brackets captures the change in
the remaining workers’ income from labor, while the second and third terms capture
changes to the fiscal account. More specifically, the second term captures changes in social
transfers and the third term tracks changes, if any, to tax rates in order to ensure the
balanced budget constraint holds. Other policies, such as hiring H+ additional physicians
or increasing numerus clausus can be studied using variations of Eq. 16.

Changes to the level of publicly financed health care h or other goods o come as second-
order effects due to adjustments in the government’s budget. If government decides to
levy more taxes or reduce social transfers, the impact on utility flows directly through
a decrease in disposable income, affecting the private consumption of individuals. If
government lowers the provision of h or o, individuals are also affected, but not through
a tightening of their budget constraint.

5.2 First-order effects of emigration

We start by analyzing the isolated impact of emigration on the sending country, without
accounting for the effect of any retention policies. We are therefore interested in under-
standing the direct consequences resulting from the emigration of ∆M physicians, all else
being equal. In this laissez faire scenario, government does nothing and accepts the loss
of ∆M physicians.

For the emigrating physicians, they emigrate on the assumption they will be better off
(ex ante), and therefore they are already maximizing their utility. For a nonemigrating
worker, the impact of physician emigration will depend on several factors, but most
importantly on whether the health labour market has a surplus or a shortage of physicians.
Two widely different outcomes may emerge depending on that.

A surplus of physicians HS > H∗

Assuming homogenous labour, the emigration of physicians raises the marginal product
of nonemigrating workers (∂W/∂M > 0). If they were employed, positive net fiscal con-
tributions will be lost, and either social transfers would have to decrease (∂TS/∂M < 0),
tax rates would have to increase (∂t/∂M > 0) or the provision of publicly financed goods
will have to decrease (∂φ/∂M < 0) to ensure the government budget does not go into
deficit. The increase in pretax income due to a rise in the marginal product is a positive
change to welfare, while the change in the fiscal position is certainly negative. However,
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since there is a surplus of physicians, it may be possible that the leaving physicians can
be immediately replaced by idle ones. If that is the case, the change in the fiscal po-
sition is positive, since government will no longer have to pay unemployment benefits
(∂TS/∂M < 0), and the overall outcome is positive (∆U > 0). If finding a replace-
ment is not possible (for instance, in case of a very particular specialty) the outcome is
ambiguous, and will depend on the exact number of physicians to be replaced.

It is not ambiguous when all or most of the migrant physicians are unemployed,
in which case there is no change in the marginal product of labor (∂WH/∂M = 0)
and government recovers from their negative net fiscal position, as unemployed persons
have no income and therefore pay no income taxes (tW = 0), but may be entitled to
unemployment benefits (∂TS/∂M > 0). Either way, disposable income increases and
therefore welfare increases as well (∆U/∆M > 0).

A shortage of physicians HS < H∗

If emigration causes a shortage in the physician workforce, it will have a negative im-
pact on the health labour market, potentially generating negative externalities on other
markets as well. The channel through which this impact takes place works as follows: a
decrease in ∆M physicians will both put pressure on wages (as their marginal product
increases, ∂W/∂M > 0) and lead to a decrease in the quantity of health care delivered
(∂h/∂M < 0). If government decides to accomodate with the wage pressure, taxes will
have to increase to compensate for the increase in the physicians’ wages (∂t/∂H > 0).
The quantity of health care services will decrease, causing a reduction in the consumption
of public services (∂φ/∂H < 0), in particular of public health care services (∂h/∂H < 0).
Either way, the welfare impact on residents will be negative. This impact may be offset
by the increase in the marginal product of nonemigrating workers if the marginal utility
of private consumption c is greater than the marginal utility of health care services h.
Otherwise, the overall welfare impact is negative (∆U/∆M < 0).

5.3 Policy 1: increase wages

A surplus of physicians HS > H∗

Let us first assume the supply of physicians HS is above the optimal level H∗, i.e. HS >

H∗, which is a reasonable assumption, since emigration is taking place and unemployment
is a push factor. We start by studying the effect an increase in physicians’ wages WH

brings to the well-being of physicians (∆UH/∆WH).
For a physician, a salary raise has has several effects, two of which are clear and one de-

pends on governments’ preferences: first, it increases his pretax income (∂WH/∂WH > 0);
social transfers remain the same, since physicians are net fiscal contributors (∂TS/∂WH =
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0); finally, taxes levied on income may or may not increase (∂t/∂WH = ?). If government
decides to decrease the provision of other publicly financed public goods or social trans-
fers to ensure the budget stays balanced, the outcome is positive (∆UH > 0). However,
if government increases taxes the outcome will depend on the tax structure. In most
cases, the outcome is still positive, as after-tax income increases (∆UH > 0). In terms of
migration decision-making, by increasing the utility of staying the incentives for leaving
decrease (∂I/∂WH < 0).

For the remaining workers, an increase in physicians’ wages has no direct effect on
their wage (∂WL/∂WH = 0). But since government runs a balanced budget, an increase
in WH will increase the cost of providing health care services h, and therefore public
spending increases (∂G/∂WH > 0). Considering government runs a balanced budget,
in order to accommodate the increase in h government will have to cut social transfers
(∂TS/∂WH < 0), increase tax rates (∂t/∂WH < 0) or decrease the provision of other
publicly financed services (∂o/∂WH < 0). In the last two cases physicians are also
affected, but in a smaller proportion, as they will be enjoying a salary rise. In any case,
L’s consumption reduces pari passu with ∆WH , and thus ∆UL/∆WH < 0.

We now show that under certain plausible assumptions, the overall welfare impact
of an increase in the physicians’ wages is negative (∆UH + ∆UL < 0). Assume the
physician’s wage WH is on average greater than the remaining population’s average wage
WL. Assuming agents have homogeneous needs for the consumption of h and o, we know
that if WH > WL, then:

∂UL
∂W

>
∂UH
∂W

. (17)

Equation 17 tells us that the increase in utility resulting from an increase in wages
is greater for those members of the population on lower wages. Conversely, we can say
the disutility brought by a decrease in wages is greater for those members as well. This
results from the law of diminishing marginal utility. Hence, all else equal, an increase
in physicians wages when HS > H∗ would reduce the overall welfare of the population
(∆U/∆WH < 0).

Of course, a decrease in welfare is not a condition strong enough to discard the policy
altogether. We need to compare it to the alternative, i.e. not doing anything, which we
have analyzed in Section 5.2. As we have seen, it will depend on the condition of the
leaving physicians. If they are all unemployed, doing nothing would be Pareto efficient.
If the departing physicians are mostly net fiscal contributors, we established the outcome
may be ambiguous.

Despite this, we can show the change in welfare is not ambiguous. Increasing WH

affects the income of all physicians H, and not only of those more inclined to emigrate
(∆H). The loss in taxes is equivalent to −tWH∆H. On the other hand, the increase in
government spending due to an increase in the wage bill is equivalent to ∆WHH. If the
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expression
∆WHH > tWH∆H (18)

is true, then the loss in taxes is largely offset and overtaken by the cost of raising wages.
Rearranging terms we obtain:

∆WH

∆H > t
WH

H
. (19)

Eq. 19 conveys a simple but important point: as long as the marginal product of
departing physicians (∆WH/∆H) is higher than the income tax receipt from an average
physician (tWH/H), raising wages will always imply a higher cost than assuming the loss
of tax receipts. This means raising wages to retain highly paid physicians is not optimal
from a welfare perspective.

A shortage of physicians HS < H∗

If the policy is enacted when a shortage of physicians is taking place, i.e. HS < H∗, all
the effects mentioned above apply, with one additional effect: the provision of publicly
financed health care does not decrease (∂h/∂WH = 0). The effect is better understood
through the counterfactual, i.e. letting physicians go. On the one hand, the depar-
ture of physicians raises the marginal product of all the population, including physicians
(−∂W/∂H < 0), increasing their labor income. On the other hand, there is a loss in the
provision of health care services h.

Therefore, not acting would input a social cost proportional to the amount of health
care services no longer provided, −∆h, plus the fiscal contributions forgone, minus the
increase in their marginal labour product. Instead, if government decides to raise wages it
increases the utility physicians’ derive from staying, thereby circumventing the decrease
in h. But since government runs a balanced budget, it has to compensate this increase in
public expenditure. As we have seen before, it will depend on the tax structure, but the
impact is most likely positive for the physicians (∆UH > 0). However, to compensate for
the increase in h measures resulting in a disutility to the remaining population will have
to be taken.

Whether the overall impact is positive or negative will depend on the marginal utility
individuals derive from the consumption of different goods and services. If the marginal
utility of publicly financed health care services MUh is greater than the marginal utility
of private consumption MUc (through an increase in social transfers or a decrease in tax
rates) and greater than the marginal consumption of other publicly financed goods MUo,
i.e. MUh ≥MUo+MUc, then the disutility resulting from a reduction in h is greater than
an equivalent decrease in o or c, −MUh < −MUo−MUc. In that case the overall welfare
effect is positive (∆U/∆WH > 0). However, if the population in general derives more
utility from the consumption of other goods, well-being would decrease (∆U/∆WH < 0).
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5.4 Policy 2: increase job offers to the public sector

A surplus of physicians HS > H∗

Hiring more physicians to the public sector decreases their marginal product (∂WH/∂H
+ <

0) although wages in the public sector will remain constant as they are fixed by the gov-
ernment. Excluding this effect, everything else remains the same for the incumbents.
For the newly hired physicians, their pretax income increases, but they lose unemploy-
ment benefits in case they were unemployed (∂TS/∂H+ < 0). Since income is typically
higher than unemployment subsidies, the variation in utility for new physicians is positive
(∆U+

H > 0) and neutral for the incumbent (∆UH > 0).
The savings from social transfers will be more than compensated by the increase in

the wage bill, and therefore the cost to provide h increases (∂h/∂H+ > 0). To support
this, more taxes will have to be levied on the general population (∂t/∂H+ > 0), social
transfers will have to decrease (∂TS/∂H+ < 0) or the provision of other public services
will have to decrease (∂o/∂H+ < 0). Since health care services h are already provided
at or above the optimal level (we are assuming HS > H∗), it is most certain that the
marginal utility arising from an increase in h is much smaller, or nil, than an equivalent
increase in either private consumption c or in other publicly financed goods and services
o. Likewise, a decrease in any of these consumption goods, notwithstanding a potential
increase in h, will decrease the utility of the population (∆UL < 0).

Considering the size of the different groups, the marginal impact on the remaining
population will be much larger than the positive impact on physicians. Therefore, the
overall welfare impact is negative (∆U/∆H+ < 0).

A shortage of physicians HS < H∗

In case of a shortage, increasing the workforce size increases the quantity of health care
services h that can be provided. It is trivial to observe that ∆UH > 0, and therefore we
focus on the remaining population. The population can benefit from the increase in the
consumption of health care services as a second-order effect. On the downside, expanding
the workforce increases the wage bill, which may imply increasing taxes (∂t/∂H+ > 0),
reducing social transfers (∂TS/∂H+ < 0) or decreasing the provision of other publicly
financed goods (∂o/∂H+ < 0). The first two effects reduce disposable income, in this
way decreasing private consumption c. The aggregate effect will depend on the marginal
utility of each good and service. If MUh ≥ MUc + MUo, ∆UL is then positive, and
therefore the welfare impact of this policy is positive (∆U/∆H+ > 0). Since we are
assuming a shortage of physicians, which reduces h and increases MUh, that is most
likely the case.
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5.5 Policy 3: increase numerus clausus

A surplus of physicians HS > H∗

If there is a surplus of physicians, increasing numerus clausus is detrimental to both
incumbent physicians and to the remaining population. Physicians will see a increase
in their marginal product (∂WH/∂H < 0) and a decrease in tax rates to support the
additional tuition costs (∂t/∂H < 0). In summary, the welfare impact is negative (∆UH <

0).
For the case of the remaining population, their utility also decreases due to the increase

in public spending required to accommodate the increase in medical students. Whether it
is through taxation (∂t/∂H > 0), decrease in social transfers (∂TS/∂H < 0) or in other
publicly financed goods (∂o/∂H < 0), after-tax disposable income or direct consumption
of publicly financed goods decreases, and therefore ∆UL < 0. The overall impact on
well-being is therefore negative (∆U/∆H < 0).

If we assume there is nominal capacity in medical schools to absorb the increase in
students and vacancies to other graduate courses can be terminated to compensate for the
tuition costs, then, in principle, the impact on the government budget could be nullified.
However, the impact on the health labour market will still occur, with an excess of supply
leading to unemployment. Under this situation the impact would still be negative.

A shortage of physicians HS < H∗

If there is a shortage in the physician workforce, increasing numerus clausus would help
the health labor market to clear. This has two distinct effects. On the one hand, the
physician’s marginal product tends to fall (∂WH/∂H < 0). This has a direct impact
on the purchasing power of physicians, decreasing their disposable income. However,
tuition costs will have to be paid for, with tax rates having to rise (∂t/∂H > 0). Since
physicians are net fiscal contributors, we assume they are not entitled to receive social
transfers, so no change occurs here (∂TS/∂H = 0). Adding up all these factors, the
utility of physicians decreases (∆UH < 0).

The remaining population is only affected by the recomposition of the government’s
budget that is needed to accommodate the increase in tuition fees. If the same condition
as before could be applied (i.e. it is possible to close other vacancies to compensate for
the increase in tuition costs), the effect would be nil (∆UL = 0). Since that is hardly the
case, the outcome is most likely negative for the general population (∆UL < 0).

This is so because increasing the numerus clausus has no direct benefit to the general
population. For the policy to bring benefits to the remaining population it would have
to be accompanied by an increase in the number of job contracts to the public sector. As
might be expected, a decrease in the marginal product would generate a downward wage
pressure and potentially increase the private provision of health care services, which we
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Table 5: Relative impact of the different policies and approximate budget cost for enacting the policy.

Scenario description Policy impact a Approx. yearly
cost (Me)

∆ to total loss
from emigration

Emigrants Workforce

5% salary raise -25.81% 2.31% 45 -1086
Increase numerus clausus by 125 10.88% 5.73% 1.5 458
Increase numerus clausus by 30 6.77% 1.67% 0.36 285
Hire 1125 physicians more -15.92% 1.27% 45 -670

aPolicy impact of policy z is calculated as both the relative change in emigration and in the workforce
with regards to the baseline scenario, (Pz − P )/P .

assume to be a small subset of the population. For the vast majority, however, in order to
increase the provision of health care services h more physicians would have to be hired.

If government decides to hire these extra workers to the workforce more health care
services could be provided to the population (∂h/∂H > 0). In that case, the utility of
the population, even if taxies have to be levied to pay for the tuition costs, may increase
(∆UL > 0). Like before, it will depend on the marginal utility the population derives
from consumption of health care services h compared to private consumption c and other
publicly financed goods o.

Assuming MUh is indeed greater than MUc+MUo, we have an ambiguous case, where
∆UH < 0 and ∆UL > 0. We can gauge the overall impact by comparing the marginal util-
ity it brings to physicians vis-à-vis the remaining population. Since physicians are usually
on the high-end of the income distribution, we can assume a change at the margin in the
utility of the population produces a larger (positive) effect than the loss in disposable
income of physicians (∂UL/∂WL > ∂UH/∂WH). In this case, where an increase in the
number of entrants goes together with an increase in the hiring rate, the welfare impact
is potentially positive (∆U/∆H > 0), although at a cost to the incumbent physicians.

6 Discussion
In the illustration presented here, all the policies devised are capable of counterbalancing,
at least partially, the outflows in the physician workforce as a result of emigration. Table
5 provides an overview of the policies’ impact, measured against the forecast for the
baseline scenario (described in Section 3). In case of a salary raise, the workforce growth
rate increases 2.31% vis-à-vis the projected growth rate for the baseline scenario. As a
side-effect, this policy is also capable of reducing the number of physicians that emigrate
by approximately 1086. Considering that in the baseline scenario 4027 physicians are
expected to emigrate until 2050, this accrues to a very significant 25% decline.

In rough numbers, we expect this policy to cost approximately 45 million Euros per
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year. We also experimented with increasing the number of job offers to the public sector,
which has an equivalent cost. This policy also mitigates emigration and expands the
medical workforce, although at a smaller rate. Emigration rate declines -15.92% and the
workforce size sees an increase of 1.27% (already accounting for the physicians that have
moved abroad). When measured strictly in terms of first-order effects on the supply of
physicians, a salary raise may be more effective, in the sense that it produces immediate
effects. In terms of welfare, however, these policies have a different impact. Table 6
summarizes the broad welfare impact on both physicians and remaining residents. All
policies produce a negative outcome if there is a surplus of physicians. In that case,
intervention to curb emigration incurs an economic cost to the other residents, and doing
nothing would be the most adequate response. On the other hand, in case of a physician
shortage, intervention is required to mitigate the problem, as the market will not clear due
to the rigidities it faces. Under this scenario, raising wages and increasing the number
of job offers to the public sector are the only two measures that produce a positive
outcome. In fact, the welfare analysis shows that an increase in the numerus clausus per
se is detrimental to social welfare, and needs to seconded by an increase in the number
of hires.

Table 6: Welfare impact of the different policies, including no intervention (laissez-faire).

Laissez-faire Policy 1 Policy 2 Policy 3

HS > H∗ ∆UH = 0
∆UL > 0

∆U > 0

∆UH > 0
∆UL < 0

∆U < 0

∆UH > 0
∆UL < 0

∆U < 0

∆UH < 0
∆UL < 0

∆U < 0

HS < H∗ ∆UH > 0
∆UL < 0

∆U < 0

∆UH > 0
∆UL = ?

∆U = ?a

∆UH > 0
∆UL > 0

∆U > 0

∆UH < 0
∆UL < 0

∆U < 0

aOutcome depends on the relative marginal utility individuals derive from the consumption of private
goods c, health care c and other publicly financed goods o.

The first two policies are clearly tailored for the short-term, but are unable to properly
address the problem if there is a structural shortage in the supply of physicians due to
barriers to entry. One such case is numerus clausus, effectively putting a limit on the
number of students that can enrol in medical school. We analyzed the impact of increasing
numerus clausus as an alternative or as a complement to raising wages or increasing job
offers. In the first case we increase the number of entries to equal the number of physicians
no longer emigrating as a result of the wage increase, while in the second scenario we
increase to point it completely offsets (ex ante) the number of physicians emigrating.
As a result, the workforce size expands by 5.73% and 1.67%, respectively. The policy
is effective at increasing the workforce size, but unable to mitigate the emigration rate,
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that actually increases. Considering that the policy-maker’s primary goal is to ensure the
workforce is balanced, such side effect is not necessarily negative. Otherwise, it would
actually defeat the purpose, considering that, according to the results, the more numerus
clausus are increased, the more likely the emigration rate is to increase3.

This type of policy is considerably cheaper for the taxpayer’s purse. On average, a
medical student costs approximately 13 thousand Euros in tuition fees per year, with 1
thousand being paid out-of-pocket. Increasing entries to medical school by 125 would then
cost approximately 1.5 million Euros to the public purse. We are assuming universities
are operating below their full potential, and therefore room exists to accommodate for an
increase in the number of students without having to invest and expand fixed costs (i.e.
hire more professors, build additional rooms, etc.). Under this scenario, it is significantly
cheaper to increase numerus clausus, although welfare effects may also arise, as noted
previously.

Running a sensitivity analysis and varying the amount by which the salary is raised
allows us to run a linear regression to estimate the elasticity coefficients of physician
emigration with respect to wage. In our real-case example, we obtain an emigration
elasticity of approximately -5 with respect to wage, implying that a marginal wage raise
of 1% would decrease emigration by 5%. Such elasticity is extremely high compared to
the value obtained by Okeke (2014) on his applied study to Ghana, where the author
finds elasticities between -0.06 and -0.13. Unfortunately, to the best of our knowledge
no further empirical studies exploiting the relationship between physician wages and
emigration exist.

Nonetheless, we raise two hypothesis to explain this: either physicians are a very
special case in the labour migration market; or the utility functions and the VS curve are
not calibrated properly. This is a limitation of the present study which we cannot address
as of now, since no data exists to calibrate either the utility functions of physicians or
the job offers they have received in the past. An empirical estimation of the physician
migration market would be a very interesting addition to this work. We hope future
research develops further and extends the model hereby presented, and can become a
mainstream tool for conducting policy analysis.

3One note is due: we do not account for students that are unable to enter medical college as emigrants.
Anecdotal evidence suggests that a non-negligible number of students end up moving to another country
so as to pursue their training in medicine. Accounting for these students could also provide a different,
brighter picture regarding emigration numbers. However, no official records exists.
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7 Conclusion
This paper presents a simple yet powerful economic model for studying physician emi-
gration, its impact on the supply of physicians and overall welfare implications. Using
simulation we established grounds for the case that emigration may be a risk to a bal-
anced physician workforce, potentially affecting the capacity of the health system to
deliver health care services to a needing population. If that is the case, it is important
to have a theoretical framework policy-makers can use to estimate the impact of public
policies on any market, regardless of its idiosyncrasies.

The most innovative contribution of this work rests on the model being capable of
predicting, in quantitative terms, the effects different policies exert on the supply of physi-
cians and on the physician migration in a real-case setting that drifts too far from typical
Walrasian conditions. The health system under study has too many rigidities, barriers
to entry and regulations to be accurately represented through the lens of general equilib-
rium, and therefore we cannot rely on an analytical representation of the system. Hence,
the model was implemented using agent-based simulation and calibrated using data from
the Portuguese health system. ABM provides a very powerful tool for implementing
microeconomic foundations and then observe the impact on macro aggregates.

We illustrate the effect of typical short- and long-term retention policies on the Por-
tuguese physician workforce. Using the model conceived we have shown that all policies
are capable of expanding the medical workforce, in this way mitigating the effects of
emigration. However, they incur widely different effects and costs. Salary raises and
increased opportunities for joining the public sector were shown to increase the retention
rate (with the emigration rate decreasing pari passu) and the size of the workforce, while
raising the numerus clausus increased emigration, but this effect is partially offset in our
results, as the policy also contributes to the growth of the medical workforce. If the
policy-makers’ top priority is to rebalance the workforce, an increase in the emigration
rate may be an acceptable side-effect. Otherwise, policies that increase the workforce
and decrease the migration rate would be more adequate. Such policies may present a
significant cost to the public purse, though.

Finally, we provide a welfare analysis framework to estimate the welfare impact of
these policies on both the physicians and the remaining population. In light of this anal-
ysis, we have seen that the welfare impact of the policies also differs widely. First, we
have analyzed the default, laissez-faire policy, i.e. not doing anything. In that case,
emigration only carries a social cost to residents if there is a shortage of physicians in the
health labour market. Otherwise, the optimal policy is to let physicians go, which is con-
sistent with established international migration tenets, that establish that free movement
of labour from countries that face a surplus to countries facing a shortage is optimal. We
have also seen that increasing wages in a market where there is a surplus is suboptimal,
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as it will come at a price to the remaining population. If there is a shortage, however,
the welfare impact will depend on the marginal utility citizens derive from other types of
goods vis-à-vis health care consumption. In case citizens value health care more in the
present state, increasing physicians wages comes at a smaller penalty to welfare than let-
ting physicians go. Finally, increasing numerus clausus is not optimal if there is already
a surplus of physicians, but most likely increases the social welfare if there is a shortage.
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