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Abstract 

The objective of this paper is to show how a simple but powerful 
simulation model can be build up using standard spreadsheet 
program and used to simulate future, needs and supply of 
physicians in order to inform policy makers at national level 
when deciding on enrollment to medical schools and 
immigration quotas for physicians. The Republic of Croatia is 
facing a serious shortage of physicians in the healthcare system 
and simulation results have shown that the gap between needs 
and supply will even increase if current enrollment qoutas to 
medical schools would persist. Increasing enrollment quotas, 
adjusting immigration policy, re-directing physicians from 
other professions to the healthcare system, task shift and skill 
mix options are just some of the measures needed to be taken 
promptly in order to prevent a huge deficit of physicians in the 
future. Simulation modeling is certainly a method for predicting 
changes within healthcare systems with a possibility to examine 
multiple different scenarios and suggest interventions. 
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Introduction 

Imbalance in the health workforce is a major concern in both 
developed and developing countries [1]. Shortage of proper 
policy planning and human resources management in many 
countries has resulted in an imbalance of needs and supply with 
multiple effects on employees in health care as well as on 
population health. Although the determination of the ratio 
between number of health workers and population size 
including age structure has become an aim of national policy on 
the human resources development in health care, in most cases 
remains a gap between plans and their realization [2]. The 
number of physicians is continuously changing because new 
physicians enter the system almost daily, and many in different 
ways come out of it. During 10-year period starting by 1 
January 2007 the number of physicians in Croatia increased 
from 12,065 to 14,394 (i.e. by 19% or from 2.8 to 3.5 per 1,000 
inhabitants) while in the same period number of inhabitants 
decreased by 4%. In the same time population ageing continued 
and a shift of age distribution towards older ages resulted in the 
increased needs for health care services and surge of their use 
[3].  

The increase of the number of elderly people in Croatia in the 
upcoming period could become one of the major generators of 
increasing need for physicians, despite the expected stagnation 
or even decline in the total population. Folowing the country’s 
accession to the European Union (EU) in 2013, the outward 
migration of health workers to other Member States has 
increased and contributed to the workforce shortage in the 
Croatian health care system. The majority of physicians are 
concentrated in major cities and their density varies regionally 

within country which is administratively organized in 21 
counties. Some counties do not have enough physicians in 
primary health care, particularly in remote poorly populated 
areas and islands. In some counties, more than 35% of 
physicians are aged 55 and over, what raises concerns about 
their number in the near future when they will be retired, 
especially having in mind that those counties are less developed 
[3]. 

With around 3.3 full-time physicians per 1,000 inhabitants 
including those without specialization and interns, Croatia was 
at the end of 2016 below the EU average being 3.6 physicians 
per 1,000 inhabitants, despite the fact that the number of 
physicians in the last three decades has increased by about 57%. 
A large increase in number of physicians was recorded by 
mostly developed EU member states, while among Central and 
Eastern European countries an increase in number of physicians 
was less pronounced, especially after their accession to the EU 
(e.g. Estonia and Romania) [3]. 

Croatia has kept publicly funded health care services accessible 
to its population. Besides concerns about financial 
sustainability of health care system due to large share of 
expenditures spend on pharmaceuticals and low efficiency of 
hospital sector accumulating debts, shortage of health care 
personel is seen as a main threat to the sustainability of health 
care system, particularly after EU accession. Number of 
physicians, and particularly nurses, is below the EU average 
and thus the strategic planning of human resources for health is 
urgently needed [4]. 

Simulation modeling has been used for a long time primarily 
for understanding of complex phenomena but it is also a 
suitable tool to present a problem and enhance a systematic 
debate between the stakeholders in many areas of human 
activity including healthcare. It allows to imitate a complex 
system behaviour in situations wich are unfit for experiment 
and prediction of future events under assumed circumstances. 
Generally, simulation models have been successfully used in 
research, instruction and training as well as an aid to decision 
making why they have been long ago named also policy 
simulations. The main advantage of policy simulations is their 
capacity to deal with considerable complexity of the system and 
the ability to explore “What if …?” type of questions [5]. 

There are comercialy available application-oriented simulation 
packages but a special program can also be developed in any 
programing language including standard spreadsheet as a 
platform for representing model structure with a set of 
formuals, performing simulation experiments and charting 
results [6].  

The objective of this paper is to show how a simple but 
powerful simulation model can be build up using standard 
spreadsheet program and used to simulate future needs and 
supply of physicians in order to inform policy makers at 
national level when deciding on enrollment to medical schools 
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and immigration quotas for physicians entering the public 
healthcare system.  

Methods 

Two main types of simulation models are discrete events 
simulation and continuous simulation also known as system 
dynamics which proved to be powerful method not only when 
used in research but also as a tool in decision making providing 
necessary information to policy makers [6]. 

Already in late 1980s, an original method based on the use of 
standard spreadsheet program was developed in authors’ 
Department at the Andrija Štampar School of Public Health and 
used to simulate population dynamics of infectious diseases. 
The approach was general and method enables simple and 
intuitive use of simulation models including model 
implementation, changes of parameters and initial values in an 
easy manner, performing simulation experiments and display of 
results in tabular and graphical form [7]. At that time the most 
used spreadsheet program was Lotus 1-2-3 like nowadays is 
Microsoft EXCEL. It proved to be powerful tool for 
development of system dynamics models and running of 
simulations. Same approach was employed in simulation 
modeling of health personnel dynamics aimed for decision 
making on enrollment policy to medical schools and higher 
education programs in health sciences in Croatia [6].  

The working group established in 1989 by the Association of 
higher education schools in medicine and health sciences as a 
consultative body at national level (at that time of the Federal 
Republic of Croatia), whose founding was initiated by 
discussions on enrollment quotas at schools of medicine and 
proposals for their reduction, accepted the proposal to use the 
simulation modeling as an aid for decision making. A 
simulation model was developed with the aim to simulate needs 
and supply of physicians as well as other health professionals 
(nurses, laboratory technicians, radiology technicians and 
other). A series of simulation experiments has been performed 
with different assumptions about the number of enrolled 
students and other relevant aspects (e.g. introduction of private 
practice, employment outside health care and differences in the 
presumed number of health care users), and the results served 
as a basis for decisions on enrollment policy [8,9]. Based on 
that results authorities adopted a decision to decrease the 
enrollment quotas starting from the year 1993 because at the 
time there were a surplus of physicians resulting in rise of their 
unemployment rates. 

Adaptation of the previously developed model structure and 
parameters has been made in order to use the simulation again 
as a tool to inform decision makers in current situation when 
the Republic of Croatia is faced with an opposite situation, a 
huge lack of physicians. 

Simulation model is structured as multicompartmental (or 
multistate) model in which variable values are numbers of 
physicians in one-year age groups and simulation is run by 
calculating changes in one-year steps (calculated values for 
successive years are stored in rows). We can consider data as a 
table (or matrix) with rows being consecutive years (here 2016-
2040) and columns are containing number of persons of the 
same age (25-65). We can denote these values with Xi,j, i=2016, 
…,2040; j=25, …, 65 having in mind that the youngest age at 
which one can graduate in medicine is 25 years and 65 is age 
for retirement. Thus model simulation correspond to 
calculation of state variables (or compartments) and intuitively 
results in a move of one compartment in diagonal direction 
(from left to right means ageing for one year, from one row to 
the next one is move to the next year value). Of course, it is not 
only about moving because of ageing, but other different 

calculations are taking place (mortality, disability, emigration 
and immigration as well as flows reproducing graduation and 
retirement). Model parameters (mortality and disability rates, 
immigration and emigration and other parameters and input 
values) are entered in different areas of spreadsheet and used in 
calculations.  

Parameters’ estimation 

Population projections by 2040 were taken from the publication 
of the Croatian Bureau of Statistics [10]. Currently there are 3.3 
full-time physicians employed in health care system per 1,000 
population while in the more developed EU Members States 
there are 3.6 physicians per 1,000 inhabitants [4]. It can be 
noticed that Croatia lags behind the European average that we 
strive for. The target value is defined as the EU average (3.6 
practicing physicians per 1,000 population). 

In developing this model and assessing the needs for physicians 
in Croatia, it is important to consider the following factors: the 
number of physicians working in the healthcare system and 
their age distribution, the number of inhabitants, the number of 
enrolled students at the medical schools and their years of 
studying span, as well as the mortality, disability and 
emigration rates of physicians. The rate of emigration is 
particularly significant after Croatia joined the EU, but one has 
to take in account also the employment opportunities for 
physicians within the country but outside the healthcare system 
(for example in pharmaceutical industry, insurance companies 
or even outside the biomedical profession). We estimated that 
about 11% of physicians are currently employed outside the 
healthcare system and it is expected that this percentage will 
rise up to 15% by 2040. According to available data there are 
14,394 practicing physicians and it is estimated that another 
1,600 are out of the health system [3]. 

 

 
Figure 1 Age distribution of Croatian physicians 

Age distribution of physicians employed in Croatian healthcare 
system is shown in Figure 1. Data are for the year 2016 and it 
is obvious that the age group 55 years and older is the largest 
one and having in mind that according to present regulations 
retirement age is 65 years, it means that in the next 10 years 
28.5% of working force is going to be out of employment. 

There are four medical schools in Croatia and medical study 
lasts 6 years. We estimated that about 5% of enrolled students 
never complete their studies while 80% of students graduate six 
years since enrollment, 10% after seven years, 3% after eight 
years, while approximately 2% of students complete their 
studies at the age of 28 years i.e. after nine years of study. 

Estimated rates of mortality and disability are spanning from 
0.12% for physicians at 25 years of age up to 2.39% for those 
aged 61 to 65. Apart from mortality and disability, which affect 
drain outside profession, migration outside Croatia is also 
supposed to be significant. It is estimated that the number of 
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those who will leave the country will increase. Simulations 
were made with the assumption that 3% of those aged 25 to 27 
years will leave the country every year, 2% of those aged 28 to 
29 years, and 1% of physicians aged 30 to 45 years. No outflow 
is expected for those over 45 years of age who are already 
acknowledged in their profession and have established their 
social and family surrounding.  

Simulation was made for three potentially achievable scenarios: 
(1) increase of the total enrollment quota at the existing four 
medical schools by 50 students per year starting from 2020; (2) 
introduction of immigration quota for of 50 physicians per year 
and (3) combination of previous two scenarios - increase of the 
enrollment quota by 50 students per year and immigration of 50 
physicians per year. Year 2020 has been taken as the earliest 
year when potential changes could be implemented with respect 
to all political and administrative procedures.  

Results 

In the case of an increased enrollment quota by 50 medical 
students starting from the year 2020 (a total of 650 instead of 
current 600 freshmen per year at the national level) there will 
be a huge lack of 3,511 physicians in the health care system in 
2025 if we want to reach most developed EU countries which 
have 3.6 physicians per 1,000 population; in 2040 there will be 
shortage of 1,769 physicians. Second scenario with 
introduction of immigration quota of 50 physicians per year 
would give a little bit faster raise of supply with a shortage of 
3,467 physicians in 2020 and 1,542 in 2040. Third (combined) 
scenario would result in the growing number of physicians from 
the year 2020 and the lack of 1,029 physicians in 2040. Not 
only with current enrollment quota, but even with higher quota 
of 650 freshmen per year it is obviously not possible to meet 
the needs for physicians in the Republic of Croatia by the year 
2040.The results of all three scenarios are presented in one chart 
(Figure 2).  

 

 

 

Figure 2 Results of simulation experiment 

 

Table 1 Predicted number of physicians in the Republic of Croatia – 
results of simulation with 650 freshmen medical students and immigration quota of 50 physicians per year 

Year 
Enroll

ed 
Gradua

ted 
Health 

care 
Total 

Drain

Total % Retirement Emigration Death+Disability
+ Emigration 

2020 650 570 12,239 13,930 633 4.53 313 109 320 
2025 650 570 12,157 14,066 547 3.90 236 124 311 
2030 650 618 12,485 14,688 524 3.60 212 138 312 
2035 650 618 13,148 15,468 494 3.23 176 149 318 
2040 650 618 13,873 16,321 492 3.04 164 154 328 
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Discussion 

Use of spreadsheet program for simulation modeling 

Although the application-oriented programing languages and 
packages for simulation modelling appeared very early and 
became commercially available already during 1980s and 
1990s, different software tools can be used to represent 
structure of simulation model and perform simulation 
experiments. Many applications were developed and used 
within certain academic or other institutions, among them 
widely used standard spreadsheet programs like Microsoft 
EXCEL proved to be a suitable platform for development and 
use of simulation models of both type’s system dynamics and 
discrete events simulation [6, 11]. 

“Spreadsheet simulation" refers to the use of a spreadsheet as a 
platform for representing simulation models and performing 
simulation experiments. Despite nowadays advanced 
commercial program packages for modeling and simulation 
would be a method to choose, standard spreadsheet programs 
as a tool for model implementation and simulation run is worthy 
to use due to many reasons. Spreadsheets are widely used by 
many people for different tasks on everyday basis and the 
spreadsheet’s table structure allows the developer to organize 
the computations and outputs in a natural and intuitive manner. 
A large number of functions to do mathematical, statistical, 
database, date/time, financial and other calculations are 
available and, very important, it is easy to make charts and 
present simulation results either in table or graphical form. It is 
very important that end users are either able to develop 
simulation models by themselves or understand and use models 
developed by others, control parameters and perform 
simulation experiments [11]. 

Informativeness of simulation results for policy makers 

and applicability to other circumstances and countries 

Although the enrollment quotas have been increased at Croatian 
medical schools since the year 2009, this increase is not 
sufficient to meet the current needs for physicians. 
Unfortunately, this increase in quotas was not followed by the 
adequate staff and financial needs of medical schools. As we 
see in the projections made in this research - if the enrollment 
quotas were increased by 50 students per year, what is 
challenging in an organizational and financial way; it would be 
insufficient if Croatia were to reach the current EU average of 
3.6 physicians per 1,000 inhabitants. 

In recent years the interest of students in studying medicine is 
decreasing, there are less and less applicants competing for one 
enrollment place [3]. Reasons may be different, from the quite 
a long lasting and demanding study program, difficulties in 
getting the desired specialization at the desired place upon 
graduation to the better opportunities in other professions. The 
diploma of physician still does not provide income and the 
position adequate to the invested efforts and time. The fact is 
that most physicians are still at the beginning of their careers in 
their middle age, while other professions are at the peak of their 
careers.  

Since increasing quotas is not an only option that can contribute 
good results, a potential option is a better organized and 
coordinated immigration policy - recruitment of physicians 
trained in other countries to whom work environment and life 
in Croatia are acceptable. Since Croatia joined the EU (1st July 
2013) till the end of 2016 only 30 foreign-trained physicians 
have been employed in Croatia. The largest number came from 
Macedonia (32.3%), Bosnia and Herzegovina (19.4%), Serbia 
(16.1%), Syria (9.7%) and the rest of physicians migrated from 
 

Slovakia, Montenegro, Lithuania, Russia, Slovenia and Kosovo 
[3]. Current quotas for physician’s immigration in Croatia are 
negligible. A significant number of domestically trained 
physicians work outside of their profession (around 1,600) so 
another possibility might be to return some of them to the 
healthcare system. A harmonized combination of increasing 
enrollment quotas for medical students and increasing 
immigration of physicians will lead to an EU average of over 
the next 20 years. 

There is a problem of organization and insufficient planning of 
healthcare staff in Croatia visible in the fact that there are 116 
physicians per 100,000 inhabitants at the tertiary level of health 
care, 107 at the secondary level and 92 physicians in primary 
health care. This is also manifested by a huge number of 
overtime working hours and imbalanced geographical 
distribution of physicians [3]. 

It is necessary to take into account all that provide skill mix –
the mix that produces the maximum number of health care 
services at a given quality and cost – more health care services 
are going to be accessible and affordable to populations seeking 
care and task shifting - a policy option that should be considered 
to help achieve productive efficiency and provide access to 
services that otherwise might not be available. A more 
productively efficient skill mix will partially dampen the effect 
of health workforce needs-based shortages [12]. 

According to estimates of population trends in Croatia, 
reduction in the number of inhabitants is forecasted along with 
population aging, what means that the number of patients and 
those who need health care will increase. 

Other groups of researchers also used system dynamics 
modeling for the forecasting of needs/demand and supply of 
physicians at national or regional level. Similarly to Croatian 
situation in the late 1980s, Japan had also reduced enrollment 
quotas to medical schools due to surplus in number of 
physicians and has faced absolute and relative shortage of 
physicians twenty years later. Of course, Japanese absolute 
numbers are more than tenfold higher than Croatian ones, but 
the problem and approach employed in order to inform policy 
makers are the same [13]. Majority of other problems inherent 
to healthcare system are similar: maldistribution of physicians 
at both the regional and departmental level and others. 
Regarding calculation of needs/demand similar approach was 
taken: the number has been evaluated by a comparison with 
OECD average. Spain has also gone from a surplus to a 
shortage of physicians in a very few years what initialed a 
development of a system dynamics model for simulation of 
supply and demand/need of specialist of 43 medical specialties 
[14]. Problems and debates within the medical profession and 
in public at general are very similar in many countries. Besides 
planning of enrollment quotas to medical schools and 
immigration quotas for foreign trained physicians, an important 
question that needs to be tackled is how to plan specialist 
education [2, 14]. Another example is simulation model of the 
allocation of residency grants for medical specializations given 
from regional and national level [15]. System dynamics model 
was developed with the aim to project and optimize supply of 
medical specialist under three different supply scenarios in 
Emilia-Romagna Region in Italy. Demography, service 
utilization rates and hospital beds were taken into account as 
demand drivers while a potentially effective assignment of 
medical specialization grants for each year in 20-year period 
was targeted.   

System dynamics modeling is an excellent method for 
simulation of health workforce supply and demand. A proactive 
approach to the planning and management of health workforce, 
involving continued monitoring, might facilitate more frequent 
and less dramatic adjustments to needed supply. Many issues 
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and challenges of public health can also be presented and 
analyzed using simulation modeling [16]. 

Limitations 

This study did not take into account the number of medical 
students in English study programs (Medical Studies in 
English) that are running by the Croatian medical schools. 
Students enrolling in English programs are largely foreigners 
who plan their employment after graduation in their homelands. 

Furthermore, the study did not take the geographical 
distribution of physicians and it has not targeted adequate 
distribution according to the levels of health care – these are 
very important determinants of quality planning of a public 
healthcare system. 

Although official data and projections of the Croatian Bureau 
of Statistics on the population trends have been used, we are 
already witnessing of a decline in the total population that 
happened by the year 2018 which is far greater than it was 
forecasted in 2015. Population aging has not been taken into 
account, but only projected total number of inhabitants. 

Conclusions 

The Republic of Croatia is facing a serious shortage of more 
than 3,000 physicians in the healthcare system.  

Increasing enrollment quotas, defined and agreed immigration 
policy, re-directing physicians from other occupations to the 
healthcare system, task shift and skill mix options are just some 
of the measures that need to be taken now in order to improve 
the situation in the near future. 

Simulation modeling is certainly a method for predicting flow 
of physicians and other health professionals within healthcare 
system capable to simulate different scenarios that can 
potentially take place in future. Standard spreadsheet program 
proved to be powerful platform for model implementation, 
simulation experiments and presentation of results.  
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