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Abstract 

The aim of this paper is to analyse the effects of discrimination on the labour market of three pairs of 
countries and the outcomes it has on their economies in time. Globalization, the liberalization of the 
labour markets and the 2008 financial crisis forced stakeholders of many economies to change strategies 
in order to continue being economically active. For a detailed picture of the macro and micro-economic 
effects brought by labour market discrimination presence and absence, the method chosen by the author 
is a discussion based on different scenarios run in a specially created NetLogo agent based model. 
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Introduction 

Usually, when facing the choice to change or not their home, humans prefer to remain in the 
same place to migration. And we are not talking about migrant people that have it in their nature 
to be like a snail and always carry their house around. Our focus should be on the facts that 
motivate an individual to start migration on the labour market and on the effects in the economy 
brought by their migration. According to Ciutacu1, people usually decide to migrate in order to  
accumulate a sufficiently large amount of capital of any sort (skills, human capital, experience, 
savings etc.) that enables them in the future to start new higher-level activities in their homeland 
or not. This decision is a crucial one not only because of the psychological processes that 
happen inside the individual, but also due to the external effects that can have a big impact both 
on his homeland, and on the place he migrates to. In few cases the person knows the outcome of 
his decision to migrate on the labour market, because often the choice is not a rational one, but 
one induced by other people’s opinions and beliefs, no matter they are right or wrong. These 
decision processes are belief traps that offer an insight on the path that leads to a reflective 
equilibrium (Chattoe-Brown, 20092) and a big problem arises when these opinions and beliefs 
do not bring a significant change because society becomes static and thus the decision process 
of the migrant and its resulting outcomes migrants are not optimal and can be improved. 

                                                 
1 Ciutacu, I., Development and Economic Growth Contribution of Migrant Workers and Entrepreneurs,  
Proceedings of the European Conference on Innovation and Entrepreneurship ECIE 2012 
2 Chattoe-Brown, E., The Social transmission of choice: a simulation with applications to hegemonic 
discourse. Fondazione Rosselli, Mind Soc, 2009, 8:193-207, DOI 10.1007/s11299-009-0060-7. 
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Another example of this sort is that of migrants’ discrimination on the labour market.  

According to Baycan-Levent and Nijkamp3, one of the best cases of outcome for a labour 
market migrant which is that of he becoming an entrepreneur, in Southern Europe is 
characterized by an informal and labour-intensive sector, underground economy, small 
companies and traditional households, while in Northern European countries is determined by 
the over-representation of non-Western immigrants among the self-employed and by relatively 
lower income levels of self-employed immigrants compared to both self-employed natives and 
employed immigrants. Ciutacu4 points out that if the characteristics of labour market migration 
and respectively migrant entrepreneurship in Europe do not change significantly in the future, 
that part of the economic system or the entire economic system might enter a crisis caused by 
discrimination. 

In other of her papers5678, the author uses agent based modelling in order to test, discuss and 
prove the validity of the scenarios she proposes. This choice can be motivated by using two 
studies made by Allen, Strathern, Baldwin in 2005 and respectively Farmer and Foley in 2009. 
According to the first one, for improving the world we live in and implementing better crisis 
cures, we should be able to explore policy and interventions consequences. Thus, we should 
change the old methodologies in favour of the General Theory of Systems, because like this the 
approaches that picture an economy as a mechanical system with fixed actors that interact in a 
predictable way is exchanged with one that surprises better the fluid nature of the human 
behavior and its ability to modify previous habits as an answer to new opportunities or 
constraints that change the dynamics of a certain economy. According to the second research the 
inability of policy deciders to find effective solutions for crises happens not only because 
today's governments use mainly two categories of models that aren't sophisticated quantitative 
computer models, but also because policy deciders try too little to assemble the pieces of an 
economic system and understand it's behaviour as a whole. Thus, because of its ability to offer a 
more complex and complete picture of a real situation in which there are more than two entities 
involved, agent based modelling (ABM) can be a good solution to the issues mentioned above.  

About ABMs and NetLogo 
An ABM is a computerized simulation of an artificial world with a structure as diverse and 
complete as needed, in which different types of (economic) agents interact by using predefined 
rules. This computerized models allow their agents to behave according not only to past 
experiences, but also to their current situation, thus ABMs can handle nonlinear behavior in a 
wider range that previous conventional models can and allow policy makers, for example, to 
simulate and explore quantitative and qualitative consequences of different policy scenarios 
upon an simplified artificial model of reality (e.g. an economy). 
                                                 
3 Baycan-Levent, T., Nijkamp, P., Characteristics of migrant entrepreneurship in Europe, Serie Research 
Memoranda 0014, 2007,VU University Amsterdam, Faculty of Economics, Business Administration and 
Econometrics.  
4 Ciutacu, I., Development and Economic Growth Contribution of Migrant Workers and Entrepreneurs,  
Proceedings of the European Conference on Innovation and Entrepreneurship ECIE 2012, ISBN: 978-1-
908272-66-9 
5 Ibidem 4. 
6 Ciutacu, I., Săvulescu, I., Dumitraşcu, L., M., Tandem economic development of two regions or 
countries. Proceedings of the International Conference on Engineering & Business Education, Innovation 
and Entrepreneurship BRCEE 2012, cd, ISSN: 1843-6730. 
7 Ciutacu, I., Dospinescu, A.S., The cost of exiting a system with connected benefits, Proceedings of The 
International Conference on Economic Cybernetic Analysis: Global Crisis Effects and the Patterns of 
Economic Recovery GCER 2011, ASE Publishing, cd,  ISSN 2247-1820. 
8 Ciutacu, I., Vîntu, D., Săvulescu, I., Why can't we use the same cure for all crises? - An agent based 
modelling approach, Revista Economica, 5/2012, pp. 45-52.  
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ABMs are used in simulating situations and helping policy-makers create and implement 
policies and strategies in various scientific domains like: Biology, Epidemiology, 
Demographics, Economics et cetera. In the last of these domains one of the best examples of 
ABMs is the EURACE project that models the European economy and is probably one of the 
biggest agent-based model that exist in this moment (Lengnick, 2011).  

Of course there are many computer programs that can be used for creating ABM, some of these 
are very complex and sophisticated and some are more user-friendly. This paper will focus on 
one of the last cathegory, NetLogo that was built in 1999 by Uri Wilensky9 and developed over 
time at the Center for Connected Learning and Computer-Based Modelling of the Northwestern 
University. This ABM creating computer program is the successor of multi-agent modelling 
languages like StarLogo or StarLogoT and can run as a standalone application on the Java 
virtual machine of computers that use Mackintosh, Windows, Linux etc. platforms. When using 
NetLogo, the creator of the ABM uses a special programming language in order to define an 
environment for simulating natural and social phenomena by using four type of entities: turtles 
(mobile agents, give the ABM its dynamics), patches (static agents), links (connect two or more 
turtles and set parent-child or peer-peer relationships between the agents) and the observer 
(helps the designer see better the world he creates). These agents can be part of populations that 
can number up to thousands and operate independently in an artificial 2D or 3D world shaped as 
a quadrilateral, cylinder or torus, by using predefined rules and instructions. Thus, NetLogo 
allows its users to create an artificial 2D or 3D world and explore the connection between the 
micro-level behavior of individuals and the macro-level patterns that emerge from their 
interactions. 

The Labour Market Discrimination ABM  
This ABM is an improvement made to the discrimination one the author created and presented 
in 201210. Like the discrimination ABM, this model simulates the evolution of two countries 
that interchange migrant workers that can become or not entrepreneurs. 

In order to understand the discrimination agent based model and the improvement we brought in 
the ABM presented in this paper, we will first picture the causalities in Ciutacu, Vîntu and 
Săvulescu's simple economy model11 (see figure 1). The simple economic ABM is a pray-
predator system that was used to create the discrimination ABM and its improvement. As a 
pray-predator system, the simple economic model is inhabited by two types of turtles: firms and 
men, the currency of this world is energy and both firms and men use it. The firms produce 
goods (turtle agents shaped as apples) that are consumed by the men, which are their employees 
or not, for gaining energy, reproducing themselves and surviving. Even if the ABM has more 
breeds of turtles, only men can move during a simulation and thus give the world its dynamics 
by getting jobs and consuming goods.  

This ABM presented in this paper, is a two country discrimination model. Both countries have 
own currency, firms and men and an economy that in between the two types of agents it has, 
produces and “sells” goods and jobs. Each country’s currency is calculated in energy, as are the 
firms' initial capital, prices, costs and the men's initial resources, incomes and expenditures. The 
time of our ABM is measured in ticks. A tick is different from a second and is the time needed 

                                                 
9 Wilensky, U., NetLogo. http://ccl.northwestern.edu/netlogo/. Center for Connected Learning and 
Computer-Based Modeling, Northwestern University, Evanston, IL, 1999.  
10 Ciutacu, I., Development and Economic Growth Contribution of Migrant Workers and Entrepreneurs,  
Proceedings of the European Conference on Innovation and Entrepreneurship ECIE 2012, cd, ISBN: 978-
1-908272-66-9. 
� Ciutacu, I., Vîntu, D., Săvulescu, I., Why can't we use the same cure for all crises? - An agent based 
modelling approach, Revista Economica, 5/2012, pp. 45-52. 
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by a turtle to move from one patch to the next one. The country in the left (that we will further 
call the left country) of the world is richer than the right one, thus the men from the country on 
the right (that we will further call right-men) migrate in search of jobs in the left country. The 
world is an 81 per 61 patches quadrilateral, every country has a 40 * 61 patches surface and the 
two are separated one of the other by a 1 * 61 patches border line.  

 
Fig. 1. The causalities the Wolf Sheep Predation Model  

Source: Ciutacu (2012) 

Every country owns two types of goods: one produced by firms and one grown by nature. The 
author chose to create the ABM like this in order to simulate the following fact from reality: 
when a person migrates to another country in search of a job, he can survive only by consuming 
nature produced goods that are still free of charge (air, water, wild fruits etc.). The nature 
produced goods are modelled so as their growth takes into account a land fertility rate that can 
be modified by the ABM’s user so that it suites the country had in mind. Both types of goods 
don't remain forever in ABM and “die” if they aren't consumed in the time set by the user, just 
as it happens in reality.  

The workers in both countries have an initial level of energy that they consume during their life 
by moving around in search of goods and jobs. The men consume goods when they encounter 
them only if their energy level is lower than their initial one and if they remain without energy, 
they die and exit the ABM. Each region’s number of agents (firms, men and goods) and their 
initial level of energy are set by the model's user before starting a new simulation.  

The firms can produce goods only if their energy level is higher than half their initial one and 
their energy cost equals the number of goods produced multiplied by the cost per product. As 
well as men, the firms “live” in the ABM only if they have energy. Firms receive energy when 
they are “born” (at every new run of the ABM), when their products are consumed and when 
they hire a man. When a man is hired for a job that lasts one tick, both firm and worker receive 
energy, which represents the worker's salary and respectively the firm's supplement in 
productivity that men brought it. Because this research is about labour market discrimination, a 
different salary that migrant workers receive when they work abroad, a discrimination salary 
tax, (if the discrimination if high), and a border tax were set. The border tax acts in a double 
way: it indicates both the resources spent by migrants for reaching their destination on the 
labour market and those consumed by the country that sets it for protecting its territory from a 
big flow of immigrants. 

In this ABM 9 breeds of turtles are created: 

o 2 of goods, each produced by the firms of the two countries; 
o 2 breeds of natural goods; 
o 2 breeds of men ('left-men' and 'right-men'), one for every region; 
o 3 breeds of firms: one for every country and another that are created by immigrant right-

men and we'll further call migrant firms.  
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Migrant firms appear when 2 migrant “right” workers encounter each other and their level of 
energy is equal or above the level of energy needed to become entrepreneurs. And this is set by 
the user by using a slider type button. The migrant firm produces the same goods as left-firms 
do and can discriminate left-men by not hiring them. Two breeds of links connect each country’s 
firms to its products, thus when one of their goods is consumed, the firm that produced it 
receives the energy asked as price. 
In order to see the effects of the presence and absence of discrimination, we chose 3 countries 
that are “connected” in reality as well by migrant workers and entrepreneurs and built up 12 
scenarios using the data from Table 1 and grouping the countries two by two. 

Table 1. Real data for the 3 countries used in the ABM’s simulations 

Country Italy Republic of 
Moldova Romania 

Life expectancy (year 
2010-2015, ***) 8,46 73,5 72,6 

Birth rate (per thousands, 
2012 data from *) 9,3 (year 2010) 11,2 (2011) 9,2 (year 2011) 

Population (year 2015, 
million persons, ***) 59,70 3,60 21,30 

Employed population 
(year 2015, million 

persons, **) 

22,50 Not Available Not Available 

Unemployment rate (year 
2015, %, **) 12,60 4,50 6,73 

Currency rate (year 2015, 
PPP, national currency / 

current international 
dollar, **) 

0,755 6,701 1,736 

Currency Euro Moldovan Leu New Leu 
Gross national income per 
capita (PPP, in US dollars, 

year 2015, ***) 

30.289 3.736 13.396 

Labour freedom (year 
2015, ***) 55,4 40,6 68,6 

Trade freedom  (year 
2015, ***) 88 79,8 88 

Note: * United Nations Data, ** International Monetary Fund data, *** Heritage Foundation data 
Source: Author's processing with data from the UN, IMF and Heritage Foundation 

An improvement brought by this paper to the discrimination ABM is the usage of the seed 
number. This number is used by the computer to calculate all the random variable it uses and 
can be set by the user of the ABM by using a special piece of programming code. An important 
detail of the seed number is that seeding the random number generator of our ABM allows the 
user to repeat the same experiment in different scenarios. In order to make a comparison 
between the scenarios, each one of them will be run for 250 ticks. Before the run of the 
scenarios, the NetLogo ABM we created looks just like figure 2. 

The Scenarios  

a) First Scenario: the country on the left is Italy, while the country on the right is the Republic of 
Moldova. This scenario will be run once with discrimination switch on and with the flowing 
seed numbers: -2147483648 (the smallest number NetLogo can set), 0 and 2147483647 (the 
highest seed number NetLogo can set), and after that with the discrimination switch off and the 
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same seed numbers. Thus we will have a total of 6 subscenarios that are derived from the first 
scenario. Characteristics: 

o Left population: very high life expectancy, ageing population and low fertility rate. 
o Right population: high life expectancy, ageing population and low fertility rate, all with 

rates smaller than those of Italy. 
o Moldovans migrate to the Italy motivated by the higher income level.   
o Because Moldova isn't far from Italy comparing to the distance between the other 

scenarios' countries, but isn't in the European Union (EU), a moderate border tax, lower 
salary for Moldovans and a medium discrimination salary tax were set. This choice was 
made because of the poor image Moldovans and Eastern Europeans have in Italy and the 
rest of the EU. 

 
Fig. 2. The labour market discrimination ABM  

Source: Author's processing 

b) Second Scenario: the country on the left is Romania, while the country on the right is the 
Republic of Moldova. As well as at the previous scenario, the second scenario will ramify in 6 
subscenarios: discrimination switch on plus the seed numbers: -2147483648, 0 and 2147483647 
and the discrimination switch off and the same seed numbers. Characteristics: 
o Left population:  high life expectancy, ageing population, but younger than that of Italy, 

and a low fertility rate 
o Right population: high life expectancy, ageing population, and fertility rate with rates 

smaller than those of Romania. 
o Moldovans migrate to the Romania motivated by the higher income level and because from 

Romania they can move forward to Western Europe, for example to Italy.   
o Because Moldova has a common border with Romania, isn't in the EU, but was once a part 

of Romania, a small border tax, a medium salary for Moldovan workers and a small 
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discrimination salary tax were set. 

The Results of the Model after Running the Scenarios  

a) First Scenario:  

o left country - Italy, right country - The Republic of Moldova, discrimination switch on, 
seed number:  -2147483648. 

 
Fig. 3. The labour market discrimination ABM scenario Italy – Moldova with discrimination and the 

smallest seed number 
Source: Author's processing 

After running this scenario and simulating the model with discrimination and the smallest seed 
number, we had a triple peak (14 men/tick in the 134th, 138th and 141st tick) and a double peak 
(12 men/tick in the 194th and 201st tick) of right men that were born abroad, and a single 
smaller peak (6 men/tick in the 19th tick) of left men that were born abroad. Even if they were 
discriminated, Moldovans migrated abroad in the search of a better life and this lead at the end 
of the 250th tick to a Moldova with just a few population and that abroad (only 2 men), firms 
that were able to produce but had no labour force for that. The situation isn't that bad for Italy 
because it ended the 250th tick with 158 men born on its territory and 1 abroad and a production 
of 312 bottles. During this simulation there were no migrant entrepreneurs or firms. Thus, in 
this scenario discrimination makes the Moldovan economy go bankrupt and the Moldovan 
people almost go extinct, while the Italian economy and population shows the opposite effect. 

o left country - Italy, right country - The Republic of Moldova, discrimination switch on, 
seed number: 0. 
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After running a similar scenario, with the seed number 0 and simulating the model with 
discrimination, the results are similar, the most important differences are that the number of 
right men that were born abroad is of 66 men in the 250th tick, there are 3 Moldovans on 
Moldovan territory, out of which 2 have jobs, and 6 Moldovans employed in Italy. The 
situation of Italy is as good as in the previous scenarios. Thus, even if there is discrimination 
and Moldova's economy is almost bankrupt, mainly because most of its labour force left, the 
situation might change in the future because the Moldovans that live in Italy might choose to 
return home. The results of the run can be seen in figure 4. 

 
Fig. 4. The labour market discrimination ABM scenario Italy – Moldova with discrimination and the 0 

seed number 
Source: Author's processing 

o left country - Italy, right country - The Republic of Moldova, discrimination switch on, 
seed number:  2147483647. 

After running this scenario, with the highest seed number and simulating the model with 
discrimination, the results are almost the same as in the previous one; the most important 
difference is that in the 250th tick there are 10 Moldovans employed in Italy. Italy's situation is 
again a good one. Thus, even if there is discrimination and Moldova's economy is again almost 
bankrupt, due to the migration of its labour force the situation might change in the future 
because the Moldovans that live in Italy might choose to return home. 

 
Fig. 5. The labour market discrimination ABM scenario Italy – Moldova with discrimination and the 

biggest seed number 
Source: Author's processing 

o left country - Italy, right country - The Republic of Moldova, discrimination switch off, 
seed number:  -2147483648. 

After running this scenario, the results are the brightest for Moldova until now because at the 
end of the 250th tick there are 4 migrant Moldovan firms on Italian territory, and a trend of 
returning back in Moldova for the Moldovans that live on Italian territory. For Italy the 
economic situation and that on the labour are as good as before with a population of 208 men 
and a production of 335 bottles. As in the previous scenarios, even if Moldova's economic 
situation is that of near bankruptcy, the future might prove that I am wrong and be that of an 
economic boom. This means that the absence of discrimination favours both countries’ 
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economies and labour markets. Until now, this scenario has the most migrant firms established 
on Italian territory. The results can be seen in figure 6. 

 
Fig. 6. The labour market discrimination ABM scenario Italy – Moldova with no discrimination and the 

smallest seed number 
Source: Author's processing 

o left country - Italy, right country - The Republic of Moldova, discrimination switch off, 
seed number: 0. 

At the end of this run, even if only one Moldova has again migrant firms in Italy, population 
returning home and a change from the previous scenarios is that during the 220th and the 230th 
ticks it produced goods after a break of almost 100 ticks. For Italy the economic situation and 
that on the labour are as well good with a population of 189 men and a production of 311 
bottles. As in the previous scenarios, even if Moldova's economic situation isn't very bright, in 
the future it might register an economical boost and an inflow of men on its labour market. This 
again means that the absence of discrimination favours both countries’ economies and labour 
markets. 

 
Fig. 7. The labour market discrimination ABM scenario Italy – Moldova with no discrimination and the 0 

seed number 
Source: Author's processing 

o left country - Italy, right country - The Republic of Moldova, discrimination switch off, 
seed number:  2147483647. 

After running this scenario, the results are bright for Moldova, because at the end of the 250th 
tick there is a migrant Moldovan firm on Italian territory, 4 Italian migrants on Moldovan 
territory out of which one is employed at a Moldovan firm. For Italy the economic situation and 
that on the labour are as well good with a population of 219 men and a production of 300 
bottles. As in the previous scenarios, even if Moldova's economic situation is that of near 
bankruptcy, the future might prove me wrong and be that of an economic boom. This means 
that the absence of discrimination favours both countries’ economies and labour markets. 
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Fig. 8. The labour market discrimination ABM scenario Italy – Moldova with no discrimination and the 

biggest seed number 
Source: Author's processing 

b) Second Scenario:  

o left country - Romania, right country - The Republic of Moldova, discrimination switch on, 
seed number:  -2147483648. 

After running this scenario the results can be seen in figure 9. In this case the presence of 
discrimination between two countries that share a border has in the 250th tick an effect that 
might lead Moldova to bankruptcy in the future. Of course, because of the Romanian migrants 
that cross Moldova's border, we might think that these men want to become entrepreneurs in 
Moldova, if not, perhaps they want to take back to Romania cheaper Moldovan resources and 
this scenario is questionable for Moldova's future economic well-being. Thus, discrimination 
doesn't affect for the moment the Romanian economy, but might lead to a labour force offer that 
the economy might not need in the future (perhaps unemployment), but it leaves the Moldovan 
economy almost bankrupt. 

 
Fig. 9. The labour market discrimination ABM scenario Romania – Moldova with discrimination and the 

smallest seed number 
Source: Author's processing 

o left country - Romania, right country - The Republic of Moldova, discrimination switch on, 
seed number: 0. 

After running this scenario the results can be seen in figure 10. The presence of discrimination 
in this case as well leads Moldova almost bankrupt even if its population still exists. The 
presence of discrimination does not seem to affect Romania. 
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Fig. 10. The labour market discrimination ABM scenario Romania – Moldova with discrimination and 

the 0 seed number 
Source: Author's processing 
o left country - Romania, right country - The Republic of Moldova, discrimination switch on, 

seed number:  2147483647. 
After running this scenario the results can be seen in figure 11 and again, the presence of 
discrimination leads Moldova almost bankrupt even if its population still exists, while for 
Romania the presence of discrimination does not seem to affect this country. 

 
Fig. 11. The labour market discrimination ABM scenario Romania – Moldova with discrimination and the 

biggest seed number 
Source: Author's processing 
o left country - Romania, right country - The Republic of Moldova, discrimination switch 

off, seed number: -2147483648. 
After running this scenario the results can be seen in figure 12. Unfortunately, in this case the 
absence of discrimination does not help much Moldova to avoid going almost bankrupt. 
Moldovan population still exists, while for Romania the absence of discrimination does not 
seem to affect this country's economy. Perhaps in the future the surplus labour force might lead 
Romania in an economic downturn. 

 
Fig. 12. The labour market discrimination ABM scenario Romania – Moldova with no discrimination and 

the smallest seed number 
Source: Author's processing 
o left country - Romania, right country - The Republic of Moldova, discrimination switch off, 

seed number: 0. 
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After running this scenario the results can be seen in figure 13. The absence of discrimination 
leads to similar results for both Moldova and Romania as the previous scenario does. 

 
Fig. 13. The labour market discrimination ABM scenario Romania – Moldova with no discrimination and 

the 0 seed number 
Source: Author's processing 

o left country - Romania, right country - The Republic of Moldova, discrimination switch 
off, seed number:  2147483647. 

At the end of this scenario we can see that the absence of discrimination favours both countries' 
economies and labour markets. After running this last scenario the results as they can be seen in 
the figure below are the following: in the 250th tick Romania had a population of 191 men and 
a production of 289 bottle, while Moldova had a migrant firm on Romanian territory, a 
production of 177 wheels, a population of 54 men on its territory, 1 Romanian employee and 
15 Romanians that crossed its border in search of jobs. 

 
Fig. 14. The labour market discrimination ABM scenario Romania – Moldova with no discrimination and 

the biggest seed number 
Source: Author's processing 
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Conclusions 

The previous 12 scenarios that tried to picture what will happen with the labour markets and the 
economies of two pairs of countries if there exists or not discrimination have different and sometimes 
unexpected results. The absence of discrimination and a big seed number seem to bring favourable effect 
on both pair of countries’ economies and labour markets, while the presence of discrimination and a small 
seed number lead to the bankruptcy of the country that is being discriminated in both pairs.  

Further improvements that can be brought to this ABM are the following:  

o To try to correlate the seed number with the modelled situation and try to run more scenarios by 
leaving all the inputs unchanged, except for the seed number. Thus, the seed number might find its 
correspondent from the real life. 

o To try to correlate the surface of the country in the ABM with the one from reality. 

o To try to put both men and women in numbers correlated with those from reality, thus the crude 
birth and mortality rates could be better modelled, as well as the effects these have on the labour 
market and in the economy as a whole.  
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