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Abstract 

In the past decade, there has been a continuous rise of a number of refugees globally. 

Many countries are therefore expected to help and welcome more refugees. However, many 

studies have shown that among the immigrants, the refugees face the most challenges in term of 

integrating into their new host society. The most popular indicator to measure the integration that 

has been used thus far is the employment rate. The problem that Norway faces is that the 

employment rate of refugees is the lowest among other immigration population and almost 30% 

lower than the national employment rate. The purpose of this research is therefore to integrate 

the knowledge about the refugee integration and explore other indicators besides employment 

rate and the dynamics between them in order to have a better understanding of how the refugees 

integrate in their host country. Furthermore, this research focuses on the mechanisms that trap 

the refugees in the vicious cycle which prevent them from a fulfilling life in the new country. 

This research uses system dynamics to capture and quantify the dynamics of refugee 

integration. The literature review was conducted to form the dynamic hypothesis and the 

structure of the exploratory model was built based on it.  

We have identified that the key indicators that contribute to refugee integration are the 

refugees’ employment rate, their stress level, their social interaction to the local people, their 

social skill, their job performance, and the perception of local people towards refugees. These 

indicators are interconnected and form compounding reinforcing loops. Our analysis shows the 

“entry trap” where refugees is trapped in the unskilled worker job which has a relatively low 

income thus even when the perception towards refugees and social interactions are raised, these 

refugees still have a relatively higher stress than average due to the inequality of the income. 

Most importantly, since the perception towards refugee is not separated between the refugees in 

an entry level workforce and senior level workforce, the decrease in the perception when the 

entry refugees do not perform well will eventually have an impact to the senior level refugees 

who initially start off well. 

The finding raises two potential helps to the refugee. First is to take measures to reduce 

the “entry trap”, either by providing training or faster qualification of previous skills, or by 

providing incentives for businesses to hire refugees in more skilled positions. Secondly, our 

experiment shows that the increase in social interaction between local people and refugees can 

ultimately increase their job performance and social skill which increase the perception towards 

the refugee as well hence, better integration.  
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1. Introduction 

 UNHCR Global Trends 2021 reports the number of people who forced to flee due to 

persecution, conflict, violence, human rights violations, and events seriously disturbing public 

order has reached 89.3 million at the end of 2021. The graph below shows the continuous rising 

trend in the past 10 years. It is also worth noting that when compares this figure to global 

population, it means that 1 in 88 people are forced to displaced from their home.  

 

 

Figure 1: People forced to flee worldwide (UNHCR Global Trends 2021) 

The most recent events that contributed to the rising number are the Taliban taking over 

in Afghanistan and the military taking over in Myanmar. However the report only includes the 

statistic up to the end of 2021, it is important to mention that the war between Russia and 

Ukraine has arisen in February 2022 and as of 30th September 2022, there are 7.5 million 

Ukrainian refugees across Europe. (UNHCR, 2022) In addition to the new events, there are many 

countries with on-going instability like Syria, Venezuela, South Sudan and Ethiopia that cause 

increasing number of refugees. 

 Beside the conflicts and political instability that drive people to flee from home, climate 

change is also recognized as a driver of migration (World Bank, 2021). The increased drought 

and desertification, rising sea levels, repeated crop failures, and more frequent and extreme 

weather events are likely to increase both internal and international migration, (Clement et al., 

2021). Groundswell report, the report conducted by Worldbank, also estimates that in a 

pessimistic scenario, by 2050, 216 million people could become internal climate migrants. 

Although Groundswell report only mentioned the number of internal migrants, in the report 

UNHCR Global Trends 2021 (UNHCR, 2022) has stated that the climate change can increase 
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number of people in a poor country with the on-going conflict like Yemen, Syria, Somalia and 

Bangladesh to flee from their home countries.  

 Majority of the refugee landed on neighboring countries, which are mostly lower to 

middle income countries, while only 17% of refugees are hosted by high income countries. 

There are around 50,000 asylum applicants per month to EU countries before Corona 

pandemic and the applicant increases sharply in year 2021-2022 due to events in Afghanistan 

and Ukraine.  

 

Figure 2: Asylum applicants in EU (Eurostat, 2022) 

From the average of 50,000 applicants per month (600,000 applicants per year) to the EU 

from year 2017 to 2019 as shown in the graph above, Norway is receiving on average 4000 

applicants per year in the corresponding time period which accounts for 0.7% of the total 

applicants to EU. The proportion of applicants that Norway received is not surprising due to the 

size of its population which is around 1% of the total population in EU. However in term of 

wealth and need for the labor workforce we do see the potential that Norway may be able to 

accept more refugees. Therefore in this research we would like to focus our study to Norway. 

 The graph below shows the asylum application to Norway from 2000 to 2021. Although 

the graph below shows a longer time period than that of EU, we can see that within the common 

timeframe 2014 to 2021, the trend for the number of applicants to Norway follow that of EU. We 

can also see that there is a change in the pattern before and after migration crisis in year 2015. 
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That is prior to 2015 there were many application to Norway and majorities are rejected hence 

large red area. While after 2015, the application to Norway decreases rapidly but there are less to 

zero rejected applications. This is due to the stricter border ID check across Europe. Of those 

applicants, Norway has granted the refugee status to 244,660 refugees, as of 1st January 2022. 

This number contributes to 4.5% of the total population in Norway. (Statistisk sentralbyrå, 2022) 

 

Figure 3: Incoming asylum application in Norway (World Data, 2021) 

  We can see from the statistic above that Europe had experienced refugee crisis in 2015 

where there was an unusually large influx of refugee to Europe. At that time these refugees 

are mainly from Syria. The crisis divided the public opinion between being compassionate 

towards the refugee and being anxious towards such high number of them. (Kang, 2021) The 

crisis’ short term implication was for the government to reshape policies related to refugee 

and to manage the proper accommodation for them. From here we learn that the local 

perception towards the refugee can have bias and this bias may contributes to the integration 

of the refugee. Furthermore in 2016, European Employment Policy Observatory (EEPO) has 

published a report “Challenges in the Labor Market Integration of Asylum Seekers and 

Refugees” stated the main challenges for refugee integration: legal barrier, poor institutional 

support, low labor market demand, lack of language skill, lack of recognition of existing 

qualification and lastly discrimination and social challenge. The mentioned factors contribute 

to the challenges for the refugees to get jobs. 

The refugee’s difficulties to get jobs means many of the refugees are not self-sufficient. This 

imposes burden to the government to continuously help them through unemployment benefit. It 
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also leads to local people having bad perception towards refugee and may not want to welcome 

more refugees to their country. As for the refugees themselves, it means poor living condition, 

poor health, stress and low self-esteem. The stress can lead to bad tragedy as reported on 19th 

December 2019 that the refugee woman from South Sudan died from drowning with her two 

daughters. NHIB, Norwegian Healthcare Investigation Board, has done further investigation of 

the incident and found that high demand and expectation of life in a new host country is one of 

the risks for poor health. 

While we expect the rise in the refugee number in the country, statis shows that the 

employment for immigrants in Norway fluctuates around 60% to 65% over 20 years period 

which is 10% lower than the general population. Low employment rate means the more 

unemployment benefit that the government has to pay. 

 

Figure 4: Employment rate among immigrants in Norway (Bufdir, 2022) 

Among the immigrants, refugee is the group that has the lowest employment rate. The graph 

below shows the employment rate by immigrant type 2022 where the refugee and the family 

immigration through refugee only has 56% employment rate. 

 

Figure 5: Employment rate by immigrant type in Norway (Bufdir, 2022) 

From the statistic, we see that the employment rate for the refugees remain relatively low 

through out 20 years period, thus it is worth looking into the underlying reasons or dynamics of 
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many factors that contribute to the low employment rate for the refugees. In addition many 

studies use the employment rate as a main indicator for the refugee integration while in fact there 

could be many other factors that can be used as measurement to the integration. Thus our 

research objective are: 

• To investigate the factors beside the employment rate that contribute to the refugee 

integration and the dynamic among them by using system dynamics model as an exploratory 

model to study such mechanism 

• To explore in particular potential traps in refugee integration that is the reinforcing 

mechanisms that may not allow refugees to live a fulfilling life in a new country.  

• To identify the potential help that can be offered to the refugees to help them integrate well 

in their host country 

Our research aims to answer the following questions 

1. What benefits can system dynamic approach bring in representing the dynamic behavior of 

the refugee integration in Norway? 

2. What are the main indicators that contribute to the refugee integration and the dynamic 

between them especially the mechanism that makes refugees struggles in the new country? 

3. What can potentially be the help that we can offer to the refugees to help easing them into the 

new host country? 
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2. Research Methodology 

2.1 Research Methodology and Process 

To answer the research questions, we need to develop a simulation model using System 

Dynamics modeling approach. System Dynamics was founded by Jay W Forrester in 1965. It is a 

method to enhance learning in complex systems and is fundamentally interdisciplinary (Sterman, 

2000) “Because we are concerned with the behavior of complex systems, system dynamics is 

grounded in the theory of nonlinear dynamics and feedback control developed in mathematics, 

physics, and engineering.” (Sterman, 2002, p. 5) In addition, system dynamics seeks endogenous 

(arising from within) explanations for phenomena. (Sterman, 2000) Lastly, system dynamics 

allow for simulation of various scenarios. The simulation also makes us able to capture the 

complexity of our mental models and understand their implication. Especially when it is not 

possible to do the experiment in the real world, we can use the simulation as a main way to learn 

how complex system work. (Sterman, 2000) Therefore system dynamics is a good fit for our 

research. 

We conducted this research based on the established guideline for the modeling process. 

Luna-Reyes & Andersen (2003) collects the system dynamic modeling process and summarize it 

into the Table 1 below. Although the grouping of the activity varies between different experts but 

the activities and stages are consistent among them. (Luna-Reyes & Andersen, 2003)  

 

Table 1: The system dynamics modeling process across the classic literature (Luna-Reyes et.al, 2003) 

We use qualitative research during model conceptualization phase. Through literature review, 

we familiarize ourselves with the research problem. We also find the framework for the 

integration of the refugee and employee performance. Through this method, we also find main 
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indicators of the system. We then use causal loop diagram (CLD) to capture the relationship 

between each variable in the system. CLD also allows us to come up with dynamic hypotheses 

which will be presented in the later chapter. 

Next, for the model formulation step, we quantify the conceptual model using Stella 

Architect software. We formulate the equation based on our literature review. We also rely on 

public sources for example Statistisk sentralbyrå (SSB) and UDI for the statistic about refugee in 

Norway which will be used as a reference mode. Once the structure is in place, the model is 

undergone the tests according to (Sterman, 2000) and (Barlas, 1996) to ensure validity of our 

model. Finally the model behavior is analyzed thoroughly to understand the dynamics between 

each element in the system. This analysis enables us to identify leverage point in the system for 

policy recommendation.  

2.2 Data Collection 

We collect the numerical data from reliable data source: Statistisk sentralbyrå Statistics 

Norway (SSB) and The Norwegian Directorate of Immigration (UDI). The literatures are 

collected from reputable databases: Research Gate, ScienceDirect, IEEE, Springer, Google 

Scholar. These data are used as parameter value, equation formulation during the development of 

the model. However the focus of this research is to build an exploratory model thus the data is 

not used for model calibration and testing purposes. 

2.3 Research Ethics 

This research uses public anonymous data and does not require primary data collection 

therefore it does not require ethic approval. However in conducting the research we follow the 

guideline from the national research ethics committee for social sciences and humanities 

(NESH). Furthermore, we follow best practices to ensure transparency and validity of our model. 

This research ensures transparency of the model by following the reporting guidelines for 

simulation based research in social science by (Rahmandad & Sterman, 2012). The transparency 

is necessary for reproducibility of the research and the growth of knowledge in the community. 

We have therefore provided the detail description of the model and thorough documentation for 

each variable. 

“Causal-descriptive (whitebox) models are statements as to how real systems actually operate 

in some aspects.”(Barlas, 1996, p. 3) In this case, accuracy of the output generated from the 

model is not sufficient for validity of the model but it needs validity of internal structure of the 
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model as well (Barlas, 1996). Therefore to ensure credibility of our model, this research follows 

the model testing guideline from (Barlas, 1996) The test includes direct structure test and indirect 

structure test. Direct structure tests are structure confirmation, parameter confirmation, boundary 

adequacy and dimensional consistency. Indirect structure tests are extreme condition, integration 

error and sensitivity test. 

3. Literature review 

3.1 Refugee vs. Migrants 

United Nations High Commissioner for Refugees (UNHCR) consolidated the definitions of 

refugee in the 1951 Convention to single definition as  

“someone who is unable or unwilling to return to their country of origin owing to a well-

founded fear of being persecuted for reasons of race, religion, nationality, membership of 

a particular social group, or political opinion.” (UNHCR, 1951)  

It is important that we distinct refugees from other types of migrants since in most cases 

refugee suffers from traumatic experiences and move to the destination country less prepared 

than other migrants. Such phenomenon is called a refugee entry effect. (Bakker et al., 2017) 

While refugee moves because of life threatening situation, according to UNHCR, migrants 

choose to move in order to improve their quality of life for example work, education, family 

reunion. Since refugee bring with them many disadvantages, this creates gap for them when 

entering into labor market and thus worth looking into. 

Much research has been done on migration but the research on refugees has only been in 

focus in the past decade after the refugee crisis. In google scholar for example, the keyword 

“migration” provides the results of 5 million articles while the keyword “refugees” 2.2 million 

articles. Despite this, many studies have shown that the refugees are at the disadvantage than 

other migrants. L.Bakker et al studied the refugee gap in Netherland and found that the 

employment rate of refugees is significantly lower than those of family and labor migrants in the 

same cohort. This is mostly due to their mental health problem that prevents them from a smooth 

start. However the same study also shows that the refugee gap has became narrower over 15 

years period for certain group of refugees. The factors that contribute to close the gap are the 

gender of refugees and the age of arrival. Female refugees from countries like Somalia, 

Afghanistan and Iraq are more likely to still be unemployed and this could be due to the culture. 
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Refugees who arrive during their adolescent period are more likely to obtain good language 

proficiency and qualification and therefore more likely to be employed. Organization for 

Economic Co-operation and Development (OECD) studied women refugees and found that the 

women refugees are vulnerable group and have the triple disadvantages as compared to women 

migrants and men refugees. The disadvantages are that they usually have lower education due to 

gender inequality to their home countries, lower language literacy and poorer health due to the 

nature of the forced migration.  Furthermore, women refugees are likely to be pregnant once 

settle in the host countries which prevent them from participating in labor market. (Liebig & 

Tronstad, 2018) 

Lastly, refugee is someone who has been granted refugee status and thus has legal right to 

work in their host countries. Asylum-seeker, on the other hand, is someone who is seeking 

protection but has not yet been granted the refugee status and thus has no legal right to work in 

their host countries. In Norway, a person can report themselves to the police and register his 

application as asylum-seeker. The person will be taken to asylum reception center, where he/she 

will be interviewed by Norwegian Directorate of Immigration (UDI). While waiting for the 

decision from UDI, the person can live in the reception center for free with economic support but 

is not allowed to work or is not entitled to Norwegian language course. The duration for waiting 

at the reception center can last months or even a year. There are many studies that show the 

negative correlation between the waiting duration and the refugee mental health i.e. the longer 

the waiting time the poorer the mental health. (Bakker et al., 2014; Phillimore, 2011) Only when 

UDI has made decision to accept the person as refugee, he/she will be transferred to a designated 

municipality and provided with Norwegian language and culture course. This project does not 

include the stage where a person is still asylum seeker since at that stage they have not yet been 

granted right to work and not yet integrated to the society. 

3.2 Refugee Integration 

In 2017, Michael Garkisch et.al performed a systematic literature review on refugees 

integration and propose a conceptual framework that provides a holistic view of the challenges 

that refugees are facing. The framework also maps the challenges to the group/organization in 

the society that can help address such challenges. This holistic view focus from the refugees 

themselves and outward to the environment and systems they are living in or interacting with. In 

the figure below, the challenges start with refugees basic need which are safety and health. The 

wellbeing of refugees which include quality of life, belonging, is also of important. The study 
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proposes programs to ensure their wellbeing such as get together programs, training programs, 

offering for sports and leisure activities. In addition, it also proposes that adjustment program 

should be included in the social welfare to ensure the integration of the refugees. For human 

development, language training, skill building program, education and information providers 

should be offered to the refugees. For the economic development and employment, the study 

found that not all economic counterparts participate in this area. Beside training the refugees for 

the labor market, the government can potentially compensate for companies to hire and train the 

refugees. (Garkisch et al., 2017) 

 

Figure 6: Conceptual model of different contribution (Garkisch et al., 2017 p.24) 

Another most cited framework is by Alastair Ager and Alison Strang, 2018. They have 

proposed that employment, housing, education and health are the key indicators for the 

integration. Among these, employment forms the most researched area for refugees’ integration 

while health is the least cited as the core indicator for integration. The study believes that good 

health is an important component for active engagement in the refugee new society. In the 

framework that, on one hand, the refugees have the foundation right to stay in the host countries 

and on the other hand we have the main indicators for public outcome. The study proposes two 

categories of factors that can provide the link between the citizen right to a good public outcome: 

Social connection and Facilitators. (Ager & Strang, 2008) 

Ager et al proposed that social connection should be use to “drive the process of 

integration at a local level” (Ager & Strang, 2008, p. 12) They have identify three types of social 
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connection. First one is the social bonds when the refugee connects to family, co-ethnic and co-

religious group. The bond gives them a feeling of “settled”. This kind of bond also contribute to 

positive health state. The second one is the social bridges. This is the relationship between 

groups. It is reported that friendliness, greeting, smiles have large positive effect to the refugees, 

helping them to feel more secure and included. The third one is the social links which is the 

linkage between refugees and the government or the organization in the host country. This can be 

interpreted as the accessibility to the service provided by the government for example the health 

care, the interpreters.     

 

Figure 7: A conceptual framework defining core domains of integration (Ager & Strang, 2008) 

The last component in the framework as illustrated above is the facilitators. The 

facilitator act as a mean to remove the barrier for the integration. The perception of the refugee 

toward the new community and neighborhood needs to be safe and stable in order for refugee to 

open for integration. The safety goes beyond physical violence but also verbal abuse as well.  

The refugees’ knowledge of language and culture of the host countries are perceived as the 

effective way to integrate to the new society. In this regard, many host countries put emphasis on 

providing introduction program that includes language and the way of living to the refugees. In 

Norway, once the refugee status is given to the refugees, they have the right and obligation to 

study Norwegian and social study up to 600 hours. 

 Even though it is important for refugees to learn the language and adapt to the culture of 

the host country, UNHCR and many studies define integration as two-way process:  

“Integration requires that receiving States and civil society create a welcoming 

environment which supports refugees to achieve long-term economic stability and adjust 
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to the new society, including fostering a sense of belonging, and encouraging 

participation in their new communities.” (UNHCR, 2013)   

Many refugees, especially the young one, find it difficult to balance their identity 

between the one from their home country, which is often reinforced by the family, and the new 

one from the host society, for example school, friends. Therefore the extent to which the host 

community accept the refugee culture and tradition and adapt it to the main culture plays 

important role in the integration process. (Brook & Ottemöller, 2020) (Berry, 1997) has 

developed range of acculturation from marginalization, separation, assimilation to integration. 

Marginalization is when the refugees neither want to maintain their own culture nor the new 

culture. Separation is when the refugees strongly want to maintain their culture but not adapting 

to host countries culture. Assimilation is when refugees adopt the new culture and reject their 

tradition. The integration happens when refugees develop cross-cultural identity, adapting to the 

new culture while maintaining their tradition. (Sam & Berry, 2010) While the government is 

promoting the integration, most society still adopt the assimilation approach. (Brook & 

Ottemöller, 2020) 

3.3 Integration Indicators 

We found from the literature review that most of the studies/reports use employment as 

indicator for integration. (Koirala, 2016) (Ager & Strang, 2008) (Valtonen, 2004) The 

employment is seen as a mean for refugee to be self-reliance, the concept that is promoted by 

many countries and organization. However there are also other indicators that is used in some 

studies to measure the integration: language (Brook & Ottemöller, 2020), (Koirala, 2016), 

education (Koirala, 2016) (Ager & Strang, 2008), housing (Koirala, 2016) (Ager & Strang, 

2008), health (Koirala, 2016) (Ager & Strang, 2008). We find that another important indicator 

for integration is refugees’ social network. (Brook & Ottemöller, 2020), (Koirala, 2016) 

(Valtonen, 2004) The social network of the refugee is a significant factor to determine their 

psychology well-being which is also another indicator for good integration. (Brook & 

Ottemöller, 2020) 

During our literature review, we have found some gaps in the literature that we would 

like to contribute to the research area. While we look into the refugee employment as well as the 

social connection as the indicators for integration, we will also look into soft indicators such as 

refugee psychology well-being and their job performance. Moreover, since the integration is a 
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two-way process, we will also look into local people toward refugee as one of our main 

indicators. Most importantly, the indicators to measure the refugee integration are studied 

separately while in reality there are interconnections between them. Therefore we will study the 

interplay between these indicators. 

3.4 System dynamics contribution to refugee integration research 

 From our literature review, we found that in humanitarian area system dynamics are used 

to model operation and supply chain logistic. We are able to find few studies that use system 

dynamics to study the movement of the refugees in order to project the number of the refugees 

(Liang, 2017; Taylor & Masys, 2018) In the context of refugee integration, we only find two 

papers that use CLD to study refugee psychological well-being, the factors that contribute to it 

and its impact to employment and social connection. (Sederel, 2016; Werner et al., 2021) 

However there were no studies that attempt to do quantitative study on refugee integration using 

system dynamics. 

4. Dynamic Hypotheses 

This chapter presents our conceptual model through a causal loop diagram (CLD). Using the 

CLD, we will go through the main feedback loops which are our dynamic hypotheses of this 

research. Our research focuses on the reinforcing cycles around refugees’ integration and how 

each cycle inter-play with each other. 

Firstly, studies have shown that persistent poverty can affect the psychological well-being, 

causing people to stress out and often develop to other anxiety and depression. (Santiago et al., 

2011) Study also shows that poverty and social isolation has a compounding negative effect to 

the refugee mental health. (Burnett, 2001) In the CLD below, the income and social interaction 

are main factors that contribute to refugee’s stress. For now the income is treated as exogeneous 

factor, later on we will close the loop for income. In closing the inclusion loop, studies have 

shown that low income causes stress which in turn causes the social isolation. (Stewart et al., 

2009) We now have the reinforcing loop where the increase in refugee’s stress causes their 

willingness to socialize to decrease and thus they have less social interactions. Less social 

interaction then creates more stress which lower their social interaction even more. Although the 

example we just described is the vicious cycle, the same loop can be turned into virtuous cycle as 

well. An example of virtuous cycle is when there are more interactions between refugees and 
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local people, they would feel included, and also cause their stress level to become lower, which 

makes the refugees to become more open and willing to socialize more with other people. 

 

Figure 8: Inclusion reinforcing loop 

However with any languages, it requires practice to be fluent and able to communicate. 

The next loop, R2, is the reinforcing loop where the more interaction the refugees have with the 

Norwegian, the more fluent in Norwegian they are as well as getting used to and accustomed to 

Norwegian culture. We use the term social skill to describe not just language aspect but also the 

culture and etiquette that the refugees need to have in order to communicate and interact with 

Norwegian. The better social skill gives refugees more capability and confidence in interacting 

with other people. As with any reinforcing loop, the loop can be both virtuous and vicious cycle. 

In this case the vicious cycle is when the social interaction decreases, which means less 

opportunities for refugees to socialize with the local people thus their social skill especially the 

language skill deteriorates and when they cannot communicate the social interaction decreases 

even more. 

 

Figure 9: Practice and fluency reinforcing loop 

The integration is a two-way process. (Strang & Ager, 2010) That is when the refugees 

adapt themselves to the host country and the host country is creating the friendly environment in 
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return. In reinforcing loop, R3, we assume that once the refugees acquire a necessary social skill 

to communicate to the local people, this will raise the perception of the local towards refugee. As 

Strang & Ager conceptual framework for refugee integration suggested that language and 

cultural knowledge acts as a facilitator for the refugees to build social bridges and social bonds. 

(Ager & Strang, 2008) Once the bond is established between refugees and local people, it is then 

likely that there will be more interaction between them for example more invitation to the 

community events, more interaction during work. Since the increase in perception drives the 

increase in social interaction, therefore it also impacts both R1 and R2 reinforcement loops, 

further reinforcing the direction that the loop go in i.e. vicious cycle or virtuous cycle. 

 

Figure 10: Communication and perception reinforcing loop 

However the main factors that will raise the perception towards refugees is how well they 

perform at work. Statistics Norway, show that 80% agrees that most immigrants make an 

important contribution to Norwegian working life (Statistisk sentralbyrå, 2022). This reflects 

how Norwegian values the contribution towards society through working. Thus in the figure 

below we see the reinforcement loop R4 which describes the scenario when the better perception 

towards refugees come from their job performance. Work performance is in turn impacted by 

motivation and social interaction. Studies support that the working environment where the 

employee feels the sense of community increases the employees motivation and their job 

performance. (Jayaweera, 2015; Khan et al., 2012) Thus through good social interaction at work, 

the refugees are motivated and thus perform better at their job which makes the Norwegian sees 

the refugees’ capabilities and that they contributes to the work and the society. In this way the 

local people open up more to the refugees and further increase the interaction. Again the same 

cycle can spiral in a negative direction and become a vicious cycle instead if the refugees do not 
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perform well, then the perception towards them decreases thus there is less interaction between 

them which makes the refugees unmotivated and perform poorly at work. 

 

Figure 11: Motivation through good interaction reinforcing loop 

Not only the working environment that affects the employee motivation but the rewards 

they receive also has a major positive impact to their motivation. (Khan et al., 2012; Shahzadi et 

al., 2014; Smith & Shields, 2013) The rewards do not have to necessarily be the money but they 

can be recognition and promotion as well. Thus in reinforcing loop R5, the better the refugees do 

their jobs, the more rewards they receive and thus result in higher motivation and better job 

performance. 

 

Figure 12: Motivation through rewards reinforcing loop 

In addition to the motivation, one must not forget that the employee must have the ability 

to perform their tasks as well. Here the effect of ability and motivation to the job performance 
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are additive rather than multiplicative and they are both carry the same weight to the 

performance. (Van Iddekinge et al., 2018) The same study also shows that statelike measures of 

motivation are better indicators to employee performance than traitlike measure which means 

that the motivation of the person that changes over time depending on the state that they are in 

are a better indicator for their job performance than whether they are a motivated person or not. 

(Van Iddekinge et al., 2018)  

Our model assumes that the increase in ability is the result from the increase in 

employment rate i.e. the ability accumulates through work. The employment rate is in turn 

impacted by the hiring rate and the hiring rate depends on the perception towards refugee which 

comes from their performance. This creates the reinforcing loop or a virtuous cycle, R6. The 

same cycle can also be a vicious cycle. This is when the refugees do not perform well at work 

which would bring down the perception towards refugees and would create bias in hiring them. 

Since the loop R6 impacts the perception which impacts the social aspect as well, it means that 

there is a ripple effect to all other loops that have been described as well. 

 

Figure 13: Improve perception, improve employment rate reinforcing loop 

Finally the employment leads to income for the refugees and thus closing the big 

reinforcing loop, R7 and R8. Our model will be at aggregated level therefore the higher the 

employment rate for the refugees leads to increase in the average income than it would otherwise 

be if there was a low employment rate. Here, the virtuous cycle is when the increase of income 
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would decrease the refugee stress level which enable them to socialize more and thus improve 

the Norwegian’s perception towards them and result in a higher employment rate. The increase 

in the social interaction also motivates the refugee to perform well at work thus improves there 

job performance and in turn improve the Norwegian’s perception towards them which also 

increases the refugees’ employment rate. The reinforcing loop R7 and R8 are different in that R7 

improves the perception and hiring rate through social aspect and R8 improves the perception 

and hiring rate through refugees’ performance at work. 

 

Figure 14: The completed CLD 

The above CLD depicts the entire conceptual model of our research based on our literature 

review. Altogether we find 8 main reinforcing loop that contributes to the dynamic of refugee 

integration. 
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5. Model Description 

5.1 Model Boundary 

The following is the boundary of our model 

• The boundary of this model starts after the asylum seekers received a confirmation status 

from UDI to have a refugee status and ends when the refugees retire and die. The model 

structure follows Norway’s process i.e. after granting the status the refugees need to attend 

the mandatory course for one year.  

• The model focus on working age refugee population and their integration. As such the 

refugee outside the working age is not considered. 

• The model does not take into account the gender differences. Therefore in the model the male 

and female would behave similarly i.e. the way they respond to stress, the way they socialize 

and the way they can perform at work. In addition, other integration elements specific to the 

gender is not considered. 

• Literacy and work skills of refugees are outside the model boundary. This means that 

refugees are considered to have same level of education and skills prior to migrating to 

Norway. Furthermore other education beside the introduction program is not considered in 

this model. This is because when the refugees arrive to Norway, most of them already have 

family and kids that they need to support, therefore they would like to work and earn money 

as soon as possible. Thus most of them only take the mandatory introduction program even 

though there are other specialization program that Norwegian government offer to them for 

example carpenter and plumber. In this way, all refugees start their career at entry level and 

their work ability is only influenced by the time they spend employed. 

• Regarding the employment, refugees’ job satisfaction and its effects to attrition are also 

outside the model boundary.  

5.2 Assumptions 

The general assumption for this model is that the refugees and Norwegians are considered 

equal in all aspect. That is if the refugees have the same income as the average income in 

Norwegian, their stress level will be the same as the Norwegians and hence socialize the same 

amount and have the same social skill. In this way their job performance is of the same level as 

the native population and hence same employment rate. This assumption is made since there is a 

lack of data hence makes it difficult to quantify the differences between the refugees and the 
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local people. Thus for all the soft indicators such as the stress level we use the relative term 

instead i.e. they are represented as relative to Norwegian population. Also, in this way we can 

understand the dynamic that can put the refugees into disadvantages even without the biases in 

the society. Nevertheless, where possible, the model has explicit variables to capture the biases 

and gap between the local people and the refugees. 

5.3 Model Structure 

5.3.1 Overview 

The main objective of this research is to investigate the dynamics of refugee integration 

between the main indicators and to particularly explore the vicious cycles that may impede the 

integration. In the previous section we have identified dynamic hypotheses and the causal loop 

diagram. For the ease of understanding we organize the module in the model according to the 

main elements in the causal loop diagram. The figure below shows that the model is divided into 

6 separate modules: Economic, Employment, Job Performance, Perception, Social Interaction 

and Stress. Each module is connected to other modules by taking the input from or provide the 

input to other modules. Each connection between the module will have the switch corresponding 

to it. The switch is used to switch on or off the connection between each module. This is useful 

when partially testing and analyzing the model. Where possible the model is normalized, and the 

relative value is used. The subsequent sections will briefly explain the structure of each module 

individually. The more detail of the module can be found in the appendix which contains model 

documentation. 

 

Figure 15: Model Overview 
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5.3.2 Economic Module 

This module gives the model structure for the budget to help the refugee and calculate the 

refugees’ income. First the module takes the number of refugees who work in an entry level and 

the number of refugees who work in a senior level and calculate the average income for the 

refugee in each workforce level. The average income is calculated from both employed and 

unemployed refugees in that level. Thus to make a fair comparison to Norwegian average 

income, which only takes into account the employed people, we multiply it by 0.75 which is a 

Norwegian employment fraction for total population. Then we calculate the refugee relative 

income which will be used in the stress module. For simplicity, we assume constant budget is 

provided to help refugees. Once the budget flows in yearly, the budget will be used first to help 

the current refugees. This comprises of the transition cost for the refugees that still has ongoing 

training and the cost for the unemployment benefit for those refugees who have completed the 

training but are still unemployed. The rest of the budget then will be used for helping new 

refugees. Thus the number of refugees that can be accepted each year is determined by how 

much budget is left from helping current refugees. If the employment rate for current refugees is 

high, then the government does not need to spend much money for unemployment benefit and 

thus more budget is left to help the new refugees. Once the refugee status is granted to the 

refugee then the refugee has to complete the mandatory training for language and social study, 

hence the stock “refugee in training”. Usually it takes one year for refugees to have the training 

therefore the outflow of the stock “refugee in training” is determined by the duration for 

preparation. The refugees are transitioned out of the refugee in training stock and flow into the 

“refugees waiting to be employed” stock in the employment module. This module provides the 

output to employment module as we have just mentioned and also to the stress module. The 

output to the stress module is the refugee’s relative income to the average Norwegian. 
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Figure 16: Economic Module 

5.3.3 Employment Module 

The employment module has the structure of aging chain and co-flow. The aging chain 

takes the refugee, from the economic module, who has finished their training to the stock 

“Ready refugees waiting to be employed” and when refugees are hired they will move to “Entry 

Level Workforce” stock and move to “Senior Level Workforce” when they are promoted.  

The model assumes that all refugees are accepted at around 30 years old. This 

determines the constant parameter that determines the time refugees stay in each stock for 

example time to retire, time to promote, years after retirement. Since other education besides the 

introduction program is not in the model boundary. We assume that refugees are not 

specializing in any skills, and they can only start off with the entry level work. We assume only 

two levels of workforce in our model: entry level and senior level. The assumption is that the 

entry level is unskilled job, and such jobs are temporary and unstable by nature hence parameter 

for duration of stay in the job is shorter than senior level. The definition of senior workforce in 

our model is the jobs that required skilled and are hired as permanent workers. Our assumption 

leads to entry level workforce with the unskilled job earn less than the average earning in 

Norway and the senior level workforce earns a little bit above the average.  

The rate of which refugees are employed is determined by the hiring fraction which depends 

on the Norwegian’s perception to the refugee. When the relative perception is one, it means that 
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the refugees are perceived as equal to the Norwegian and as so the hiring fraction for employee 

is equal to national employment rate. The structure also includes attrition rates, in that case the 

refugee flows into “Unemployed Entry Level” and “Unemployed Senior Level” accordingly. 

The employee attrition rate in the model assumes the average stay in the job to be the same for 

all refugees and does not take into account for the refugees being fired due to their lack of 

capability or that the refugees are not satisfied with their job. 

The unemployed refugees can be hired again and so they move back to the employed stock. 

Eventually both entry level refugees and senior level refugees are retired and so they move to 

“Retired Refugee” stock. Finally the retired refugees die and there is an outflow from the retired 

refugee. The model assumes average time for each event to determine how long the refugees 

stay in each stock for example average time the refugees quit their job, average time to promote 

the refugees from entry level to senior level, average time for the refugees to retire based on the 

assumption that the refugees enter the country at 30 years old. 

We have also constructed the co-flow for the employee experience. As long as the refugees 

continue to work, they continue to gain more experience. Once the refugees quit their jobs, they 

stop collecting any more experience until they are hired again. When the refugees are promoted, 

the experience flow into senior level workforce experience. Finally we calculate the average 

workforce experience of both entry level workforce and senior level workforce, and we will use 

this in the job performance module, which will be described in the next section. 

 

Figure 17: Employment Module 
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5.3.4 Job Performance Module 

The job performance module determines refugees’ job performance in relation to average 

Norwegian. There are two contributors to the employee job performance: ability and motivation. 

The model assumes that the ability depends on the average experience of the employee. More 

years in the job means more experience and higher ability. If the average experience is relatively 

low, that is when there is high unemployment, the overall ability for the refugee will then 

decrease. We use graphical function to depict the effect of the average experience to the normal 

ability. Then we multiply the effect to the normal ability to find the actual ability. However the 

refugees’ ability at work does not change immediately thus we represent this change by using the 

inflow to the stock “Ability” and use the time to adjust to determine the rate of change.  

Similarly, we construct the change of refugees’ motivation at work. For the motivation to 

perform, there are two factors that contribute to it: the frequency that the refugees interact to 

other people at work and the rewards. Although both of them affect the motivation to perform, 

rewards tend to be more impactful than the interaction and thus we assume rewards carry 0.7 

weight. We can see small reinforcement loop in the diagram below where the better the 

performance relative to the average, the more rewards the refugee get, the more motivated they 

are at work and result in even better performance. We normalize the refugee performance with 

the average performance to get the relative performance value and refugee relative performance 

will be used in the perception module, which we will describe in the next section. 

 

Figure 18: Job Performance Module 
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5.3.5 Perception Module 

The perception module determines how are refugees being perceived by Norwegian in 

relation to how other Norwegians perceive each other. There are two factors that contribute to 

the perception: refugees’ performance at work and their social skill. We assume that people are 

mostly judged by how well they work hence job performance carries 0.6 weight. However it is 

also important that there is a good interaction between the refugees and Norwegian. Good 

interaction is determined by how well the refugees are able to communicate hence their social 

skill. The better skill the better the perception. Similarly, the better their performance the better 

perception people will have towards the refugees. The structure has a variable that allows in case 

there are any biases in the perception towards refugees, both positive and negative biases, hence 

the converter “Gap between normal and refugees”. In the analysis chapter, we will discuss on 

how the bias can affect the dynamics of the model. In addition, the perception does not change 

immediately, hence the rate of change is determined by the time to adjust the perception. Finally, 

in this module, we calculate the relative perception to the refugees, and this will be used to 

determine the hiring rate, in employment module, and it will also be used to determine the 

frequency of social events refugees are invited in the social interaction module, which will be 

described in the next section. 

 

Figure 19: Perception Module 

5.3.6 Social Interaction Module 

The social interaction in this module focuses on the interaction between the refugees and 

Norwegian. There are two types of interaction, the interaction from the social event and the 
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interaction from the workplace. The number of social events that the refugees have depend on 

the invitation that the refugees received from local people and their willingness to attend the 

event. Unlike the total effects in other modules where it is the sum of all effects, here the total 

effects is multiplication of two effects. This is because for the refugee to attend the social events 

they need both the invitation and their own willingness to attend. The invitation is the effect of 

the perception towards refugee i.e. if the local people have good perception towards them, they 

would be more willing to include and invite the refugees to the social events. In addition, the 

refugee’s willingness to attend the social events is the effect from the refugee’s stress level. 

When people are highly stress, it is more likely for them to isolate themselves from the society. 

The model also includes the interactions in the workplace, and this largely determined by 

how well the refugees can socialize. This skill includes mainly the language fluency and the 

understanding of the culture and the etiquettes. Here we have the reinforcement loop where the 

refugee social skill is improved with the more interactions they have with the Norwegians. The 

better the social skill, the more confident they are and thus even more interaction to the 

Norwegians. The model assumes that people do not always have long meaningful interaction 

with their colleague every day that they go to work. Thus we have the fraction of meaningful 

interactions, and the fraction would change according to the refugees’ social skill. Finally this 

module provides the relative social skill that the refugees have which is used in the perception 

module, described in the previous section. The social interaction module also provides the 

refugees’ relative interaction which will be used to determine their stress level which we will 

elaborate in the next section. 

 

Figure 20: Social Interaction Module 
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5.3.7 Stress Module 

There are two endogenous factors and one exogeneous factor to the stress. The main 

effect to stress is the income since it directly determines the quality of living especially living in 

a high cost of living like Norway. Here we use the relative income that the refugees earn in 

relation to the average earning in Norway. When the relative income is equal to one, it means 

that the refugees earn as much as the average Norwegian and thus assume to have the same level 

of stress as the Norwegian. When the relative income is less than one, it means refugees earn less 

than the average Norwegian and thus has a higher stress. Another factor that contributes to the 

stress is the number of social interactions. The more social interactions the refugees have with 

the local people, the more included they feel and thus are happier hence less stress. There is one 

exogenous stress factor in the model since there can be other kind of stressors in people’s life 

beside money and friendship. The model assumes 0.6 weight for income, 0.2 for social 

interaction and 0.2 for other stressors. Finally the stress does not change immediately but rather 

changes over time and the rate of change is determined by the adjust time for stress level. 

 

Figure 21: Stress Module 
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6 Model Validation and Testing 

The purpose of model validation and testing is to build the confidence in the system 

dynamics model that we have created. (Senge & Forrester, 1980) In this research, we follow the 

validation and testing guideline provided by (Barlas, 1996; Senge & Forrester, 1980; Sterman, 

2000). The validation and testing can be summarized into 3 major categories: 

Direct structure test: structure confirmation test, parameter confirmation test, direct extreme 

condition test, dimensional consistency test 

Structure-oriented behavior test: extreme condition test, integration test, behavior 

sensitivity test 

Behavior pattern test: model pattern test 

The next section discusses the result of these tests 

6.1 Direct structure test 

Structure confirmation test: This test ensures that the structure of the model follow the real-

world knowledge. In our model, we ground our equations, links and structures from the literature 

review. The reference for the assumptions for each relationship and parameter values can be 

found in Dynamic Hypothesis (chapter 4), Model Description (chapter 5) and the model 

documentation (appendix). Thus the model is structured based on the reference to the real-world.  

Parameter confirmation test: This test ensures that the constant parameter in the model reflects 

the real system both conceptually and numerically. Conceptual confirmation is when the 

parameter in the model exists in the real world. Numerically confirmation is when the value of 

constant parameter has enough accuracy. In our model, the parameter values are based on the 

literature review which provides conceptual confirmation. However since most of the parameters 

are soft variables for example average stress and average perception, there is high uncertainty for 

this type of variables. We therefore use sensitivity analysis to determine the impacts that this 

uncertainty has on our findings. The result for the sensitivity analysis can be found in section 6.2. 

Furthermore, due to the uncertainty and lack of the data for most parameters we choose to use 

the relative term instead of the absolute values where possible.  

Direct extreme condition test: This test ensures the robustness of the model. We test this by 

replace the variables with the extreme value, although the value still needs to be meaningful in 
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the real-world. Where applicable we also apply min and max function to ensure the robustness. 

We have found that for all the variables the model can pass the extreme condition except for one 

condition that the refugee application per year cannot be zero at initial. This is due to how we 

initialize our stocks in equilibrium and the zero refugee application at initial would create error. 

The refugee application can be zero at other times.  

Dimension consistency test: This test ensures that the dimensions in the models are consistent 

with each other and have meaning in the real world. The units we use in the model has the real 

world meaning. In addition all variables contain the measurement units, and the units are 

consistent across the model. Moreover, Stella Architect version 2.1, which is the software we use 

for the modelling, provides automatic check for unit consistency. Our model does not have unit 

error or unit warning. 

6.2 Structure-oriented behavior test 

Indirect extreme condition test: This test is to ensure that the model is able to produces the 

expected behavior under the extreme condition. Since our model cannot take zero refugee 

applicants at the beginning of time due to the equation to initialize stocks in equilibrium 

therefore we simulate the indirect extreme condition test by having 1 applicant at the first year 

and then zero applicants for the rest of years that the model runs. Our expectation is that 

eventually there will be no more refugees in the workforce as all of them will have to eventually 

retire. The figure on the left confirms that there is only 1 refugee accepted in year 2010 then the 

accepted refugee drops to zero for the rest of the time. The refugee in training follows the same 

pattern, which it supposed to be. The graph on the right shows that eventually all refugees are 

retired and that the number of unemployed and employed refugees go down to zero, respectively. 

It is worth noting that since we initialize the employed refugees stock in equilibrium, the 

equilibrium equation does not give zero employee as the initial. 
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        Figure 22: Result of accepted refugees per year                  Figure 23: Result of total employed and unemployed refugees 

In term of the behavior, we observe that the relative perception towards refugees has 

risen and stay in equilibrium at 1.6 after year 2080. This is because perception depends largely 

on the performance and the refugee performance increases since year 2030 for senior level and 

2065 for entry level. This is due to how we structure the performance that base on the ability 

and the ability is based on the average workforce experience. Thus when the workforce 

decreases the average workforce experience increases hence the performance increases.  

            

Figure 24: Relative Performance    Figure 25: Relative perception 

In addition as the refugees start to retire, the market become less competitive and the 

fraction for employed refugees start to increase from year 2030. Since most refugees are 

employed thus the average income increase thus we see the decline in refugees’ stress level 

which also increases the social interaction and motivation to work, resulting in even better 

performance and perception. Thus in term of behavior, although the perception and job 

performance does not reflect the reality entirely but its trend still make sense. 
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  Figure 26: Fraction of employed refugees            Figure 27: Refugees' relative stress level 

Integration test: This test is to test whether model behaves differently with different integration 

method. We have tested with 3 integration methods provided by the software, Stella Architect 

2.1, that we use to develop and run the mode. The three integration methods that we used to test 

are Euler method, Runge-Kutta 2nd order and Runge-Kutta 4th order. We have also tested the 

Euler method with half and double DT.  All integration methods and DT provide the same model 

result. 

Behavior sensitivity test: The sensitivity test determines the sensitivity of the model as the 

parameter value changes. We perform the sensitivity test by running the sensitivity analysis that 

provided by the software, Stella Architect 2.1, changing the parameter value within the range of -

25% and +25%. We also perform the sensitivity test on all graphical function by increasing the 

curvature of the graph and decreasing the curvature of the graph and makes the graph linear 

instead of s-shape. From our sensitivity analysis, we have identified three categories of 

sensitivities: Sensitive, Limited sensitivity, Not sensitive. Sensitive is when there is a change is 

behavior pattern. The example of the variables that are sensitive and which require more data in 

the future work are the weight of income to stress, the effect of social skill to perception, the 

effect of perception to social event interaction.  Limited sensitivity is when the behavior pattern 

does not change but the magnitude of the difference is wide. Not sensitive is when the behavior 

pattern does not change and the magnitude of the difference in the result is small. Figures below 

show the example of the result of each category. For the detail result, please refer to appendix B. 
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Figure 28: Example of result from sensitive parameters         Figure 29: Example of result from limited sensitive parameter 

 

Figure 30: Example of result from non-sensitive parameter 

 

6.3 Behavior pattern test 

Since the main focus of this research is to develop an exploratory model in order to 

understand the mechanism of refugee integration and the dynamics between them, therefore the 

model is not developed to fit any data or behavior pattern. Rather, the model is developed based 

on the literature that we have found so far about the refugee integration, then we perform the 

analysis and learn the behavior of the system and the dynamic behind it. The detail behavior 

analysis is described in the next chapter.  
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7 Model Behavior and Analysis 

Equilibrium 

The models is initialized at equilibrium. The equilibrium means that refugee is equal to 

Norwegian in term of salary and skill, they will be perceived and treat like other Norwegian. At 

equilibrium the refugee earns as much as Norwegian thus relative earning is 1. When they earn 

as much as Norwegian, their stress is then equal to what Norwegian has therefore the relative 

stress is one. When relative stress is one, their relative social interaction is also one which makes 

relative perception and relative performance to one and in the end the hiring rate is the same as 

Norwegian (70% employment rate).  

 

Figure 31: Sample results when the model is in equilibrium 

Baseline Scenario 

The following is the configuration for our baseline scenario 

Time horizon 2010-2050 

DT 1/30 

Equilibrium switch 0 

Refugee application per year 8000 

External Budget to help refugees 29 billion NOK 

  Table 2: Configuration for baseline scenario 

The model assumes 8000 application per year according to the average of the previous 10 

years statistic. As a general trend, we observe that the employment fraction is stable in the first 5 

years (2010-2015) then starts to decrease decreasingly from 2015 to 2030 then reaches a new 

equilibrium from 2030 onwards. 
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Figure 32: Refugees employment fraction 

The following is the explanation of such dynamic. When the model is in equilibrium 

mode, we assume that the relative income of refugees is 1 (equal to the average Norwegian). 

When the model is not in equilibrium mode, the relative income for the entry level starts lower 

than the average Norwegian. Since we assume that the entry level job is unskilled job thus the 

annual income for entry level is around 30% lower than average. Nevertheless, the relative 

income for both entry and senior level is stable for the first 5 years. When the relative income is 

lower than average the stress level increases. As we can see from the graph on the right that the 

stress level for entry level refugee increases sharply in the first 2 years since the relative income 

for this level already starts off lower than average. The stress level for senior refugee on the other 

hand remains stable for the first 5 years. 

           

Figure 33: Refugee relative income     Figure 34: Refugee stress 

The increase in the stress level for entry level refugee has an impact to willingness to 

socialization. Thus for the entry level refugee the relative interaction decreases rapidly. When the 

refugees do not socialize their social skill deteriorates as well. However for the senior level, the 

relative interaction and relative social skill still remains the same as the stress level does not 
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change. Here the reinforcing loop between interaction and stress level also working in a negative 

direction i.e. as the interaction decreases the stress level increases. 

             

              Figure 35: Refugee relative social interactions                                               Figure 36: Refugee relative social skill 

The decrease in social interaction also causes the motivation to drop. However this is not 

instantaneous, there is a delay for the motivation to change. Therefore we see that the motivation 

and performance decreases at a slower rate at first and then decrease decreasingly after the first 2 

years.  

              

                              Figure 37: Refugee relative motivation                                       Figure 38: Refugee relative performance 

Until now, we can see that the increase in stress level causes decrease in social 

interaction, motivation and performance for the entry level. These indicators remain stable 

around 1 for senior level refugees. However, the perception is an average of the entry level and 

senior level thus initially the perception slowly decreases in the first 5 years.  
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Figure 39: Perception toward refugee relative to normal 

It is important to mention that, for senior workforce, their income is closer to the average 

at the beginning hence their stress is relatively equal to the Norwegian in the first 5 years. 

Though, the perception to the refugees is not separated by the employment level therefore the 

challenges that the entry level faces has an impact to senior level refugee as well. This means, 

when the decreasing of perception impacts both entry level and senior level in term of social 

interactions i.e. when the local people start to doubt the refugees they do not distinguish between 

entry level and senior level but they start to doubt refugees as a whole. The impact is that the 

local people socialize with refugee less and this is when the social interaction for senior level 

starts to drop in year 6th. Again, a decrease in social interaction causes increase in stress level. So 

we start to see the same pattern for the senior level refugees where the stress level increases 

which impact interaction, social skill, motivation and job performance. Thus for the next 15 

years, 2015-2030, the vicious cycle goes on for both refugee at entry level and senior level.  

In addition, the decrease in perception causes the hiring rate to decrease, as such the 

employment rate decreases which in turn impact average income of the refugees. When the 

relative income decreases, this causes more stress and add to the vicious cycle mentioned above.  

 

Figure 40: Refugee employment fraction and relative perception 

Since the model assumes that the interaction between Norwegian and the refugees cannot 

go down to zero, once the relative interaction is at its lowest around 2030, the behavior stabilize 

at the new equilibrium. This equilibrium also represents the worst case scenario. 
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Bias in perception 

This scenario uses the following configuration 

Time horizon 2010-2050 

DT 1/30 

Equilibrium switch 0 

Refugee application per year 8000 

External Budget to help refugees 29 billion NOK 

Gap between normal and refugee 0, -0.10, 0.10 

Table 3: Configuration for bias in perception scenario 

The baseline scenario assumes that there is no bias in perception towards refugees. 

However we have found that perception plays a vital role therefore we would like to explore the 

scenario when refugees are not perceived as equal to other people in the society both positively 

and negatively. Perception influence directly to the hiring rate and to the social interaction 

therefore even with the small gap it can worsen  vicious cycle when start off negatively or 

amplify virtuous cycle when start off with positive gap. The positive gap does not necessarily 

have to mean that the refugees are perceived as being more capable that the Norwegian but can 

be seen as someone that is hard working and thrive to success in their new host country or 

someone who needs help and in this way that Norwegian try a bit more to reach out to them to 

invite them to the events or accept them to work.  

The graph below shows that when we increase the perception by 10% the pattern of the 

behavior changes to a virtuous cycle i.e. the perception increases increasingly in the first 10 

years. However when the perception decreases by 10% the pattern of a vicious cycle from the 

baseline scenario is amplified i.e. the perception keeps decreasing in the first 10 years. 

 

Figure 41: Different in relative perception 
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We examine the dynamic of the main indicators closely for each refugee level and found 

that the behavior is different for each level of the workforce. It is known from the baseline 

scenario analysis that as the perception increases the social interaction also increases. However, 

since the senior level refugees start off with a better position in term of stress level therefore 

when the perception increases, the relative social interaction is able to increase above 1 and the 

relative stress level decreases to less than 1. More interaction also means better working 

atmosphere and less stress and thus improve the overall working performance and perception 

accordingly. 

   

Figure 42: Refugee relative social interaction for senior level Figure 43: Refugee relative stress for senior level 

 For entry level workforce however, when the perception increases their social interaction 

increases from the baseline scenario and become equal to average Norwegian. However their 

stress level although decreases but does not completely disappear since their relative income is 

still lower than average. And the relative income contributes more to the stress level than the 

social interaction. 

   

Figure 44: Refugee relative social interaction for entry level  Figure 45: Refugee relative stress for entry level 
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 On the other hand, when the society start off with negative perception that average (-

10%), we see the same pattern as the baseline scenario but with a larger magnitude i.e. more 

stress, less interaction, less performance.  

   

Figure 46: Refugee relative social interaction for senior level  Figure 47: Refugee relative stress for senior level 

The same is also true for the entry level workforce refugee i.e. less perception, less social 

interaction, more stress. 

     

Figure 48: Refugee relative social interaction for entry level  Figure 49: Refugee relative stress for entry level 

In addition the gap is closer in term of relative social interaction between entry level and 

senior level as can be seen in below graph due to the negative perception sets the refugee in both 

entry and senior level at the disadvantage and thus the impact to the senior workforce happen 

faster than the baseline scenario with 0 bias gap. 

 

Figure 50: Comparative graph of relative social interaction by workforce level 
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Impact of social interaction 

This scenario uses the following configuration 

 Baseline Scenario 1 Scenario 2 Scenario 3 

Time horizon 2010-2050 

DT 1/30 

Equilibrium switch 0 

Refugee application per year 8000 

External Budget to help refugees 29 Billion NOK 

Bias gap between normal and refugee 0 

Additional events 0 12 12 48 

Refugee social skill gap 0 0 -0.25 -0.25 

Table 4: Configuration for each scenario 

One can argue that the perception is difficult and slow to change. More importantly, the 

perception is influenced by the social interaction therefore we would like to explore the social 

interaction aspect of the model. First we run the baseline scenario as benchmark. Here we 

assume that there is no social skill gap between refugee and Norwegian. Then in scenario 1 we 

assume that there is one event per month that arrange for refugee to do activity with the local 

people, this results in the interaction and social skill is almost similar to Norwegian for entry 

level and even a little bit higher than average for senior level. However in reality, refugees have 

to learn new language like Norwegian and therefore do not have similar fluency and are not 

accustomed to the new culture hence there is a social skill gap. In scenario 2 we simulate that 

there is -25% gap, then we observe that the social interaction decreases at a much steeper rate 

than 0 gap. This is due to the reinforce loop through the social skill where the language is a 

barrier for refugees to have a meaningful interaction with the local people. Without meaningful 

interactions, they do not practice their social skill and so it deteriorates. In order to compensate 

for skill gap, in scenario 3, we arrange for more social events per month so that refugees can 

have more practice in their social skill since the social skill is a link to a good public 

outcome.(Ager & Strang, 2008) This sort of activities is already organized in some 

municipalities for example language café, group hiking. 

As can be seen in the graph below for entry level, 4 additional events per month can 

compensate for their social skill gap and maintain the relative social interaction to 1 and as such 

their social skill is maintained at a higher level than the baseline scenario. 



 

41 
 

   

Figure 51: Refugee relative social interaction for entry level   Figure 52: Refugee relative skill for entry level 

  For senior level refugee, since they have a better start due to better income and so less 

stress, even with the skill gap but 4 additional events per month can maintain their relative social 

skill to around 1. 

   

Figure 53: Refugee relative social interaction for senior level         Figure 54: Refugee relative skill for senior level 

It is also worth noting that, the extra activities/events when done right can add to much 

better perception that the local will have towards the refugee as can be seen in the graph below. 

 

Figure 55: Perception towards refugee 
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Furthermore, for the refugees who have reached senior level, additional social events is 

sufficient to bring them to equal to average Norwegian, as we can see from the relative social 

interaction and social skill graph previously. Because the social aspects are relatively equal, this 

lowers their stress level and brings their job performance up to above average. 

  

   Figure 56: Refugee relative stress for senior level  Figure 57: Refugee relative performance for senior level 

For entry level refugee however, social interaction alone is not enough to bring their 

stress level down to average level as can be seen in the graph below. This is because they still 

have relatively low income job, and the income contributes more to the stress level than the 

social interaction. 

 

Figure 58: Refugee relative stress for entry level 
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Hiring more refugees 

So far, we have found no mechanism to help the entry level refugee to be as equal to the 

Norwegian. This is due to 2 factors, their relatively low income, and the increase in 

unemployment. The average income decreases when unemployment rate is high. Since the 

average income for each level is calculated by taking into account the unemployed refugee as 

well.  

 

Figure 59: Unemployed refugees by level 

As proposed by Garkish et.al, besides training refugees the government can potentially 

compensate for companies to hire the refugees as well. (Garkisch et al., 2017) We therefore 

explore the scenario where there are incentives for the employer to hire entry level refugees. We 

choose to focus only the entry level since for the senior refugee there are already other 

mechanism that can potentially help them. The configuration for this scenario is as below: 

 Baseline Scenario 1 Scenario 2 

Time horizon 2010-2050 

DT 1/30 

Equilibrium switch 0 

Refugee application per year 8000 

External Budget to help refugees 29 billion NOK 

Bias gap between normal and refugee 0 

Additional events 0 

Refugee social skill gap 0 

Additional hiring 0 0.10 0.50 

Table 5: Configuration for each scenario 

Here we assume the hiring rate for refugee to have additional 10% for the entry level 

workforce. We found that the stress level is no different from the BAU scenario. Even if we raise 

the additional hiring to 50% the stress for the entry level is still 50% higher than the average 
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Norwegian. This is due to the limitation of the how the model is construct in which the entry 

level workforce is assumed to be non-skilled worker such as cleaner and thus have a lower paid 

than the average. Therefore the stress will still be there as long as they are still struggle 

financially.  

 

Figure 60: Refugee relative stress for entry level 

This phenomenon also replicates what happen in reality where many of the refugees 

found themselves in a trap of low paid, temporary, non-skilled job. It is therefore crucial that the 

refugees are trained and educated so that they are able to have at least an average paid job (senior 

level in the model) and are able to thrive and integrate well in the society. 

Many of the studies use the employment percentage as an indicator of how well the 

refugees are integrated into the society. The incentive to hire the refugees would increase the 

employment fraction in this case but it does not help with the refugees’ stress level therefore the 

number of social interactions, social skill and perception still remains low. Since these factors for 

integration still remain low, we can see from the graph that the fraction of employment remains 

in the downward trend. 

 

Figure 61: Fraction of employed refugees 
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Combination of help 

Previously we have explored each factor and its impact to refugee integration 

individually. In this section, we would like to explore the impact of the combination of help that 

we can provide to the refugee and their impacts. Below is configuration for each scenario 

 Baseline Scenario 1 Scenario 2 

Time horizon 2010-2050 

DT 1/30 

Equilibrium switch 0 

Refugee application per year 8000 

External Budget to help refugees 29 billion NOK 

Bias gap between normal and refugee 0 

Additional events (per year) 0 24 24 

Refugee social skill gap 0 

Additional hiring 0 0 0.3 

Table 6: Configuration for each scenario 

First scenario, we assume that there are 2 additional events per month for the refugee to 

meet with the local. We also assume that there is no social skill gap between Norwegian and 

refugee since this factor can be covered by providing more rigorous language training to them. 

We found that for the entry level, the stress level has significantly decrease although not to 1 but 

the increase in social interaction has impact in increasing their social skill and their job 

performance. 

 

Figure 62: Result for refugee entry level 

For the senior level refugees, the increase in social interaction is able to bring their stress level 

down to below average and thus their social skill and job performance increase to above average 
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Figure 63: Result for refugee senior level 

The overall perception towards refugee is then raised through the increase in social interaction 

and the increase in the refugees’ job performance, as represented in the graph below. 

 

Figure 64: Perception towards refugee 

Furthermore, we see the opportunity to increase the hiring rate for entry level in order to reduce 

the cost of helping unemployed refugees. Therefore in scenario 2, we assume that there is 

incentive to hire entry level refugee and there is additional 30% hiring rate for that group. We 

found that this does not have an impact on the perception from scenario 1 however it has an 

impact on the budget to help refugee. When hiring rate increase, the employment rate increases, 

in other word the unemployment decreases.  

   

               Figure 65: Perception towards refugee              Figure 66: Refugee employment fraction 
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When unemployment decreases therefore the cost of helping unemployed refugee 

decreases. As the cost of helping current refugee decreases the total budget to help refugee 

increases. Of course, this does not take into the account of the cost for implementing policy to 

help current refugees. However we do see the potential in accepting more refugees to the 

country. 

   

     Figure 67: Budget used to help current refugees          Figure 68: Total budgets to help both current and new refugees 
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8 Discussion and Conclusion 

The purpose of this research is to understand the mechanism and dynamic of how 

refugees integrate by looking beyond just the employment rate but rather taking into account 

their psychological well-being aspect, their social aspect, the perception towards the refugee and 

how the refugees are able to perform their job. Our focus is on the reinforcing mechanism of 

these indicators and its compounding effect. The followings are our key insights and answer to 

our research questions. 

1. What benefits can system dynamic approach bring in representing the dynamic behavior of 

the refugee integration in Norway? 

We are able to use system dynamics to build exploratory model that represent and help us 

understand the dynamics of refugee integration. In addition, we have successfully attempted to 

quantify the model. Although there is lack of data on many “soft” variables, we normalize the 

model and use relative term to compensate for the limitation. The modelling allows us to 

integrate the elements that are usually discussed separately and understand the feedback loops 

that prevent refugees to integrate to the new country. 

2. What are the main indicators that contribute to the refugee integration and the dynamic 

between them especially the mechanism that makes refugees struggles in the new country? 

From our literature review, we have identified key indicators for refugee integration as 

follow: employment rate, stress level, social interaction, social skill, job performance, perception 

towards refugee. We have identified eight major reinforcing loops in our dynamic hypothesis. 

These loops are interconnected and thus have compounding effects.  

The model categorizes refugee workforce into two levels: entry level and senior level. The 

entry level work is an unskilled, relatively low paid and unstable job. Where the senior level 

work requires skill and thus it is a higher paid and permanent job. With the assumption that entry 

level workers have lower income relatively to the average Norwegian income, we expect their 

average stress level to be higher than the average Norwegian since income is an important 

contributor to stress. We find that higher stress due to income impacts refugees willingness to 

socialize, their motivation to work and thus their job performance. As those elements can lead to 

the local population having a more negative perception towards refugees, refugees can get 

“trapped” in having fewer opportunities to participate to situations that can help their integration 

and stress for example social events or advancing to better paid jobs. In addition, since the 
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perception is not separated by the level of worker therefore the decrease in perception will 

eventually impact the senior refugee who has start off well in the beginning. 

3. What can potentially be the help that we can offer to the refugees to help easing them into the 

new host country? 

Since the entry level workforce is trapped in the unskilled and relatively low income job, it is 

therefore important to ensure that the refugees are trained and acquire necessary skills needed in 

the labor market. This is to move the refugee out of the entry level workforce trap to senior 

workforce where they are able to live like an average Norwegian. 

Furthermore, we found that the local perception towards the refugee has a major impact to 

the integration. However the perception in itself takes a long time and is difficult to change thus 

the increase in number of interactions between local and refugees can be used as a mean for 

refugee to improve their social skill, raise the perception of local people and reduce the refugees’ 

stress. Some municipalities already organize such events for the refugees to meet local people for 

example walk and talk, where they go hiking together and language café where foreigner can 

practice Norwegian with the local. Our insight recommends that these activities should be done 

in a regular basis. 

Lastly, our analysis has shown that the refugees employment rate can be increased through 

increasing the refugees social interaction and provide the incentive for the company to hire more 

refugee. This will result in less cost for helping unemployed refugees and there is potentially 

enough budget left to accept more refugees. 

Limitation 

This research is the first attempt to use system dynamics model to quantify refugee 

integration. Thus the model is an exploratory model that has an objective to explain the dynamic 

of refugee integration and theoretical insight and does not have the objective to fit the model 

result into the real-world data. Plugging and fitting in the data is therefore a future work of this 

research. In addition, there is limitation of data for many parameters especially the soft variables. 

Therefore where possible we use relative term in the model to avoid the absolute number.  

Due to the limitation of time, the model structure does not separate the refugee by age, 

gender and education background. Thus it assumes the same behavior from the different groups 

while in fact the literature review shows that the stress level is different between age group and 

gender. In addition the refugees with higher education background will start off with better 

footing than the one with low to zero education.  In addition, this research focus is on the trap 
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that prevents the refugees to have a fulfilling life in the new host country, hence many 

reinforcing loops. The balancing mechanism should be added as future work. 

Lastly this research does not cover the policy structure. The policy recommendation is 

based on the intervention points, but the policy structure has not yet been developed. Thus the 

future work of this research is to ensure the fitting of the result to the real-world data and 

development of the policy implementation structure.  
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Appendix B: Sensitivity Analysis Result 

Below table is the summary for the result from our sensitivity analysis. The rage is between -

25% and +25% of the value. We have categorized the sensitivity into 3 categories: 

• Not sensitive: There is no change in behavioral pattern and the magnitude of the model result 

is small. 

• Limited sensitivity: There is no change in behavioral pattern however the magnitude of the 

model result is relatively noticeable. 

• Sensitive: There is change in behavior pattern.           

Figure 69: Example of result from non-sensitive parameter 

Figure 70: Example of result from limited sensitive parameter 

Figure 71: Example of result from sensitive parameter 
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For the sensitivity analysis of graphical function, we simulate 5 runs where each run has 

different curvature. For example, the figure below shows different graphical function for effect 

of income to stress. We have applied the same concept with all the graphical functions in the 

model. 

 

Figure 72: Example of different graphical function 

In this case, the original graph is although an s-shape but it is close to linear, thus we found that 

the behavior changes as the curvature of the s-shape for effect of income to stress increases. 

 

Figure 73: Example of the result from sensitive graphical function 
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Below table contains the summary of all the variables in the model with the sensitivity result. 

Variable Value Range Sensitivity Comments 

Time 

Stress level adjustment time 1 0.75-1.25 Not sensitive   

Time to adjust social skill 2 1.5-2.5 Not sensitive   

Time to adjust perception 5 3.75-6.25 Not sensitive   

Time to adjust ability 5 3.75-6.25 Not sensitive   

Time to adjust motivation 1 0.75-1.25 Not sensitive   

time to offer rewards 1 0.75-1.25 Not sensitive   

Duration for preparation 1 0.75-1.25 Not sensitive   

Entry Level average time to Quit 4 3-5 Not sensitive   

Average time to promote 20 15-25 
Limited 
sensitivity   

Entry level time to retire 40 30-50 Not sensitive   

Senior time to retire 15 11.25-18.75 
Limited 
sensitivity   

Senior Level average time to Quit 8 6-10 Not sensitive   

Years after retirement 13 9.75-16.25 Not sensitive   

Weight 

weight effect of income to stress 0.6 0.45-0.75 Sensitive 

 Pattern of stress 
changes to decline when 
the weight is 0.45 

weight effect of 
social interactions to stress 0.2 0.15-0.25 

Limited 
sensitivity   

Weighted effect from 
other stressor (Entry) 0.2 0.15-0.25 Not sensitive   

Weighted effect from 
other stressor (Senior) 0.2 0.15-0.25 

Limited 
sensitivity   

Weight on performance 0.6 0.45-0.75 Not sensitive   

Weight on rewards 0.7 0.525-0.875 Not sensitive   

Average Level 

Refugee average stress level 0.5 0.375-0.625 Not sensitive   

Average social event interactions 
per 
person per year for Norwegian 106 79.5-132.5 Not sensitive   

Average fraction of meaningful 
interaction 0.5 0.375-0.625 Not sensitive   

Average societal social skill 0.8 0.6-1 Not sensitive   

Average perception to Norwegian 0.5 0.375-0.625 Not sensitive   

Normal ability 0.5 0.375-0.625 Not sensitive   

Normal motivation 0.5 0.375-0.625 Not sensitive   

Normal rewards 0.25 0.1875-0.3125 Not sensitive   

average refugee yearly 
income - entry level 430320 322740-537900 Sensitive   
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Variable Value Range Sensitivity Comments 

average refugee yearly 
income - senior level 638472 478854-798090 Sensitive   

average income in Norway 457110 342833-571388 Sensitive   

Average Tax rate 0.3 0.225-0.375 Not sensitive   

Average new employee 
experience 3 2.25-3.75 Not sensitive   

Normal Experience Gain Entry 1 0.75-1.25 Not sensitive   

Normal Experience 
Gain Senior 1.2 0.9-1.5 Not sensitive   

Other Parameter 

External budget 29000000000 
21750000000-
36250000000 Not sensitive   

Unemployment cost per person 125000 93750-156250 Not sensitive   

Transition cost per person 21000 157500-262500 Not sensitive   

Refugee application 8000 6000-10000 Not sensitive   

Graphical function 

Hiring fraction     Not sensitive   

Effect of income to stress     Sensitive 

The pattern for stress 
level for senior changes 
when curvature is more 
than 0.7 

Effect of social to stress     Not sensitive   

Effect from perception to social 
event interaction     Sensitive 

The pattern for 
perception changes 
when curvature is more 
than 0.8 

Effect of social skill to meaningful 
interaction     Sensitive 

The pattern for 
perception changes 
when curvature is more 
than 0.8 

Effect of relative social skill to 
perception     Sensitive 

The pattern for social 
skill changes when 
curvature is more than 
0.8 

Effect of performance to 
perception     Not sensitive   

Effect of experience to ability     Not sensitive   

Effect from interaction to 
motivation     Sensitive 

The pattern for senior 
level performance 
changes when curvature 
is more than 1.25 

Effect of rewards to motivation     Not sensitive   

Rewards based on performance     Not sensitive   
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Appendix C: Model Documentation 

 

Top-Level Model: 

Equilibrium_switch = 0 

    UNITS: dmnl 

    DOCUMENT: This is the switch to turn the model into equilibrium. When the switch is 1 

the model is in equilibrium. When running other scenario this switch should be set to zero. 

Input_1 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch economic to stress. The input only takes value of 0 and 1. 

Input_10 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch economic to employment. The input only takes value of 0 

and 1. 

Input_11 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch employment to economic. The input only takes value of 0 

and 1. 

Input_2 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch social to stress. The input only takes value of 0 and 1. 

Input_3 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch stress to social. The input only takes value of 0 and 1. 

Input_4 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch perception to social. The input only takes value of 0 and 1. 

Input_5 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch social to perception. The input only takes value of 0 and 1. 

Input_6 = 1 
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    UNITS: dmnl 

    DOCUMENT: Input to switch performance to perception. The input only takes value of 0 

and 1. 

Input_7 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch social to performance. The input only takes value of 0 and 1. 

Input_8 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch employment to performance. The input only takes value of 0 

and 1. 

Input_9 = 1 

    UNITS: dmnl 

    DOCUMENT: Input to switch perception to employment. The input only takes value of 0 

and 1. 

Switch_economic_to_employment = IF Equilibrium_switch = 1 THEN 1 ELSE Input_10 

    UNITS: dmnl 

    DOCUMENT: This is a switch to take input from the economic module to employment 

module. When the switch is 0, it will take the employment rate as input, for equilibrium 

purposes. When the switch is 1, it will take the transition rate from economic module as an 

input to this module i.e. training rate 

Switch_economic_to_stress = IF Equilibrium_switch = 1 THEN 1 ELSE Input_1 

    UNITS: dmnl 

    DOCUMENT: This is switch to link output from economic module to stress module. 1 

means the stress module will take the refugee relative income to norwegian from economic 

module as input, while 0 means it will take constant relative income. 

Switch_employment_to_economic = IF Equilibrium_switch = 1 THEN 1 ELSE Input_11 

    UNITS: dmnl 

    DOCUMENT: This is a switch to take input from the economic module to employment 

module. When the switch is 0, it will take the employment rate as input, for equilibrium 

purposes. When the switch is 1, it will take the transition rate from economic module as an 

input to this module i.e. training rate 
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Switch_employment_to_performance = IF Equilibrium_switch = 1 THEN 1 ELSE Input_8 

    UNITS: dmnl 

    DOCUMENT: This is the switch to connect the employment module to performance 

module. When the switch is 1 it takes the relative experience from the employment module. 

When the switch is 0 it takes the constant relative experience. This is useful for testing the 

module individually. 

Switch_perception_to_employment = IF Equilibrium_switch = 1 THEN 1 ELSE Input_9 

    UNITS: dmnl 

    DOCUMENT: This is a switch whether or not to take the input from the perception module 

or from a constant number. When switch is 0, the module takes constant relative perception. 

When switch is 1, the module takes input from perception module. 

Switch_perception_to_social = IF Equilibrium_switch = 1 THEN 1 ELSE Input_4 

    UNITS: dmnl 

    DOCUMENT: This is switch to link output from perception module module to social 

interaction. 1 means the social module will take the relative perception from perception 

module as input, while 0 means it will take constant number. 

Switch_performance_to_perception = IF Equilibrium_switch = 1 THEN 1 ELSE Input_6 

    UNITS: dmnl 

    DOCUMENT: This is the switch whether to use the input from job performance module or 

not. When the switch is 0, the perception module will use the input from the constant number. 

When the switch is 1, the perception module will use the input from the job performance 

module. 

Switch_social_to_perception = IF Equilibrium_switch = 1 THEN 1 ELSE Input_5 

    UNITS: dmnl 

    DOCUMENT: This is the switch whether to use the input from social interaction module or 

not. When the switch is 0, the perception module will use the input from the constant number. 

When the switch is 1, the perception module will use the input from the social interaction 

module. 

Switch_social_to_performance = IF Equilibrium_switch = 1 THEN 1 ELSE Input_7 

    UNITS: dmnl 
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    DOCUMENT: This is the switch to connect the social interaction module to performance 

module. When the switch is 1 it takes the relative social interaction from the social module. 

When the switch is 0 it takes the constant relative social interaction. This is useful for testing 

the module individually. 

Switch_social_to_stress = IF Equilibrium_switch = 1 THEN 1 ELSE Input_2 

    UNITS: dmnl 

    DOCUMENT: This is switch to link output from social interaction module to stress module. 

1 means the stress module will take the relative refugee interactions to norm from social 

interaction module as input, while 0 means it will take constant number. 

Switch_stress_to_social = IF Equilibrium_switch = 1 THEN 1 ELSE Input_3 

    UNITS: dmnl 

    DOCUMENT: This is switch to link output from   stress module module to social 

interaction. 1 means the social module will take the relative stress from stress module as input, 

while 0 means it will take constant number. 

 

Economic: 

Budget_to_help_refugee(t) = Budget_to_help_refugee(t - dt) + (Inflow_budget - 

Helping_current_refugee - Helping_new_refugee) * dt 

    INIT Budget_to_help_refugee = Refugee_Budget_input_yearly*year 

    UNITS: NOK 

    DOCUMENT: This is the accumulation of the budget that is available for helping refugee 

both current refugees and new refugees. 

    INFLOWS: 

        Inflow_budget = Refugee_Budget_input_yearly 

            UNITS: NOK/year 

            DOCUMENT: This is the budget set for helping the refugee each year. 

    OUTFLOWS: 

        Helping_current_refugee = IF 

Total_unemployment_cost_after_subsidy+Total_Transitional_cost > 

(Budget_to_help_refugee/year) THEN Budget_to_help_refugee/year ELSE  

(Total_unemployment_cost_after_subsidy+Total_Transitional_cost) {UNIFLOW} 
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            UNITS: NOK/year 

            DOCUMENT: This is the outflow of the budget to help the current refugee in Norway. 

This comprises of two costs. First is the cost of helping the unemployment refugee since the 

refugee is entitle to unemployment benefit like other residence. Second is transition cost which 

is the cost that government has to pay to support refugee introduction program i.e. language 

class, social study class, personnel to help the refugees through transition period. 

             

            The model makes helping current refugee as first priority, the rest of the budget then 

used for helping new refugee. 

        Helping_new_refugee = IF Helping_current_refugee = Budget_to_help_refugee/year 

THEN 0 ELSE  MIN(Budget_to_help_refugee/year - Helping_current_refugee, 

Initial_cost_per_one_refugee*Refugee_application) {UNIFLOW} 

            UNITS: NOK/year 

            DOCUMENT: The model makes helping current refugee as first priority, the rest of the 

budget then used for helping new refugee. The outflow choose the minimum number of the 

budget that is left from helping current refugee and the amount of money that is needed to help 

refugees that year. 

Refugee_in_training(t) = Refugee_in_training(t - dt) + (Accepted_refugee_per_year - 

Transition) * dt 

    INIT Refugee_in_training = Refugee_application*year 

    UNITS: people 

    DOCUMENT: Norway offer the introduction program for immigrants, refugees included. 

The objective of the program is to prepared refugees for labor market and also to have the 

refugees learn the new way of life and culture in the new country. 

     

    This stock is the number of refugees who are still doing the introduction program i.e. 

language class, social class. These refugees are not working yet. 

    INFLOWS: 

        Accepted_refugee_per_year = Helping_new_refugee/Initial_cost_per_one_refugee 

{UNIFLOW} 

            UNITS: person/year 
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            DOCUMENT: This is rate of number of refugees that has been accepted each year. 

This depends on what is left of helping current refugees and initial cost to accept one refugee. 

    OUTFLOWS: 

        Transition = Refugee_in_training/Duration_for_preparation 

            UNITS: people/year 

            DOCUMENT: The transition rate is the rate that refugees are trained and be prepared 

for the labor market. When the transition period is over for the refugees the refugees move 

from the refugee in training stock to the refugee waiting to be employed stock (in the 

employment module) 

Refugee_that_has_been_trained(t) = Refugee_that_has_been_trained(t - dt) + (training_rate) * 

dt 

    INIT Refugee_that_has_been_trained = 0 

    UNITS: people 

    DOCUMENT: This is the total number of refugees that has been trained over the period of 

time the model is run. 

    INFLOWS: 

        training_rate = Transition 

            UNITS: people/year 

            DOCUMENT: The training rate is equal to the transition rate because we assume that 

once the refugees are finished with the training they finish with the transition period also and 

ready to be employed. 

Total_accepted_refugees(t) = Total_accepted_refugees(t - dt) + (Refugee_accumulation) * dt 

    INIT Total_accepted_refugees = 151066 

    UNITS: people 

    DOCUMENT: This is the total number of refugees being accepted to Norway over the 

period of time the model is run. 

    INFLOWS: 

        Refugee_accumulation = Accepted_refugee_per_year {UNIFLOW} 

            UNITS: people/year 

            DOCUMENT: This is the inflow to the stock that accumulate total refugees being 

accepted during the time the model is run. 
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Average_income_for_entry_level = IF .Switch_employment_to_economic = 1 THEN 

Total_income_from_refugee_entry_position//(Employment.Entry_Level_Workforce+Employ

ment.Unemployed_Entry_Level) ELSE 

Total_income_from_refugee_entry_position//Constant_employment[Entry] 

    UNITS: NOK/year/people 

    DOCUMENT: This is an average income for everyone in the entry level workforce, 

employed and unemployed. Thus if there are many unemployment the average income will  be 

low. 

Average_income_for_senior_level = IF .Switch_employment_to_economic = 1 THEN 

Total_income_from_refugee_senior_level//(Employment.Senior_Level_Workforce+Employm

ent.Unemployed_Senior_Level) ELSE 

Total_income_from_refugee_senior_level//Constant_employment[Senior] 

    UNITS: NOK/year/people 

    DOCUMENT: This is an average income for everyone in the senior level workforce, 

employed and unemployed. Thus if there are many unemployment the average income will  be 

low. 

Average_income_in_Norway = (50790*12)*0.75 

    UNITS: NOK/Year/people 

    DOCUMENT: This is the average income of individual in Norway in 2021 from SSB. 

However we multiply this number by 0.75 since this number is calculated not taking account 

for the unemployed people. We need to be able to compare this number to  average income of 

entry and senior workforce in this model which incorporate the unemployed people therefore 

the number needs to be reduced. 

     

    Ref: https://www.ssb.no/en/arbeid-og-lonn/lonn-og-arbeidskraftkostnader/statistikk/lonn 

Average_income_per_refugee = IF .Switch_employment_to_economic = 1 THEN 

Total_refugee_income//Total_employed ELSE 

Total_refugee_income//(Constant_employment[Entry]+Constant_employment[Senior]) 

    UNITS: NOK/year/people 

    DOCUMENT: The average income of the refugee is calculated by total refugee income 

divided by number of refugee being employed at that time. 
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"average_refugee_yearly_income_-_entry_level" = 35860*12 

    UNITS: NOK/person/year 

    DOCUMENT: According to SSB statistic, the average monthly earning for elementary 

occupation for all industry is 35860 NOK per month 

     

     

    Ref: https://www.ssb.no/en/arbeid-og-lonn/lonn-og-arbeidskraftkostnader/statistikk/lonn 

"average_refugee_yearly_income_-_senior_level" = 53206*12 

    UNITS: NOK/person/year 

    DOCUMENT: According to SSB statistic, the average monthly earning for all occupation 

except elementary level is 53206 NOK per month 

     

     

    Ref: https://www.ssb.no/en/arbeid-og-lonn/lonn-og-arbeidskraftkostnader/statistikk/lonn 

Average_Tax_rate = 0.3 

    UNITS: dmnl 

    DOCUMENT: General income is taxed at a flat rate of 22%. Personal income between 

NOK 190,350 and NOK 267,900 is subject to a bracket tax of 1.7%. For personal income 

between NOK 267,900 and NOK 643,800, the bracket tax rate is 4.0%.  

     

    The model assume senior level employee earns around 600K per year thus it is conservative 

to assume that average tax rate is 30% per year. 

     

    Ref: https://taxsummaries.pwc.com/norway/individual/taxes-on-personal-income 

Constant_employment[Entry] =  constant_entry_level_employment 

    UNITS: people 

    DOCUMENT: This is a constant input variable for employment rate for both entry and 

senior level. Depending on the switch the variable takes the constant number or employment 

ratio. The variable is used for testing economic module. 

Constant_employment[Senior] = constant_senior_level_employment 

    UNITS: people 
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    DOCUMENT: This is a constant input variable for employment rate for both entry and 

senior level. Depending on the switch the variable takes the constant number or employment 

ratio. The variable is used for testing economic module. 

constant_entry_level_employment = 5*1000 

    UNITS: people 

    DOCUMENT: This is a constant input variable for entry level employment rate. The 

variable is used for testing economic module. 

constant_senior_level_employment = 30.9*1000 

    UNITS: people 

    DOCUMENT: This is a constant input variable for senior level employment rate. The 

variable is used for testing economic module. 

Constant_unemployment = 2.78*1000 

    UNITS: people 

    DOCUMENT: This is a constant input variable for number of people who are unemployed. 

The variable is used for testing economic module. 

Duration_for_preparation = 1 

    UNITS: year 

    DOCUMENT: Usually it takes around 6 months to 1 year, for refugee to finish the 

introduction course and ready to be in the work market. 

Equilibrium_relative_income = 1 

    UNITS: dmnl 

    DOCUMENT: Equilibrium relative income is 1. This means that at the equilibrium the 

model assumes that the refugee has the same income as local people. 

External_budget = 29000000000 

    UNITS: NOK/year 

    DOCUMENT: This is the variable for the fix external budget to help the refugee. 

Fraction_for_using_refugee_tax = 0 

    UNITS: dmnl 

    DOCUMENT: This depends on the policy whether to use all tax from refugee to help 

funded the refugee budget or only fraction of it. 

Initial_cost_per_one_refugee = 2000000+transitional_cost_per_person 
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    UNITS: NOK/people 

    DOCUMENT: This is the initial cost when accept the refugees plus the transition cost.  

Initial_refugee_in_training = {1470} 8000 

    UNITS: People 

    DOCUMENT: This variable is used to intialized stock of refugee in training since this stock 

cannot be in the formula due to circular problem. 

Refugee_application = 8000 

    UNITS: people/year 

    DOCUMENT: The model assumes large static number of application of refugees to be 

helped. This is because the focus of the model is to test how much we can help the refugees. 

Refugee_Budget_input_yearly = 

(Fraction_for_using_refugee_tax*Tax_from_refugee)+External_budget 

    UNITS: NOK/year 

    DOCUMENT: This variable is the budget set aside each year to help both current refugee 

(training, unemployment benefit) and new refugee. The model assume that the budget only 

comes from the tax that Norway receive from refugee income and not from other funding. The 

budget also depend on the policy whether to use all tax from refugee to help funding the 

refugee or only fraction of it. Thus the refugee budget each year is calculated by tax from 

refugee multiply by fraction of budget to help refugee. 

Refugee_Relative_Income_to_Average_Norwegian[Entry] = IF .Equilibrium_switch = 1 

THEN Equilibrium_relative_income ELSE IF .Switch_employment_to_economic = 1 THEN 

Average_income_for_entry_level//Average_income_in_Norway ELSE 

Total_refugee_income//(Constant_employment[Entry]+Constant_employment[Senior])//Aver

age_income_in_Norway 

    UNITS: dmnl 

    DOCUMENT: This is the relative of refugee average income to the norwegian average 

income. One means on average refugee earns as much as average norwegian.  

Refugee_Relative_Income_to_Average_Norwegian[Senior] = IF .Equilibrium_switch = 1 

THEN Equilibrium_relative_income ELSE IF .Switch_employment_to_economic = 1 THEN 

Average_income_for_senior_level//Average_income_in_Norway ELSE 
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Total_refugee_income//(Constant_employment[Entry]+Constant_employment[Senior])//Aver

age_income_in_Norway 

    UNITS: dmnl 

    DOCUMENT: This is the relative of refugee average income to the norwegian average 

income. One means on average refugee earns as much as average norwegian.  

Subsidy_for_unemployment = IF TIME<2023 THEN 0000000000 ELSE 0000000000 

    UNITS: NOK/year 

    DOCUMENT: This is the variable to explicitly separate the budget for helping the 

unemployment cost if any. 

Tax_from_refugee = Total_refugee_income*Average_Tax_rate 

    UNITS: NOK/year 

    DOCUMENT: Tax from refugee is calculated by total income from refugee multiply by 

average tax rate. 

Total_accepted_refugees_stat = GRAPH(TIME) 

Points: (2010.00, 151066), (2011.00, 157692), (2012.00, 163480), (2013.00, 171648), 

(2014.00, 179534), (2015.00, 188130), (2016.00, 199393), (2017.00, 217241), (2018.00, 

228161), (2019.00, 233794), (2020.00, 238281), (2021.00, 240239), (2022.00, 244660) 

    UNITS: people 

    DOCUMENT: This is the statistic of the refugees being granted the refugee status in 

Norway 

    Ref:https://www.ssb.no/en/statbank/table/08381/tableViewLayout1// 

Total_employed = Employment.Entry_Level_Workforce + 

Employment.Senior_Level_Workforce {SUMMING CONVERTER} 

    UNITS: People 

    DOCUMENT: This is the total number of refugees who are employed at both entry level 

and senior level. 

Total_income_from_refugee_entry_position = IF .Switch_employment_to_economic = 1 

THEN "average_refugee_yearly_income_-

_entry_level"*Employment.Entry_Level_Workforce ELSE 

"average_refugee_yearly_income_-_entry_level"*Constant_employment[Entry] 

    UNITS: NOK/year 
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    DOCUMENT: This is total income of refugee who are in entry level. It is calculated by the 

number of refugee in the entry level workforce multiply by average income for entry level in 

Norway. 

Total_income_from_refugee_senior_level = IF .Switch_employment_to_economic = 1 THEN 

"average_refugee_yearly_income_-_senior_level"*Employment.Senior_Level_Workforce 

ELSE "average_refugee_yearly_income_-_senior_level"*Constant_employment[Senior] 

    UNITS: NOK/year 

    DOCUMENT: This is total income of refugee who are in senior level. It is calculated by the 

number of refugee in the senior level workforce multiply by average income for senior level in 

Norway. 

Total_refugee_income = 

Total_income_from_refugee_senior_level+Total_income_from_refugee_entry_position 

    UNITS: NOK/year 

    DOCUMENT: This is the total income that all refugees earn per year. It is a summation of 

total income of refugee in entry level and senior level. 

Total_Transitional_cost = transitional_cost_per_person*Transition 

    UNITS: NOK/year 

    DOCUMENT: Total transition cost is calculated by transition cost per one person multiplied 

by transition rate. 

Total_Unemployed = Employment.Ready_refugees_waiting_to_be_employed + 

Employment.Unemployed_Entry_Level + Employment.Unemployed_Senior_Level 

{SUMMING CONVERTER} 

    UNITS: people 

    DOCUMENT: This is the total number of refugees who are unemployed. This number 

includes refugees who just finished their training and finding the jobs, refugees who quit their 

job and finding the new jobs at both entry and senior level. 

Total_unemployment_cost = IF .Switch_employment_to_economic = 1 THEN 

Total_Unemployed*unemployment_cost_per_person ELSE 

Constant_unemployment*unemployment_cost_per_person 

    UNITS: NOK/year 
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    DOCUMENT: This is the number of unemployed refugee multiplied by unemployment 

benefit per year. 

Total_unemployment_cost_after_subsidy = MAX(Total_unemployment_cost-

Subsidy_for_unemployment, 0) 

    UNITS: NOK/year 

    DOCUMENT: This is the cost of unemployment after the government has subsidized this 

cost, if any. 

transitional_cost_per_person = 210000 

    UNITS: NOK/people 

    DOCUMENT: Transition cost is the cost that government has to pay to support refugee 

introduction program i.e. language class, social study class, personel to help the refugees 

through transition period. This cost is incurred while refugees are in the transition period and 

not yet employed. 

unemployment_cost_per_person = 125000 

    UNITS: NOK/person/year 

    DOCUMENT: This figure (125K NOK per year) assume lowest based of salary to calculate 

for the unemployment benefit. 

     

    Ref: 

https://ec.europa.eu/social/main.jsp?catId=1123&langId=en&intPageId=4715#:~:text=What%

20am%20I%20entitled%20to,parental%20benefit%20and%20unemployment%20benefit. 

year = 1 

    UNITS: year 

    DOCUMENT: This is a number of year in which the budget is used. Here we assume the 

budget will come every year and will be used each year. 

 

Employment: 

Entry_Level_Workforce(t) = Entry_Level_Workforce(t - dt) + (Employment_rate + 

Entry_level_find_job_again - Entry_Level_Attrition - Entry_Retirement_rate - 

Promotion_rate) * dt 
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    INIT Entry_Level_Workforce =  

(Ready_refugees_waiting_to_be_employed*Hiring_fraction) 

/(1/Entry_level_time_to_retire+1/Average_time_to_promote) 

    UNITS: people 

    DOCUMENT: This stock is number of refugees who are employed in entry level at one 

point in time. The entry level is mostly unskilled work. The stock is initialized at equilibrium. 

     

    The inflow to this stock are the employment rate, the reentry of the unemployed. 

     

    The outflow to this stock take the following priorities: attrition, retirement and promotion to 

the senior level. 

    INFLOWS: 

        Employment_rate = Ready_refugees_waiting_to_be_employed*Hiring_fraction 

            UNITS: People/Years 

            DOCUMENT: The employment rate depends upon the hiring fraction. 

        Entry_level_find_job_again = Unemployed_Entry_Level*Hiring_fraction 

            UNITS: People/Years 

            DOCUMENT: Since this is for an entry level so we assume the same fraction of hiring 

with the employment rate.  

    OUTFLOWS: 

        Entry_Level_Attrition = (Entry_Level_Workforce/Entry_Level_average_time_to_Quit) 

            UNITS: People/Years 

            DOCUMENT: The attrition rate depends on the average time to quit. 

        Entry_Retirement_rate = Entry_Level_Workforce/Entry_level_time_to_retire 

            UNITS: People/Years 

            DOCUMENT: This is the retirement rate of the people in entry level to retirement. 

        Promotion_rate = Entry_Level_Workforce/Average_time_to_promote 

            UNITS: People/Years 

            DOCUMENT: The promotion rate moves workforce from entry level to senior level. 

The rate depend on the average time to promote. 
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Entry_Level_Workforce_Experience(t) = Entry_Level_Workforce_Experience(t - dt) + 

(Additional_Experience_from_New_Employees + Workforce_Gaining_Experience - 

Entry_Level_Workforce_Loss_Experience - Promote_Workforce_Experience) * dt 

    INIT Entry_Level_Workforce_Experience = 

((Average_New_Employee_Experience*(Employment_rate+Entry_level_find_job_again)) + 

(Entry_Level_Workforce*Normal_Experience_Gain_Entry)) / 

((Entry_Level_Attrition+Entry_Retirement_rate+Promotion_rate)/Entry_Level_Workforce) 

    UNITS: year/people 

    DOCUMENT: This is the total of experience in year for entry level workforce. 

    INFLOWS: 

        Additional_Experience_from_New_Employees = 

Average_New_Employee_Experience*(Employment_rate+Entry_level_find_job_again) 

            UNITS: year/people/year 

            DOCUMENT: This is the inflow as the refugee enter the job market they bring with 

them few years of experience from training. 

        Workforce_Gaining_Experience = 

Entry_Level_Workforce*Normal_Experience_Gain_Entry 

            UNITS: year/people/year 

            DOCUMENT: As the refugee continue to work they gain more experience. 

    OUTFLOWS: 

        Entry_Level_Workforce_Loss_Experience = 

Entry_Level_Average_Workforce_Experience*(Entry_Level_Attrition+Entry_Retirement_rat

e) 

            UNITS: year/people/year 

            DOCUMENT: This is the outflow of entry level workforce experience stock i.e. as 

people quit their job or retire they stop gaining work experience. 

        Promote_Workforce_Experience = 

Promotion_rate*Entry_Level_Average_Workforce_Experience 

            UNITS: year/people/year 

            DOCUMENT: The experience of entry workforce moves from entry level to senior 

level as the worker get promoted their experience move with them. 
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Ready_refugees_waiting_to_be_employed(t) = Ready_refugees_waiting_to_be_employed(t - 

dt) + (Training_rate - Employment_rate) * dt 

    INIT Ready_refugees_waiting_to_be_employed = Economic.Transition/Hiring_fraction 

    UNITS: people 

    DOCUMENT: These are the refugees who have completed the training and finding a job. 

    INFLOWS: 

        Training_rate = IF .Switch_economic_to_employment = 1 THEN Economic.Transition 

ELSE Employment_rate 

            UNITS: People/Years 

            DOCUMENT: The training rate is the rate that refugees are trained and be prepared for 

the labor market. The training rate takes the transition rate from economic module. 

    OUTFLOWS: 

        Employment_rate = Ready_refugees_waiting_to_be_employed*Hiring_fraction 

            UNITS: People/Years 

            DOCUMENT: The employment rate depends upon the hiring fraction. 

Retired_Refugee(t) = Retired_Refugee(t - dt) + (Senior_Retirement_rate + 

Entry_Retirement_rate - Death_rate) * dt 

    INIT Retired_Refugee = ((Entry_Level_Workforce/Entry_level_time_to_retire) + 

(Senior_Level_Workforce/Senior_time_to_retire )) *Years_after_retirement 

    UNITS: people 

    DOCUMENT: This is the number of refugees who are retired i.e. above 70 until they die. 

    INFLOWS: 

        Senior_Retirement_rate = Senior_Level_Workforce/Senior_time_to_retire 

            UNITS: People/Years 

            DOCUMENT: This is the retirement rate of the people in senior level to retirement. 

        Entry_Retirement_rate = Entry_Level_Workforce/Entry_level_time_to_retire 

            UNITS: People/Years 

            DOCUMENT: This is the retirement rate of the people in entry level to retirement. 

    OUTFLOWS: 

        Death_rate = Retired_Refugee/Years_after_retirement 

            UNITS: People/Years 
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            DOCUMENT: Death rate is determined by the years after retirement 

Senior_Level_Workforce(t) = Senior_Level_Workforce(t - dt) + (Promotion_rate + 

Senior_level_find_job_again - Senior_Level_Attrition - Senior_Retirement_rate) * dt 

    INIT Senior_Level_Workforce = Entry_Level_Workforce/Average_time_to_promote 

*Senior_time_to_retire 

    UNITS: people 

    DOCUMENT: This stock is number of refugees who are promoted to senior level at one 

point in time. The stock is initialized at equilibrium. 

     

    The inflow to this stock are the promotion, the reentry of the unemployed. 

     

    The outflow to this stock take the following priorities: attrition and retirement. 

    INFLOWS: 

        Promotion_rate = Entry_Level_Workforce/Average_time_to_promote 

            UNITS: People/Years 

            DOCUMENT: The promotion rate moves workforce from entry level to senior level. 

The rate depend on the average time to promote. 

        Senior_level_find_job_again = 

Unemployed_Senior_Level*Hiring_fraction_for_senior_level 

            UNITS: People/Years 

            DOCUMENT: The rate of which senior level will find job again is slower than the 

entry level. 

    OUTFLOWS: 

        Senior_Level_Attrition = Senior_Level_Workforce/Senior_Level_average_time_to_Quit 

            UNITS: People/Years 

            DOCUMENT: The attrition rate depends on the average time to quit. 

        Senior_Retirement_rate = Senior_Level_Workforce/Senior_time_to_retire 

            UNITS: People/Years 

            DOCUMENT: This is the retirement rate of the people in senior level to retirement. 
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Senior_Level_Workforce_Experience(t) = Senior_Level_Workforce_Experience(t - dt) + 

(Promote_Workforce_Experience + Senior_Level_Workforce_Gaining_Experience + 

"Senior_level_workforce_re-entry" - Senior_Level_Workforce_Loss_Experience_1) * dt 

    INIT Senior_Level_Workforce_Experience = ( 

(Promotion_rate*Entry_Level_Average_Workforce_Experience) 

+(Senior_Level_Workforce*Normal_Experience_Gain_Senior) )/ ( 

(Senior_Level_Attrition+Senior_Retirement_rate-Senior_level_find_job_again)/ 

Senior_Level_Workforce ) 

    UNITS: year/people 

    DOCUMENT: This is the total of experience in year for senior level workforce. 

    INFLOWS: 

        Promote_Workforce_Experience = 

Promotion_rate*Entry_Level_Average_Workforce_Experience 

            UNITS: year/people/year 

            DOCUMENT: The experience of entry workforce moves from entry level to senior 

level as the worker get promoted their experience move with them. 

        Senior_Level_Workforce_Gaining_Experience = 

Senior_Level_Workforce*Normal_Experience_Gain_Senior 

            UNITS: year/people/year 

            DOCUMENT: As the refugee continue to work they gain more experience. 

        "Senior_level_workforce_re-entry" = 

Senior_level_find_job_again*Senior_Level_Average_Workforce_Experience 

            UNITS: year/people/year 

            DOCUMENT: This is the inflow for the workforce that has been hired again and thus 

they start accumulating experience again. 

    OUTFLOWS: 

        Senior_Level_Workforce_Loss_Experience_1 = 

(Senior_Level_Attrition+Senior_Retirement_rate)*Senior_Level_Average_Workforce_Experi

ence 

            UNITS: year/people/year 
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            DOCUMENT: This is the outflow of senior level workforce experience stock i.e. as 

people quit their job or retire they stop gaining work experience. 

Unemployed_Entry_Level(t) = Unemployed_Entry_Level(t - dt) + (Entry_Level_Attrition - 

Entry_level_find_job_again) * dt 

    INIT Unemployed_Entry_Level = 

(Entry_Level_Workforce/Entry_Level_average_time_to_Quit)/Hiring_fraction 

    UNITS: people 

    DOCUMENT: This is the number of refugee at entry level who quit their work and become 

unemployed and need the unemployment benefit from the government. The stock is initialized 

to equilibrium. 

    INFLOWS: 

        Entry_Level_Attrition = (Entry_Level_Workforce/Entry_Level_average_time_to_Quit) 

            UNITS: People/Years 

            DOCUMENT: The attrition rate depends on the average time to quit. 

    OUTFLOWS: 

        Entry_level_find_job_again = Unemployed_Entry_Level*Hiring_fraction 

            UNITS: People/Years 

            DOCUMENT: Since this is for an entry level so we assume the same fraction of hiring 

with the employment rate.  

Unemployed_Senior_Level(t) = Unemployed_Senior_Level(t - dt) + (Senior_Level_Attrition - 

Senior_level_find_job_again) * dt 

    INIT Unemployed_Senior_Level = 

Senior_Level_Workforce/Senior_Level_average_time_to_Quit/Hiring_fraction_for_senior_le

vel 

    UNITS: people 

    DOCUMENT: This is the number of refugee at entry level who quit their work and become 

unemployed and need the unemployment benefit from the government. The stock is initialized 

to equilibrium. 

    INFLOWS: 

        Senior_Level_Attrition = Senior_Level_Workforce/Senior_Level_average_time_to_Quit 

            UNITS: People/Years 
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            DOCUMENT: The attrition rate depends on the average time to quit. 

    OUTFLOWS: 

        Senior_level_find_job_again = 

Unemployed_Senior_Level*Hiring_fraction_for_senior_level 

            UNITS: People/Years 

            DOCUMENT: The rate of which senior level will find job again is slower than the 

entry level. 

Additional_hiring = 0.3 

    UNITS: 1/year 

    DOCUMENT: This is the additional hiring rate for the policy to give incentive for the 

company to hire more refugees. 

Average_New_Employee_Experience = 3 

    UNITS: year/people/people 

    DOCUMENT: This is the experience that the new employee has when they first hired 

Average_stay_in_a_job_for_entry_level = 

Entry_Level_Workforce//(Promotion_rate+Entry_Level_Attrition+Entry_Retirement_rate) 

    UNITS: year 

    DOCUMENT: This is the average duration the entry level workforce stay in their job. 

Average_stay_in_a_job_for_senior_level = 

Senior_Level_Workforce//(Senior_Retirement_rate+Senior_Level_Attrition) 

    UNITS: year 

    DOCUMENT: This is the average duration the senior level workforce stay in their job. 

Average_time_to_promote = 20 

    UNITS: year 

    DOCUMENT: We assume it takes 15 years for people to move to senior level. 

Constant_relative_perception = {.429 + .35*0} {0.785} 1 

    UNITS: dmnl 

    DOCUMENT: This is a constant relative perception that will be used when testing the 

employment module individually. 

EMPLOYED = Entry_Level_Workforce + Senior_Level_Workforce {SUMMING 

CONVERTER} 
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    UNITS: People 

    DOCUMENT: Total employment including entry level and senior level 

Entry_Level_average_time_to_Quit = 4 

    UNITS: year 

    DOCUMENT: We assume that it takes on average 10 years before refugee quit their job. 

This is quite a long time since we assume that refugees will try their best to be in a job and 

earn money for their family. 

Entry_Level_Average_Workforce_Experience = 

Entry_Level_Workforce_Experience//Entry_Level_Workforce 

    UNITS: year/people/people 

    DOCUMENT: The average workforce experience is calculated by total experience divided 

by number of workforce. It shows how many years of experience entry workforce has on 

average. 

Entry_level_time_to_retire = 40 

    UNITS: year 

    DOCUMENT: We assume people work 40 years before they retire i.e. start working at 30 

and retire at 40. 

Fraction_employed_refugees = EMPLOYED/("TOTAL_(WORKING_AGE)") 

    UNITS: dmnl 

    DOCUMENT: The employment ratio relative to total working age. 

"fraction_employed_TOTAL(2022)" = .705 

    UNITS: dmnl 

    DOCUMENT: This is thhe employment rate as of 2022 in Norway. 

     

    Ref:https://www.ssb.no/en/arbeid-og-lonn/sysselsetting/statistikk/arbeidskraftundersokelsen 

fraction_Refugee_senior_worksforce = 

Senior_Level_Workforce/(Entry_Level_Workforce+Senior_Level_Workforce) 

    UNITS: dmnl 

    DOCUMENT: This is fraction of senior refugee relative to summation of entry level and 

senior level. 

Fraction_RETIRED = Retired_Refugee/"TOTAL_(WITH_RETIRED)" 
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    UNITS: dmnl 

    DOCUMENT: This is the fraction of refugee who is already retired relative to total refugee. 

Fraction_Unemployed_Entry_Level = Unemployed_Entry_Level//Entry_Level_Workforce 

    UNITS: dmnl 

    DOCUMENT: This is the ratio of unemployment in entry level 

Fraction_Unemployed_Senior_Level = Unemployed_Senior_Level//Senior_Level_Workforce 

    UNITS: dmnl 

    DOCUMENT: This is the ratio of unemployment in senior level 

Hiring_fraction = Additional_hiring+Hiring_fraction_before_policy 

    UNITS: 1/year 

    DOCUMENT: The perception of Norwegian towards the refugee affect hiring fraction. This 

is represent in graphical function. When the relative perception is 1, then the hiring fraction is 

0.7 which is equal to Norwegian employment rate. When the relative perception is less than 1 

then the hiring fraction is lower than 0.7. When the relative perception is more than 1, it means 

that Norwegian look up to the refugee for their performance and ability and thus willing to hire 

more refugee so the hiring fraction is higher than average Norwegian. 

     

    Ref: https://www.ssb.no/en/arbeid-og-

lonn/sysselsetting/statistikk/arbeidskraftundersokelsen 

Hiring_fraction_before_policy = GRAPH(IF .Switch_perception_to_employment = 1 THEN 

Perception.Perception_relative_to_normal ELSE Constant_relative_perception) 

Points: (0.100, 0.1255), (0.200, 0.1389), (0.300, 0.1588), (0.400, 0.1878), (0.500, 0.2288), 

(0.600, 0.2845), (0.700, 0.3560), (0.800, 0.4413), (0.900, 0.5350), (1.000, 0.6287), (1.100, 

0.7140), (1.200, 0.7855), (1.300, 0.8412), (1.400, 0.8822), (1.500, 0.9112), (1.600, 0.9311), 

(1.700, 0.9445) 

    UNITS: 1/year 

    DOCUMENT: The perception of Norwegian towards the refugee affect hiring fraction. This 

is represent in graphical function. When the relative perception is 1, then the hiring fraction is 

0.7 which is equal to Norwegian employment rate. When the relative perception is less than 1 

then the hiring fraction is lower than 0.7. When the relative perception is more than 1, it means 
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that Norwegian look up to the refugee for their performance and ability and thus willing to hire 

more refugee so the hiring fraction is higher than average Norwegian. 

     

    Ref: https://www.ssb.no/en/arbeid-og-

lonn/sysselsetting/statistikk/arbeidskraftundersokelsen 

Hiring_fraction_for_senior_level = Hiring_fraction_before_policy*0.5 

    UNITS: 1/year 

    DOCUMENT: We assume that it will take more time for senior level to find a job than for 

entry level to find job therefore the hiring fraction is less i.e. multiplied by 0.8. 

Normal_Experience_Gain_Entry = 1 

    UNITS: year/people/people/year 

    DOCUMENT: This is the average experience for entry level i.e. they work 1 year they gain 

1 year of experience. 

Normal_Experience_Gain_Senior = 1.2 

    UNITS: year/people/people/year 

    DOCUMENT: We assume here that the senior people will be more expertise in their work 

and thus gain more experience per year. 

Senior_Level_average_time_to_Quit = 8 

    UNITS: year 

    DOCUMENT: We assume that it takes on average 10 years before refugee quit their job. 

This is quite a long time since we assume that refugees will try their best to be in a job and 

earn money for their family. 

Senior_Level_Average_Workforce_Experience = 

Senior_Level_Workforce_Experience//Senior_Level_Workforce 

    UNITS: year/people/people 

    DOCUMENT: The average workforce experience is calculated by total experience divided 

by number of workforce. It shows how many years of experience senior workforce has on 

average. 

Senior_time_to_retire = 15 

    UNITS: year 
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    DOCUMENT: We assume that people have 40 years to work, first 15 years in the entry 

level and the last 25 years in senior level. 

"TOTAL_(WITH_RETIRED)" = "TOTAL_(WORKING_AGE)"+Retired_Refugee 

    UNITS: People 

    DOCUMENT: This is total number of refugee including the retired refugee as well. 

"TOTAL_(WORKING_AGE)" = EMPLOYED + UNEMPLOYED {SUMMING 

CONVERTER} 

    UNITS: people 

    DOCUMENT: Total people at working age including both employed and unemployed. 

UNEMPLOYED = Ready_refugees_waiting_to_be_employed + Unemployed_Entry_Level + 

Unemployed_Senior_Level {SUMMING CONVERTER} 

    UNITS: people 

    DOCUMENT: Total employment including entry level and senior level and the refugees 

just finished training 

Years_after_retirement = 13 

    UNITS: years 

    DOCUMENT: We expect people live until 83 years old. Assume they retire at 70, they will 

live another 13 years. 

     

    Ref: https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=NO 

 

Job_Performance: 

Ability[Level](t) = Ability[Level](t - dt) + (Change_in_ability[Level]) * dt 

    INIT Ability[Level] = Normal_ability 

    UNITS: ability 

    DOCUMENT: Since the ability does not change instantaneously it is a stock. This is the 

ability that the refugee can perform in their work. 

    INFLOWS: 

        Change_in_ability[Level] = (Actual_ability-Ability)/Time_to_adjust_ability 

            UNITS: ability/Years 
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            DOCUMENT: There is a delay in the ability therefore the rate of change is determined 

by time to adjust the ability 

Motivation[Level](t) = Motivation[Level](t - dt) + (Change_in_motivation[Level]) * dt 

    INIT Motivation[Level] = Normal_motivation 

    UNITS: motivation 

    DOCUMENT: Since the motivation does not change instantaneously it is a stock. This is 

the motivation that the refugee has to perform their work well. 

    INFLOWS: 

        Change_in_motivation[Level] = (Actual_motivation-

Motivation)/Time_to_adjust_motivation 

            UNITS: motivation/Years 

            DOCUMENT: There is a delay in the motivation therefore the rate of change is 

determined by time to adjust the motivation 

Actual_ability[Level] = Normal_ability*Effect_of_experience_to_ability 

    UNITS: ability 

    DOCUMENT: The actual ability is calculated from multiplying the normal ability and the 

effect. 

Actual_motivation[Level] = Normal_motivation*Total_effect_to_motivation 

    UNITS: motivation 

    DOCUMENT: The actual motivation is a multiplication between normal motivation and the 

effect from interaction and rewards. 

Constant_relative_experience_entry_level = 1 

    UNITS: dmnl 

    DOCUMENT: This is the constant number for relative experience at entry level, used for 

testing the performance module individually. 

Constant_relative_experience_senior_level = 1 

    UNITS: dmnl 

    DOCUMENT: This is the constant number for relative experience at senior level, used for 

testing the performance module individually. 

Constant_relative_interaction[Level] = 1 

    UNITS: dmnl 
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    DOCUMENT: This is the constant number for relative social interaction at entry and senior 

level, used for testing the performance module individually. 

Effect_from_interaction_to_motivation[Level] = GRAPH(IF .Switch_social_to_performance 

= 1 THEN Social_Interaction.Relative_refugee_interactions_to_norm ELSE 

Constant_relative_interaction) 

Points: (0.200, 0.1074), (0.300, 0.1181), (0.400, 0.1438), (0.500, 0.2027), (0.600, 0.324), 

(0.700, 0.5271), (0.800, 0.730), (0.900, 0.885), (1.000, 1.000), (1.100, 1.113), (1.200, 1.182), 

(1.300, 1.193) 

    UNITS: dmnl 

    DOCUMENT: When the relative interaction is 1 then it means the working climate for the 

refugee is the same as that of Norwegian thus the effect to motivation is 1. This is a graphical 

function that takes an s-shape curve, where if the relative interaction is small the motivation is 

small i.e. employee does not feel included in the organization. If the working climate is good 

i.e. there are relatively high interaction people are more motivated. 

Effect_of_experience_to_ability[Level] = GRAPH(Relative_experience) 

Points: (0.200, 0.210708561), (0.360, 0.228777936), (0.520, 0.275881397), (0.680, 

0.390724675), (0.840, 0.630306274), (1.000, 1.000), (1.160, 1.369693726), (1.320, 

1.609275325), (1.480, 1.724118603), (1.640, 1.771222064), (1.800, 1.789291439) 

    UNITS: dmnl 

    DOCUMENT: This is the graphical function to represent the ability according the the 

relative experience. The graph is in an s-shape curve where relative low experience gives low 

ability. The s-shape curve represents the fact that one can learn and able to do so much for one 

job.  

Effect_of_rewards_to_motivation[Level] = GRAPH(Rewards_allocated//Normal_rewards) 

Points: (0.000, 0.210708561), (0.200, 0.236536389), (0.400, 0.303557189), (0.600, 

0.44586356), (0.800, 0.685976427), (1.000, 1.000), (1.200, 1.314023573), (1.400, 

1.55413644), (1.600, 1.696442811), (1.800, 1.763463611), (2.000, 1.789291439) 

    UNITS: dmnl 

    DOCUMENT: The effect of rewards is an s-shape where more rewards give more 

motivation however the motivation does not grow unlimited hence an s-shape 

Normal_ability = 0.5 
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    UNITS: ability 

    DOCUMENT: This is the average ability in the society. 

Normal_Experience[Entry] = 

INIT(Employment.Entry_Level_Average_Workforce_Experience) 

    UNITS: year/people/people 

    DOCUMENT: The normal experience takes the initial value of the average workforce 

experience at each level. 

Normal_Experience[Senior] = 

INIT(Employment.Senior_Level_Average_Workforce_Experience) 

    UNITS: year/people/people 

    DOCUMENT: The normal experience takes the initial value of the average workforce 

experience at each level. 

Normal_motivation = 0.5 

    UNITS: motivation 

    DOCUMENT: This is the average motivation in the society for people to perform well at 

work. 

Normal_rewards = 0.2500 

    UNITS: NOK 

    DOCUMENT: This is the average rewards given if the employee perform well. 

Relative_ability[Level] = Ability//Normal_ability 

    UNITS: dmnl 

    DOCUMENT: This is a relative ability as compared to normal ability 

Relative_experience[Entry] = IF .Switch_employment_to_performance = 0 THEN 

Constant_relative_experience_entry_level ELSE 

Employment.Entry_Level_Average_Workforce_Experience//Normal_Experience[Entry] 

    UNITS: dmnl 

    DOCUMENT: The relative experience is the relative of current experience as compared 

when they first start the job i.e. the more years they are employed the more relative 

experience. 
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Relative_experience[Senior] = IF .Switch_employment_to_performance = 0 THEN 

Constant_relative_experience_senior_level ELSE 

Employment.Senior_Level_Average_Workforce_Experience//Normal_Experience[Senior] 

    UNITS: dmnl 

    DOCUMENT: The relative experience is the relative of current experience as compared 

when they first start the job i.e. the more years they are employed the more relative 

experience. 

Relative_motivation[Level] = Motivation//Normal_motivation 

    UNITS: dmnl 

    DOCUMENT: This is a relative motivation as compared to the normal motivation in the 

society. 

Relative_Performance[Level] = (Relative_ability+Relative_motivation)/2 

    UNITS: dmnl 

    DOCUMENT: This is a relative performance as compared to the normal performance in the 

society. 

Rewards_allocated[Level] = SMTH1(Rewards_based_on_performance*Normal_rewards,   

Time_to_offer_rewards) {DELAY CONVERTER} 

    UNITS: NOK 

    DOCUMENT: The reward is given to the employee when they perform well however there 

is a delay for the rewards to be given. 

Rewards_based_on_performance[Level] = GRAPH(Relative_Performance) 

Points: (0.100, 0.1127), (0.200, 0.124015789), (0.300, 0.137142105), (0.400, 0.166563158), 

(0.500, 0.204457895), (0.600, 0.276247368), (0.700, 0.371421053), (0.800, 0.521157895), 

(0.900, 0.703421053), (1.000, 1.000), (1.100, 1.180), (1.200, 1.396578947), (1.300, 1.579), 

(1.400, 1.729), (1.500, 1.824105263), (1.600, 1.895684211), (1.700, 1.933578947), (1.800, 

1.963052632), (1.900, 1.975947368), (2.000, 1.987) 

    UNITS: dmnl 

    DOCUMENT: The rewards is given based on performance where higher performance 

employee get more rewards. 

Time_to_adjust_ability = 5 

    UNITS: year 
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    DOCUMENT: This is the time the ability required to change. We assume that there is a lot 

of learning in the job to be done before the ability changes. 

Time_to_adjust_motivation = 1 

    UNITS: year 

    DOCUMENT: The time that the motivation of the employee changes, this is relatively short 

period of time. 

Time_to_offer_rewards = 1 

    UNITS: years 

Total_effect_to_motivation[Level] = 

Weighted_effect_of_social_interactions_to_motivation+Weighted_effect_of_rewards 

    UNITS: dmnl 

    DOCUMENT: The total effect to motivation is the sum of the effect from social interaction 

and the rewards. 

Weight_on_rewards = 0.7 

    UNITS: dmnl 

    DOCUMENT: Here we assume that the rewards motivate the performance at work more 

than the working climate. 

Weighted_effect_of_rewards[Level] = Weight_on_rewards*Effect_of_rewards_to_motivation 

    UNITS: dmnl 

    DOCUMENT: This is the effect of rewards to motivation after being weighted.  

Weighted_effect_of_social_interactions_to_motivation[Level] = (1-

Weight_on_rewards)*Effect_from_interaction_to_motivation 

    UNITS: dmnl 

    DOCUMENT: This is the effect of social interaction to motivation after being weighted.  

 

Perception: 

Perception_to_refugee[Level](t) = Perception_to_refugee[Level](t - dt) + 

(change_in_perception[Level]) * dt 

    INIT Perception_to_refugee[Level] = Average_perception_to_refugees 

    UNITS: Perception 

    DOCUMENT: This is the perception of Norwegian towards refugee. 



 

89 
 

    INFLOWS: 

        change_in_perception[Level] = (Actual_Perception-

Perception_to_refugee)/Time_to_adjust_perception 

            UNITS: Perception/Year 

            DOCUMENT: The rate of change in perception depend on time taken for Norwegian 

to adjust their perception towards refugee. 

Actual_Perception[Level] = Average_perception_to_refugees*Total_effect_to_perception 

    UNITS: Perception 

    DOCUMENT: Actual perception is the product of average perception that Norwegian has 

towards refugee and the total effect that come from refugee social skill and job performance. 

The actual perception can range between 0 to 1. 

Average_perception_to_Norwegian = 0.50 

    UNITS: Perception 

    DOCUMENT: This is the average perception among local people (Norwegian) towards 

each other. Currently it is set to 0.5 which is in the middle, neither good nor bad. The 

perception can range between 0.1 to 1 where 1 is when people completely trust each other and 

only think good things and 0.1 means that people don't trust each other and only think bad 

things. 

Average_perception_to_refugee = MEAN(Perception_to_refugee) 

    UNITS: Perception 

    DOCUMENT: This is the average perception between entry level refugee and senior level 

refugee. 

Average_perception_to_refugees = 

Average_perception_to_Norwegian+Gap_between_normal_and_refugee 

    UNITS: Perception 

    DOCUMENT: This is the average perception of local people towards refugee. If there is no 

gap between how local people perceive each other and how local people perceive refugee then 

the average perception towards Norwegian and towards refugee are the same.  

Constant_Refugee_social_skill_relative_to_societal = 1 

    UNITS: dmnl 
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    DOCUMENT: This is a constant refugee social skill variable that will be used to test the 

perception module individually. 

Constant_relative_performance[Entry] = 1 

    UNITS: dmnl 

    DOCUMENT: This is a constant refugee performance value that will be used when testing 

the perception module individually. 

Constant_relative_performance[Senior] = 1 

    UNITS: dmnl 

    DOCUMENT: This is a constant refugee performance value that will be used when testing 

the perception module individually. 

Effect_of_performance_to_perception[Level] = GRAPH(IF 

.Switch_performance_to_perception = 1 THEN Job_Performance.Relative_Performance 

ELSE  Constant_relative_performance) 

Points: (0.100, 0.142), (0.200, 0.167), (0.300, 0.226), (0.400, 0.318), (0.500, 0.385), (0.600, 

0.493), (0.700, 0.619), (0.800, 0.719), (0.900, 0.853), (1.000, 1.000), (1.100, 1.238), (1.200, 

1.439), (1.300, 1.568), (1.400, 1.710), (1.500, 1.811), (1.600, 1.879), (1.700, 1.924), (1.800, 

1.953), (1.900, 1.971), (2.000, 2.000) 

    UNITS: dmnl 

    DOCUMENT: The effect is in the S-curve shape where the refugee performance at work 

increases as the social skill increases. When relative job performancel is 1 it means the refugee 

performs equal to the norwegian hence they will likely be perceived equal to other in the 

society therefore the effect is 1. Since the average perception is 0.5 and the perception stock 

ranges between 0.1 to 1 therefore the effect range between 0.1 to 2. 

Effect_of_relative_social_skill_to_perception[Level] = GRAPH(IF 

.Switch_social_to_perception = 1 THEN 

Social_Interaction.Refugee_social_skill_relative_to_societal ELSE 

Constant_Refugee_social_skill_relative_to_societal) 

Points: (0.6000, 0.502), (0.7000, 0.602), (0.8000, 0.669), (0.9000, 0.803), (1.0000, 1.000), 

(1.1000, 1.824), (1.2000, 1.933) 

    UNITS: dmnl 
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    DOCUMENT: The effect is in the S-curve shape where the perception increases as the 

social skill increases. When refugee social skill is 1 it means the refugee has social skill equals 

to the norwegian hence they will likely be perceived equal to other in the society therefore the 

effect is 1. Since the average perception is 0.5 and the perception stock ranges between 0.1 to 

1 therefore the effect range between 0.1 to 2. 

     

Gap_between_normal_and_refugee = 0 

    UNITS: Perception 

    DOCUMENT: This variable makes the bias explicit. The bias is when the perception of 

Norwegian towards Norwegian is different than the perception of Norwegian towards refugee. 

Perception_relative_to_normal = 

Average_perception_to_refugee/Average_perception_to_Norwegian 

    UNITS: dmnl 

    DOCUMENT: This is a norwegian's perception towards refugee relative to how  they 

perceive other norwegian or other people in the society. When the relative perception is 1 it 

means that Norwegian perceive refugee equal to the rest of the society. If it is less than 1 , it 

means that Norwegian perceive refugee less than the rest of society i.e. some bad feeling, 

dislike etc. 

Time_to_adjust_perception = 5 

    UNITS: year 

    DOCUMENT: This is the time taken for Norwegian to adjust their perception towards 

refugee. Currently it is set to 5 years since it takes a long time for the perception towards 

overall refugees to change. 

Total_effect_to_perception[Level] = 

Weighted_effect_of_performance+Weighted_effect_of_social_skill 

    UNITS: dmnl 

    DOCUMENT: The total effect combines effect of social skill and effect of job performance 

by summation of these two effects. This number tells how the average perception towards 

refugee is changing. If the total effect is 1 it means that there is no change to the perception 

when the effect is less than 1 it means that the perception decreases i.e. local people do not see 

refugee to have equal ability or contribute to the society. If the effect is more than 1 it means 
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that Norwegian perceive refugee better than towards other Norwegian i.e. more capable, nicer 

etc. The total effect range between 0.1 to 2 since the perception to refugee stock is from 0.1 to 

1 and the average perception is 0.5. 

Weight_on_performance = 0.6 

    UNITS: dmnl 

    DOCUMENT: This variable is from the assumption that performance and social skill do not 

contribute to the perception towards refugee equally. Here we assume that performance at 

work carry more weight than the social skill hence the weight on performance is 0.6. This 

makes the weight on social skill 0.4. 

Weighted_effect_of_performance[Level] = 

Weight_on_performance*Effect_of_performance_to_perception 

    UNITS: dmnl 

    DOCUMENT: This variable is the weighted effect of performance to the perception towards 

refugee. This is calculated by weight on performance multiply by effect of performance to the 

perception toward refugees. 

     

Weighted_effect_of_social_skill[Level] = (1-

Weight_on_performance)*Effect_of_relative_social_skill_to_perception 

    UNITS: dmnl 

    DOCUMENT: This variable is the weighted effect of social skill which takes the effect of 

relative social skill to perception towards refugee multiplies by the weight of social skill. Since 

the total weight is 1 therefore it implies that the weight on social skill is one minus weight on 

performance. 

 

Social_Interaction: 

Average_Refugee_Social_skill[Level](t) = Average_Refugee_Social_skill[Level](t - dt) + 

(Change_in_social_skill[Level]) * dt 

    INIT Average_Refugee_Social_skill[Level] = Average_societal_social_skill- 

Refugee_social_skill_gap 

    UNITS: social skill 
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    DOCUMENT: This stock is the average social skill of refugee. The stock has a range from 

0.1 to 1. The social skill is the skill to interact with other people in the society which requires 

the influence in language and understanding of the culture and the etiquette. 

     

    The social skill will not go down to zero since the refugee will have the introduction 

program for language and social study therefore they can communicate to some level. 

     

    To reach the societal social skill which is 1, refugee would require practice through social 

interactions. 

    INFLOWS: 

        Change_in_social_skill[Level] = (Refugee_actual_social_skill-

Average_Refugee_Social_skill)/Time_to_adjust_social_skill 

            UNITS: social skill/Years 

            DOCUMENT: The refugee social skill change through their interaction with the 

Norwegian. The rate of change depends on the time to adjust the social skill. 

Actual_social_events_interaction_per_person_per_year_for_refugee[Level] = 

(Average_social_event_interactions_per_person_per_year_for_norwegian*Total_effect_to_so

cial_events_interaction)+Additional_events 

    UNITS: social interaction/people/year 

    DOCUMENT: This is the number of interaction from social event per refugee per year 

based on their willingness to participate (willingness comes from their confidence in social 

skill and their stress level) and the perception of Norwegian to refugee (better perception 

means more invitation to the social event) 

Additional_events = 24 

    UNITS: social interaction/people/year 

Average_fraction_of_meaningful_interaction = 0.5 

    UNITS: dmnl 

    DOCUMENT: We assume that half of the time at work is meaningful for average people 

i.e. every other day. 
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Average_interaction_per_person_per_year_for_refugee[Level] = 

(ROUND(Meaningful_interaction_from_work_for_refugee)+ROUND(Actual_social_events_i

nteraction_per_person_per_year_for_refugee)) 

    UNITS: social interaction/people/year 

    DOCUMENT: This is the average interaction of refugee. It comprises with meaningful 

interaction from work and interaction from social events. 

Average_social_event_interactions_per_person_per_year_for_norwegian = 106 

    UNITS: social interaction/people/year 

    DOCUMENT: We assume social event twice a week. The social event can mean going to 

party to drink after work to having lunch during work. 

Average_societal_social_skill = 0.8 

    UNITS: social skill 

    DOCUMENT: This is the amount of social skill on average for Norwegian. 

Constant_relative_perception = 1 

    UNITS: dmnl 

    DOCUMENT: This is a perception toward refugee relative to other in the society. This is a 

constant number used for testing the social module individually. 

Constant_relative_stress = 1 

    UNITS: dmnl 

    DOCUMENT: This is a relative stress of the refugee. This variable is used when we test the 

social module individually. 

Effect_from_perception_to_social_event_interaction = GRAPH(IF 

.Switch_perception_to_social = 1 THEN Perception.Perception_relative_to_normal ELSE 

Constant_relative_perception) 

Points: (0.200, 0.3515), (0.300, 0.3595), (0.400, 0.3952), (0.500, 0.4599), (0.600, 0.5374), 

(0.700, 0.6220), (0.800, 0.7137), (0.900, 0.8617), (1.000, 1.0000), (1.100, 1.1507), (1.200, 

1.1870), (1.300, 1.1950) 

    UNITS: dmnl 

    DOCUMENT: Relative perception has an effect to the number of time refugees are invited 

to participate in a social event. The social event is when refugee feel included and integrate to 

society. The social event can range from small to large event for example lunch during work, 
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drink after work, party, community gathering etc. If local people do not have good perception 

towards refugee then there will not be as much invitation. 

Effect_of_social_skill_to_meaningful_interaction[Level] = 

GRAPH(Refugee_social_skill_relative_to_societal) 

Points: (0.100, 0.3362), (0.200, 0.3609), (0.300, 0.4004), (0.400, 0.4600), (0.500, 0.5426), 

(0.600, 0.6449), (0.700, 0.7551), (0.800, 0.8574), (0.900, 0.9400), (1.000, 1.0000), (1.100, 

1.0573), (1.200, 1.0731) 

    UNITS: dmnl 

    DOCUMENT: If the refugees social skill is not good then it is less likely that they can have 

a meaningful conversation with their colleague. 

Meaningful_interaction_for_norwegian = 

Work_interaction_per_person_per_year*Average_fraction_of_meaningful_interaction 

    UNITS: social interaction/people/year 

    DOCUMENT: The meaning full interaction is calculated by the work interaction that a 

person has per year multiplied by the fraction. This is because we assume that not everyday at 

work we have meaningful interaction. 

Meaningful_interaction_from_work_for_refugee[Level] = 

Work_interaction_per_person_per_year*Effect_of_social_skill_to_meaningful_interaction*A

verage_fraction_of_meaningful_interaction 

    UNITS: social interaction/people/year 

    DOCUMENT: This is from the assumption that we do not always have meaningful 

interaction at work i.e. long conversation. If the refugees social skill is not good then it is less 

likely that they can have a meaningful conversation with their colleague. 

Refugee_actual_social_skill[Level] = 

Relative_refugee_interactions_to_norm*(Average_societal_social_skill+Refugee_social_skill

_gap) 

    UNITS: social skill 

    DOCUMENT: Refugee social skill is determined by the amount of interactions that they 

have with Norwegian. The more interaction they have the better the social skill. We calculate 

this by using the  amount of interaction that refugee has relative to what Norwegian has. If the 

relative interaction is 1 it means refugee has equal interaction with the Norwegian therefore 
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they have same social skill as Norwegian. This is true if the social skill gap is zero meaning 

when everything is equal the refugee will have the same social skill as Norwegian. 

Refugee_social_skill_gap = 0 

    UNITS: social skill 

    DOCUMENT: This is a variable to explicitly set the bias (if any) between Norwegian skill 

and the refugee skill i.e. the skill gap means, all things being equal the refugee still has lower 

social skill than the Norwegian. 

Refugee_social_skill_relative_to_societal[Level] = 

Average_Refugee_Social_skill//Average_societal_social_skill 

    UNITS: dmnl 

    DOCUMENT: This is refugee social skill relative to Norwegian. If the refugee social skill is 

1 then it means refugee has the same social skill as Norwegian. 

Relative_refugee_interactions_to_norm[Level] = 

Average_interaction_per_person_per_year_for_refugee/Total_interaction_per_person_per_yea

r_for_Norwegian 

    UNITS: dmnl 

    DOCUMENT: This is a relative number of interactions that refugee has compared to the 

number of interactions that Norwegian has.  

     

    Number of interactions is the interaction between refugee and Norwegian for example in the 

work place or in the social events with Norwegian. This number does not accounted for the 

number of interactions that refugee has among themselves. This is because we use this number 

to determine the integration with Norwegian in term of social skill and stress level. 

Time_to_adjust_social_skill = 2 

    UNITS: year 

    DOCUMENT: This is the time taken for the social skill to improve or deteriorate. Currently 

it is assume to 2 years because the skill require lots of practice and for the refugee to 

familiarize themselves to the new language and culture. 

Total_effect_to_social_events_interaction[Level] = 

Effect_from_perception_to_social_event_interaction*Willingness_to_attend_social_events 

    UNITS: dmnl 



 

97 
 

    DOCUMENT: Social event is counted between norwegian and refugee only. It does not 

include the social interaction among refugees themselves since the model focus on the 

integration of refugee to Norwegian society. 

     

    This can come from willingness to socialize and invitation (good perception more 

invitation). We used multiplication here because the effect depends on each other i.e. no 

matter how much willingness refugee want to go to social event, they will  not be able to if 

there is no invitation. 

Total_interaction_per_person_per_year_for_Norwegian = 

Meaningful_interaction_for_norwegian+Average_social_event_interactions_per_person_per_

year_for_norwegian 

    UNITS: social interaction/people/year 

    DOCUMENT: The total interaction includes interaction from work and interaction from 

social events for Norwegian 

Willingness_to_attend_social_events[Level] = IF .Switch_stress_to_social = 1 THEN 

1/Stress.Stress_level_relative_to_average_Norwegian ELSE 1/Constant_relative_stress { IF 

.Switch_stress_to_social = 1 THEN Stress.Stress_level_relative_to_average_Norwegian ELSE 

Constant_relative_stress } 

    UNITS: dmnl 

    DOCUMENT: Refugees' stress affect the willingness for refugee to attend the social event. 

When a person is stressful, they are less likely to socialize. 

Work_interaction_per_person_per_year = 218 

    UNITS: social interaction/people/year 

    DOCUMENT: Number of interaction at work calculate from how many days people work 

per year. The assumption is 22 working days per month, which gives 264 days. People have 5 

weeks holiday (25 days) and 10 national holidays, therefore in total people have 229 days of 

working (264-35). Assume 11 sick leave day per year, then we are left with 229-11 = 218 days 

Stress: 

Refugee_Stress_level[Level](t) = Refugee_Stress_level[Level](t - dt) + 

(Change_in_stress_level[Level]) * dt 

    INIT Refugee_Stress_level[Level] = Refugee_average_stress_level 

    UNITS: stress level 
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    DOCUMENT: This is the stress level of refugee. The model assumes that there are two 

factors that impact stress level: income and social interaction. 

    INFLOWS: 

        Change_in_stress_level[Level] = (Actual_stress_level-

Refugee_Stress_level)/Stress_level_adjustment_time 

            UNITS: stress level/Year 

            DOCUMENT: This is an inflow to refugee stress level stock. The stress level will be 

adjusted according to the actual stress level through the adjustment time. 

Actual_stress_level[Level] = Total_effect_to_stress_level*Refugee_average_stress_level 

    UNITS: stress level 

    DOCUMENT: Actual stress level is calculated by average stress level multiply by total 

effect to stress level. Actual stress level is between 0 to 1. 

Average_Norwegian_stress_level = Refugee_average_stress_level-Stress_level_gap 

    UNITS: stress level 

    DOCUMENT: This value will be different from refugee average stress level if there is a 

stress level gap between Norwegian and refugee. The average norwegian stress level is 

calculated by refugee average stress level minus stress level gap.  

Constant_relative_income = 1 

    UNITS: dmnl 

    DOCUMENT: This is the constant relative income variable. We use this variable when we 

want to test this module (stress) individually. 

Constant_Relative_refugee_interactions_to_norm[Entry] = 1 

    UNITS: dmnl 

    DOCUMENT: This is a relative number of interactions that refugee has compared to the 

number of interactions that Norwegian has.  This is a constant variable and will be used when 

testing stress module individually. 

Constant_Relative_refugee_interactions_to_norm[Senior] = 1 

    UNITS: dmnl 

    DOCUMENT: This is a relative number of interactions that refugee has compared to the 

number of interactions that Norwegian has.  This is a constant variable and will be used when 

testing stress module individually. 
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Effect_of_income_to_stress[Level] = GRAPH(IF .Switch_economic_to_stress = 1 THEN 

Economic.Refugee_Relative_Income_to_Average_Norwegian ELSE 

Constant_relative_income) 

Points: (0.300, 1.852), (0.400, 1.790), (0.500, 1.706), (0.600, 1.599), (0.700, 1.467), (0.800, 

1.314), (0.900, 1.150), (1.000, 1.000), (1.100, 0.8331), (1.200, 0.7011), (1.300, 0.5936), 

(1.400, 0.5102), (1.500, 0.448) {GF EXTRAPOLATED} 

    UNITS: dmnl 

    DOCUMENT: Maximum effect can be up to 2 

     

    The x axis is relative average income, this is the refugee income compare to average 

norwegian income, range from 0.1 to 1.5. When relative income is 1 it means refugee earns on 

average as much as average Norwegian. 

     

    The y axis is the effect the relative average income cause to stress that the refugee usually 

have (refugee average stress level = 0.5) 

     

    The shape of the curve is S-shaped, where the less the income refugee earn as compared to 

average Norwegian, the more stress they will be. 

     

    If relative income is 1 it means the refugee earn as much as average norwegian therefore 

there is no change in average stress. If the relative income is much below 1 the stress level 

increases to almost double. The graph of the effect is drawn to depict that if refugee earn less 

than half of the average Norwegian the effect will be almost 2 which will make the stress level 

to go almost up to its maximum i.e. 1.  

     

Effect_of_social_interaction_to_stress[Level] = GRAPH(IF .Switch_social_to_stress = 1 

THEN Social_Interaction.Relative_refugee_interactions_to_norm ELSE 

Constant_Relative_refugee_interactions_to_norm) 

Points: (0.300, 1.852), (0.400, 1.790), (0.500, 1.706), (0.600, 1.599), (0.700, 1.467), (0.800, 

1.314), (0.900, 1.150), (1.000, 1.000), (1.100, 0.8331), (1.200, 0.7011), (1.300, 0.5936), 

(1.400, 0.5102), (1.500, 0.448) {GF EXTRAPOLATED} 
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    UNITS: dmnl 

    DOCUMENT: Maximum effect can be up to 2 

     

    The x axis is relative social interaction, this is the refugee social interaction compare to 

average norwegian interaction, range from 0.1 to 1.5. When relative interaction is 1 it means 

refugee interacts to Norwegian as much as Norwegian interacts among themselve. 

     

    The y axis is the effect the relative interaction cause to stress that the refugee usually have 

(refugee average stress level = 0.5) 

     

    The shape of the curve is S-shaped, where the less the interaction refugee has as compared 

to average Norwegian, the more stress they will be. 

     

    If relative interaction is 1 it means the refugee interact with Norwegian as much as average 

norwegian therefore there is no change in average stress. If the relative income is much below 

1 the stress level increases to almost double.  

     

     

     

Refugee_average_stress_level = 0.5 

    UNITS: stress level 

    DOCUMENT: Stress level is from  0 to 1. 0 being no stress and 1 being very stress. Normal 

stress level is set to 0.5. 

Stress_level_adjustment_time = 1 

    UNITS: year 

    DOCUMENT: We set the stress level adjustment time to 1 year. The assumption is that 

people can get stress quite quickly especially if the stressor is from the income 

Stress_level_gap = 0 

    UNITS: stress level 

    DOCUMENT: This is the gap of stress between Norwegian and Refugee. We put the gap 

explicitly to study any bias or different between refugees and Norwegian. 
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Stress_level_relative_to_average_Norwegian[Level] = 

Refugee_Stress_level//Average_Norwegian_stress_level 

    UNITS: dmnl 

    DOCUMENT: This is refugee stress level relative to average Norwegian. When the relative 

stress equals one it means refugee has the same stress level as Norwegian. 

Total_effect_to_stress_level[Level] = 

Weighted_effect_from_social_interaction+Weighted_effect_from_income+Weighted_effect_f

rom_other_stressor 

    UNITS: dmnl 

    DOCUMENT: We determine that there are two factors that contribute to refugee stress 

level: income, social interaction. Each factor has different weight to stress level i.e. income 

tend to affect the stress level more than social interaction because it contributes directly to the 

well-being of the refugee. Therefore the total effect to stress level is an addition of weighted 

effect of income and weighted effect of social interaction. The total effect to stress level is 

from 0 to 2. 

     

    The rationale for the number formulation: 

    Actual stress level is between 0 to 1. 

     

    Actual stress level = Total_effect_to_stress_level*Normal_stress_level 

     

    max(actual stress level) = 1, normal stress level = 0.5 

     

    Therefore  

    max(Total_effect_to_stress_level) = 1/0.5 = 2 

     

    total effect to stress level = 

Weighted_effect_from_social_interaction+Weighted_effect_from_income 

     

    Assume the weight of income to stress level = 0.7 since that directly impact with their 

standard of living. 
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    Therefore 

    max(Weighted_effect_from_income) = 0.7*2 = 1.4 

    max(Weighted_effect_from_social_interaction) = 0.3*2 = 0.6 

     

weight_effect_of_income_to_stress = 0.6 

    UNITS: dmnl 

weight_effect_of_social_interactions_to_stress = 0.2 

    UNITS: dmnl 

Weighted_effect_from_income[Level] = 

Effect_of_income_to_stress*weight_effect_of_income_to_stress 

    UNITS: dmnl 

    DOCUMENT: This is the effect of the income to refugee stress level that already 

incorporated the weight assumption. For example if the refugee relative income equal to 1, 

meaning refugee earn as much as norwegian thus there is no change in the stress level and the 

effect of income to stress in 1. But because income only contributes to 70% of the stress level 

so the weighted effect of income to stress is 0.7. 

     

     

     

Weighted_effect_from_other_stressor[Level] = 0.2 

    UNITS: dmnl 

    DOCUMENT: This is the effect of the social interaction to refugee stress level that already 

incorporated the weight assumption. For example if the refugee relative social interaction 

equal to 1, meaning refugee interact to Norwegian as much as the norwegian among 

themselves thus there is no change in the stress level and the effect of social interaction to 

stress is 1. But because social interaction only contributes to 30% of the stress level so the 

weighted effect of social interaction to stress in this case is 0.3. 

Weighted_effect_from_social_interaction[Level] = 

{Effect_of_social_interaction_to_stress*(1-Weight_of_income_to_stress_level)} 

Effect_of_social_interaction_to_stress*weight_effect_of_social_interactions_to_stress 
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    UNITS: dmnl 

    DOCUMENT: This is the effect of the social interaction to refugee stress level that already 

incorporated the weight assumption. For example if the refugee relative social interaction 

equal to 1, meaning refugee interact to Norwegian as much as the norwegian among 

themselves thus there is no change in the stress level and the effect of social interaction to 

stress is 1. But because social interaction only contributes to 30% of the stress level so the 

weighted effect of social interaction to stress in this case is 0.3. 

{ The model has 239 (298) variables (array expansion in parens). 

  In root model and 6 additional modules with 24 sectors. 

  Stocks: 17 (22) Flows: 29 (34) Converters: 193 (242) 

  Constants: 74 (78) Equations: 148 (198) Graphicals: 12 (21) 

  There are also 10 expanded macro variables. 

  } 

 

 


