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Abstract
Refugee and migrant (mixed migration) flows in the Mediterranean have been in the 
spotlight of both policy and research, especially since 2015. Mixed migration is a 
volatile international phenomenon with considerable and debatable impacts on soci-
ety and economy. This paper investigates the performance of time series forecasting 
methods based on EUROSTAT datasets focusing on asylum seekers. Germany has 
been selected to reflect on the ability of the models to predict the future behavior of 
an extremely volatile migrant mobility. Exponential smoothing and autoregressive 
integrated moving average (ARIMA) models have been used for the forecasting of 
asylum seekers. Monthly records of first-time asylum seekers have been used from 
January of 2008 up to September of 2020. The results demonstrate clearly that more 
research is needed on this field, taking into account the complexity of the charac-
teristics of international migration, in order to assist decision-making in migration 
management.
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1 Introduction

Global migration is a highly complex and dynamic phenomenon. Moreover, Euro-
pean policy makers have focused their attention on irregular migration. Migration 
policies were reassessed in order to cope with the migration flows arriving in 
Europe and in particular in the Mediterranean since 2015. The migration-related 
terminology is expanded in order to depict the characteristics of these flows. 
Accordingly, “mixed migration” was proposed to describe this category consist-
ing of various types of migrant mobility. According to the United Nations High 
Commissioner on Refugees (UNHCR), “mixed movements” or “mixed migra-
tion flows” is complex and difficult to predict and monitor migratory popula-
tion movement including refugees, asylum seekers, internally displaced, stateless 
people, economic migrants and other migrants, often moving irregularly (e.g. 
without the appropriate documentation for their movement), and for numerous 
reasons [1].

According to UNHCR, asylum seekers are the people petitioning for interna-
tional protection, however have yet to be processed. At the end of 2019, 4.2 mil-
lion people were asylum seekers worldwide [2]. People may seek asylum for a 
variety of reasons: reasons related to international protection; reasons that may 
emerge en route, such as to obtain access to a country’s immigration policies, 
political or economic insecurity; or the decision may be taken upon arrival to the 
destination country.

Migration constitutes the most unpredictable demographic change. On top of 
that, asylum-related migration constitutes the most unstable and sensitive type 
of migration. Therefore, the prediction of asylum-related migration constitutes a 
difficult task. Asylum seekers are forced to leave their countries for different rea-
sons including war, conflict, violence, or persecution. The choice of a final des-
tination country is greatly influenced by access to information. The “push–pull” 
factors have been taken into account into theories of forecasting asylum-related 
migration. Data accuracy issues as well as accurate measurement of uncertainty 
are main challenges in international migration forecasting [3]. Evaluation and 
assessment of various forecasting models showed that extrapolation of time series 
and Bayesian expert-based models were found to be applicable on asylum-related 
datasets [3].

This paper aims to investigate the performance of time series forecasting based 
on exponential smoothing and ARIMA methods, in regard to asylum-related 
migration to Europe and more specifically to Germany. European Statistical 
Office (EUROSTAT) datasets of first-time asylum seekers have been used, con-
sisting of monthly data from January of 2008 to September of 2020 [4].

In the following, a review of the literature relevant to international migra-
tion theories including theories focused on forced migration is presented. Next, 
the methodology is proposed, followed by the section of corresponding results. 
Finally, conclusions and topics for future research are presented.
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2  Literature Review

Theories related to international and forced migration will be reviewed in this 
section. A main category of international migration theories is the micro-level 
approaches for various reasons. Although neoclassical economics showed a 
potential theoretical framework, its fundamental principles were quite unrealistic 
[5-7]. According to the neoclassical theory, migrants are a homogenous group 
motivated by financial benefits when making their decision. More recent studies 
have focused on the explanatory contribution of a network theory. According to 
the network theory, individuals are influenced when making decisions to migrate 
by the fact that family members or other migrants have selected a specific country 
to migrate [8]. Interestingly, Docquier et  al. [9] argued that potential migrants 
are influenced by the size of the network of previous migrants and the average 
income in the destination country. Yet the main factor that influences a potential 
migrant to decide to migrate is the economic growth of the destination country.

Both physical and mental security are taken for granted in the above theories. 
Yet forced and international migration are driven by reasons such as violence, per-
secution, or extreme poverty. Accordingly, academics point out that existing inter-
national migration theories are not appropriate theories to explain forced migration 
due to the fact that the former is voluntary movement and the latter is not [10].

The macro-level approaches constitute another main category of migration 
theories. Forced migration has been presented as a result of globalization and 
expressed through a North–South inequality in [10], using a social framework for 
analysis. According to the authors, North countries have put many restrictions on 
refugee-to-be criteria, excluding “environmental refugees” as well as families of 
internationally displaced persons from their countries of origin due to develop-
ment projects. In Europe, the country laws for potential migrants aiming to attract 
explicitly highly skilled personnel have been seen as desirable compared to other 
groups of labor force. In [11], an experiment was conducted and submitted by 
voters of 15 European countries aiming to categorize the traits that an asylum 
seeker should possess to be approved as refugee by each individual voter. The 
results showed that age, host-country language fluency, occupation rank, and reli-
gion affected the decision of the voters.

Some literature studies have followed the approach of “push–pull” forces for the 
development of the various migration theories towards receiving and destination 
countries. This approach assisted scientists and policy makers to acquire a more rep-
resentative picture of migration with the goal of making predictions. The first theory 
that tried to bridge the “pull–push” forces was introduced by Lee [12]. Accordingly, 
he presented the factors that shape mobility: factors associated with the country of 
origin, factors associated with the destination country, the obstacles en route, and 
factors associated with the characteristics of each individual. However, “push–pull” 
theories are too simplistic and treat individuals as a homogenous group that reacts 
in the same way to the same stimuli. Furthermore, another simplification of the 
“push–pull” theories relates to the concepts of peace and violence, treated as polar 
opposites, with values equal to 0 and 1, respectively.
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Additionally, research on human migration network modelling is growing, aiming 
to quantify the migration flows as well as the impact of various policy regulations 
[13, 14]. In [13], multiclass and multipath refugee migration networks were devel-
oped with routes that captured congestion. In [14], a multiclass human migration 
network was formulated and analyzed, considering policy interventions to moderate 
the flow of migrants as well as enhance societal welfare.

The complexity of forced migration being an extremely irregular phenomenon 
can be attributed as the reason that inaccurate forecasts using probabilistic or deter-
ministic models were produced by numerous studies. Forecast and uncertainty go 
hand-in-hand [15]. Disney et al. [3] categorized the most widely used probabilistic 
forecast models for migration into time series, expert-based, Bayesian, and econo-
metric models with covariate information and historical error models. Furthermore, 
after testing all the above methods on different migration data, the conclusion was 
that only two of them are applicable on asylum-related datasets, namely extrapola-
tion of time series and Bayesian expert-based models.

Time series is a sequence of numerical data points in successive order. The main 
purpose of using time series is to make predictions. Time series modeling relies on 
past data, and because data can be imperfect, it introduces bias and forecast errors 
[16]. It is important for the model to identify a possible trend and seasonality, yet 
shocks such as a financial crisis cannot be added which may lead to a false predic-
tion. Time series extrapolations may be applicable for asylum-related migration and 
may be applied to other forms of migration prediction. Asylum-related migration 
can be considered more often as a non-stationary process, therefore requiring spe-
cial handling with respect to forecast time horizon [17]. In [17], the general migra-
tion forecast horizon was proposed to be up to 100 years; however, in cases such as 
asylum-related migration, it was urged that the time horizon should be up to 1 year 
and could extend to 5 or 10 years [18].

The main characteristic of time series analysis is that observations are correlated 
and if their pattern is studied then inferences can be drawn about underlying phe-
nomena. Acknowledging the dynamic and static components of a system as well 
as their interdependence assists in comprehending the system’s mechanism and, 
eventually, estimates its next phase with a level of uncertainty. This uncertainty is 
observed in stochastic time series where the future values have a probability distri-
bution conditioned by a knowledge of past values. Time series models can include 
trend, seasonality, and randomness components. A system can exhibit one or more 
components [16].

3  Methodology

Accurate forecasting depends on appropriate data. National, European, and interna-
tional agencies track almost every quantitative part of everyday life for data-driven 
decision-making. Internal European statistics are provided by EUROSTAT, Euro-
pean Asylum Support Office (EASO), and National Agencies, as well as external 
ones such as UNHCR and International Organization for Migration (IOM). Yet 
many challenges are posed throughout the process. EASO published a methodology 
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for evaluating potential data sources [19]. The evaluation was based on six criteria, 
namely, frequency, definition, coverage, accuracy, timeliness, and quality assurance. 
A database that would meet those criteria perfectly would publish statistics reflect-
ing the definitions agreed on asylum-related migration with no errors. Nevertheless, 
such a perfect database does not exist.

It is true that modern database systems offer new and extensive functionalities 
in terms of data visibility, validation, and data insights. Additionally, this is further 
enhanced by managed database services that are provided by big cloud providers. 
Though these functionalities and services enable users to gain access to hidden 
knowledge in their data, it still does not combat several problems that are identified 
in the existing data.

Our comment regarding the “perfect database” reflects to the definition of EASO. 
More specifically, we could argue that by utilizing the nuances on database manage-
ment systems, one could extract and produce the evaluation metrics that the EASO 
proposes as criteria for the database evaluation; by then analyzing those criteria, it 
is clear that the existing databases rarely reach high values that impact the quality 
and quantity of the data. This data deficiency leads to our statement that “a perfect 
database” does not exist.

In conclusion, modern database systems as well as managed database services 
can enhance the ability to analyze and interpret data but cannot generate the data 
gap that exists in terms of quality data in the existing databases so far.

In this paper, EUROSTAT has been chosen as the preferred data source [4]. 
EUROSTAT publishes monthly data on asylum-related migration and therefore pro-
vides an increased sample size. The final sample set consisted of 153 observations, 
from January of 2008 to September of 2020 [20]. Germany has received the major-
ity of asylum claims since 2015 and therefore was selected in this study.

The original data consisted of monthly asylum and first-time asylum applications 
by citizenship, age, and sex from January 2008 till September 2020 (153 observa-
tions). The sex profile consists of two genders (male and female), and the country 
of citizenship of the applicant was not restricted in any way. The topic of interest 
was new records of asylum-related applications. The overall number of applications 
depends on new and pending asylum cases. Only first-time asylum applications 
were taken in consideration. The measure of prediction accuracy was selected to the 
mean absolute percentage error (MAPE) due to its popularity and simplicity [15]. 
An upper limit has also been set to 45% MAPE [20].

3.1  Exponential Smoothing Methods

The main characteristic of exponential smoothing methods is that recent values 
hold more predictive power and importance than past ones. They assign exponen-
tially decreasing weights as the observations get older. They combine error/residu-
als, trend, and seasonal components in a smoothing calculation. Those compo-
nents can be combined either additively or multiplicatively. The model represents 
a weighted average of the observations. In R programming language, the model can 
be used with the forecast package. The general form of every possible exponential 
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smoothing model is of the form ETS(X, Y , Z) with E corresponding to the error, T  to 
trend, and S to seasonality. Hence, ETS(X, Y , Z) correspond to the simple exponen-
tial smoothing method with multiplicative errors. This would be the simplest case 
where no trend or seasonality seems to be present.

Exponential smoothing methods combine the three components in a smoothing 
calculation. There are three smoothing parameters, namely, � , � , and � , and their 
existence depends on how many of the time series components are present in the 
specific time series. In the simplest case with no trend and seasonal component, 
there is only one smoothing parameter ( � ); however, when all the components are 
present, all smoothing parameters are included. The smoothing parameter in each 
case is between 0 and 1, and the closer the value of the parameter is to 1, the heavily 
the time series relies on recent data.

3.2  ARIMA

ARIMA models are considered the most general class of models for forecasting 
non-stationary time series. It is a class of models that support that previous observa-
tions can be used alone to predict the future values.

In R programming language, the package forecast will be once more the tool to 
test whether an ARIMA model is a good fit for the time series. Generally, the form 
is ARIMA(p, d, q) where p corresponds to the order of the auto-regressive part, d to 
the degree of first differencing, and q to the order of the moving average part.

4  Results

The number of annual first-time asylum applicants since 2008 in Germany is 
shown in Fig. 1. In the beginning of 2014, the number of asylum claims is shown to 
increase with its peak being around 2016. The main reason lies behind the closing of 
the Balkan and Mediterranean routes that asylum seekers used to reach other Euro-
pean countries besides the country of first arrival.

The actual number of asylum claims per month, the predicted numbers obtained 
from the simple exponential smoothing method, and the error between the two is 
presented in Table  1. Figure  2 shows the time series graph representing monthly 
first asylum claims in Germany and the predicted values using simple exponential 
smoothing.

The simple exponential smoothing method held the last observation of the train 
dataset, applied a smoothing parameter, and kept it unchanged throughout the time 
horizon of 9 months. This function of the model can be proved efficient in times of 
relative stability. However, if the last observation in such a model is a product of anom-
aly such as an economic recession, the prediction will be subject to systematic error. 
Consequently, its major limitation lies in the fact that the selected time horizon is not 
taken into account. Especially, in a phenomenon linked with frequent fluctuations such 
as forced migration, the method can be replaced with more complex models. In the 
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Fig. 1  Annual first-time asylum applicants in Germany based on EUROSTAT 

Table 1  Results of simple 
exponential smoothing time 
series method in Germany

Actual numbers Predicted numbers Error

January 13,385 8360.28 0.37
February 11,140 8360.28 0.25
March 7935 8360.28 0.05
April 5645 8360.28 0.48
May 3775 8360.28 1.21
June 4790 8360.28 0.74
July 7590 8360.28 0.10
August 7275 8360.28 0.15
September 9300 8360.28 0.10
MAPE 38%

Fig. 2  Time series graph of asylum claims in Germany as well as the predicted numbers using simple 
exponential smoothing method
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case of Germany, the last observation turned out to be a fortunate pick and produced a 
MAPE below the chosen threshold.

Interestingly, exponential smoothing was identified as applicable method for migra-
tion forecasting applications [21]. ARIMA models and exponential smoothing method 
were identified as univariate time series methods that could be applied on migration 
forecasting. The exponential smoothing was found preferable due to its simplicity. The 
arbitrary choice of the smoothing parameter and overreliance on past data were identi-
fied as the main disadvantages of the exponential smoothing method.

Exponential smoothing has been widely used for migration forecasting by many 
statistical agencies of developed countries, mainly due to its simplicity. Major limita-
tions of exponential smoothing include the overreliance on past data and an arbitrary 
choice of the smoothing parameter. Univariate ARIMA models constitute a standard 
approach for time series extrapolations. A main advantage of the models is their ver-
satility, the existence of a wide range of applications and software. Additionally, they 
give an estimate of forecast uncertainty with confidence intervals [18, 21].

In migration forecasting studies, the random walk with drift model was found 
to be a good choice due to its simplicity as well as model selection criteria [3, 18, 
21]. Furthermore, the non-stationarity of the model reflects the volatile feature 
of forced or irregular migration. The random walk model, being a special case of 
ARIMA(0, 1, 0) , provided better estimates of uncertainty compared to other ARIMA 
models for asylum-related migration forecasting [18, 21].

The main limitation of using both exponential smoothing and ARIMA models 
for migration forecasting is their dependence on data only. Data accuracy is a sig-
nificant challenge for international migration forecasting [3]. Moreover, in case of 
shock events, ARIMA models produce unreliable predictions.

In this study, the ARIMA(0, 1, 0) model was used. This model corresponds 
to a random walk model. Various ARIMA models have been explored [20]. 
ARIMA(0, 1, 0) showed to be the best performing model.

Table 2 shows the actual number of asylum claims per month, the predicted num-
bers from ARIMA(0, 1, 0) , and the error between the two. Figure 3 shows the time 
series graph representing monthly first asylum claims in Germany and the predicted 
values using ARIMA(0, 1, 0).

Table 2  Results of 
ARIMA(0, 1, 0) in Germany

Actual numbers Predicted numbers Error

January 13,385 8360 0.37
February 11,140 8360 0.25
March 7935 8360 0.05
April 5645 8360 0.48
May 3775 8360 1.21
June 4790 8360 0.74
July 7590 8360 0.10
August 7275 8360 0.14
September 9300 8360 0.10
MAPE 38% 38%
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Future research will explore the inclusion of other parameters, besides data, in 
asylum-related migration forecasting methods, followed by sensitivity analysis, in 
order to better depict and take into account the complexity and volatility of this type 
of migration [18, 21]. Interestingly, the exclusive reliance on data has been the main 
criticism of ARIMA models in migration forecasting, since reliance on data only 
does not take into account shock events that may possibly occur [18, 21].

5  Conclusions

Forced migration flows constitute the most volatile and sensitive type of migra-
tion. Refugees are a vulnerable group globally and asylum applicants need to 
prove they have suffered or are at risk of suffering persecution. Refugees rely 
on host governments, international organizations, and non-profit organizations to 
assist them with access to schooling, medical care, and work among others in the 
country of destination. When humanitarian aid is not effectively managed, the 
distress of affected population increases [22, 23].

Existing tools to monitor forced migration flows appear to be weak. Specifi-
cally, in this study, the time series models produced results under a specific error 
threshold; however, the uncertainty in the forecasted values is large. When many 
coexisting factors interact, they can influence so noticeably the results. Some 
European countries rely exclusively on statistical modeling. Although models can 
be efficiently used as decision support systems, they are also widely used as early 
warning and alert systems. Some of the models are also used to fine tune those 
systems. This way, the preparedness of policy makers is improved. Relevant sys-
tems include the EU Integrated Political Crisis Response (IPCR), the IOM’s Dis-
placement Tracking Matrix System (DTM), and the EASO’s Early Warning and 
Preparedness System. In the same vein, some surveys track people’s intentions to 
migrate. The reality is that even with those supportive tools, the forecasts produce 
big errors because the system’s dynamic behavior cannot be tracked.

Fig. 3  Time series graph of asylum claims in Germany as well as the predicted numbers using 
ARIMA(0, 1, 0)



 Operations Research Forum (2023) 4:34

1 3

34 Page 10 of 11

A large part of the literature contains case studies where univariate time series 
models were used. Similarly, in this paper, the models relied on data only for asylum-
related migration forecasting. However, forced migration can be the result of civil 
wars, poverty, human right violations, and others. If all these factors are taken into 
account, a more holistic understanding of the complex and volatile phenomenon will 
be acquired and lead to treat the causes of it and not its symptoms.

Future research will investigate different time series models including multivari-
ate ones in different European countries. For instance, a comparison between results 
obtained in this paper and results obtained by a newer time series method using 
generalized network autoregressive (GNAR) processes [24] could provide further 
insights about the efficiency of time series modeling in forecasting asylum-related 
migration. Moreover, other datasets besides the ones obtained from EUROSTAT 
will be explored.
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