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Abstract. Managing migration and developing effective integration poli-
cies require reliable, updated information and comparable statistical data. How-
ever, traditional data sources such as public censuses, poor official statistics or 
geographically limited field studies do not provide safe and updated migration 
data on a highly dynamic phenomenon. Mobile phone data as a new and alter-
native source offers higher quality, comparable, up-to-date and better data that 
can ensure increased support for statistical systems of policy makers. This paper 
aims to bring relevant insight for policy makers in Turkey and possibly 
abroad for better integration of refugees by analyzing the database based on 
anonymized mobile Call Detail Record of phone calls and SMS messages of 
Türk Telekom customers.  The results show that mobile phone data is able to 
identify approximate location of the refugees, their mobility trends 
and activities over time along with their general communication patterns. The 
algorithms used in this study are able to differentiate each individual caller and 
their location information based on the communication patterns derived from 
the data. The results provide policy makers a handy alternative data source to 
get information and verify their statistics related to refugees and develop better 
integration policies by optimizing limited welfare resources effectively. 

Keywords: Data Analysis, Social Integration, Refugees, Mobile Phone Data. 

1 Introduction 

Turkey, located on the Eastern Mediterranean migration route1, has become a major 
“transit” and “destination” country for many migrants, asylum-seekers and refugees in 
the recent years (İçduygu 2013, Kaiser and Kaya 2015). As İçduygu and Sert (2009) 
notes, Turkey’s location between the politically and economically unstable East and 

                                                             
1  Eastern Mediterranean migration route begins in Asia, Central Asia, Middle East or the 

Horn of Africa and ends in Cyprus, Greece or Bulgaria via Turkey both by sea and by land. 
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the prosperous West makes it both an obvious transit route and an attractive destina-
tion in itself for migrants (İçduygu and Sert 2009). Although this is not a new fact, 
following the migration crisis of 2015, when over a million irregular migrants and 
refugees have reached Europe mostly from Syria, Africa and South Asia (IOM, 2015), 
Turkey has started to attract more attention from the international society in terms of 
its migration policies. European Border and Coast Guard Agency, also known as 
FRONTEX, reported 885,386 migrants of the nearly one million migrants had 
reached the European Union (EU) via the Eastern Mediterranean route in 2015 
(FRONTEX, 2016). However, beyond 2015 migration crisis, Turkey has always been 
considered as a country where migration “is” and “will” be a significant issue of con-
cern. As İçduygu (2005) notes, as long as the ongoing political turmoil and violence 
persist in conflicted neighbouring areas, people will continue to leave their homelands 
to search for prosperity, security and protection from persecution. Thus, Turkey is 
always exposed to new waves of especially irregular migration and asylum seekers. 
These movements have implications and challenges not only for social, economic and 
political dynamics in Turkey but also for the neighboring regions. 

 
Currently, Turkey hosts the world’s largest number of refugees; more than 3.5 mil-

lion Syrians and additionally 346,800 refugees and asylum-seekers of various nation-
alities (DGMM, 2018a, UNHCR 2018). Beyond being a transit country, as a destina-
tion country where millions of refugees are residing, Turkey develops its own integra-
tion policy, which is currently lacking, to better serve not only the migrants and refu-
gees but also to keep the solidarity and social acceptance among the host society. In 
this context, policy makers and practitioners require to benefit from relevant and actu-
al data in order to develop well targeted and efficient policies on; a) managing migra-
tion and refugee movements through/to Turkey, b) develop an inclusive and compre-
hensive integration policy for the settled migrants.  

 
Accordingly, new data sources such as mobile phone calls, internet searches, or in-

teraction on social media provide the policy makers with more timely and evidence 
based data on migration. As it was also widely agreed at UN High-level Dialogue on 
Migration and Development (2013) and also at the Report of the High-Level Panel of 
Eminent Persons on the Post-2015 Development Agenda (2013), policy makers need 
better data on migration and development. Lack of data often leads to inefficient pub-
lic policies on migration management and integration due to miscalculations about the 
scale and impact of migration. The problem is not only the lack of robust migration 
data but also how to confirm and update the data that comes from poor official statis-
tics. Especially in the migration field, dynamic people movements have to be quickly 
reflected in the statistics in order to develop effective policies.  

 
This report aims to provide an insight for policy makers to demonstrate how mo-

bile phone data can be utilized to facilitate the development of better migration poli-
cies in Turkey. It focuses on the integration aspect of Syrian refugees in Turkey and 
specifically prioritizes to contribute the themes on “integration” and to some extent on 
“unemployment”. The report uses the large dataset which is composed of anonymous 
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mobile phone data and made available for the Data for Refugees (D4R) Challenge 
(Salah et al.). D4R Challenge is initiated by Türk Telekom in partnership with the 
Turkish Academic and Research Council (TÜBİTAK) and Boğaziçi University.  

 
The first section of the report provides brief information on the current nature of 

refugees in Turkey and the main challenges of integration. The second part explains 
the main problem and specific aim of this research. The third part explains the meth-
odology and data analysis. The final part evaluates the research findings and con-
cludes with some suggestions for policy makers. It also provides insights for further 
academic research that can be improved with additional data utilization.  

2 Refugees in Turkey and Challenges of Integration 

In the last decades, mobility of people through and towards Turkey have become 
more diversified in terms of the changing dynamics in types, flows and destinations. 
In this context, Turkey emerges as a major significance and also a concern in terms of 
its migration policies that are highly influenced by the high levels of irregular migra-
tion and asylum flows through its territory. Currently, Syrians constitute the highest 
number of refugees in Turkey and their socio-economic integration refers to one of 
the primary challenging cases of migration management in Turkey. Every progressive 
step and ad-hoc practices on Syrians’ integration contributes to Turkey’s wider inte-
gration policy, which is currently evolving.   

 
After the civil war in Syria that has erupted in 2011, Turkey followed an open-

border policy and provided protection to all destitute Syrians2. As of 2018, among 3.5 
million registered Syrians, only 6 percent of whom are sheltered in 25 camps in 10 
provinces of Turkey while 3.3 million Syrians are living dispersed around various 
locations throughout the country (DGMM 2018b). In addition to Syrians, 346,800 
refugees and asylum-seekers from other countries are provided international protec-
tion in Turkey (UNHCR, 2018). These include people from various countries such as 
Iraq, Afghanistan, Iran, Somalia, Pakistan, Yemen, Eritrea and Palestine. Syrians are 
registered under “temporary protection status” and granted free access to education, 
health services, social aid and right to work. These rights and benefits have been ex-
tended to everyone from all nationalities granted international protection in Turkey. In 
this context, Turkey has been generous in providing humanitarian protection and aid 

                                                             
2  Due to keeping its geographical limitation to 1951 Geneva Convention, Turkey does not 

grant refugee status for the asylum applicants from non-European countries of origin. Ac-
cording to Regulation No. 29153 on Temporary Protection (2014 Regulation), which was 
enacted in line with Article 91 of the Law Number 6458 on Foreigners and International 
Protection, Syrians in Turkey are offered a group-based “temporary protection”. The regula-
tion applies to all Syrian nationals, refugees as well as stateless persons from Syria seeking 
international protection, including those without identification documents. It ensures non-
refoulment, and grants right to legal stay as well as free basic health care, education and so-
cial assistance for registered Syrians. 
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for not only Syrians but all refugees, even when the numbers have become over-
whelming.  

 
One of the biggest challenges of migration management in Turkey is the lack of 

overarching official “integration” policy.  Turkey currently develops its integration 
policy based on its ad-hoc humanitarian practices in particular that are developed for 
Syrians. The temporary stay of Syrians in Turkey is prolonged and a high number of 
them started to permanently settle in Turkey. Most studies report that the majority of 
Syrian refugees are inclined to stay in Turkey for the long term, since even if the con-
flict in Syria ends, peace and stability will not be restored immediately (Yıldız and 
Uzgören 2016, Kirişci 2014, Erdoğan 2015). Actually, even before the Syrian case, 
Turkey has been always exposed to new waves of refugees, which would certainly 
bear additional socio-economic challenges. Thus, a sustainable integration policy 
including in all the best practices being implemented in the fields of education, health, 
employment and social integration is an urgent necessity for Turkey. In doing so, the 
existing legislative loopholes and administrative shortcomings could be well deter-
mined and resolved. Despite Turkey’s long-lasting experience on migration move-
ments, the institutionalization of the policy area is highly dependent on the provision 
and regular tracking of “fast changing” and “hardly obtained” accurate statistics due 
to the very mobile nature of the issue.    

3 Main Problem and Aim of the Research 

This paper aims to demonstrate how data mining can be utilized to develop solutions 
and offer benefits for social integration of refugees in Turkey. Accordingly, by using 
different datasets, it attempts to provide an analysis based on mobile phone usage of 
randomly selected in total 20 anonymous Türk Telekom customers who are composed 
of 10 refugees and 10 non-refugees (Salah et al.). 

 
Within the limits of the available data, firstly, the analysis focuses on mainly two 

features; namely “location” and “timing” of the calls. Upon these two features, by 
employing basic statistics to the datasets modified by the project team, it tries to map 
out the accurate residence, mobility story and the possible employment status of the 
refugees. This new information provides a unique comparable input for the statistical 
records of policy makers of mainly two institutions; Turkish Ministry of Interior Di-
rectorate General for Migration Management (DGMM) and Turkish Ministry of La-
bour, Social Services and Family. 

    
Secondly, through using five algorithms (Decision Tree, Ripper, K-Nearest Neigh-

bours, Hoeffding Tree and Naive Bayes) and implementing them on the sample 
group, the analysis figures out both refugee and non-refugee customers’ behaviour of 
mobile phone usage. Depending upon the users’ tracked habit of mobile phone usage, 
the algorithms proved to be able to not only differentiate refugee and non-refugee 
users, but also to identify and confirm the individual caller behaviour and to find out 
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the exact ID of the user with more than 90 per cent success rate. This would also help 
to get better result from a noisy data which identifies the “refugee users” as a hetero-
geneous group composed of refugees, foreigners with residence/work permit, interna-
tional/exchange students, and the ones registered with temporary status.    

 
The main problem that motivates this research stems from the fact that a significant 

number of Syrians are eventually mobile in Turkey and they do not live in the cities 
and districts that they are first registered. As a result, there are shortcomings of cur-
rent migration statistics and there exists an information gap concerning the provincial 
residency of these mobile refugees, which hinders the policy makers’ planning, deci-
sion making, efficient allocation of available resources and managing welfare ser-
vices. For example, most of the Syrians who had been first registered at the border 
cities just after they entered Turkey, moved to different cities in search for employ-
ment and better living conditions. This creates challenges for the public institutions in 
terms of managing their resources and offering sustainable and adequate public ser-
vices for the refugees. According to the 2014 Regulation, Syrians can only benefit 
from public services such as education, access to free health services and social aids 
in the cities that they are registered (with few exceptions on specific criteria). There-
fore, public institutions, civil society organizations and local authorities develop their 
policies and manage the allocation of resources on the basis of number of registered 
Syrians in their district. As long as Syrians do not transfer their registrations from one 
city to another, which is not a common and easy case due to some administrative 
difficulties, the domestic movement of Syrians creates unexpected burden and aggre-
gation on some public institutions in specific locations. The update of statistics is 
possible through Syrians’ own initiatives to register themselves or transfer their regis-
trations. Consequently, the statistics of DGMM on the exact number of Syrians by 
province (DGMM, 2018) could have an alternative accurate comparable data to con-
firm their numbers through such a mobile data analysis with to some extent negligible 
deviation. In addition to this, despite the fact that DGMM does not share the official 
number of refugees by district but only by province/city, the mobile data analysis 
provides a general estimation about the location of refugees for academics and re-
searchers. As a result, based on the problem of determining and confirming the real 
number of refugees in a specific location, the data mining analysis of the mobile 
phone calls might facilitate the development of public policies and allocation of wel-
fare resources for the better social integration Syrians in Turkey.   

 
As the second problem, the number of employed Syrians in the labour market of 

Turkey can only be estimated. This is mainly because Syrians are mostly working as 
unregistered, as part of informal economy. The Regulation on Provision of Work 
Permits for People under Temporary Protection, introduced in January 2016, allows 
Syrians registered under temporary protection to get work permits. The number of 
issued work permits is reported as 20,968 in 2017 (Turkish Ministry of Labour, Social 
Services and Family, 2018). The appraised efforts of Turkey to ensure working rights 
for refugees, the ones under international protection and Syrians under temporary 
protection is noteworthy which also reflects an inclusive approach of Turkey’s evolv-
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ing integration policy. Nevertheless, the total number of issued work permits for Syri-
ans has remained rather low with regards to the fact that there are more than 2 million 
Syrians in Turkey who are at working age. As of September 2018, the number of 
Syrians who are at the working age (15-64) is 2.051,186 (DGMM, 2018). However it 
is estimated that almost 800,000 Syrians are working in Turkey as part of informal 
economy mainly in the sectors of agriculture, textile, construction and services. 

  

 
Fig. 1. Number of work permits issued for Syrians in Turkey.  
Source: Data compiled for the study from Turkish Ministry of Labour, Social Services and 
Family Statistics, 2018. 
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Fig. 2. The number of work permits granted to Syrian nationals by top-ten cities in Turkey. 
Source: Data compiled for the study from Turkish Ministry of Labour, Social Services and 
Family Statistics, 2018.   

Conducting an analysis on the call hours and the locations of the mobile users can 
provide a rough idea about where the users spent their day and night times. Although 
not necessarily to be considered as the working place, the analysis can provide a gen-
eral hint for the possible status of the refugee, whether unemployed or employed, 
spending specific hours of the day in a different location, or move back-and-forward 
from one city to another as seasonal worker. It also provides a picture on patterns of 
changing conditions, expectations and way of life of refugees. If the gender infor-
mation of the user is also provided, the data might offer a broader interpretation of the 
employment status. For example, in Torbalı district of Izmir, it is a crucial problem 
that many Syrians are working as undocumented labours in agriculture and they are 
subject to labour exploitation. They live in informal encampment and they are mostly 
coming to Torbalı from border cities in search for seasonal work. The mobile phone 
data can at this point provide a rather accurate estimation about counting the uncount-
able, unregistered Syrian workers. 	

 
In this context, this paper aims to provide some insights for the policy makers to 

help decision-making and policy planning concerning refugee mobility and optimiz-
ing the public services for their better social integration. In doing so, it offers a com-
prehensive analysis based on understanding the communication activities of users and 
interactions among;  

 
a) Users’ mobile phone usage habits, 
b) Population structures (distribution of refugees) in specific geographic lo-

cations, 
c) Timing of the calls of the selected population. 

4 Methodology and Data Analysis 

This analysis utilizes the large-scale mobile Call Detail Record (CDR) database, 
which is composed of the anonymized mobile CDR of phone calls and SMS messages 
of Türk Telekom customers. The dataset is created from 992,457 customers of Türk 
Telekom, of which 184.949 are tagged as “refugees”, and 807,508 as Turkish citizens 
(Salah et al. p. 3). Keeping in mind the limitation that, it is not certainly possible to 
address a particular CDR belongs to a refugee or not, based on the patterns of aggre-
gated records (Salah et al.), for each modified dataset, the analysis used 20 anony-
mous user data which is composed of 10 refugee and 10 non-refugee data. The users 
are randomly selected from Dataset 2 and Dataset 3. 

 
The analysis is conducted through four steps over the given data in Dataset 2 and 

Dataset 3; 
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1) Data normalization, 
2) Modifying 6 datasets by merging and associating different data in Database 2 

(incoming and outgoing voice call activity, incoming and outgoing SMS ac-
tivity) and Database 3 (incoming and outgoing voice call activity), 

3) Implementing machine learning algorithms,  
4) Evaluating the results. 

 
The research findings are concluded by employing two different analytical approach-
es. First, “basic statistics” is used and the data of users’ locations and time stamps of 
their calls are analyzed in order to understand the communication activities of the 
refugees. Accordingly, the data is modified to understand the mobile phone usage 
characteristics of the refugees. First, the time stamp value of the data is taken and then 
from this value three new columns are generated; 
 

1) The value of day of the month (1,2,3,…,30,31) 
2) The value of month of the year (1,2,3,…,11,12) 
3) The value of hourly intervals (0,1,2,3,…,22,23) 

 
As another new input which improves datasets, the time period for one day is 
grouped/split into 3 intervals; 00:00-8:00; 08:00-19:00; 19:00-24:00. 
 

The findings are interpreted and some conclusions have been drawn through a sta-
tistical process. Additionally, WEKA data mining software is used to analyse the 
datasets. The results give an idea about the “time bounded mobility activity” and 
“time-bounded location” information about the refugees. For this purpose, both Da-
taset 2 (includes voice and SMS data of a particular group of users who are observed 
for a period of 2 weeks) and Dataset 3 are used.  

 
In the second approach, “machine learning algorithms” (Decision Tree, Ripper, K-

Nearest Neighbours, Hoeffding Tree and Naive Bayes) are applied over the modified 
datasets, which provide an analysis on the mobile data usage habits/patterns of the 
given users and then identify the caller IDs and district IDs of the users. The district 
ID identification is only possible for Dataset 3.   

 
The analysis is conducted by a team of four researchers; two from computer engi-

neering and two from international relations field. Working in collaboration under the 
UNESCO Chair on International Migration at Yasar University, the research employs 
a multidisciplinary approach, which is highly lacking in migration studies. In this 
respect, the expertise of both computer engineers and migration experts are merged 
and pooled in to provide feasible solutions to the problems of migration management 
by using available but idle large-scale data. 
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4.1 Limitations of the Data 

The dataset defines the caller “refugee” with reference to the caller’s identity card 
number starting with 98 or 99. In Turkey, not only the ones with international protec-
tion status or refugees but all foreigners, regular migrants are provided with these 
official ID cards by the Turkish government and they are given ID numbers starting 
with 98 and 99. Thus, the datasets include such biases of a heterogeneous group, 
which requires different integration policy approaches with different priorities and 
needs. For example, according to DGMM, as of September 2018, 716,494 residence 
permits have been issued for foreigners in Turkey (DGMM 2018c). Roughly, this 
means foreigners who are legally residing, working or studying in Turkey constitutes 
19% of the group addressed as “refugees” in the given dataset. Therefore, beyond the 
fact that mobile market share of Türk Telekom is only 24,7% in Turkey across all 
operators (Bilgi Teknolojileri ve İletişim Kurumu 2017) the main limitation exists 
with the representativeness of the data where “refugee” customers are defined in a 
heterogeneous group of foreigners. As a result this report does not intend to be repre-
sentative, rather it contributes to the integration policies for refugees through sam-
pling and aspires to present how data mining can be useful for policy making.   

 
Another limitation is since the ID numbers of the mobile phones of the users in the 

given databases are not identical, the analysis does not able the researchers to connect 
databases. In Dataset 2, concerning both incoming/outgoing voice and SMS activity 
the callers are not the same users. This hinders to figure out the users’ behaviour of 
mobile phone communication activities by using enriched data. 

 
4.2 Data Normalization and Modifying Datasets 

First, from the original dataset, which is composed of three different callee prefixes, 
“refugee”, “non-refugee” and “unknown”, the “unknown” users have been removed. 
The analysis is based on six new sub-samples generated by the project team; four of 
them are created from Dataset 2 and two of them from Dataset 3. After sub-sampling, 
duplications have been removed and both datasets have been modified for the analy-
sis.   

 
In Dataset 2, which is composed of “incoming voice call, outgoing voice call, in-

coming SMS and outgoing SMS) are modified by adding the city and district data to 
the dataset. The features in these subsets are “CALLER_ID, SITE_ID, 
DAY_OF_CALL, MONTH_OF_CALL, HOUR_OF_CALL”. The four new datasets 
are prepared by including the city, district data (acquired from BTS_ID).  

 
In Dataset 3, the data of “incoming voice call” and “outgoing voice call” are modi-

fied again by adding city, base station and time stamp data. In total these six datasets 
are modified for the analysis by removing the duplications. The features in these sub-
sets are CALLER_ID, ID, CITY_ID, DAY_OF_CALL, MONTH_OF_CALL, 
HOUR_OF_CALL. 
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5 Evaluation 

5.1 Volume of the Communication Activity of Refugees 

One of the findings revealed through WEKA data mining tool obviously demonstrates 
that, the total volume of communication activity of refugees is significantly lower 
than the non-refugee mobile phone users. The data reveals that while non-refugee 
users have in total 223,360 communication activities, this remains at only 15,599 
activities for refugees. 
 

 

Fig. 3. Outgoing Voice Call (Dataset 3). 

 

 

Fig. 4. Incoming Voice Call (Dataset 3). 

If further data is made available in terms of the status of called user as well whether 
he/she is also refugee or not, the analysis might provide insights on social communi-
cation network among refugee and host population. Then, the data is able to identify 

Refugee Users Non-Refugee Users 

Refugee Users Non-Refugee Users 
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the social integration of refugees through their social communication networks and 
the interactions with the host society.  
 
   Dataset 2 is analysed in terms of SMS activity and it demonstrated that while refu-
gees had 4,703 SMS activity (2,442 SMS in and 4,703 SMS out), non-refugee users 
had 14,871 SMS activity in total (7,892 SMS in and 19,574 SMS out). This means 
24% of all SMS activities belong refugee users. 

Table 1. Refugee Users SMS in (Dataset 2). 

 

Table 2. Non-refugee Users SMS in (Dataset 2). 

 

Table 3. Refugee Users SMS out (Dataset 2). 

 



12 

Table 4. Non-refugee Users SMS out (Dataset 2). 

 
 
When the voice call and SMS activity ratios are compared it could be observed that 
refuges are more intended to use SMS activity than voice calling as seen in Table 5 
below. 

Table 5. Preferred communication activity among refugee and non-refugee customers. 

Communication Activity Refugees Non-refugees 

Voice call 7% 93% 
SMS 24% 76% 

 
 
5.2 Interpreting Communication and Mobility Activity Based on Location 

and Time 

The basic statistics analysis demonstrates the communication activity of refugees by 
examining their daily mobile phone usage habits (over 24 hours) which gives an idea 
about some patterns. It provides location information which helps to understand the 
mobility activity of users. The data on location and time (space-time behaviour) al-
lows the policy makers to identify more precisely where and when the refugees under-
take their daily activities. Moreover, it presents an accurate geographic information 
about the residency of the refugees. The data also demonstrates the daily mobility 
activity on location basis. The daily mobility can be traced over day and night time 
period. Within the limitations of the data, for this research the information is limited 
to 2 weeks, however if the data is extended with the access to one-year period, the 
whole trajectory of a refugee can be better traced. It might provide information for 
mobility story and change of location of refugees. 
 
   Table 6 demonstrates the mobile phone usage of a selected refugee customer be-
tween 1-30 January 2017. The table shows how many times the refugee called some-
one/somewhere, from where these calls are done and during which hours of the day 
these calls have taken place. It can be interpreted that the selected refugee high proba-
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bly lives in Oğuzeli district of Gaziantep referring to 430 calls made from Oğuzeli. 
The highest number of calls made during night time and early in the morning (20:00- 
00:00 and 00:00-07:00) have taken place in Oğuzeli. Table 5, as a complementary 
data, also supports the fact that the refugee most probably lives in Oğuzeli as 202 
calls have been received in Oğuzeli with the highest at night time as well. 

Table 6. Number of calls out of a refugee customer in one month (Dataset 3). 

 

Table 7. Number of received calls of a refugee customer in one month (Dataset 3). 

 
 
When the communication activity of this selected refugee is traced over according to 
the each day of January 2017, the mobility trajectory of him/her becomes much clear.  
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The following map demonstrates the mobility of the selected refugee based on the 
number and order of his/her usage of mobile phone. The mobility story is interpreted 
by taking into account the location and timing of the calls done and received.  
 

 
Fig. 5. Original project data sample implemented on Google map. 

The mobility trajectory of the refugee on hourly and daily basis gives the idea that the 
refugee resides in Oğuzeli and he/she spent day time (working hours slot) in Elbeyli. 
It seems the refugee travels regularly to Elbeyli mostly over Kilis city center and 
sometimes over Şahinbey. The refugee also had some visits back and forward be-
tween Gaziantep/ Şehitkamil and Oğuzeli. Although not certain, it is probable that the 
refugee might be working in Elbeyli and residing in Oğuzeli according to his/her 
phone calls (out/in) during specific times of the day over one month.    

 
   This method can be applied to all refugee users by merging and interpreting the 
location and time information acquired from data analysis. By also using GIS tools, 
further studies are possible to map out the residency, possible employment location 
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and the route of mobility if exists. These constitute very crucial information to clarify 
the accurate statistics by considering the existing informality of mobility activities in 
order to plan better integration policies. 
 
5.3 Identifying the “Caller” and the “Location” by Using Machine Learning 

Algorithms 

Based on the calling habits of the people with reference to the location and timing of 
the communication activities, some machine learning algorithms are successfully able 
to identify the caller or the district of the caller. While conducting the data mining 
over 6 datasets, some of the widely used algorithms are implemented and five of them 
achieved the best results with high success rates. These algorithms are Decision Tree, 
Ripper, K-Nearest Neighbours (KNN), Hoeffding Tree and Naive Bayes.  

 
The final results obtained are presented in the tables below. In order to decide the 

most effective approach to understand data, Total Accuracy (TA), True Positive (TP), 
True Negative (TN), ROC Area and Precision (PR) rates are taken into consideration 
to analyse the data.   

 
In modified Dataset 2 and Dataset 3, the algorithms are implemented to identify the 

callers (CALLER_ID) by examining their autonomous patterns depending upon loca-
tion of activity and hourly usage. The following algorithms achieved more than 90% 
accuracy rate in identifying the CALLER_ID.  

Table 8. Call in Caller ID (Dataset 2) 

 
D2CALL_

IN - 
CALLER_ID 

Decision Tree   Ripper KNN Hoeffding Tree 
Naive 
Bayes 

TA 0,96944 0,993284 0,9665 0,725531 
0,98766

9 

TP 0,97 0,993 0,966 0,726 0,988 

PR 0,971 0,994 0,967 0,726 0,988 
 

Table 9. Call out Caller ID (Dataset 2) 

 
D2CALL_
OUT - 

CALLER_ID 
Decision Tree Ripper KNN Hoeffding Tree Naive Bayes 

TA 0,857796 0,90625 0,920187 0,53811 0,900479 

TP 0,858 0,906 0,92 0,538 0,9 

PR 0,862 0,897 0,92 0,545 0,9 
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Table 10. SMS in Caller ID (Dataset 2) 

 
D2SMS_I

N - 
CALLER_ID 

Decision Tree Ripper KNN 
Hoeffding 

Tree 
Naive 
Bayes 

TA 0,92636 0,956454 0,971163 0,736307 0,98684 

TP 0,926 0,956 0,971 0,736 0,987 

PR 0,932 0,957 0,971 0,758 0,987 
 

Table 11. SMS out Caller ID (Dataset 2) 

 
SMS_OUT 

- 
CALLER_ID 

Decision Tree Ripper KNN 
Hoeffding 

Tree 
Naive Bayes 

TA 0,937987 0,902056 0,966991 0,74632 0,979437 

TP 0,938 0,902 0,967 0,746 0,979 

PR 0,943 0,904 0,968 0,747 0,98 

 

Table 12. Call in Caller ID (Dataset 3) 

 
D3CALL_

IN - 
CALLER_ID 

Decision Tree Ripper  KNN 
Hoeffding 

Tree 
Naive Bayes 

TA 0,971378 0,968257 0,971149 0,961414 0,963685 

TP 0,971 0,968 0,971 0,961 0,964 

PR 0,971 0,968 0,971 0,962 0,964 
 

Table 13. Call out Caller ID (Dataset 3) 

 
D3CALL_
OUT - 

CALLER_ID 
Decision Tree Ripper KNN 

Hoeffding 
Tree 

Naive Bayes 

TA 0,9287 0,9151 0,940334 0,904375 0,902698 

TP 0,929 0,902 0,94 0,904 0,903 

PR 0,93 0,91 0,94 0,908 0,903 
 



17 

In modified Dataset 3, the algorithms are able to find out the district (BTS_ID) of the 
caller through analysing the communication pattern of the user based on user and time 
of activity.  
 

Table 14. Call in BTS ID (Dataset 3) 

 
D3CALL_

IN 
Decision Tree     Ripper        KNN 

Hoeffding 
Tree 

Naive Bayes 

TA 0,88073 0,87062 0,896659 0,842173 0,842468 

TP 0,881 0,875 0,897 0,842 0,842 

PR 0,851 0,868 0,89 0,806 0,809 
 

Table 15. Call out BTS ID (Dataset 3) 

 
D3CALL_
OUT 

Decision Tree Ripper   KNN 
Hoeffding 

Tree 
Naive Bayes 

TA 0,849612 0,835421 0,884923 0,786645 0,790475 

TP 0,85 0,821 0,885 0,787 0,79 

PR 0,848 0,831 0,881 0,758 0,765 

 
 
This analysis provides a unique contribution to the policy makers of migration in 
terms of identifying the population structures base on each individual caller character-
istics and also the location. The algorithms point out the fact that every caller has 
specific characteristics/behavior of mobile phone usage and some pat-
terns/commonalities can be drawn for specific groups of population. Beyond differen-
tiating refugee groups among a heterogeneous group of foreigners with divergent 
needs for integration and different mobile phone usage habits, the algorithms proved 
to identify each individual caller and their locations. Accordingly, algorithms help the 
policy makers to verify their statistics in terms of eliminating discrepancies by match-
ing the number of population and their exact location. Moreover, it presents some 
insights about the communication behavior of refugee groups which can foster their 
integration by helping the policy makers in terms of offering new ways of communi-
cation to reach, guide and support their target group with specially designed tools for 
mobile phones. 

6 Concluding Remarks  

Turkey is not only a transit but also a destination country for many migrants, asylum-
seekers and refugees who are searching for a better life and humanitarian protection. 
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Therefore, Turkey is always exposed to new waves of migration movements since it 
is part of a migration system that is spread over a large geographical area including 
Europe, Middle East and Africa. Referring to its long history of hosting many mi-
grants and providing protection to many refugee populations, Turkey’s integration 
policy has been developing in recent years. While hosting more than 3.5 million refu-
gees in Turkey in the last 7 years, Turkey once more proved not only its ability to 
manage such a high number of mass movement, but also the hospitality and tolerance 
among its host population. However, as the temporary stay of Syrians has been pro-
longed, there are risks of increasing unrest and decreasing social acceptance among 
the host society which is strongly linked with the need for a well-established, inclu-
sive and comprehensive integration policy. 
  

Accordingly, not only to cater migrants and refugees but also to keep the peaceful 
co-existence and social acceptance among the host society, integration policies should 
manage the allocation of resources properly. Needs and challenges in education, 
health, housing, employment and social provisions should be carefully determined 
and planned while policies are being developed. In that respect, accurate information 
and statistics play significant role since migration involves many informalities con-
cerning the movement of people, change of location and also engagement in labor 
market. Policy makers who are in dire need of accurate statistics are dependent to 
their official initiatives, refugees’ own engagements with the authorities or some 
small-scale field work to confirm and update their information and statistics. Howev-
er, new data sources such as mobile phone data provides a unique contribution to 
verify and also to provide new data for policy makers. 

 
This research which utilizes the mobile phone data provided by Türk Tele-

kom (Salah et al.), provides some insights for policy makers for better integration 
policies. Although the study is not representative due to some limitation of data and 
time, the sample studied demonstrates a methodology that can be utilized for large 
group of refugee populations as well. The research findings and some policy sugges-
tions drawn from the analysis can be listed as follows: 

 
1.     Mobile phone data clearly helps the policy makers to understand how many 

refugees are actually living in specific locations. This is a crucial new information 
because as DGMM has provincial/city level directorates that keep the number of ref-
ugees in their area of responsibility (exceptions are Antalya, Hatay, Istanbul 
and Şanlıurfa) the analysis of mobile phone data could not only provide at city level 
but also at district level information about the actual number of refugees spread in a 
city. This is also an important information for local authorities such as municipali-
ties. The data provides a unique new input to verify the official statistics and keep 
track of records of refugees in terms of their movements, residence, work and public 
service preferences. 

 
2.     The detailed analysis of mobile phone data modified according to time and lo-

cation demonstrates the mobility story of refugees and their main places of visit. The 
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traced information can give an idea about where the refugee is actually living, wheth-
er he/she moved to another place, and even whether he/she might be working depend-
ing upon the repeating or regular mobile phone usage hours and location information. 
Interpretation on employment status is a very important input because it is known that 
more than 80 % of Syrians who are in the labor market are working as unregistered. 
The information about the age and gender distribution of this group is also not exist-
ing. Thus, the mobile phone data occurs as a trustable source of information to clarify 
the actual situation in informal labor market which constitutes the very important 
aspect of integration policies and livelihood practices. If the data is extended with age 
and gender information the methodology provides a better picture on the socio-
demographic mapping of the refugee population and also explains better their mobili-
ty trajectory. At this point, data on internet usage (as it is widely accepted that refu-
gees use mostly internet) and could be useful to understand the needs of refugees for 
better integration policies. 

 
3.     Although not representative but the data analysis drawn from the sample re-

veals that in comparison to non-refugee population, refugees tend to use SMS com-
munication activity. The volume of their voice calls is significantly lower than the 
non-refugee callers. The reasons need to be explored in a further study but some of 
the reasons might be related with refugees’ low level of income, limited social net-
work in Turkey and low level of daily activity that requires or prioritizes communica-
tion. 

  
4.     Machine learning algorithms of Decision Tree, Ripper, K-Nearest Neigh-

bours, Hoeffding Tree and Naive Bayes proved to differentiate the individual caller 
ID and also location depending upon the mobile phone usage pattern of the refugees 
and non-refugees. This finding is useful to determine the actual living location of 
refugees and help to verify statistics related to residences and mobility of refugees. 
Moreover, it ensures information on communication patterns of refugees which pro-
vides the policy makers some hints about the ways of effective communication 
to support and reach out to refugees with better policies. 

 
Based on the conclusions drawn from this data analysis which worked on a sample 

taken from the given dataset, the study demonstrates that mobile phone data can be 
used to determine the exact location, mobility trajectory and patterns of communica-
tion of large refugee populations. Moreover, a deeper analysis developed by inter-
relating location and time of the calls presents some insights to interpret possible em-
ployment status of the refugee population. Considering the limitations with given data 
and limited time, the analysis does not come up with ambitious and grandiose policy 
suggestions but it provides a new methodology which clearly demonstrates how mo-
bile phone data can be utilized for verifying, contributing and updating the actual 
official statistics on refugees in terms of identification of their location, time-bounded 
mobility activity and mobile phone communication patterns.    

 



20 

Finally, it is worth mentioning that further relevant research in the field of migra-
tion and refugee studies could be possible and feasible if the anonymous data shared 
is extended with gender and age info of the caller, information on the called number 
(refugee or not, individual or institution etc.) and duration of the call. Needless to say, 
these new features would make it more possible for the policy makers to remain rele-
vant and develop well-targeted efficient integration policies. 
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