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Abstract 

The deliverable 6.1 of Work package 6 aims at describing the anonymised and aggregated mobile CDR 

(Call Detail Record) data, which is prepared and stored at the servers of TTECH. The process of 

segmentation, filtering and subsampling of the data is explained in detail. The description includes a brief 

summary of the raw data of TTECH, and its representativeness of the general and migrant population living 

in Turkey. On the top of CDR database, we also use an xDR database (Data Record), which includes 

location-based data and not tied to call records. We describe the format and fields of datasets created 

from mobile CDR and xDR databases. The data description also discusses the data collection, preservation 

and reusability, as well as ethics and legal compliance. 
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1. Introduction 

The first deliverable of Work Package 6 is to prepare an anonymised and aggregated mobile CDR 

(Call detail record) dataset that can be used to study migration factors based on migrant and citizen 

mobility. The datasets will not be opened to public   but will remain within the confines of the data 

owner, Turkcell, which is the largest telecommunications company in Turkey. The case study will 

illustrate how potentially sensitive mobile data can be used in migration research (through the inno-

vative Open Algorithms [OPAL] system), and more practically, migration indicators will be developed 

based on the actual data. This project will be the first for integrating OPAL  in migration scenarios, 

which will have wide-ranging implications for providing near real-time monitoring of migration 

patterns. 

The main purpose of the data collection is to gain insights into migration dynamics to Europe. 

Better understanding of migration scenarios and drivers of migration through the exploration of data 

collected by mobile phone companies would contribute to growing scientific literature, as well as pro-

vide better preparedness for possible migration futures. Mobility and displacement of people within 

the country provide insights into seasonal mobility patterns (e.g. agricultural or religious movements) 

but also for creating a general profile about different segments and their  mobility. 
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2. Data description 

2.1 Brief summary 

The datasets are prepared based on two successful data challenge series Data for Development (D4D) 

(Blondel et al. 2013) and Data for Refugees (D4R) (Salah et al. 2018, 2019). The D4R Challenge made 

use of ‘Refugee’ flags to enable researchers to analyse the movement and mapping of refugee popu-

lation in Turkey, and was instrumental in proposing policies to many pressing problems in areas like 

health, education, social integration, safety, and labor market. Similar to the D4R data sets, we created 

different migrant flags for the customers of Turkcell, who were registered with a foreign passport to 

a phone line. 

Mobile phone Call Detail Records (CDR) are data sources available only from  telecommunications 

companies controlling mobile phone traffic in a county. The number of calls at a given location is a 

strong proxy for how many people exist at that location at a given time. CDR data could include 

information on the approximate location of the calling and receiving end, time and duration of the call, 

anonymised statistics and demographics of the customers, and anonymous identifiers used as proxies 

for caller and the receiver. 

In addition to CDR, Turkcell stores separate data on the location of its customers, which is trian-

gulated through incoming and outgoing calls, internet usage, and the signals sent to the mobile phones 

by the company to approximate their customers’ location. Historical xDR data,  which dates back to 

October 2019,  has been stored  for optimising network services of the company.  The data include 

information on the approximate location of customer, but it is different from CDR, because location 

information is not tied to any specific calls. 

Mobile CDR and xDR data are filtered, subsampled, aggregated, and anonymised. We employ the 

same anonymisation and aggregation methods to remove all personal information, along the guide-

lines established by ethics committees in past endeavours (Blondel et al., 2013; Salah et al. 2019). 

However, there are some important differences. In the D4D and D4R Challenges, the aggregated 

datasets were shared with many research groups. In the HumMingBird project, the prepared datasets 

will remain on Turkcell Technology (TTECH) servers, but Task 6.3 will provide an interface for 

accessing aggregated data in a privacy aware way that will not jeopardise any personal information. 

In the remainder of this section, we describe the preparation of this dataset, and its major com-

ponents. 

2.1.1 Segments 

A set of filters are used to subsample the customer base of Turkcell. The first filter is nationality of 

the customer, where a number of indicators, such as the fact that customer was subscribed with a 

foreign passport, the nationality of the customer, and unique ownership tag, which indicates that 

subscriber ID belongs to only one person, are pooled to form a tag to indicate home country of 

customer. An overwhelming majority of refugees in Turkey are Syrian nationals, and vice versa. 

Therefore, it is easy to flag Syrian customers as being refugees in the data set. We reached 1,978,373 

foreigners in total, who were actively using their mobile phone in the beginning of 2020. For com-

parative analysis, we sampled 2,021,627 Turkish customers in proportion to the number of foreigners 

per city. These numbers include also the customers who were lost from the dataset within the course 

of 2020. In total, there are 4 million customers. We dropped some nationalities, especially small coun-
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tries from Polynesia, with less than 100 customers, and classified the rest of nationalities into the 

categories in Table 1. Latin American and the Caribbean countries are dropped all together, since 

their aggregate number did not add up to 10,000. The categorisation of countries do not follow any 

standardised system, as sociological context of migration in Turkey does not fit perfectly into existing 

naming conventions. 

Table 1. Total number of foreigners and Turkish customers in different cities 

Location Number of foreign customers Number of Turkish customers 

Istanbul 597,104 597,638 

Gaziantep 186,472 187,006 

Hatay 144,216 144,750 

Kilis 92,539 93,073 

Ankara 90,387 90,921 

Sanliurfa 82,997 83,531 

Bursa 76,935 77,469 

Adana 75,313 75,847 

Mersin 72,161 72,695 

Izmir 54,100 54,634 

We followed the following steps while doing the classification. First of all, we classified Syrians into 

one group, as their numbers are multiple times larger than any other nationality. OECD countries are 

classified into one group, regardless of their geographical position. The rest of countries followed the 

convention of UN statistical division1 with few exceptions. The first exception is that we divide West-

ern Asia into two groups; the Middle East and Caucasia. Secondly, countries entirely in Balkan 

peninsula are grouped as Balkan region. If the country is both in Balkan peninsula and Eastern 

Europe, such as Romania and Bulgaria, we consider them in Balkan group. Thirdly, transcontinental 

countries are grouped with respect to the convention of UN statistical division. 

The total numbers of foreign customers in Turkcell is remarkably high.  As we  do not know the 

mobile phone penetration rate among each migrant group, it is not possible to know the market 

penetration of Turkcell for each migrant group with high certainty. However, a rough comparison to 

the numbers declared by DGMM2, the numbers of customers in Turkcell can be easily estimated to 

be above 50 percent with the most conservative approach, especially for the main migrant groups. 

The total number of Syrian nationals under temporary protection in Turkey in 2021 is 3,645,140, and 

approximately 2,8 million of them is above 18 years old. We can see that there are around 1,4 million 

Syrian customers of Turkcell that are filtered for this study. Figure 1 shows the distribution of non-

Syrian foreign customers of Turkcell for top 10 most populous cities. We also added the number of 

nationalities in a separate column, as  an indicator of the diversity of foreign nationals. Figure 2 shows 

the top 10 countries by the number of foreigners living in Turkey with residence permit. The total 

number of foreign nationals living in Turkey with residence permit is 834,589. In our dataset, the 

number of foreign nationals (except Syrians) is 589,851. 

 

1  The list of areas can be found on the following website http://unterm.un.org. 

2  The migration statistics to Turkey can be accessed from the following website https://www.goc.gov.tr. The 

migration statistics are declared based on different categories (regular/irregular/temporary protection etc.) 

mostly in Turkish. 

http://unterm.un.org/
http://www.goc.gov.tr/
http://www.goc.gov.tr/
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Figure 1. Distribution of Syrian refugees under temporary protection for top 10 cities 

 

Source The figure is taken from the website of Ministry of Interior, Directorate General of Migration Manage-
ment 

Figure 2. Distribution of foreign nationals with residence permit for top countries 

 

• The total number of foreigners (with permit) in Turkey in 2021 is 834,589. 
Source The figure is taken from the website of Ministry of Interior, Directorate General of Migration Manage-
ment 

It should be noted that these categories are noisy indicators rather than precise estimates of the 

migrant populations. The mobile phone penetration rates, and company’s market share can introduce 

age and gender bias to the data. Mobile phone penetration among Turkish nationals in December 

2019 is approximately 106,5 percent of population according to Information and Communication 

Technologies Authority (ICTA) (BTK, 2019). This rate assume children less than 9 years old do not 

own mobile phone, and excludes machine to machine (M2M) customers. ICTA suggest that out of 

80,79 million mobile phone customers in Turkey (BTK, 2019), Turkcell has 32,71 million customers 
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which corresponds to approximately 40 percent market share. There is clear gender imbalance in the 

customer base of Turkcell; approximately 73 percent of both Turkish and Syrian customers are male, 

whereas 65 percent of customers with other nationalities are male as well. The reason for gender 

imbalance is the fact that males are more likely to obtain mobile phone line on their names, and use it 

with females. 

Although the information on the nationality of customers is highly accurate in Turkcell’s database, 

it still includes a margin of error. In addition to that, there might be foreigners, who are registered in 

the system under the name of a Turkish person. In Turkcell, Turkish nationals are allowed to take up 

to 10 mobile phone lines under their name, whereas this number is limited to 3 for foreigners. There-

fore some customers, who are tagged as Turkish, might be foreigners. It should be also noted that 

the categories are created are based on nationalities, but nationalities do not overlap with  the purpose 

and type of migration. A customer from Afghanistan can be regular migrant, irregular migrant, or 

refugee under international protection. As a result, it is not possible to make any definite conclusions 

about the individuals; only aggregate level conclusions can be drawn from the data set. Lastly, data 

bins that contain less than ten points are removed as an additional safeguard. 

The second filter is three months of inactivity, defined from the start of the data collection period 

(i.e. October, 2019). This filter will be applied to xDR data, as it is explicated in Paragraph 2.4. We  

assume that migration to abroad is indicated by a long period  of inactivity. The definition of being 

lost here includes three elements; first date of inactivity, last date of inactivity, and the period between 

these two dates. To be able to decide who is lost in January, 2020, we will need to use the data from 

previous months. As data only goes back to October, 2019, we choose 3 months of inactivity as a 

proper duration. Similarly, to be able to decide whether customers’ inactivity in December, 2020 is 

indicating that they are lost or not, we need to use data until March, 2021. 

It should be noted that this will create a coarse indication of migration. To begin with, customers, 

who are churn to other mobile phone companies with the same number can be detected by the 

mobile phone company, but if customers take a new number from another company, they will appear 

as lost in our calculation. Second possibility is that customers might simply stop using their mobile 

phones due to voluntary or involuntary reasons, such as imprisonment, illness or death. Thirdly, there 

can be customers, who leave the country for longer than 3 months, for reasons other than migration. 

However,we expect these cases to be less than usual due to coronavirus pandemic in 2020. 

Table 2. Number of foreign customers except Syrians, and the diversity of nationalities in dif-

ferent cities 

Location Number of customers Number of nationalities 

Istanbul 290,155 152 

Ankara 48,595 101 

Antalya 26,001 88 

Bursa 12,851 65 

Sakarya 12,433 60 

Yalova 10,701 48 

Kocaeli 10,350 67 

Izmir 9,267 75 

Edirne 8,602 63 

Konya 8,321 47 
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Table 3. Number of customers per different groups 

Number of customers The origin of customers 

Syria 1,415,588 

The Middle East (except Syria) 278,324 

Southern Asia 79,778 

Central Asia 71,862 

Caucasia 45,581 

Northern Africa 60,956 

Eastern Europe 31,357 

Sub-Saharan Africa 29,221 

OECD 49,442 

Eastern and Southeastern Asia 14,489 

Balkan regions 10,825 

2.2 Cell tower locations 

Cell tower locations are considered as sensitive information by Turkcell, and so the computations on 

the data sets that are at base-tower level will be done in distance for the time being. Later on they can 

be shared with a level of noise added on the location of the towers. A data set will be prepared on the 

cell tower location for the analysis, which will include the identifier of the base tower, latitude and 

longitude of the base tower, the registered city and district of the base tower, (and some other insights 

that Turkcell might have about the surrounding area/population of the tower - for instance in earlier 

challenges the data set included an unofficial note about the population type around the base tower, 

used internally by the telecommunications operator - rural, urban, seasonal, dense, hot spot, open, 

airport, indoor, etc.). 

Table 4. Cell tower locations 

Fields Explanation 

BTS ID The ID of the cell tower 

MX LATITUDE DMS latitude of the cell tower 

MX LONGTITUDE1 DMS longtitude of the cell tower 

MX SAHAIL The registered city of the cell tower 

MX SAHAILCE The registered district of the cell tower 

MX POPAREA An unofficial note about the population type around the 
cell tower, used internally in Turkcell 

2.3 CDR 

The first group of data sets will be based on anonymised mobile CDR of phone calls of Turkcell 

customers. SMS messages are not used because it is not frequently used by the majority of Turkcell 

customers. We will use Data Protection By Design and Default principle (Salah et al., 2019), whereby 

the data are anonymised and aggregated during the collection in a one-way fashion, and data identi-

fying individuals (names, personal id’s, phone numbers, etc.) are not stored anywhere with the data 

set. Only information we keep at the customer level is the segment explained in Table 3. However, 

not all of  the segments explained in Table 3 are used in the CDR data.  We  use the following 5 

segments; Turkey, Syria, Middle Eastern and Northern African (merged), Central Asian and Caucasia 
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(merged), and Southern Asia. The rest of segments are simply not included during sampling. The first 

date of the collected CDR data will be February, 1, 2021 and the data collection will be ended in 31st 

of January, 2022. 

2.3.1 Dataset 1.1: Antenna traffic 

The first dataset created with CDR will be site traffic on an hourly basis. Turkcell does not store the 

details of the site used by the other party of the call. Due to the sheer  size of the data, it is not possible 

to match incoming and outgoing calls to one another. If a Turkcell customer makes or receives a call 

from other Turkcell customer, we are still able to see the customer ID of the other party, through 

which we can recognise the segment customer. The information this data set will include the 

timestamp (hour-day-month-year), ID of the site, number of total calls for one-hour slots, and num-

ber of total call duration from all calls.  Each of these aggregate numbers will be given  for the com-

bination of segments, i.e. for 35 different segment-to-segment calls.  If  the other party use another 

mobile operator, we only observe the segment of Turkcell customer. This information is stored as a 

separate category. In total, the call records are aggregated in 35 different segment-to-segment call 

categories. 

Table 5. Dataset 1.1 - Antenna traffic 

Fields Explanation 

TIMESTAMP Day and Hour considered in format DD-MM-YYYY HH 
(24 h format) 

SITE ID ID of the site associated with the call 

NUMBER OF CALLS The number of calls in this one-hour slot, generated per 
combination of segments 

NUMBER OF TOTAL CALL DURATION The total call duration from all calls, generated per combi-
nation of segments 

2.3.2 Dataset 1.2: Fine grained mobility 

Fine-grained mobility dataset will include information on phone calls with the cell tower identifiers, 

for a group of randomly chosen active customers, who will be observed for two weeks. After two 

weeks, another sample of active customers will be randomly drawn and new random numbers (caller 

ID) are assigned for each customer. We will sample around 5 to 7 percent of the filtered customers.  

The customers can  be sampled again with new random identifiers, so it is not possible to associate 

customer records to one another in different periods. Also the random identifiers might match in 

two different periods, for two different customers. There will not be any personal information stor-

age. The data set will include incoming and outgoing calls with a timestamp, the site information of 

the base station, and caller ID. Caller ID will include segment information of the caller. So the data 

are collected in segments again. 

For missing antenna information, the code of ‘-99’ will be assigned. Due to the large size of data it 

will be divided into two set of files containing incoming and outgoing calls. 
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Table 6. Dataset 1.2 - Fine grained mobility 

Fields Explanation 

TIMESTAMP Day and Hour considered in format DD-MM-YYYY 
HH (24 h format) 

CALLER ID Randomly assigned ID of the customer generated for 15 
days period 

CALLEE PREFIX A value denoting the segment of the customer receiving 
the call 

SITE ID The ID of the base station 

CALL TYPE The type of call is either incoming or outgoing 

2.3.3 Dataset 1.3: Coarse grained mobility 

In this data set, a subset of customers will be randomly selected, and they will be observed for the 

whole observation period with reduced spatial period. We will sample around 5 to 7 percent of the 

filtered customers. The country is divided into electoral prefectures (or districts). The customers will 

get random IDs, and for each call record only the district information will be observed (rather than 

the location of the base station). The caller ID will include the segments information again. Two 

different customers can be assigned the same IDs in Dataset2 and Dataset3, as the numbers are 

randomly assigned. The data will be split into incoming (IN) and outgoing (OUT) calls due to the 

large size of the data. 

Table 7. Dataset 1.3 - Coarse grained mobility 

Fields Explanation 

TIMESTAMP Day  and  time  considered  in  format DD-MM-YYYY 
HH:MM  (24h format) 

CALLER ID Randomly assigned ID of the customer (Similar to 
Dataset 2 but different random numbers) 

DISTRICT ID The ID of the district 

CITY ID The ID of the city 

2.4 xDR data 

The second group of data sets will be based on anonymised mobile x Data Record (xDR), in which 

x is used for various data records session,transaction or calls (Basic et al. 2012). 

Turkcell has been storing xDR data for optimising its network performance. xDR data includes 

location data of customers dating back to October, 2019. We will make use of this historical xDR 

data by preparing separate group of datasets. As CDR is collected between 2021 and 2022, this period 

will entirely coincide with the ongoing pandemic. The xDR data will enable us to have pre-pandemic 

mobility trends. As mentioned, xDR data is not only tied to call records, and it uses multiple data 

records. The segments in Table 3 are used exactly they are mentioned in these datasets. As there is no 

information on calls, segments are only recorded per person. 

2.4.1 Dataset 2.1: Cell tower usage 

The first dataset created with xDR data will be cell tower usage data on an hourly basis. The infor-

mation this data set will include the timestamp (hour-day-month-year), ID of the site, and the number 

of customers associated with the cell tower for each segment. The xDR data of each customer is 
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stored for time intervals. For each hour, we will assume that the individual is only associated with the 

first cell tower they use for one hour slots. 

Table 8. Dataset 2.1 - Cell tower usage 

Fields Explanation 

TIMESTAMP Day and Hour considered in format DD-MM-YYYY 
HH (24 h format) 

SITE ID The ID of the base station 

NUMBER OF CUSTOMERS The number of customers, who were near the base tower 
in this one hour slot, generated per segment 

2.4.2 Dataset 2.2: Fine-grained mobility 2 

In line with Dataset 2.1, this data set will include location information with the cell tower identifiers, 

for a group of randomly chosen active customers, who will be observed for two weeks. After two 

weeks, another sample of active customers will be randomly drawn and new random numbers (caller 

ID) are assigned for each customer. We will sample around 5 to 7 percent of the filtered customers. 

The customers can be sampled again with new random identifiers, so it is not possible to associate 

customer records to one another in different periods. There will not be any personal information 

storage. The data set will include a timestamp, the site information of the base station, customer ID. 

The data are collected in segments again. For missing antenna information, the code of ‘-99’ will be 

assigned. 

Table 9. Dataset 2.2 - Fine-grained mobility 2 

Fields Explanation 

TIMESTAMP Day and Hour considered in format DD-MM-YYYY 
HH (24 h format) 

CUSTOMER ID Randomly assigned ID of the customer generated for 
15 days period 

SITE ID The ID of the base station 

2.4.3 Dataset 2.3: Coarse-grained mobility 2 

For this data set, like Dataset 1.3, a subset of customers will be selected, and they  will be observed 

for the whole observation period with reduced spatial period. We will sample around 2 to 5 percent 

of the filtered customers. On the top of randomly selected customers, the customers who were filtered 

as lost due to two months or longer period of inactivity will be added to dataset 2.3. The country is 

divided into electoral prefectures (or districts). The customers will get random IDs, and for each 

location record only the district information will be observed (rather than the location of the base 

station). Caller ID will include segment information of the caller. As in Dataset 1.2, different custom-

ers can be assigned the same identifiers in Dataset 2.2 and Dataset 2.3, as the numbers are randomly 

assigned. 
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Table 10. Dataset 2.3 - Coarse-grained mobility 2 

Fields Explanation 

TIMESTAMP Day and T˙IME considered in format DD-MM-YYYY 
HH (24 h format) 

CUSTOMER ID Randomly assigned ID of the customer (Similar to Data 
set 2 but different random numbers) 

ID The ID of the district 

CITY ID The ID of the city 
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3. Data collection, preservation, and reusability 

3.1 Data collection 

As all mobile phone companies, Turkcell is collecting data for billing purposes, as well as optimisation 

of its network services. As proven by many real-life examples and backed by high-quality research, 

mobile phone data can be very useful to help communities through better identification of their 

needs, to improve urban planning, to build better health and education infrastructure, as well as 

bringing more effective social services. Within this framework, our research group is partnered with 

Turkcell to use their data as the start point of developing indicators of mobility, integration, networks 

etc. 

3.2 Storage and backup 

Initially all above-mentioned data sets will be stored within the servers of Turkcell. The main data 

source of this project is the CDR data, which is collected by Turkcell, but additionally we make use 

of xDR data that has been collected and stored since  2019, mainly for the purposes of optimisation 

of the company’s network performance. The prepared datasets will be stored as comma separated 

value CSV files, as described above. CSV files will include only anonymised and aggregated infor-

mation as explicated in previous sections. The total size of the data is estimated to be between 25 GB 

and 30 GB in uncompressed format. Since the data are stored as CSV files, compression rate is 

expected to be very high. 

3.3 Sharing and reuse 

A subsample of the raw mobile phone metadata will be properly aggregated and anonymised as 

explained in the data description. Three data sets for each CDR and xDR that are explained above, 

will be a new source of information for future scientific research, but will not be shared beyond the 

project, due to the sensitive nature of the data. However, the file descriptors, describing the format 

and content, the sampling conditions of the data, as well as synthetic data, generated by using the raw 

data, may be shared and used after the project is over. Such synthetic data has no implications for 

privacy of individuals, and it is only possible to generate it realistically with access to the raw data. 

3.4 Ethics and legal compliance 

The collection, storage and protection of the data will comply with protection of personal data and 

privacy regulations of European Union. Furthermore, the data will not leave the servers of the com-

pany. Researcher will be able to run queries regarding the migration or population indicators, after 

the deployment of OPAL system. Identification of individuals is not possible in the data (Baldo and 

Closas, 2013; Cecaj et al. 2016; Gambs et al. 2016; Sharad and Danezis, 2013). Furthermore, the form 

of anonymised processing of data is legally permitted by the Turkcell user agreement signed by all 

customers. 

The ‘data protection by design and default’ principle used in the anonymisation and aggregation of 

the datasets ensures that the removal of private information (where we mean any information that 
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can be used to identify a person) is one-way, and it is not possible to restore private information in 

the anonymised dataset.  

The changing regulations in Turkey since the submission of the project proposal makes the data 

sharing requirements more stringent than anticipated. The base station locations (i.e. the antenna 

locations) are now considered to be sensitive information by the government, and the telecommun-

cations companies are asked not to divulge this information in any form. Subsequently, the first 

dataset that contains the antenna locations will also be kept within Turkcell, and not directly shared.  

3.5 Responsibilities and resources 

The data might be useful to a group of researchers, government agencies and relevant ministries, 

international organisations, non-governmental organisations, humanitarianaid and development agen-

cies. Possible data partnerships and collaborations might arise out of the partners of HumMingBird 

project, as well as other stakeholders. However, the original data will not be shared outside the project 

at this stage. If and when the project demonstrates the scientific validity and value of this data source 

for migration and mobility indicators, additional legal agreements should be drafted to implement 

data collaboratives between interested stakeholders and Turkcell. The project will also establish ethi-

cal, legal, and privacy-aware sharing practices for the data, and while the design of the data set pre-

cludes individual information, the project will test multiple usage scenarios for potential risks to 

groups. 
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