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Introduction

The war in the Middle East, the oil crisis, and geopolitical issues have all caused many people to
be displaced. Despite continued COVID-19 measures, the number of arrivals to Europe's
external borders increased in 2021, returning to pre-pandemic levels. As a result of the political
landscape, arrivals from Afghanistan, Belarus, and Ukraine spiked. The EU+ acronym stands for
the European Union, Israel, Norway, Serbia, Turkey, and the United Kingdom, while the EU
stands for the European Union alone. And the EUAA mentioned below stands for the European
Union Agency for Asylum. Adapting quickly, EU+ countries facilitated asylum application
lodgings, rearranged reception facilities, and used arrival centers for various stages of asylum
procedures in response to the waves of arrivals (EUAA 2022). These developments have also
highlighted the need for structural reforms of the EU's asylum and migration system to address
both crises and longer-term trends (Hurwitz 2010, 9-44). The existing asylum procedure has been
developed from each stage, and the process has been digitized recently as well, including
procedures for first and second applications, special procedures, the Dublin procedure, reception
conditions, detention during the asylum procedure, access to the asylum procedure and
information, legal assistance, interpretation services, country of origin information, the content
of protection, the return of former applicants and resettlement. The Dublin procedure mentioned
before establishes the criteria to determine which Member State is responsible for examining an
application for international protection. It is a Europe-wide procedure that follows the same
criterion for determining responsibility applied similarly in all Member States. There are

differences in national legislation and organizational set-ups of Member States, which is why
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diverse national practices exist when applying the regulation. Identifying and monitoring trends
in asylum applicants and country of origin countries can be accomplished through the key
indicators presented (EUAA 2022). The EU has always been welcoming to refugees, and even
before the 2015 refugee crisis, the EU asked its members to submit a series of refugee-related
data, which can be found on the Eurostat, which is the statistical database of the European Union
to provide high-quality statistics and data on Europe. This database details the number of refugee
applicants, temporary asylum seekers, and long-term asylum seekers by age, gender, and
nationality since 2008. The European Council committed in 1999 to develop a Common
European Asylum System (CEAS) that applies the Geneva Convention fully and inclusively. For
the CEAS to develop in the right direction, a period of reflection was required after the first
phase. There were still too many differences across EU Member States, and protection levels
were still insufficient. As a result of this, the European Commission presented its Asylum Policy
Plan in June 2008, which laid the foundation for a system of common and uniform protection
standards. In that case, we will use this data from 2008 to 2021 to develop Vis to show and
analyze many issues.

The primary objective of this project is to provide an overview of the refugee intake trends
across 27 EU member countries. We also want to present the different distribution of asylum
applications, temporary asylum, and long-term asylum across EU member states, and the
differences between countries of origin, gender, and age of asylum seekers as detailed
information. In that case, we propose an explorer tool to support users to figure out the refugee
movement trends within the EU as time progresses. It should also be a helpful analysis tool for
users to acquire detailed and intuitive information introduced above and compare them by
specific years.

To facilitate better planning resources for future asylum seekers, this project may provide a more
intuitive and easier way for a user working for specific institutions to explore the movement of
asylum applicants compared to searching and analyzing huge amounts of data from data tables
and trees layer by layer the detailed explanation will be described in section 3, Data and Task

Abstraction.



Related Work

Asylum refers to the international protection offered by a country on its territory. It is provided
for people who cannot seek protection in their own country of citizenship and/or residence,
especially those who fear persecution based on race, religion, nationality, wars, membership in a
particular social group, or political opinion (The United Nations High Commissioner for
Refugees 2012). This paper presents a Vis (information visualization) project concerning asylum
seekers and resettlement in the European Union. Processing asylum applications and resettlement
is covered by the EU migration policy. The EU has a long history of regulating its immigration
policy, and since the 1951 Convention Relating to the Status of Refugees (The European
Commission 2022), the EU has continued to improve its migration policy, establishing the
current harmonized legislative framework on asylum based on the Treaty on the Functioning of
the European Union and the EU Charter of Fundamental Rights as its legal foundation. Each
year, the EU makes effort to develop an effective European migration and asylum policy in
response to large numbers of migrants coming to the EU resulting from migration crises like the
one in 2015 (The European Council 2019). The creation of a migration and asylum policy and its
operation is based on collecting data on the current situation. An example is the demographic

data related to asylum application and resettlement in the EU discussed in this project.

Eurostat (European Statistical Office), which provides statistical information to the institutions of

the European Union, persists datasets related to EU asylum application and resettlement. In

terms of presenting these data, Eurostat used frterms-ofpresentmg-the Eoasytlunmrdemographte
data-there-waseffort givenby-the Frrostatusing a range of published charts with pre-defined

data types derived from the dataset of asylum demographics. Eurostat provides a data
visualization tool that is integrated into its powerful Eurostat Data Browser (Eurostat 2020). For
each new dataset published, Eurostat presents the data in the Vis idioms of tables, graphs, and
maps on its web page. The Eurostat also integrates the Data Explorer tool, a feature that presents
the charts as a search tree. Users can click on a search tree branch to display different charts. Fhe

While supporting the

functionality that current tool provided, the new data browser also adds additional functionality



when for viewing data and metadata: users can filter data dimensions and adjust the way
graphical data is displayed (line, bar, and map charts), which makes it easy to compare indicators

and geographical areas (Eurostat 2022).

We want to build vtsuatizatron Vis idioms showing the asytumrseekers* demographics and
movements of asylum application and resettlement in the EU. Fhere-were-afew-sotuttons

seekers: We need to represent the movement of asylum applicants and resettled refugees by

showing the association between known geographic pairs, such as refugees drifting from a
country at war, to an EU country seeking asylum. The O(Origin)D(Destination) Map is a good
solution for this. OD Map shows the relationship by mapping the geographic vectors between the
origin and destination as cells rather than lines. It preserves the spatial layout of OD, and when
we need to show multiple “origins” of the “destination” country, e.g., an EU country receiving
asylum applications from people in multiple countries, the OD Map does not suffer from the
occlusion problems of other solutions, or the loss of detail due to aggregation (Wood, Dykes, and
Slingsby 2010, 117). Choropleth map utilizes the color channel in corresponding to an
aggregated summary of geographic characteristics within spatial enumeration units (Dent 1990),

it can visualize how an attribute from our dataset varies across & the geographic area. In our

case, the choropleth map can contribute to showing the ehangmg-trends-ofasytunrseekers'
demographteaeross-the EMEA—regton- different magnitudes of an attribute in our dataset

encoded by saturation and the color channel. Stacked bar charts can help us make more complex
data comparisons. A stacked bar chart is a form of bar chart that follows the horizontal
coordinates to show the composition and comparison of multiple variables. After selecting the
source and destination countries, our Vis will provide comparisons of demographic data, such as
comparisons of asylum application, and resettlement numbers by gender, age group, and other
ordinal or categorical characteristics. Stacked bar charts allow us to show how these comparisons

have changed over time (Kelley and Donnelly 2009).



Data and Task Abstraction

Domain

This mfermatten—visttatizatten Vis project focuses on illustrating the movement and analyzing
the demographic data of asylum seekers application and resettlement across Europe, the Middle
East, and North Africa EMEAY (MENA) region sreeentyears from 2008 to 2021. We want to
combine credible and rich data in an interactive format to dynamically show the movement of

asylum

applicants and resettled refugees in the same time period. Based on this, we will also explore

different trends in combination with their demographic data. Asylumrefers-to-the-international

tEaropean—€Counet—2622): Our project helps EU policymakers to understand the movement of

asylum applicants, explore the changing trends of asylum seekers’ demographic over time, to

and develop corresponding policies on asylum seekers or refugees, predict the future increase or
decrease of asylum seekers in the EU. People in each EU country can also use our project to
learn about the asylum demographics ef-asytam—reeetvers in their own country, such as age,
gender, rehgton; and original nationality. Therefore, they can learn about domestic asylum
reeetvers with real data, which helps society to eliminate prejudice against asylum receivers and

refugees.



Task

The biggest task of this project in terms of infermeatien—visuahzatten Vis is to show the
movement of asylum applicants, temporary—asylum—rectprents;—and—tong=term—protection
reetptents and resettled refugees in the BMEA Europe and MENA region from 26452008 to
2021, including their countries of origin and destination. Users can explore the correlation and
distribution of asylum applicants and resettled refugees with different age classes, gender classes,
and original nationalities across the EU countries. They can also compare the asylum application
intake and resettled decisions of the applicants between each year from 2008 to 2021, and find
the correlation between successful resettled decisions for asylum applications and different EU
countries. On top of this, the project will also select associations between origin countries and
one EU country that has asylum application or resettlement intake. In seteeted—eases the case of
both origin and destination countries are selected, the distribution of age class, gender class, and

original nationality;—and—famiy—relattenshtp will be presented to allow the reader to identify

different patterns and trends. as—w

htghtighting—the—mostpromtnent—data: The user can specify different attributes to observe the

distribution of these attributes in different classes from 2008 to 2015 and explore the correlation

between attributes like age or gender classes and the successful resettled decision in each year.

Data
Data for this project are sourced from Eurostat. FheFEurostat—FEuropean—Statistteal-offieeis-a

statisttealmformation—to—the—FH: We selected the annual aggregated data series on asylum
applications and resettlement containing statistical information Eurepean—Hnton—taw—2007
based on Article 4 of the Council Regulation (EC) No 862/2007 from 2008 to 2021. We didn’t
adapt the historic data before 2008. The Council Regulation (EC) No 862/2007 concluded the



regulation for collecting and analyzing information on migration and asylum in the EU, which
included several important changes designed to improve the completeness and degree of
harmonization of these statistics (European Union Law 2007). To avoid massive inconsistent

data entries, we only sample the dataset referencing this regulation starting from 2008.

the-Our final dataset will be obtained by concatenating muttipte 2 related datasets, stehas-the

2008 to 2015.

of today, we worked with more than 1,000,000 items. Each item represents the status of one
asylum application or resettlement with reference to different age classes, sex gender classes, and
original citizenship. The national Ministries of Interior and related official agencies provide these
data to Eurostat. Data is presented by country and for groups of countries: the European Member

States and the European Free Trade Association (EFTA) (European Commission 2021). The

attributes we intend to use in our analysis are both categorical {gender—ettizenshipasytun;
appleatton—type;—geo—pelitteal—entity) and ordered (age—elass;number—of—appleants—per—year;
year—range). Dataset is constantly updated two—times—per-week;—everyTuesdayand—Tthursday
morning—atH-06—am—EEST (European Commission 2021). We wil selected the newest latest

dataset by-the-time-we-startthetmplementation on 13th November 2022, Specifically, the levels

of categorical attributes are as follows:

Attributes Name Eevels Note

Gender 4 EMAetatdnicown

Eitizenship 208 Countriesand-regtons-arotnd
the-wortd




Dimensions[code] Levels | Lables[code] Note

Time Frequency [FREQ] | 1 Annual [A] Only annual data included

Country of 208 Countries, or regions | We cleaned the data, only

Citizenship[CITIZEN] defined by Eurostat Europe and MENA countries
represent by ISO and regions remain in final
3166-1 alpha-2 dataset
country codes

Sex [SEX] 4 Total [T] [T] = [M] + [F] + [UNK]
Males [M] [T] not considered in cleaned
Females [F] dataset

Unknown [UNK]

Application Type 3 Asylum Applicant [ASY APP]=[NASY_ APP]+
[asyl app] [ASY APP] [SSEQ]
First Time Applicant | Application dataset only
[NASY APP]
Subsequent Applicant
[SSEQ]
Unit of Measure[unit] | Person [PER]
Geopolitical Entiry [geo] | 34 33 geo political Geo political entities include the
entities in EU (e.g. EU, EEA(European Economic
Austria [AT]) + Area), EFTA countries, exit

European Union of 27 | members included
member states
[EU27 2020]

Table 1 Level of Categorical Attributes for EU Asylum Application and Resettlement Dataset - Annual
Aggr D

The ranges for ordered attributes are:

Attribttes Name Range Note

AgeClass lessthant4—=65—yearser | Ageoftheappleantsare




Less than 14 [Y_LT14]
From 14 to 17 [Y14-17]
Less than 18 [Y_LT18§]
From 18 to 34 [Y18-34]
From 35 to 64 [Y35-64]
65 or older [Y_GEG65]
Unknown [UNK]

Number-efappheantsiyear —121+6866

Yearrange 202+—262+

Dimensions[code] Range[code] Note

Age Class [Age] Total[ Total] Age of the applicants are

distributed into 8 classes,
some countries didn't split the
class under 18.

Time [Time] 2008 ~ 2021 Each year represents an
attribute
0~ 1216806 Value of each year, represents

the number of applications or
resettlements

Table 2 Range of Ordered Attributes for EU Asylum Application and Resettlement Dataset - Annual
Aggregated Data

One example item/data entry from the origin datasets is shown in the table below:

citizen | sex | unit | age asyl app [geo TIME_PERIOD
2008 2009 2010 2011 2012 2013 2014
2015 2016 2017 2018 2019 2020 2021

STLS |M |PER|Y _GE65 [ASY APP |SE 10 10 5 15 35 60 80
75 20 15 10 35 5 10

T Exam D Entry for EU A m Application D Annual Aggr D
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All attributes are listed in the above three tables, we filtered out the “Time of Frequency” and
“Unit of Measure” attributes, which have the same value in each entry and contain no additional
information. We also filter out certain levels or ranges for the different attributes, and the specific
information is summarized in the note column of the 3 tables above. We cleaned the data before
implementing the Vis. We used Numpy and pandas libraries in python to eliminate all
non-compliant attributes. In the original data, all “Time” attributes were listed in one column,
and we separated the “Time” attributes by commas so that each different class of Time was given
a separate column. We then align it with other data in the same row to get a valid CSV file. Next,
we tackled the non-compliant values, e.g. some of the “Time” attributes have non-integer data in
the field, which we change to 0. We use the summation formula to sum the values of all the time
attributes of each entry when the value sum of all time attributes is 0, it proves that there is no
record of this type of application or resettlement entry, so we also eliminate it. After finishing the
data cleaning, we have 87,728 rows of application data and 6908 rows of resettlement data left.

The following table lists the sample rows of application/resettlement after completing the

cleaning.

Table 4 Example Cleaned Data Entry for EU Asylum Application Dataset - Annual Aggregated Data
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Solution

This section depicts the potential scenarios for this project and the possible solutions associated
with them. The scenarios and solutions will be introduced from two aspects, overview and detail.
We will use React.js along with D3.js to implement the visualization and interaction functions.
We will acquire data directly from local CSV files which are preprocessed by data cleaning. We
will also use redux to enhance the interaction speed if it is needed. We aim to host our
visualization tool on a website that can be easily accessed by prospective users.

User Scenario 1

For the destination countries, which are EU+ countries, where refugee asylum claims are
processed, refugee service agencies would like to assess whether basic services such as
infrastructure, service personnel, and service types need to be improved by analyzing specific
data in a certain year since EU+ countries aim to provide continuously improved services for
asylum seekers. The first user scenario is that EU+ countries handle asylum applications and
make decisions on resettlement. For example, analyzing and improving the configuration of the
number of different language service providers based on the asylum application data flowing into
the destination country through the visualized data in the subform. Another example is to
increase or decrease the infrastructure required for a specific age group through the asylum
application age visualization displayed in the subform.

Using data visualization, this project assists refugee service agencies in better intuitively
analyzing how to improve their configuration and infrastructure. For example, analyzing and
improving the configuration of the number of different language service providers based on the
asylum application data flowing into the destination country through the visualized data in the
subform. Another example is to increase or decrease the infrastructure required for a specific age
group through the asylum application age visualization displayed in the subform.

As shown in Figure 1, The immigration officer from one EU+ country, for instance, Germany
wants to compare the asylum statistic between 2008 and 2021 to explore the correlation between

asylum applicants and their original citizenship. Along with time progress, the officer wants to
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know people from which countries or regions sent the most asylum applications to Germany and
from which country or regions have the highest possibility to receive a resettled decision. The
officer could also compare the total number of asylum applicants and resettlement between
different years, if a growing trend is explored, the officer could allocate more resources to
asylum matters or call for help from other member states.

AsylumLoupe: EU Asylum Demographics and Movement

CPSC 547 Information Visualisation Project Han Wang & Xin Wang
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Figure 1 Project overview schematic diagram under user scenario 1
For example, the picture above depicts the example mentioned before. After clicking the region
of Germany, the German immigration officer will get further information about the origin
countries asylum seekers come from. The subform at the top-right corner shows the statistical
asylum data in Germany from different origin countries asylum seekers come from. Since the
button “people” is chosen, this subform shows the visualization of the data of asylum
applications and resettlement processed in Germany in a bar chart format. The subform below

represents the statistical asylum application and resettlement data in Germany from 2008 to 2021
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in a line chart format, and the level of quantity is measured by the left axis. In this way, the
German immigration officer can judge decisions like whether it is necessary to expand refugee
shelters based on the trend of the number of asylum applications flowing from the origin country
to Germany or judge whether the efficiency of the asylum application processing period needs to
be improved based on the trend of the success rate of the number of asylum applications to the
number of asylum applications accepted, meanwhile the rate level is measured by the right axis.
Implementation Method

As Figure 1 above shows, the vis tool for this project mainly contains three subforms and three
buttons. To better represent the geographical data, we choose the origin-destination map to
illustrate the movement and demographic data of asylum seekers across Europe, the Middle East,
and North Africa (MENA) region in recent years in the main subform at the top-left corner. To
be more specific, we would like to show the flow of people from the origin country refugees
come from to the targeted destination country those refugees arrived. Each destination country
may accept refugees from one or more source countries. For the second subform beside the
origin-destination map at the top-right, it is a form with the visualization of population data,
gender data, or age data. Users can choose the type of data to visualize and analyze by clicking
the buttons with “people”, “gender” and “age” respectively. If we choose the “people” button,
when we simply picked the destination country, this second subform will show the visualization
of the data of asylum application and resettlement processed in this specific destination country
in a bar chart format. Meanwhile, the data of asylum applications from different origin countries
and resettlement processed in this picked destination country will be able to be compared
horizontally. The subform below represents the statistical asylum application and resettlement
data from 2008 to 2021 in the selected destination country in a line chart format. The quantity of
asylum applications and resettlements time processed in this specific country is measured and
presented by the left axis. And the success rate of asylum applicants resettled in this specific

country is measured and presented by the right axis.
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Figure 2 Project overview schematic diagram
As Figure 2 above shows, take Germany as an example. Assuming we would like to know the
movement between the origin countries refugees come from and our targeted destination country
Germany, we can select the destination country Germany by clicking inside the country in the
EU map. The area of Germany, the destination country, becomes yellow on the map as we click,
while the origin country, where the refugees come from, becomes pink. Assuming there are only
several origin countries as shown in the same picture. We would like to use the saturation of pink
to depict the different levels of the number of arrived refugees. The higher the saturation level is,
the more refugees arrive at the destination country from this origin country. To show the flow of
refugees more clearly, we may also choose to use a motion map to show the direction better. It
will depend on the actual representation effect. [t the origin countries are selected, then the
second subform will depict the detailed information from the origin country to the destination

country. Take the combination of Germany and Syria as an example, if the destination country
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Germany and the origin country Syria are selected, there will be three types of information
described, including the current full-year German resettlement of Syrian refugees as a percentage
of total applications, the percentage of Syrian refugees resettled in Germany among all refugees
resettled in Germany for the current year as a whole, and the total number of Syrian asylum
seekers (applications and resettlement) received in Germany from 2008 to 2021.

For the subform below in Figure 2, if the button “gender” is chosen, there will be three line chart
describing the number of different gender asylum seekers from 2008 to 2021. Different labels
and colors will help users to better differentiate data from other genders. As Figure 3 below
shows, if users select the button “age”, the application and resettlement data for asylum seekers

divided by four age groups from 2008 to 2021 will be represented in a bar chart format.
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Figure 3 Subform overview schematic diagram for age category

User Scenario 2

For destination EU+ countries where asylum applications are processed, refugee service agencies
would like to see a comparison of data for two selected years from 2008 to 2021, to analyze the
changes in the number of applications and the trend of the ratio for resettled applicants among all
applicants. Although the overview of data from 2008 to 2021 is provided, to make a more
customized and clear comparison, refugee service agencies may still need to select two specific
years among the 14 to analyze the trend. In that case, the analysis based on the visualized data
will help refugee service agencies with their processing speed, work efficiency, and personnel
allocation to deal with asylum applications. For example, if the refugee service agencies find out

there is an increasing trend in the ratio between applications and resettlements by comparing the
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yearly application and settlement data, they may need to enhance their efficiency of the asylum
application processing by some adjustments to meet the increased needs of asylum applicants.
For another example, refugee service agencies can judge whether it is necessary to expand
refugee shelters based on the trend of the number of asylum applications flowing from the origin
country to the destination country by comparing the data between two selected years.
Implementation Method

The other part of the visualization subforms will be the same as before except for the subform
under the orient-destination map as Figure 4 shows below. Users can make a comparison for the

99 66

data between two different years for three types of data including “people”, “gender” and “age”

after clicking the “Yearly Comparison” button outside.
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Figure 4 Subform overview schematic diagram for two selected year

To implement the function of time selection, we have included two time-select menus for users
to select different years to make comparisons with. In that case, refugee service agencies are able
to determine the trend of refugee movements within the EU over time.

Besides, this vis also allows the comparison of application and resettlement data between
different origin countries where the asylum seekers come from. We use the green color to
represent the number of resettled asylum applicants from an origin country. So as the orange
color represents the number of applications made from an origin country. The comparison
between the number of applications and resettlements for a specific country can be made more
intuitively through concentric circles with a certain degree of transparency. When clicking the

button “people”, the data will be divided into groups by 5 main origin countries as Figure 4
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shows above, and that will be divided into groups by three gender types or four age categories by
clicking the button “gender” and ‘“age” respectively. The data will also be sorted based on its

quantity among all groups.
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Milestones

October 14: Preliminary Work

- (4 hours, All) Prepare project pitches, idea presentation and write short summarizing text for
pitches

- (5 hours, All) Meetings to discuss project direction, exchange of project ideas

- (1 hour, All) Office hour with the professor to discuss feedback of new pitch idea and

retrospectives

October 21: Project proposal
- (5 hours, all) Data Set discovery and interaction with existing information visualization tools
provided by Eurostat to gather feedback

- (15 hours, All) Split the sections, research and write project proposal

November 11: Preliminary data exploration, data preparation, and vis finalization

- (15 hours, Xin) Clean current data and link relevant datasets in Eurostat, select relevant
attributes and create the final dataset as the data source for our project

- (15 hours, Han) Further exploration of vis options, research for existing Vis option, test and
deploy vis project to local and think of adaption to our project. Create project Vis sketches.

- (2 hours All) Group discussion of prototypes and design finalization

November 48 16: Project Update and Peer Review —Ereate-the-first-verston-of-vis-seftware
- (4 hours, Xin) Implement the first version of the Vis using finalized idioms

- (8 hours, Xin) Finalise related works section for the final paper

- (5 hours, All) Extend Data and Task abstraction and Solution chapter

- (10 hours, All) Write update report for peer review

November 25: Visualisation design and Implementation
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- (15 hours, Xin) Design 2 idioms on asylum movement with an emphasis on the dynamic
movement of the asylum seekers
- (20 hours, Han) Design 4 idioms on presenting the asylum demographic data with an emphasis

on the interactivities of the vis and creative ideas

December 2: Finalize vis dashboard
- (20 hours, All) Final refinements and bug fixes with discussion
- (20 hours, All) Developing other features of the vis and final dashboard (multiple views

together with chosen idioms, interactivity to support selection/filtering)

December 14: Final presentation
- (8 hours, All) Making and revising slides
- (3 hours, All) Presentation

December 16: Final paper
- (20 hours, All) Documenting and reporting the results, finalization of the paper, formatting and

citation check
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