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1. Introduction

Human beings have been moving to new and distant locations since the beginning of human
history, transforming the demographic makeup of lands and continents, as well as the ethnic,
linguistic, and racial compositions of their populations. Migrations have occurred at various
scales, numbers, and for different reasons, ranging from specific ethnolinguistic groups seeking
better opportunities in advanced lands to entire populations moving from one continent to
another.

Today, migration continues to be a complex and multifaceted phenomenon, driven by a variety
of reasons, including economic opportunities, housing, war, and natural disasters. This can be
seen in the form of internal and international migrations, both voluntary and forced. For
example, many people move from rural to urban areas in search of better living standards and
economic opportunities, while others may be forced to flee their homes due to conflict or
natural disasters.

Regardless of the reasons behind migration, it is a constantly evolving phenomenon, and
international organizations are continually monitoring and predicting its numbers and
outcomes. Recent estimates suggest that the number of migrants worldwide has been steadily
increasing, with migrants comprising 2.3% of the global population in 1970, growing to 3.3%
in 2015 (I0OM, 2019).

The study of migration in Germany has gained importance in recent decades, as the country
has faced various challenges and opportunities associated with immigration. Germany has a
long history of immigration, dating back to the post-World War 1l period when guest workers
were recruited to address labor shortages. By investigating the migration processes within
Germany, we can gain insights into the challenges and opportunities of immigration, as well
as the role that migration can play in shaping the future of Germany and beyond.

To discover the migration in Germany with a geoinformatics kind of view, an interoperable
open architecture that can be leveraged by everyone can be established. This architecture is
needed when working with all data that needs regular updating. It enables using the data in a
spatial context, e.g., displaying data on a map. This architecture consists of a spatial database
and GIS services running on an open server. From there on, data can be accessed and used with
various end programs.



Purpose

The aim of this project is to open the used data as an open GIS service. This is done by setting
up a spatial data infrastructure with geoservices (like a WFS) running on a server (e.g.,
Geoserver). With these services running, presenting data with a particular visualization can be
established with different tools.

Given that migration numbers are on the rise, it's important to delve deeper into the topic with
specific goals in mind. The MIGE project provides a comprehensive approach to this, gathering
data, processing it, analyzing it, and presenting it in an interactive and user-friendly manner
through dashboards as presentation tools. The purpose is to make this information easily
accessible and understandable to the target audience, which includes agencies involved in
federal statistics and processes regarding migration, including Germany. This way, statistical
agencies and migration organizations will have better overview of their data not only in
numbers of who and what but also an intuitive insight of where and when by adding a geospatial
context to the data in forms of charts and maps, enhancing the decision-making processes. Our
aim is to provide them with dashboards with distinct purposes such as migration inflow and
outflow between Germany and countries of European Union as well as migrations between the
federal states of Germany. Furthermore, dashboard dedicated to the population change within
the country will raise awareness of the importance of immigration to counter the effects of low
birth rates and an aging population in the country.



2. Project Management

Regarding SDI implementations, project management is one of the core elements that
encompasses steps from setting up the goals and defining and decomposing the workflow to
achieve these goals. Therefore, we divide project management part into two broad categories,
such as work packages and time management.

2.1. Work Packages

At the beginning of our project, it was crucial of us to define the workflow of the entire project,
identifying critical work packages and outlining the estimated time needed for each work
package, along with their subpackages to be done. As presented in the Figure 1., we have
identified 5 main work packages that reflect the decomposition of our complete project
workflow.
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Figure 1. Work Breakdown Structure containing work packages and their subpackages.

The first work package ,,Project Management™ presents a kick-off project package where the
project team has conceptualized the basis of this project by deciding upon project objectives,
defining packages and subpackages as well as defining responsibilities to each (or both) project
leaders, agreeing on how to deal with the documentation of the whole project and to conduct a
data search in order to clarify if data relevant to our project exists. Second work package ,,Data
Acquisition” includes all steps from gathering and organizing data into according dataset
schemas that will fit the dashboards implementation. Third work package ,,Data Processing*
includes the processing steps where the irrelevant indicators within the existing data is
eliminated and subsequently merged into dataset schemas for which metadata will be created
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and finally published to the ArcGIS Server. Fourth work package ,,Dashboards Development
marks the final technical package of our workflow by setting up the spatial data infrastructures,
creating the dashboards that will in most convenient manner present and communicate our
findings. Final work package ,,Project Presentation relates to communicating and
documenting our results to the public.

For a more detailed overview of aforementioned work packages as well as on a complete
project documentation, please refer to our ,,Project Overview* PDF here.

2.2. Time Management

Time management served as a basis of managing the complete project in a given and reasonable
time range, in this case from 2" of November 2022 to 15" of January 2023. At the project kick-
off meeting, project coordinators have estimated the time needed to work on each (sub)package
and therefore at the end of our work serves as a reference to validate if our estimations were
true for each package. By comparing the initially predetermined against the truly needed time
for each package, with minor overdue on several projects, we conclude that our time
estimations were in large realistic.

Time management has turned out to be very useful for overall communicating the needs of the
project by setting up and monitoring the defined milestones (Figure 2.) which were derived
from the previously set Gantt chart (Figure 3.). As both project coordinators have found
themselves to deal with this kind of project management for the first time, it gave us insight of
how well we performed in initially distributing time within each work package along with
validating if the distributed time for each (sub)package was realistic.

Project Start Project End
Data Published

Project Set-up Metadata Created Final Presentation Refinement

Nov/ 22 Dez/ 22

Jan/ 23

Data Acquired Dashboards Created

Figure 2. Project timeline as milestones for the MIGE project


https://git.sbg.ac.at/s1081994/ip-gpm/-/blob/main/project_management/Project_Overview_Template_Sahinovic_Stobbelaar.pdf
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2.3. GitLab Documentation

Figure 3. Gann chart for the MIGE project

Side by side with entire work being carried out, our complete progress was documented on
GitLab. This included reporting on status of work packages, filing issues, tracking time and
changes etc. Beside serving as a progress tracker, it acts as a remote repository for all the crucial
files of the project as well as a hub for all those who are interested in the project. Our repository
can be reached from here.


https://git.sbg.ac.at/s1081994/ip-gpm

3. Data Sources

Chapter 3 describes the data from its origin to the finished processed tabular form.

3.1. Data Acquisition

Finding data which can be used for a spatial data infrastructure can be tricky. The data should
be trustworthy and have some easy possibility to be spatially enabled (e.g., using ISO codes).
This makes this step automatically essential and very important as it is the basis for the
architecture and thus the visualization in the end.

Data sources for our project were fairly easy and straightforward to find as indicators such as
population migration, population per administrative unit and natural growth are base indicators
collected by statistical agencies. As our project goals include representation of migrations and
their effect on demographic balance of the federal states of Germany, we have identified in
total five individual datasets as presented in Table 1.

Table 1. Identified datasets for the MIGE project

Dataset Format URL source

Nomenclature of territorial | Shapefile https://ec.europa.eu/eurostat/web/gisco/geodata/reference-

units for statistics (NUTS) data/administrative-units-statistical-units/nuts#main-content

Migration between the Spreadsheet https://www-

federal states of Germany genesis.destatis.de/genesis/online?operation=table&code=127
11-
0022&bypass=true&levelindex=1&levelid=1673348732948#a
breadcrumb

Migrations between Spreadsheet https://www-

Germany and abroad genesis.destatis.de/genesis/online?operation=table&code=127
11-
0009&bypass=true&levelindex=0&levelid=1673345237634#a
breadcrumb

Natural growth, migration Spreadsheet https://ec.europa.eu/eurostat/databrowser/view/DEMO_R_Gl

balance ND3__custom_4611398/default/table?lang=de

EU population Spreadsheet https://ec.europa.eu/eurostat/databrowser/view/tps00001/defau
It/table?lang=en

Before joining and spatially enabling the four datasets mentioned in the table above, data
preprocessing was performed to transpose cell content, clean unused columns and add the
NUTS code to subsequently link the datasets, which then can be linked with the NUTS
shapefile that is linked on top of the table. The output format is also in a shapefile format.


https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/nuts#main-content
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/nuts#main-content
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0022&bypass=true&levelindex=1&levelid=1673348732948#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0022&bypass=true&levelindex=1&levelid=1673348732948#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0022&bypass=true&levelindex=1&levelid=1673348732948#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0022&bypass=true&levelindex=1&levelid=1673348732948#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0022&bypass=true&levelindex=1&levelid=1673348732948#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0009&bypass=true&levelindex=0&levelid=1673345237634#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0009&bypass=true&levelindex=0&levelid=1673345237634#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0009&bypass=true&levelindex=0&levelid=1673345237634#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0009&bypass=true&levelindex=0&levelid=1673345237634#abreadcrumb
https://www-genesis.destatis.de/genesis/online?operation=table&code=12711-0009&bypass=true&levelindex=0&levelid=1673345237634#abreadcrumb
https://ec.europa.eu/eurostat/databrowser/view/DEMO_R_GIND3__custom_4611398/default/table?lang=de
https://ec.europa.eu/eurostat/databrowser/view/DEMO_R_GIND3__custom_4611398/default/table?lang=de
https://ec.europa.eu/eurostat/databrowser/view/tps00001/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00001/default/table?lang=en

3.2. Data Preprocessing

After acquiring the needed data, it has to be modified and altered for it to be published to the
database. This is done in a spreadsheet tool where data is cleaned, columns are transposed and
saved as a finished tabular data. For spatially enabling the data by joining it with spatial dataset
(administrative borders) a python script could be used. Figure 4 shows the general

preprocessing steps.

Datasets Pre-processing Spatial join Presentation
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%

Figure 4. -Generalized overview of data preparation
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As previously mentioned, before conjoining the spreadsheets, preprocessing steps were
undertaken to best fit the dataset schema necessary for the dashboards. Therefore, for the
ArcGIS Dashboards representation spreadsheets need to be merged within the shapefiles while
for the ArcGIS Insights these two formats are imported separately and subsequently related
within the software to create a new dataset representation. Excel was used to manually refine

the spreadsheets.

For easier overview of (pre)processing steps of initial data sources, their relations and
visualization software, Figure 5. depicts the implementation steps.

ArcGIS
Dashboards
P T -
B _ -\ NUTSO0.shp /\: -/mlercoumry movements s@ W
( NUTS.shp '¥| - — r
— s ™ - _J
. NUTS1.shp W - popu\atlon _change shp
S —— Python script
/ N (" mi bal lsx )
migration_balance.xlsx ™. g e EwER )
S A N
e T Excel - T ArcGIS
X i — N
\\\ natural_growth.x SX,.//_ n—(\inatura\fgmwm XISX,.,/‘ Insights
N o , I ’
( eu_population.xlsx " = eu_population.xlsx ) Create relationships for
— — — [ intracountry movements |
T, . .
\\ln\tracuunlry_m|grat|un,xl59—' Data cleaning, -Llr:l;tracountryimlgrallon.xlw
— - transposing cell content, I —
- Y cleaning irrelevant o N
{ \mercoumry_m\grauon‘xlsx/»—' columns y_\mtercountlyﬁm\gratmn.x\sx/_
h _ — -

Figure 5. Simplified workflow from data to presentation tier


https://git.sbg.ac.at/s1081994/ip-gpm/-/blob/main/Python/merge_data.py

3.2.1. Nomenclature of territorial units for statistics (NUTS) for spatial linking
Nomenclature of territorial units for statistics (NUTS) shapefile dataset consists of multipart
polygon topology reflecting the statistical regions of European Union divided into four
hierarchical levels. For the purposes of spatially enabling the acquired spreadsheets, it is split
into two datasets: NUTS 0 coinciding with national boundaries and NUTS 1 consisting of
major socio-economic regions.

3.2.2. Migration between the federal states of Germany (intracountry movements)
The original dataset contained columns that seem irrelevant to the scope of the study,
specifically the division of migrations between German and non-German settlers. Second, the
year of migration and origin and destination states were decomposed into distinct columns.
Additionally, the inclusion of NUTS codes served to establish a clear link between countries
of origin and destination.

Wanderungen zwischen den Bundeslandern:

Herkunfts-Bundesland, Ziel-Bundesland, Jahre, Nati

Geschlecht

Wanderungsstatistik

Wanderungen (Anzahl)

Jahr Deutsche Ausldnder Insgezamt
Herkunfts-Bundesland
Zigl-Bundesland mannlich weiblich Insgisam mannlich weiblich Insgesamt mannlich weiblich Insgisam

r

2000

Schleswig-Holstein Schleswig-Holstein 0 0 0 0 0 0 0 0 0
Hamburg 8299 a8102 15401 1118 866 1984 8417 8968 18385
Niedersachsen 3849 4002 7851 283 218 459 4132 4218 8350
Bremen 353 321 574 52 kT it 405 358 763
Nordrhein-VWestfalen 2383 2254 4527 316 208 522 2579 2470 5148
Hessan o 203 1695 iL 2 12 230 387 1567

Figure 6. Raw intracountry movements spreadsheet

Year Ba Country_of_origin BANUTS_CoO Bl Country_of_destination EINUTS_CoD B male B female
2000 Schleswig-Holstein DEF Schleswig-Holstein DEF 0 0 0
2000 Schleswig-Holstein DEF Hamburg DEG 9417 8968 18385
2000 Schleswig-Holstein DEF Niedersachsen DES 4132 4218 8350
2000 Schleswig-Holstein DEF Bremen DES 405 358 763
2000 Schleswig-Holstein DEF Nordrhein-VWestfalen DEA 2679 2470 5149
2000 Schleswig-Holstein DEF Hessen DE7 880 087 1867
2000 Schleswig-Holstein DEF Rheinland-Pfalz DEB 553 503 1056
2000 Schleswig-Holstein DEF Baden-Wiarttemberg DE1 1615 1596 3211
2000 Schleswig-Holstein DEF Bayern DE2 1493 1351 2844
2000 Schleswig-Holstein DEF Saarland DEC 69 72 141
2000 Schleswig-Holstein DEF Berlin DE3 1342 1117 2459
2000 Schleswig-Holstein DEF Brandenburg DE4 463 37 834
2000 Schleswig-Holstein DEF Mecklenburg-Vorpommern  DES8 2091 1849 3940
2000 Schleswig-Holstein DEF Sachsen DED 347 306 653
2000 Schleswig-Holstein DEF Sachsen-Anhalt DEE 292 233 525

Figure 7. Sample of preprocessed intracountry movements spreadsheet

3.2.3. Migrations between Germany and abroad (intercountry movements)
The original dataset is structured like all data downloaded from destatis.genisis. As can be seen
in figure 8, years were in distinct columns and indicators (inbound, outbound and balance)
were stored in the same column.
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Wanderungen zwischen Deutschland und dem Ausland:
Deutschland, Jahre, Staaten der Europaischen Union,
Geschlecht

Wanderungsstatistik
Deutschland

Staaten der Europaischen Union

Geschlecht
Zuziige aus dem Ausland Einheit 2012 2013 2014 2015 2016
Fortzlige in das Ausland
Wanderungssaldo
Belgien mannlich Zuziige aus dem Ausland  Anzahl 3101 3156 3360 3266 3302
Fortzlige in das Ausland Anzahl 2292 2627 2511 2719 2664
Wanderungssaldo Anzahl 809 529 419 547 638
weiblich Zuziige aus dem Ausland  Anzahl 2467 2669 2739 2649 2635
Fortzlige in das Ausland Anzahl 1899 2413 2388 2356 2262
Wanderungssaldo Anzahl 568 256 351 293 373
Insgesamt Zuziige aus dem Ausland  Anzahl 5568 5825 6099 5915 5937
Fortzlige in das Ausland Anzahl 4191 5040 5329 5075 4926
Wanderungssaldo Anzahl 1377 785 770 840 1011

Figure 8. Sample of raw data of movements between Germany and EU countries

NUTS codes were added manually for each country (for joining data with shapefile), indicators
were transposed in separate columns and years were transposed to one column (see figure 9).

Figure 9. Sample of preprocessed intercountry migration dataset

3.2.4. Natural Growth and migration balance
The original natural growth and migration balance dataset had separate columns for each year,
which were later transformed into a single column for easier linking with a shapefile in ArcGIS
Insights. The migration balance on a NUTS 1 level was filtered to the federal states of
Germany.

DE1
DE2
DE3
DE4
DES
DE6
DET
DES
DES
DEA
DEB
DEC
DED
DEE
DEF
DEG

Zeitliche Frequenz
Demographische Indikator

Baden-Wiirttemberg
Bayern

Berlin

Brandenburg
Bremen

Hamburg

Hessen
Mecklenburg-Vorpommerr,
Niedersachsen
Nordrhein-Westfalen
Rheinland-Pfalz
Saarland

Sachsen
Sachsen-Anhalt
Schleswig-Holstein
Thiiringen

Daten abgefragt am 20/01/2023 11:24:38 von [ESTAT]
Datensatz  Demographische Veranderung - absoluter und relativer Bevilkerungsstand auf regionaler Ebene [DEMO_R_GIND3__ custom_4611398]
Letrte Anderu 01/07/2022 11:00

Jahrlich
Matiirliche Bevilkerungsveranderung

lese LG Lo e e 2012 (2013 12014 (2015 (2016 12017 2018 (2019 (2020 (2021 |

11,107
18,409
2460
9,921
1,848
694
10,250
6,197
25,562
47,952
13,235
5,412
16,629
13,433
9,438
-9.799

-10,442
17,341
2246
11,323
2,141
879
11,708
7,270
27,690
53,648
13,543
5,977
18,136
14,588
-10,907
-10,167

-5,031
10,194
5,054
-9,651
1,226
2259
-6,552
-6,088
21,165
37,811
10,880
5,201
15,224
13,766
8,883
-9,070

7,797
15,308
3752
11,638
41,302
2203
-9,645
7,017
25277
43,884
11,831
5,016
18,001
14,954
10,114
-10,896

859
-3,863
7,036
-9,856
596
4213
-3,350
7,003
17,153
28,975
-8,345
-4,682
15,389
13,361
-8,459
-9.837

1,745
7,711
5,824
11,440
-904
3,493
5,249
7,655
-20,693
-32,858
-9,940
-4,962
17,855
14,958
-9,289
11,229

2215
7,193
4,303
12,803
-905
2,958
-6,155
-8,916
22513
-37,990
-10,652
5,723
-20,400
16,075
10,685
12,387

2597
-6,086
4764
12,698
555
3,466
-6,607
9,072
-20,970
-36,088
10,446
5,549
-20,455
-15,681
10,307
12,549

7,082
14,603
1,051
15,635
41,183
2123
10,662
9,793
22,861
44,275
11,537
5,629
28,709
17,691
10,807
14,235

5,484
13,663
1462
18,367
1,200
2173
10,731
12,307
23,524
-44,649
11,922
5,937
31,825
21,265
11,494
19,453

Figure 10. Raw natural growth spreadsheet
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Year pgNatural growthg NUTS_ID pggName =

2012 -11107 DE1 Baden-Wirttemberg
2013 -10442 DE1 Baden-Wirttemberg
2014 -5031 DE1 Baden-Wirttemberg
2015 -7797 DE1 Baden-Wirttemberg
2016 859 DE1 Baden-Wirttemberg
2017 -1745 DE1 Baden-Wirttemberg
2018 -2215 DE1 Baden-Wirttemberg
2019 -2597 DE1 Baden-Wirttemberg
2020 -7982 DE1 Baden-Wirttemberg
2021 -5484 DE1 Baden-Wirttemberg
2012 -18409 DE2 Bayern
2013 -17341 DE2 Bayern
2014 -10194 DE2 Bayern
2015 -15308 DE2 Bayern
2016 -3863 DE2 Bayern
2017 -7711 DE2 Bayern
2018 -7193 DE2 Bayern

Figure 11. Sample of preprocessed natural growth spreadsheet

3.2.5. EU Population
This dataset was downloaded to add to the intercountry migration dataset, as an additional
information in popups or other additional data visualization. As with the natural growth data,
data for each year was in different columns. These values were transposed and added to the
intercountry migration dataset (see figure 12). Additionally English country names were added.

ﬂ NUTS_I Inbound ﬂ Outbound ﬂ Dif_In_Out ﬂ Population ﬂ Name
2012 AT 18508 19999 -1491 8408121 Austria

2013 AT 18629 20341 -1712 8451860 Austria
2014 AT 19293 21438 -2145 8507786 Austria
2015 AT 20312 19907 405 8584926 Austria
2016 AT 20804 20382 422 8700471 Austria
2017 AT 19382 20085 -703 8772865 Austria
2018 AT 19317 21702 -2385 8822267 Austria
2019 AT 15007 23410 -4403 8858775 Austria
2020 AT 18720 21687 -2967 8901064 Austria
2021 AT 17170 22788 -2618 8932664 Austria
2012 BE 3568 4191 1377 11075889 Belgium
2013 BE 2825 2040 785 11137974 Belgium
2014 BE 6099 5329 770 11180840 Belgium
2015 BE 5915 5075 840 11237274 Belgium
2016 BE 5937 4926 1011 11311117 Belgium
2017 BE 5803 4583 1220 11351727 Belgium
2018 BE 5582 5075 507 11398589 Belgium
2019 BE 5745 5376 369 11455519 Belgium
2020 BE 4975 4622 353 11522440 Belgium
2021 BE 5395 4752 643 11554767 Belgium
2012 BG 58862 33741 25121 7327224 Bulgaria
2013 BG 39323 38594 20729 7284552 Bulgaria
2014 BG 77730 44491 33299 7245677 Bulgaria

Figure 12. Processed population and intercountry migration dataset

12



4. Open GIS Architecture

We want to build a spatial data infrastructure which helps integrating data in a standardized
spatial database. From thereon, the data can be distributed as several open geoservices on a
spatial server. The portal is a interface for manipulating the data on the server via the web. The
general architecture structure of the project can be seen in figure 13.

Data tier Server tier Portal tier Presentation tier
ESRI Geodatabase ArcGIS Server ESRI Geoportal ArcGIS Dashboards
R
Y

Figure 13. -General architecture overview

As a spatial data infrastructure, we have decided to work within the ESRI ecosystem as most
of the SDI components for both of us were touched upon for the first time. As a single
ecosystem ensures unhindered interoperability between its components and provides
resourceful documentation for each part of the architecture, ESRI deemed as a valid choice.
The architecture pipeline is depicted in detail in Figure 14, starting from the identification of
datasets which undergo various transformations before being visualized using tools such as
ArcGIS Dashboards and Insights. In the subsequent chapters, we will delve into each
component of the SDI and its specific function in detail.

DATA SPATIAL DATA ECOSYSTEM

ArcGIS
e Dashboards

5 .ngrmanyilederalis[ates shp —
NUTS shp /\—J P

Intercountry movements,

/,,.7. - ) Population change
— eu_countries.shp ) Python script ArcGIS Pro PoStGIS ArcGIS Server Geoportal - ‘

{ eu popu\allon csv \

- J

o - ) ArcGIS
e natural grow(h cSV ; MS Excel Insights
. A J,

’\ m\grahnﬂ balance. CSV )] -

\mracoumr‘y movements|

~
mtracnuntry mlgraﬂon CSV |

GitLab

m[ercnunlry m\graﬂon csv
+ v t

Figure 14. SDI architecture overview
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https://www.esri.com/en-us/arcgis/products/arcgis-insights/overview

4.1. Data integration and implementation into a spatial database

After the preprocessing steps of each identified dataset is done in a spreadsheet solution (excel),
the next step is importing and integrating the data within a GIS program to the spatial database.
As presented in the Figure 4., datasets such as intercountry_movements and population_change
shapefiles are derivates of first most identified spatial and non-spatial datasets that were joined
together using a custom python script as the one to many join function in ArcGIS Pro did not
work. The python script can be seen in figure 15, additionally a link to the Gitlab resource can
be found here. The script uses the modules pandas and geopandas. First the data is loaded in
using the modules, then only selected columns will be kept. Using the merge function of pandas
the two datasets are joined using the NUTS_ID. The joined data is saved as a new shapefile.

merge_dat

data = pd.read_excel(
countries = gpd.read file(

countries = countries[['NUTS_ID', '

output = pd.merge(countries, data, left on="NUTS ID', right on="NUTS ID")

output.to_file| » encoding="utf-2 ﬂ

Figure 15. - Python code for joining excel sheets with shapefiles

These joined datasets were imported into the PostGIS database by using the Feature Class to
Feature Class tool with PG_GEOMETRY as a configuration keyword to ensure the PostGIS
spatial functions on the data. As previously simplistically presented in the Figure 4., Figure 16.
depicts the merging of seven datasets via ArcGIS Pro has resulted into three finished datasets
that have furtherly been imported into PostGIS database.

Python script

eu_population.xlsx F*
—

ntercountry_rnigralion.xISXﬁ

. ArcGIS Pro — —
germany_federal_states.shp

eu_countries.shp /7 >

Y
\

/
/)

/2

{

\* PostGIS
™
i
~
e

A

> intracountry_migration.dbx

natural_growth.xlsx

= >

YAWA

\\ // Ay

B — _
migration_balance.x\sx)i »:\\ intercountry_migration.shp

mtracountry_mlgration.x\sgi

2\

— -

germany_federal_states.shbi

78\

Figure 16. Integrating and importing the data into PostGIS
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https://git.sbg.ac.at/s1081994/ip-gpm/-/blob/main/Python/merge_data.py

4.2. Publishing spatial services

The data can be published as geoservices from the database to a spatial server (like geoserver)
e.g., with an OGC web feature service, using a GIS program like QGIS. Figure 17 shows the

steps of publishing spatial services to a server.

PostGIS ArcGIS Pro ArcGIS Server

intercountry_movements
population_change

database

connection publish WFS

Figure 17. -Overview of publishing spatial services

Geoportal

G3
S

Our newly derived datasets stored in the PostGIS database are pushed furtherly to ArcGIS
Enterprise via ArcGIS Pro as Web Feature Services (WFS) by sharing it as a web layer. During
the publishing process, various properties of the web services were configured such as name,
type of services, their constraints, operations etc. These map services will be furtherly visually

configured in ArcGIS Enterprise before using them in the presentation tier.
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4.3. Visualization of migration in Germany using dashboards

With the services running on the geoportal, the data was added to webmaps to create a
visualization for the final dashboard. The ESRI platform was chosen as all services are
interconnected which makes it easy to build a dashboard. The webmap creation process is
important as it defines the look of the dashboard and popups (e.g., when clicking on a country).
Without having a webmap it is not possible to create a dashboard using ESRI, as it is the basis
for accessing data. When working with insights, the creation of a webmap is not needed as the
spatial relationship and visualization is created directly on the platform itself.

4.3.1. Intercountry migration
The first dashboard shows the relationship between inbound and outbound migration towards
and from Germany and EU countries. It is based on the intercountry _migration.shp dataset.

Following figure shows a sample of the dashboard. The map on the right side of the dashboard
shows the movements in a cartographic way. The blue colors show countries with high inbound
and outbound migration, more yellow countries show a high low relationship (inbound <->
outbound). More turquoise colors show a low high relationship (inbound <-> outbound) and
more whitish colors show countries with low migration flows in both directions. On the left
side of the dashboard there are two indicators (inbound and outbound) that display number of
movements in the selected map extent (also in the selected year). Also on the left side are two
pie charts where the distribution between the countries can be seen.

Total inbound in map extent

7.8 Mio.

Percent of migration towards Germany (active year)

Total outbound in map extent ‘?.f' :
° E
5.7 MIO. Legend x

Migration between Germany and EU

Relationship
e 205%

/1 Qutbound Germany

Percent of migration from Germany (active year)

Crher 17.25%

Hungary 5.75%

Figure 18. Sample from intercountry movements dashboard
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https://zgis.maps.arcgis.com/apps/dashboards/8531c6072efd44d693cb6adf94d22a0f

4.3.2. Intracountry migration

The present study sought to provide a comprehensive overview of migration within Germany
and to evaluate the capabilities of ArcGIS Insights as a data visualization tool. The software
offers a multitude of filters, including the ability to select specific years and federal states of
asylum, allowing for a more nuanced examination of migration data. The use of these filters
results in dynamic changes in graphical elements, such as maps and graphs, providing a
detailed representation of the migration status.

The dashboard design enables a user-friendly exploration of the data through various
indicators, including filtering by year, analyzing migration relationships between states of
asylum and origin, and visualizing these relationships on a map. This design allows for
querying a variety of combinations, such as identifying the top states of migration origin for a
specific federal state and determining the top destination states for a monitored state over a
defined time period (overall period, single or range of years). The dynamic changes in the map
elements further enhance the ability to understand the spatial trends behind migratory patterns,
including recurring patterns of migration to neighboring states. A snippet of how the dashboard
looks like is seen in figure 19.

Flow Map of Germar

® - | Top Origin States for Migrations 5
@) sumciors ,.
Hamburg 5 | SSK
giertin Z
nover 2 3 E

.......

ssssss

d 000000000000 g

uuuuuuuu

sssss

Figure 19. MIGE Intracountry Movements dashboard design
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https://www.esri.com/en-us/arcgis/products/arcgis-insights/overview
https://geoportal22s.zgis.at/portal/apps/insights/index.html#/view/5fb578e5eff44d779b28178f05989774

4.3.3. Population change

After having the base dashboards dedicated to migrations between Germany and countries of
European Union and migrations within Germany itself set up, we wanted to dive deeper into
discovering of how these movements have been affecting Germany for the recorded period. As
mentioned in the introductory part, Germany is facing its native population decline due to
various factors, demographic transition being one of them. On the other hand, immigration to
Germany has been a significant source of population growth, with a large number of people
immigrating to the country for work or to seek asylum.

This dashboard provides an analysis of the relationship between natural growth and the
migration balance (i.e., migration inflow vs. migration outflow) in each federal state of
Germany over the recorded period. The dashboard (figure 20) instantly displays the overall
relationship status using charts and a map. The charts on the left and the map on the right
showcase the status for each federal state. The elements are interrelated, such that selecting a
state in a chart highlights it on the map and filters the migration and natural growth indicator
values for that state. The symbology on the map indicates the positive or negative trend of both
indicators, or a combination of both. These trends can be monitored for each distinct year by
using a filter in the top right corner.

Upon initial examination, the dashboard reveals an overall negative trend in natural growth and
positive trend in migration balance for the country on a federal level, where immigrations
compensate the loss of the country’s population. For the whole monitored period, Berlin and
Hamburg are experiencing positive trends in both indicators, while most of the states are
affected by negative natural growth and a positive migration balance.

MIGE Population Change tkz‘r';:auwksfuw i

Natural growth per federal state

Pragus

Migration per federal state

o

Mlg rated: Natural growth:

Figure 20. MIGE Population Change dashboard design
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5. Metadata

For the metadata creation, the inbuilt functions in ArcGIS Pro were used. For the datasets with
NUTS administrative borders as a basis, metadata is available on Eurostat and could be
downloaded as an XML file (link to original metadata in pdf form) which then is imported into
ArcGIS Pro (metadata style must be set to ISO 19139 in the settings).

Depending on the dataset, the imported XML file was edited accordingly. For the data
downloaded from Destatis, no metadata could be found, so it was added manually describing
it as accurate as possible, using ArcGIS Pro. For the other datasets, the relevant sections of the
metadata could be copied and altered for the purpose of the new dataset. After editing the
Metadata for each section, it was exported to an XML file (with ISO 19139 style) and to a
HTML file which then can easily be transferred to a PDF report. In figure 21, a sample of the
metadata editing window in ArcGIS Pro is shown. This process was done for all datasets,
before publishing them to the database.

All metadata can be found in the according Gitlab resource folder.

Contents % NUTS1_DE_ng mbalance X

NUTS1_DE_ng_mbalance Item Description

4 Overview - - =
Title | Population change - Demographic balance and natural growth at state UTS 1) in Germany

Thumbnail

4 Metadata
7 Details Delete (g Update...
C

&

Tags

Statistical units, p on, migration balance, N Gerrr EOPORTAL

5 1) and the demographic balance and

h spatial data infrastrucures.

European Commission, i
The agreement fi

om European Commis: -
.eu. Once the form has been signed, access will be provided by European Commi

Figure 21. - Metadata editing window in ArcGIS Pro
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https://gisco-services.ec.europa.eu/distribution/v2/nuts/nuts-2021-metadata.xml
https://gisco-services.ec.europa.eu/distribution/v2/nuts/nuts-2021-metadata.pdf
https://git.sbg.ac.at/s1081994/ip-gpm/-/tree/main/metadata

6. Conclusion

The main purpose of this project was to create an SDI architecture and understand why this is
necessary when working with spatial data that acts as a basis for maps and other visualizations
which help describing and explaining data to a specific audience. As an idea of how we would
showcase the usage of such an architecture in an interesting way, we came up with this project
about migration in Germany.

The solution for this task was to create informative dashboards for stakeholders that detail
migrations between the federal states of Germany, as well as the migrations between EU
countries and Germany. The integration of geospatial context into migration data enables
statistical agencies and migration organizations to obtain a comprehensive overview of when
and where individuals relocated, thereby enhancing their decision-making capabilities. By
offering easily accessible, interactive dashboards that display relevant information with a
geospatial framework, individuals can avoid the need to decipher complicated static and poorly
organized tables. This interactive approach, involving a map that modifies its content according
to the selected dashboard elements, simplifies and streamlines the process, particularly for
those without prior experience in GIS and spatial data infrastructures.

Throughout the course of this project, we became familiar with the workflow of constructing a
spatial data infrastructure and designing a dashboard. The project also demonstrated the
importance of having a well-defined project plan, which is particularly relevant in terms of
time management. Certain aspects of the development process, such as data organization, took
longer than anticipated, while others, like dashboard visualization, required less time. Given
that almost all components of the project were unfamiliar to both authors, including GitLab
and project management workflows, it represented a significant learning opportunity,
especially in terms of managing extensive projects.
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