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Abstract. In autumn 2015, Europe was confronted with a
dramatic migration and refugee’s movement - the so-called
Refugee Crisis 2015. No ebbing of the migration and refugee
pathways can be expected for the near future. Can simulation
help to analyse the pathway of migration in such a critical
case, and can simulation forecast pathways of migrants and
refugees under different circumstances? This contribution
first sketches variants of the Spatial Interaction Model, a
model approach for any kind of population shift in certain
regions. This more theoretical introduction is followed by the
development of a Spatial Interaction Model for the pathway
of migrants and refugees during the Refugee Crisis 2015, and
by model implementation and identification of model param-
eters based on UNHCR data reported during the crisis.
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Next follows a spatial extension including the Mediterranean
Sea route allowing a forecast and real data comparison for
pathways of migrants and refugees in summer 2016. Last step
is development of a Scenario Model allowing the study of
possible control actions. The simulation model does not pro-
vide direct help for the people involved, but the simulation
can help in better understanding and improving the situation
of migrants and refugees — the authors hope.

Introduction

In September and October 2015 a wave of refugees
shocked Europe — later on called Refugee Crisis 2015.
UNHCR reported daily dramatic data— refugees on route
from Syria to western Europe, mainly on transit in
Eastern Europe, and applying for asylum in Western
Europe. Figure 1 shows two snapshots from animations
of UNHCR data— the one from September 5, 2015, when
the wave started, and the other from October 30, 2015,
when the wave ebbed down.

-/

Figure 1. Data animation of refugees’ pathway in Refugee Crisis 2015 — snapshot 2015-09-05 (left) and 2015-10-30 (right).
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The data animation of this specific refugee wave (two
snapshotsin Figure 1) was performed by dwh Smulation
Services for ORF 1 Online (Austrian Broadcast Com-
pany, Science Program Online). The Mathematical Mod-
elling Group of the Institute for Analysis and Scientific
Computing at TU Wien is closely co-operating with dwh
Smulation Services, and discussions on the Refugee Cri-
sis 2015 initiated a small project for trying to develop a
simulation model for this specific refugee wave, with
possibilities to parametrize for other possible pathways
of refugees or migrants.

First step was the interpretation of arefugee wave as
a special case of migration behaviour. Migration behav-
iour seems to be driven by individual and personal cir-
cumstances of the refugees. Moreover, it becomes clear
from amacroscopic viewpoint, that migration isaspecial
kind of spatia population dynamics. Parts of apopulation
migrate from one region into another region, driven by
repulsive forces in the start region, and by attractive
forces of the destination region(s). Regions often try to
control migration by border control — separation forces
for the migration movement. These forces, together with
the pathway of migration, allow amodelling approach for
the migration movement as behavioural spatia interac-
tion model.

The pathways of migrants and refugees can be
interpreted as spacial interaction of parts of populations
in certain regions. The so-called Spatial Interaction
Model is a macroscopic model approach for describing
any kind of spatial interaction behaviour between
populations or regions (described in Section 1 Spatial
Interaction Models). This modelling approach hasawide
range of applications, from traffic flows, movement of
commuters or migrants, trade of goods or transmission of
messages — and therefore seems to be appropriate for
modelling also the pathway of migrants and refugees.

The best known and widely used type of Spatial
Interaction Models is the Social Gravity Model.
(sketched in Section 2 Social Gravity Models). The basic
idea is the description of the interaction between
populations or regions with a relation referring to
Newton's law of gravity.

Section 3 Migration Pathway Model develops a
network of generalized social gravity models for the
pathway of migrants and refugees, taking into account
special demands with respect to regions of origin,
possible regions of destination and the transit regions,
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and with respect to the heterogeneity of the attraction or
repulsion of these regions influencing the migration
behaviour. It turns out that it is necessary to introduce
transit countries, characterized by an attraction not from
the country itself, but by the attraction of following
countries.

Indeed, in spring 2016, the developed model could be
parametrized and identified for the refugee wave of the
Refugee Crisis 2015 — with specific submodels for the
attracting and repelling attributes of the involved
countries, and with data from UNHCR (Section 4
Refugee Crisis Model).

Obviously, the Refugee Crisis 2015 was not the only
refugee wave. In general, no ebbing of the migration and
refugee pathways can be expected, and the challenge
was, whether the developed model is able to forecast the
refugee wave expected for June 2016. Section 5 Forecast
Model describes the necessary model changes — close
down of Balkan route and opening of Mediterranean
route — and a successful forecast.

It turns out, that the model — first published and pre-
sented in autumn 2016 [7, 8] is‘general’ enough to study
qualitatively also certain possible control strategies, pro-
posed by politicians, with more or less careful consider-
ations — close-down of certain specific borders, etc. —
briefly sketched in Section 6 Scenario Model.

A summary in Section 7 tries to evaluate the devel-
oped model. Main conclusionsis: Modelsarein any case
a simplification of redlity, but they should help in better
understanding of complex dynamics as migration move-
ment, and the intention of thismodel isto show strategies
to improve the situation of migrant population and resi-
dent population under appropriate prerequisites.

1 Spatial Interaction Models

Spatial interaction is a movement or transmission over
space between at least two regions, which is resulting of
a decision process involving different influences. Inter-
action as physical movement is for example migration
movement, where nonphysical movement could be the
transmission of messages or the exchange of knowledge.

The Spatial Interaction Model of two regions (Figure
2) is describing such spatial interaction with a relation,
which is depending on different attributes. In the most
general form, this model is given by the following equa-
tion:

Ly = f(AuR;, Ci j)
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Figure 2. Population movement between regions.

The interaction factor I; ; ("I mmigration’), responsible
for movement from population in region i to population
in region j, isdescribed by afunction f of attracting at-
tributes A4; inregion i, of repelling attributes R; in region
Jj and separation attributes C; ; between region i and re-
gion j (Figure 2).

The interaction is depending on a decision process,
which is happening based on certain conditions. For ex-
ample, the decision of a commuter for a certain traffic
route could be influenced by the costs of this route, the
availability of public transport and the distance to work.
These influencing factors are represented by attributes.

The shift of population is then givenby ;- P; , s0
that a time-dependent dynamics s introduced:

Pj,next = Pj,prev + Ii,j ' Pl,prev

Pinext = Pi,prev - Ii,j ' Pi,prev

2 Social Gravity Models

The widely used type of Spatial Interaction Models are
the (Social) Gravity Models. Here the relation, which is
describing the interaction, is based on Newton's law of
gravity. Thisideato draw anal ogies between physics and
certain human behaviour hasalong history. It cameupin
theyear 1852 by Henry Charles Carey, who described the
human migration behaviour as the ‘tendency to gravitate
the fellow man’ [1]. In geography and demography,
Gravity Models are used for a long time to analyse the
flow of people, goods or capital. But often thereis alack
of mathematical and theoretical foundation to understand
the backgrounds ([2]).

Thisleads to examination of the relation between mi-
gration movement and the attraction of regions, as well
as the distance between regions. Ernest Charles Y oung
was the first who postulated the formal connection with
the law of gravity [9]. Investigating the movement of
farm population, he pointed out this coherence in the fol -
lowing formula:

Here M is the absolute migration, F the intensity of at-
traction of aregion, D the distance to thisregionand k a
proportional constant. The dependency of attraction and
the distance is based on Newton’s law of gravity.

In the following years, this approach was used to de-
scribe human shopping behaviour and was refined by
John Quincy Steward in the year 1941, who was devel-
oping the theory of demographic gravitation ([6]):

=G b
AR AT
L]

Here the influence of the fundamental physical law is ob-
vious. Theinteraction J; ; between the population centres
i and j is direct proportiona to the product of the so-
called population masses P; and P;, which are describing
the attributes in centres i and j.
Furthermore the interaction isindirect proportional to the
squared distance dﬁj between the population centres i
and j. The constant G is called the demographic gravity
constant.

A few years later in 1950 Steward developed a for-
mula, which involves the possibility of different impacts
of the attributes to the interaction ([6]):

w;P; - w;P;
Ii,j =G - d—sz
Here w; and w; are population weights. These weights
arereflecting the heterogeneity of population masses and
are treated as statistical parameters. With this parametric
extension, the model description steps back from the di-
rect analogy to Newton's law, but it increases the flexi-
bility of the mode alot.

After the introduced forms of gravity models, many
different formalisations were used. Ashish Sen and Tony
Smith were introducing ageneral class of gravity models
([eD.

The general class of gravity models hasthe following
form

I,j = A() - B() - F(dy))
where the interaction ; ; is resulting of the product of a
weighted function A (i) of attributesin i, aweighted func-
tion of the attributes B(j) in j and function of separation
attributes F (d; ;) between i and j. These weighted func-
tions are vector-valued, so they can include a set of dif-
ferent attributes and heterogeneity.
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3 Migration Pathway Model

Next aim is to develop a migration model with the path-
way (network) of migration, which isfitting to the intro-
duced class of gravity models. Therefore, the focusison
the migration behaviour between the regions of origin,
the possible regions of destination and the transit regions.

The heterogeneity of the attraction or repulsion of
these regionsinfluencing the migration behaviour should
be included. Furthermore, this attribute function should
be treated as time dependent to observe structural
changesin the migration behaviour over time. The model
description should also have the flexibility to describe
migration movement between alist of different included
regionsin different structure and through different routes.

3.1 Graph model for pathway

Directed graphs are ageneric approach for describing
connected regions and possible pathways of migration.
Here, the graph of migration movement is defined as di-
rected graph G = (V, E), where the finite set of vertices

V(G) = {vll U2y ey vl}
is describing the different regions of interest and the fi-
nite set of edges
E(G) = {ey, €5, ..., e} With e, = (v;, v})

is describing the geographical possibility to migrate from
one region v; to the other region v; (in the adjacency ma-
trix of the graph denoted by a 1).

3.2 Discrete model on pathway

With this formalism, it is possible to describe atime-
dependent interaction /; ;(t) from region v; to region v;
(Figure 3) with the following equation:

D=1k (Aj(t))k k=1 T (Ri(0)k
Thoror (Ci(®), -

Ij(t) =

If M;(t) and M;(t) denote the number of migrantsin re-
gions v; or v; resp., then the number of migrants M; ;(t)
moving from region v; to region v; isgiven by

M; ;(t) = I; ;(t) - My(t)
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Figure 3. Migration movement between regions
with attributes for attraction, repulsion,
and separation.

Here the n functions of attractive attributes 4;

(Aj(t)):::l: [0,T] - [0,1], a; € [0,1],2: ap =1

in region v; are time-dependent, are normalized to 1 and
are weighted by parameters a,, which are the basis for
following model identification. These properties also be-
long to the m functions of repulsive attributes R; in re-
gion v,

(Ri()y: [0,T] - [0,1], 7y € [0,1],2’1"rk _1

For the [ functions of separation attributes C; ;
l

(Coy@®)y, [0.T] = [0,00), 6 €[0,1], ) =1

1

another value range is foreseen, in order to describe
closed borders.

In general, time base for migration movement can be
different — decades, years, quarters, months, and days. In
any case, a synchronous time base results in a discrete
dynamic model for migration from theregion v; to region
v;, using the actual migration equation with the interac-
tionfactor M; ;(t) = I;;(t) - M;(¢t) :

M;(t +1) = M;(t) = 1; () - M;(¢)

Clearly, any region may have more than one neighbour
with immigration and emigration, so that in the above
equations, more bilance terms will appear, but structur-
ally only neighbouring regions are taken into account:

M;(t +1) = M;(t) + M; ;(t) + Z M, ;(t) — z M; «(t)
Myt +1) = My(6) = Myy(6) = D Myi(®) + D My ()

In above equations, the sums spread over neighbouring
emigration regions and immigration regions, except re-
gion v; and region v;, which are directly balanced in the
equations.

7,
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3.3 Discrete model with transit regions

The consideration of only neighbouring regionsin the up
to now developed model may be sufficient for regions,
which all are potential immigration regions. Especially in
the case of refugee waves, some regions are only transit
regions, which have high repelling attributes and which
must have attractive attributes; but these attractive attrib-
utes are not a property of theregionsitself, they are given
by the attractive properties of the immigration neigh-
bours of the transit region.

This fact requires a model extension for the calcula
tion of attractive attributes of a transit region v; — using
the attractive attributes of the neighbouring immigration
regions v; , vj,, ... vj, given by

n
4, = o (4,0),
k=1
Instead of the generic summed up attractive attributes A},
the maximum of summed up attractive attributes of
neighbouring immigration regions is used:

AF(D) = max AL(6)
U=J1,-Ju

Also the separation attributes C;';  from transit region v;
to the neighbouring immigration regions v; , v;,, ... v;,
must be taken into account — one appropriate solution is
to make use of separated maximum calculation:

A= max (4,0 max (@)
U=j1,Ju v=jyenfu

..........

Additionally also the repulsion attributes R; (t) are in-
creased to R; (t) depending on a certain transit category.
Figure 4 sketches these extensions for transit.

Region v;
Migrants M;
Repulsion R;
Attraction A4;

Region vy, MJ-

.4;' (‘4;} i A}:. CI'.J-l ; ij: )
['ransit Attraction

Repulsion R}

Separation

C{‘. |

Separation

Ci

fo

Region vy,
Migrants M;,
Repulsion Rj;,
Attraction A;

Region v,
Migrants My,
Repulsion Rjj,
Attraction A),

Figure 4. Migration movement through a transit region
with dependent attraction attributes.

3.4 Relation to social behaviour modelling
Since the presented discrete model is simulating socia
behaviour, it must be mentioned, that the social aspects
and reasons behind the migration are a result of a com-
plex composition of various influences. Finding appro-
priate descriptions for social behaviour is a great chal-
lenge, and the available different approaches are suited to
cover the different aspects, but not the overall behaviour.
As consequence, the characterization of the presented mi-
gration model is important in terms of understanding the
qualities and limits of this approach.

Empirical studies showed that gravity models are
most successful in describing macroscopic patterns of
spatial interaction. They are morereliablein picturing the
behaviour of populations rather than individuals ([6]).
One reason is that individual decisions are often influ-
enced by many different partly unknown factors, which
refer to specific individuals. Here, agent-based modelling
may have better merits, but less features for quantitative
identification. On the other hand, the focus on population
groups gives the quality of a sufficient description of the
behaviour of interest, with just a little required infor-
mation.

It is also important to discuss the aspect of time. The
dynamics of the introduced migration model are only ob-
served at discrete time steps, staying constant over the
next period of time. Structural changes, for example a
change of the attribute function from one time step to the
next one, are ‘treated’ as event. From this viewpoint, the
model shows quasi-static behaviour, depending on the
chosen time base.

The model is by mathematical definition a determin-
istic model, but most of the parameters are rates — aver-
ages of probabilistic distributions. From this viewpoint,
the model isaveraging probabilistic behaviour (detailson
these considerations see [8]).

4 Refugee Crisis Model

The presented discrete model with transit regions alows
modelling the pathway of refugees during the so-called
Refugee Crisis 2015. Begin of September 2015 many
people fled from war actions in Syria, and at the same
time some of the refugee camps in Lebanon were shut
down due to financial reasons — resulting in a refugee
wavetowards Western Europe. Figure 1 shows snapshots
of data animation of refugees pathway in the Refugee
Crisis 2015 sketching the principle structure of the path-

way.
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4.1 Model graph structure
For model implementation, the pathway is defined by a
graph with nineteen vertices — the evident regions along
the pathway. Origin is vertex vi, region Syria, and fina
destinations are regions in Western Europe. It is not nec-
essary — and because lack of data not possible —to inves-
tigate al countries on the pathway as self-consistent ver-
tex, some countries are considered as common region
along the pathway from Syriato Western Europe.

Table 1 lists the regions — the vertices implemented
in the model, and Figure 5 shows the graph with the pos-
sibilities for migration.

Vertices Regions
Vi Syria
V2 Irag
V3 Jordan
V4 Egypt

Vs Lebanon

V6 Turkey

V7 Greece

Vs Former Republic of Macedonia
Vo Serbia

Vio Hungary

Vi Croatia

V12 Slovenia

Vi3 Slovakia, Czech Republic,
Rumania, Bulgaria, Poland,
Lithuania, Estonia, Latvia

V14 Austria

Vis Germany

Vie United Kingdom, The Netherlands,
Belgium, France

V17 Norway, Finland, Sweden, Denmark
Vis Italy, Spain, Portugal

Vig Albania, Bosnia and Herzegovina,
Montenegro

Table 1. Regions — graph vertices — under consideration for
Refugee Crisis model.
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Figure 5. Migration graph model for Refugee Crisis 2015
from Syria into and within Europe in
September/October 2015.

4.2 Attribute functions

The model focusses on the migration movement and the
different migration routes and it isnot modelling any rea-
sons for emigration. This implies a distinction of coun-
tries of origin and potential destination countries. Ob-
serving the interactions from Syria to the neighbouring
countries, the repulsive attributes of the country of origin
are not taken into consideration. Here the attractive at-
tributes of the neighbouring countries are determining the
intensity of interaction.

Necessary is aso adistinction between potential des-
tination countries and transit countries. The attractive at-
tributes of atransit country have less influence on the in-
teraction; they are overlaid by the attraction attributes of
the next destination regions. Inthe model, atransit region
(country) isdefined by aregion, the repulsion attribute of
which exceeds a certain limit. In this case, the attractive
attributes of the region are replaced by an appropriate
maximum of the attractive function of the countries,
which are accessible from thetransit region (formulas see
Section 3.3).

M
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The choice of attraction attributes and repulsion at-
tributes follows investigations and negotiations pub-
lished in a study of the Australian economic scientist
Timothy Hatton ([4]), and investigations by Neumayer
on asylum destination choice ([5]). Hatton examined the
correlation of specific attributes of developed countries
and the number of asylum applications. As essential, he
observed abig effect of access policy, like the border se-
curity, and of processing policy, likethe humanitarian sit-
uation. Interestingly, the study shows only a small posi-
tive impact of welfare policy on the number of asylum
applications ([4]). Table 2 and Table 3 list the seven at-
traction attributes and the five repulsion attributes used
in this model implementation.

Function Attraction Attributes
Aaj Gross Domestic Product (GDP)
Azj Fragile State Index (FSI)

Asj Migrantsin the country

Asj Attractive attributes of accessible
countries

As, Not exceeded capacity
Asj Asylum recognition rate in country

Azj Asylum recognition quote in Europe

Table 2. Seven attraction attributes for countries (regions)
along pathway, j =1, ..19.

Function Repulsion Attributes

Ruj Gross Domestic Product (GDP)
R2; Fragile State Index (FSI)

Rsj Exceeded capacity

Ra; Asylum recognition rate in country

Rs; Asylum recognition gquote in Europe

Table 3. Five repulsion attributes for countries (regions)
along pathway, j =1 ,..19.

The access policy and access control of a country is de-
scribed by appropriate separation functions C; ;(t). In
case of (partly) closed borders or closed borders enforced
by border security arrangements, the separation functions
reduce interaction immediately.

In general, time base for migration movement can be
different — decades, years, quarters, months, and days.
The investigated migration waves last one to three
months, and data are available for the Refugee Crisis
2015 on adaily base, so atime base of daysisappropriate
for the model to be implemented. Clearly, the time base
scales the interaction function I; ;, and indirectly al at-
tribute functions.

The unknown parameters in the model are the
weighting parameters a,,r =1,..,7and r,,s = 1,...,5
in the formulas for the interaction function I; ;. The pa-
rameters may differ for some countries, especially for the
country of origin; some can be estimated, some must be
identified using the data reported from UNHCR.

Figure6 and Figure7 show examples for the
weighting parameters of attractive and repulsive attrib-
utes in classical destination countries. Of course, the at-
tractive attributes of the county of origin must follow an
exclusive non-attractive weighting — Figure 8.

Jo

aslylum recognition quote

__— aslylum recognition rate

- capacity

migrants in the country

attracrtive forces of accessible countries

Figure 6. Weighting parameters for attractive attributes -
potential destination country.

asylum recogintion quote

capacity — asylum recogintion rate

GPD

Figure 7. Weighting parameters for repulsive attributes -
potential destination country.
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capacity

migrants in the country

3211

GPD

attracrtive forces of aceessible countries

Figure 8. Weighting parameters for attractive attributes —
country of origin.

4.3 Software implementation

The model description with the sum formulas and with
the multiple indices looks difficult to implement. How-
ever, the graph structure with vector of vertices and adja
cency matrix, and the possibility to formalize the attrib-
utes as vectors allows a compact model implementation
in MATLAB language — code snippet in Figure 9.

o o 1ot

for j=i:n
iF £(1,9)=m1

As@(i,j,t) [@.7,0.89,0.95];
R=@(i,j,t) [9.81,0.8,0.98];
c=@(i,j,t) [11;

if t» 18

1/3),(1/3),(1/3)];
1/3),(1/3),(1/3) ]

[Ty

I(i,ty=(sum{a.*A(i,j,t) ) sum{r. */R{i,t)) )/ ((sum{c.*C(i,],t)))2);
M(j t+1)=I(i,t)*m(i,t);
S(1,tel)=5(1,t)+M(1,1)-M{], t+1);

end

if j==n ¥ migrants at the last nodes stay there (in this case just

S{F.t+1)=5{F,t)+M{],t+1);

end

Figure 9. Model implementation in MATLAB - vector and
matrix structures within main loop.

4.4 Simulation results

The implemented model alows a simulation of the path-
way of refugees during the Refugee Crisis 2015, in the
period from September 1, 2015 to October 31, 2015. A
big challenge was the proper choice of the parameters -
theweighting parameters for the attributes. Some of them
can be determined by available data, some must be iden-
tified in comparing UNHCR data from daily migrant
movement with results from the simulation.

Most of the attraction attributes and repulsion attrib-
utes can be seen constant during these 61 days. At the
first glance, the migration movement seemsto belinearly
growing over time, as shown with the number of refugees
in the regions over time (Figure 10).
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time

Figure 10. Result from simulation of Refugee Crisis 2015:
number of refugees passing the 19 regions — al-
most linear growing behaviour.

transit
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3000 - 4
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L 1 1
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litng

Figure 11. Result from simulation of Refugee Crisis 2015:
number of refugees passing Hungary, Croatia,
and Slovenia under impact of closing of borders
on September 15 and 16, 2015.

The separation attributes clearly are not constant, they re-
flect the closing of the border from Hungary to Serbiaon
September 15, 2015, and the closing of the border from
Hungary to Croatia on October 16, 2015, and subsequent
opening of borders. Figure 11 impressively demonstrates
the effect of the closing of borders on the amount of ref-
ugees trying to pass these borders. Clearly, under these
circumstances the linear growth is replaced by constant
values (and zero values) for migration.

The quality of the results can be checked by compar-
ison with UNHCR data, at best with the summed-up
number of asylum applications in each region.
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Figure 12. Result from simulation of Refugee Crisis 2015:
summed up number of asylum applications in
the 19 regions (right column, blue) compared
with UNHCR data (left column, green) at the end
of the refugee wave.

Simulation results in Figure 12 show the results of the
migration movements as summed up number of asylum
applications (during the full period) in the nineteen re-
gions and compares these results with data recorded by
UNHCR.

Some of the numbers in Figure 12 seem to be aston-
ishing, as many people expect the highest number of asy-
lum applications in Western Europe. However, the high-
est number of applications were put in vertices v, and
vy — Turkey and Serbia. Significantly lower are the ap-
plications in the vertices v,g, v47, V14 and vy, — Ger-
many, Scandinavia, France/UK, and Austria.

0.09 . . —

[ relative emor

0.08 ¢ 4
0.07 ¢ 4
0.06 ¢ -
0.05 ¢
2 —
0.04 4
003 -
0.02 ¢
001 -

0 L [T == _._l_ll_l .
2 4 B 8 10 12 14 16 18 20

regions

Figure 13. Result from simulation of Refugee Crisis 2015:
relative error for summed up number of asylum
applications in the 19 regions (simulation results
data vs. UNHCR data).

The comparison of datafrom simulation and UNHCR
data for the summed-up number of asylum applications
allows calculating a relative error for the simulation re-
sult data, displayed in Figure 13. For most regions, the
relative error is below 5%, only for vertex v, — Turkey
—it goes up to 9%. Such relative errors are not satisfying
for simulations of technical systems, but for socio-eco-
nomic systems these errors are acceptable and lower than
expected.

4.5 Animation of simulation results

Time plots can present results of the simulation, e.g. the
number of migrants, as with Figure 10 and Figure 11, or
bar charts with summed-up number of asylum applica-
tions. However, it is challenging to display also the path-
ways. Here, an animation of this specific refugee wave
was implemented by dwh Smulation Service for
ORF 1 Online (Austrian Broadcast Company, Web Sci-
ence Program Online).
The web-based animation with a sequence of 61 maps
of Europe show for each of the 61 days
e the pathway of migrants by arrows from regionsto
region (the thickness of the arrow indicates qualita-
tively the up-to-data summed-up number migrants,
e the summed-up number of transit migrants and mi-
grants applying for asylum in each region,
e and border actions by prohibitory signs at restricted
or closed borders.

Figure 1 aready presented two snapshots of this anima-
tion, but data driven. Now this animation can be driven
by simulation data: Figure 14 and Figure 15 show snap-
shots, the one from begin of the refugee wave, and the
other from end of wave, after the closing of borders.

: @’cm _ }F;;’: 3
P .o
: g’

Figure 14. Refugee Crisis 2015: Simulation data animation,
snapshot from begin of refugee wave.
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Figure 15. Refugee Crisis 2015: Simulation data animation,
snapshot from end of refugee wave, with border
closing at Balkan route.

5 Forecast Model

The Refugee Crisis Model allows an a-posteriori simula-
tion of the Refugee Crisis 2015: the model was developed
after the refugee wave, and the simulation results could
be verified by data reported during the refugee wave. As
the value of modelling and simulation is mainly forecast
of dynamic behaviour, the question arises, whether the
model can simulate a pathway of migration in advance —
aneed for a Forecast Model.

In spring 2016, the so-called Balkan Route was
closed by border control and by the so-called Turkey
Deal. Nevertheless, for June 2016 again a refugee wave
was expected, using the Mediterranean route. The chal-
lenge was to forecast parts of this wave by simulation,
using a modification and extension of the Refugee Crisis
Moddl.

The main changes for the Forecast Model are

e change of regions
e change of pathways, and
e change of some attributes.

Main task was the implementation of the Mediterranean
route. An easy and generic solution isto continue the al-
ready existing pathway to Africa and connect it with the
northern Mediterranean coasts. As consequence, vertex
v, — Egypt — changesto vertex v, —North Africa/Coast,
and the searoute is defined by a new pathway from ver-
tex v, —North Africa/Coast to vertex v,4 — Italy, Spain,
Portugal.
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Figure 16. Migration graph model for Forecast Model with
Mediterranean Sea route.

Figure 16 shows the new migration graph, with pathway
along the Mediterranean Sea Route. It is not necessary to
take into account a pathway from vertex v, — North Af-
rica/lCoast to vertex v, — Greece — because of the Turkey
Deal, (as with the pathway to Balkan coast, because of
the closed Balkan Route).

The Forecast Model can re-use most of the parame-
ters and values of the attributes, except separation attrib-
utes, and some attraction attributes. The separation attrib-
utes C; ; of regions at Balkan model a closure of the bor-
dersfor migrants, and separation attributesin Middle Eu-
rope (verticesv,s, v,; —Germany, Scandinavia,) arein-
creased (stronger border control for migrants). Further-
more it is assumed, that vertex v,, — Western Europe —
has exceeded the asylum capacity (lower attraction attrib-
utes).

The modél is parametrized to forecast by simulation
the pathway of migrants and the number of asylum appli-
cation for June 2016, with the same time base as the pre-
vious model. The simulation results calcul ated before the
June 2016 migrant wave can now be compared with
available data collected during and at the end of June
2016 migrant wave — displayed in barcharts for the asy-
lum applicationsin Figure 17.

M
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Figure 17. Forecast Model — June 2016 Migrant Wave
summed up number of asylum application in the
19 regions (right column, blue) compared with
compared with UNHCR data (left column, green)
at the end of the refugee wave.

The simulation results are partly sufficient. Migrants put
most asylum applicationsin vertex v,z —Germany, here
simulation results coincide well with a-posteriori data
(8% relative error). Satisfying are also resultsfor v;4 —
Western Europe (15% relative error) and v,, —Austria
(26% relative error). The significant higher relative er-
rors for Balkan and Mediterranean regions are partly
based on the fact, that data were not available, so that av-
erage data from spring 2016 were used. An exception is
vertex v, — Greece: the high number of real applications
seemsto include applications from migrants, who arrived
earlier, and who had to stay because of the closure of the
Balkan Route.

The relative errors of parts of the results of the Fore-
cast Model are high. Such relative errors are not satisfy-
ing for simulations of technical systems, but for socio-
economic systems these errors are acceptable, especialy
they dtill allow a qualitative analysis of the dynamic be-
haviour.

Indeed the power of the Forecast Mode is the possi-
bility of a qualitative forecast of the migration pathway,
especialy when displayed in ascertainable manner for
time domain, spatial domain, and flow domain, as with
the web-based animation of maps of Europe with dy-
namic migration. Figure 18, Figure 19, and Figure 20
show three snapshots from this animation, the first at
begin of June with closed borders, the second midst of
June with already frequently used Mediterranean Sea
route, and the third end of June, with final data.

Figure 18. Forecast Model - Refugee Wave June 2016:

simulation data animation, snapshot at begin.

Figure 19. As Fig. 18, snapshot midst of June, frequently

used Mediterranean Sea Route.

Figure 20. As Fig. 18, snapshot end of June, frequently used

Mediterranean Sea Route and distribution
of asylum applications.
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6 Scenario Model

Last step in the model devel opment was the parametriza-
tion of the Forecast Model with average valuesfor attrac-
tion attributes and for repulsion attributes, on basis of the
structure with 19 regions. Additionally, this model pro-
vides some specia separation attributes in order to study
certain separation control, among them the closing of the
Brenner border, the closing of German borders, etc.

This model alows analyzing qualitatively these sce-
narios by means of the barcharts for asylum application,
and by means of the animated maps of Europe with mi-
gration pathways. Figure 21 shows one of these scenar-
ios: Balkan Route closed, German borders closed — the
result is avery strong pathway along the Mediterranean
Sea Route —with all side effects.

Figure 21. Scenario Model — Refugee Wave with extensive
use of Mediterranean Sea Route.

7 Conclusion

‘Models are in any case a smplification of reality, but
they should help in better understanding of complex dy-
namics as migration movement, and the intention of this
model is to show strategies to improve the situation of
migrant population and resident populations under ap-
propriate prerequisites.’

The above statement expresses the hope of the au-
thors that the simulation really helps in understanding
better pathways of migrants and refugees, and to think of
the human beings involved. Clearly, the attributes in the
regions control the flow of migrants. Still politicians
think only on control by separation attributes (let’s close
the borders!), instead of thinking on an evenly distribu-
tion of attraction attributes in all regions, or on decrease
of repulsion attributes (welfare, nowars, ...).
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Many people think that figures with pathways of mi-
grants along the Mediterranean Sea Route are a novelty
in Europe (e.g. Figure 29 as reality, or Figure 21 as sce-
nario). The main author found avery similar picture with
pathways of migrants along the Mediterranean Sea Route
(seebelow) inan article by J. Fischer about the migration
of the sea people at the end of Bronze Age ([3]) — let's
also learn from history!

] { .
From: Fischer J. Kulturkollaps — Ende
mit Schrecken. Spektrum der Wissen-
schaft SPEZIAL — Archéologie — Ge-
schichte Kultur, 4.16, 2016, 4-13
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