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Dynamic Networks -
Basic Notions




NETWORKS

A system defined by interconnections (links) and subsystems (nodes) with
similar proprieties.
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MIGRATION NETWORKS

m Subsystems: Habitats

m Interconnections: Two subsystems are connected if migration is possible
between them.
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MODELS FOR POPULATION DYNAMICS

m A system which state rate of change is a function of the inputs and
current state. An example of a mathematical model:

dN
P G(N, M), N()= Ny >0
m N - local population size

m M - migrating population size

[ ] ‘Z,—’;’ - population rate of change - the change of the population (dN)
over a time interval (dt)

m If the growth function G(N, M) is positive — population increase.
m If the growth function G(N, M) is negative — population decrease.




CONTROL OF SYSTEMS

l Control Goal

CONTROL

MECHANISM MEASLIGE




Motivation of the Research Work
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ABSTRAGCT

Migration is one of the drivers of population change in| Europe. Out-migation has become a relatively new phenomenon for Romania, especially after the fall of
communism and the accession ta the Buropean Union. According to EUROSTAT, Romania ranks fifth in the out-migration hierarchy at EU level. The present study
aims to plovlde an insight on the influence of socil and technological level on the ion flows by computing and correlating the Social and

Index to Out-migration Rate. The study is conducted based on the statistical data available provided by the National Institute of Statistics
and by the Romania’s representative body of clusters. The study is carried out at the level of 42 Romanian counties (NUTS3 level) for the 2018 timeline. The main
findings of the study are related to the fact that the high magnitude of out-migration pertain, on the one hand, to a low level of the social and technological degree (a
group of counties from Southern Romiania) and, on the other hand, to a high Level (such as the case of several counties from Western or Central Romania, Bucharest
Municipality and thereabouts). A distinet situation is that of the Eastern counties, which are no longer an area for high emigration, compared to the 2002-2007
period.
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Abstract: Population ageing represents a dramatic scenario and a progressive process inducing major
changes in the dynamics of the population and especially in the age structure. The ageing population
process is a phenomenon relevant to define not only demographic but also social, cultural, and
territorial transformations in relation to the urban settlements. In this article, we present a case study
regarding the ageing process persistent in urban areas from the counties of the Transylvania region.
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ApsTraCT This article highlights the rise and geographic spread of depopu-
lation in rural America over the past century. “Depopulation” refers to
chronic population losses that prevent counties from returning to an earlier
period of peak population size. In this article, we identify 746 depopulating
counties—mostly nonmetropolitan—representing 24 percent of all U.S.
counties. More than 46 percent of remote rural counties are depopulating
compared to 24 percent of the adjacent nonmetropolitan counties and just 6
percent of metropolitan counties. Rural county populations often peaked in
size during the 1940s and 1950s, especially in the agricultural heartland.
Depopulation today reflects a complex interplay of chronic net out-migration
and natural decrease that is rooted in the past. Depopulation not only is a
direct result of persistent out-migration but also reflects large second-order
effects expressed in declining fertility and rising mortality (usually associated
with population aging). Depopulation has become a signature demographic
phenomenon in broad regions of rural America.
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Abstract: Rural-to-urban migration disturbs essential factors of rural development, including labor
forces, land ownership, and food production. To avoid late responses to emigration, scholars have
begun investigating earlier stages of rural emigration. However, prior studies have focused on a single
spatial entity only while also leaning toward trends in developed countries. Therefore, this study fills
gaps by focusing on the differences in migration intention between villages in less developed settings.
In observing the differences, this research takes peri-urban and remote villages as cases located at
different distances from their nearest urban destination. This study treats migration intention as the




SOME REASONS OF MIGRATION




SOME REASONS OF MIGRATION




SOME REASONS OF

MIGRATION

Depopulation

(

Reasons of “fast” emigration:
Political
Natural catastrophe
War
Epidemics

Reasons of “slow" rular emigration:
Economical
Urbanization
Climate change
Cultural

Natural decrease

T

N

Change in age
structure




SOME CONSEQUENCES OF EMIGRATION

Loss of economic dynamism
Basic service offers (health, education, retail, public transport) shrink.
Crop abandonment

Less social involvement

Quality of life decreases




SOME CONSEQUENCES OF IMMIGRATION

m Price increases

Overpopulation
m More pollution

m In the long run, the quality of life could decrease

i




THE GOAL OF THE RESEARCH

m Develop a population dynamics model that is able to catch both the
depopulation phenomena and the migration processes.

m Develop a migration-based depopulation avoidance control.




Depopulation Modeling




HABITAT SUBJECT TO MIGRATION

Population rate of change =
Birth rate - Death rate + Migration INflow rate - Migration OUTflow rate




HABITAT SUBJECT TO MIGRATION
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CLASSIC GROWTH RATE MODEL

(WITHOUT MIGRATION)

m Describes the exponential population growth:
G=r-N,

m ris the Growth (Birth - Death) rate coefficient
m If the rate function is always strictly positive, the population of the
habitat increases until the “end of time".
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Locistic GROWTH MODEL

(WITHOUT MIGRATION)

m Describes the self-limiting growth of a biological population of a

habitat: .
G=r-N-(1=2=
~n(1- %),

m K - carrying capacity of a habitat
m The rate function is always positive but if N reaches K the population
increase stops.
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HABITAT SUBJECT TO DEPOPULATION

m At high population size the carrying capacity remains important

m At low population size the aging could yield to depopulation

m The model should have different behavior at low population size and at
high population size.




DEFINITION FOR DEPOPULATION

m Johnson et al. - Rural Sociology (2019): “There is no consensus on
what constitutes depopulation.”




DEFINITION FOR DEPOPULATION

m Definition: N¢ € (0, K) is the critical population size if N(ty) < N¢
implies that lim;, ., N(t) = 0 in case of vanishing immigration.

m Definition: A habitat is subject to depopulation if N(ty) < Nc.




HABITAT SUBJECT TO DEPOPULATION

m Consider a general growth model:

dN
E :er(N)7 N(to) = Ny > 0.

m r(N) - per capita growth rate
m To capture the depopulation r(/N) should be chosen such that

r(N) <0if 0 < N< Ne,
r(N) >0if Ne < N< K




HABITAT MODEL SUBJECT TO DEPOPULATION

m N¢ - Critical population size
m K - Carrying capacity
m The growth function:

2n, - N
G(N)=r-N- (né—}—NQ —1)

mn, = (Nc+ K)/2 and ng = /NcK
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AGE DEPENDENCY OF DEPOPULATION

Assumption: (Median age vs. critical population size) Nc = N¢(an,) where
Nc : (0,am) — (0, Np) is a strictly increasing and invertible function.

B




AGE STRUCTURED MODEL

m McKendrick - Von Foerster model

n= n(a,t)
on  On

e s 7 + p(a, t)n(a, t) =0

m The boundary conditions at t = 0 and a = 0 respectively are:

(0 a = n()

n(t,0) / b(a, t)n(t,a)d




AGE PYRAMID AND POPULATION DYNAMICS

Indonesia Eastern Europe

Population
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MEDIAN AGE

m Median age (an):

am am
/ n(t,a)da = / n(t, a)da.
0 a

m

m If the mortality rate under the median age is almost constant
(p,(a, t) = ,U,m(t)7 as a(t) < am)

on  0On dN

— tn(a,t) =0 ~  — = pNr(N
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Migration Modeling



OUTLOOK TO THE ANIMAL WORLD

m The long term migration among two neighboring habitats with similar
proprieties depends on the population density difference between them.




HuMAN MIGRATION

m Human migration involves the movement of people from one place to
another with intentions of settling, permanently or temporarily, at a
new location.

m Spatial interaction: habitats interact with each other in terms of the
movement of people, services, energy, or information.




GRAVITY MODEL OF MIGRATION

m Inspired by the Newton's law of gravity (F = g™ ):

(:F F

m Gravity model of migration rate:

dMia NN

dt H r




A GENERALIZED MIGRATION FLOW MODEL

m Migration form habitat / to habitat j:

dM; 1
— = —Ri(N)A/(N;
L = —RINAN)
m 7; - cost from habitat / to habitat j
m Ri(N;) - repulsiveness of habitat i

m Aj(N;) - attractiveness of habitat j
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GRAVITY MODEL REVISITED

m The gravity model also falls into this category:

Y= dZ/Mu
Ri(N;) = N}
Ai(N;) = N}

m The model predicts limitless migration inflow increase as the population
sizes increase.
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m It can be assumed that the possible emigrants are informed about the
living condition in the destination habitat.

m We modify the attractiveness function such that the immigration stops
when the destination habitat reaches its carrying capacity.

m This approach assumes that the potential migrants are aware about the
living standards of the destinations.

IMPROVED MIGRATION FLOW MODEL



IMPROVED MIGRATION FLOW MODEL

m A possible implementation of the attractiveness term:

A(N) = N(K — N), Ri(N)) = N?.
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POPULATION DYNAMICS IN A HABITAT




Migration Control




NON-CONTROLLED CASE

Journal of Rural Studies, Vol. 4, No. 1, pp, 21-34, 1988 0743-0167/88 §3.00 + 0,00
Printed in Great Britain ' Pergamon Journals Ltd.

Planned Relocation of Severely
Depopulated Rural Settlements:
a Case Study from Japan

Edwina Palmer
Department of Asian Languages, University of Canterbury, Christchurch, New
Zealand




CONTROL GOAL

m Avoid the depopulation of a habitat




CONTROL POSSIBILITIES
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INTERNAL GROWTH CONTROL
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INFLOW RATE CONTROL
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SOME CONTROL POSSIBILITIES

m Diversification in economic sectors

m Technological improvements (good Internet connection bandwidth)

m Financial support




HABITAT MODEL WITH CONTROLLED MIGRATION
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HABITAT MODEL WITH CONTROLLED MIGRATION

dN
— = N(rm(N, t) + b'u),
dt
where u= (... uj ... ... uoi -..)"
M,y My,
(O
N, W,




CONTROL OBJECTIVE

m Design the control input vector u such that the population has a
prescribed dynamics if N < N¢. The prescribed dynamics is defined by
a per capita rate function rp(/N, t).

m Let the prescribed population dynamics be:

dN
E = rp(N, t)N, if N< Nc.




CONTROL EFFORT COMPUTATION

m To each entry of the control vector a priority constants («;, «;) are
associated as

uj < o

Uuopj < Q;j

Zaj—i— Za;:l.

jEM fGNo

m To compute the necessary control effort solve the equation:

re(N, t) = ry(N, t) + bTa (if control is enabled)
1 u/jfufjm) - _ 1 uo,-—ug/.")
W — T
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CONTROL IN THE PRESENCE OF UNCERTAINTIES

m Generally, it cannot be assumed that all the parameters of the growth
rate function and the migration rate functions are perfectly known.

m The cumulated effect of the uncertainties is introduced into the model
as a bounded additive term (d):

dN

=5 = N(rm(N,8) +bTu+d(N, ).

m Assume that

dm < d(N,t) < dy




CONTROL IN THE PRESENCE OF UNCERTAINTIES

m Recall the design equation:
re(N, t) = ry(N, t) +bu
m Choose the prescribed rate function as:

I’p(/\/7 t) = K(Np = N)

m Here Np > N is a prescribed population size.

m If Kp is chosen such that K(Np — N¢) > |dp,| the control objective is
achieved.




SIMULATION RESULTS




SIMULATION RESULTS - NON-CONTROLLED CASE
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Conclusions




CONCLUSIONS

m Mathematical migration models: simplified descriptions of migration

processes.

m They should reflect such aspects of migration that are important in the
view of the targeted application.

m Based on the model the control parameters (control enable time,
control effort) can be estimated.

m “There are no good models but some of them are useful.”
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