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Abstract�
In� the�context� of� the�Keynesian�“multiplier�effect”� approach,� regional�economic�growth�

and� development� are�conceived�as� the� result� of� changes� in� demand� stimulating�an� iterative�
process� of� returns� of� income.� Aiming� to� revisit� this� established� regional� economic� model,�
promote� multidisciplinary� thinking,� enjoy� better� supervision� of� computations� and� intuitive�
interpretation� of� the� results,� broaden� the� applicability� of� the� model,� and� serve� educational�
purposes� in� regional� economics� and� development,� this� paper� proposes� an� algorithm� for�
computing� Keynesian� income� multipliers� in� multiregional� systems.� Building� on� network�
connectivity,�estimations�of�the�regional�shares�of�imports,�marginal�propensity� to�consume,�
and� changes� in� demand,� the� proposed� algorithm� provides� a� framework� for� standardizing�
computations�of�the�multiplier�effect�in�multiregional�systems.�The�algorithm�is�implemented�
in�two�theoretical�scenarios,�contributing�to�a�deeper�conceptualization�of�the�computation�of�
the�Keynesian�income�multipliers,�and�an�empirical�case�of�the�land�interregional�commuting�
network� in�Greece,�providing� insights� into� the�developmental�dynamics�of�the� labor�market�
(demand� for� employment)� in� Greece.� Overall,� the� analysis� highlights� the� symbiotic�
relationship�between�the�multiplier�effect�and�network�structure�in�regional�markets,�promotes�
multidisciplinary� thinking� in� regional� science� and� economics,� and� provides� a� code� of� this�
network-based�algorithm�to�motivate�further�research.�
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1.� Introduction��

Economic� growth� and� development� are�major� concerns� in� the� context� of� economic� and�
social� sciences� (Karras,� 2010;� Acemoglu,� 2012;� De� Dominicis,� 2014;� López-Bazo� et� al.,�
2014),�as� they�are�ruled�by�a�high�level�of�complexity�(Kuznets,�1967;�Tsiotas�and�Polyzos,�
2018;�Basile� et� al.,� 2021)�and� relate� to� the� natural� property� of� evolution,� as� well� as� to� the�
immanent�property�of�humanity� to� seek�progress�and�welfare� through�optimum�exploitation�
(or� management)� of� the� available� resources� (and� production� coefficients).� Although� the�
concepts� of� economic� growth� and� development� were� diachronically� drivers� of� human� and�
social� behavior� (Polyzos,� 2019;� Polyzos� and� Tsiotas,� 2020),� their� place� in� the� economic�
agenda� has� become� prominent� during� the� last� century� (Acemoglu,� 2012),� when� global,�
national,�and�regional�economies�faced�major�historical�challenges�and�rapid�transformations�
(Elhorst,�2010;�Nijkamp,�2011;�Rodrigue�et�al.,�2013;�Constantin,�2021;�Trusova�et�al.,�2021).�
A�prime�milestone�in�the�economic�history�of�the�last�century�can�undoubtedly�be�found�in�the�
year�1936,�in�the�work�of�John�Maynard�Keynes�titled�“The�General�Theory�of�Employment,�
Interest,�and�Money”� (Keynes,� 1937),� abbreviated�as�“The�General� Theory”�and�ever� since�
has� become� a� seminal� work� in� macroeconomics� and� economics� policy� (Capello,� 2016;�
Polyzos,� 2019).� Getting� his� inspiration� from� the� Great� Depression� of� the� ‘30s,� Keynes�
conceived� that� the� main� flaw� (and� consequently� the� determinant� of� recessions� and�
depressions)�of�the�recession�in�that�period�was�the�insufficient�aggregate�demand,�contrary�to�
the� classical� economic� approaches� interpreting� that� the� supply� suffices� to� produce� intrinsic�
demand�and�thus�to�shift�the�supply-demand�relationship�(Zeenat�Fouzia�et�al.,�2020)�into�new�
states�of�equilibrium�(Lagos,�2007;�Polyzos,�2019).�Within�this�context,�Keynes�proposed�that�
any�form�of�government�spending�can�contribute�to�the�increase�of�aggregate�demand,�which�
successively�increases�consumption,�which�in�turn�subsequently�increases�the�demand,�and�so�
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forth,� stimulating,� therefore,� a� circular� (demand-consumption-demand-…)� process�
contributing�to�the�overall�increase�of�income�and�GDP�(Capello,�2016;�Polyzos,�2019).�For�
instance,�changes�in�one�of�the�components�of�aggregate�demand�(such�as� increases�in�local�
consumption,�investments,�public�spending,�or�exports)�generate�an�increase�in�income,�which�
in� turn� increases� the� aggregate� demand� through� the� increase� in� consumption,� stimulating�
successively�further�cycles�of�increase�in�demand�and�income,�proportionally�to�the�marginal�
propensity� to� consume� (Capello,� 2016).� In� other� words,� Keynes� conceived� that� economic�
growth� is� indifferent� to� the� structural� setting� and� dynamics� of� supply� (which� is� by� default�
adaptable� to� the�market� requirements)� and� it� rather� depends� on� the� increasing� demand� for�
goods�(products�and�services),�stimulating�an�income�multiplier�effect�through�the�subsequent�
changes� in� the� consumption� and� employment� (Capello,� 2016).� This� iterative� economic�
process� of� the� endless� cycles� of� economic� prosperity� is� known� as� the� “multiplier� effect”�
(Lagos,� 2007;� Hamm,� 2010;� Capello,� 2016;� Polyzos,� 2019),� which� is� expressed� by� a�
coefficient� that� is� by� definition� greater� than� one� (in� the� context� that� no� intermediate� or�
external�diffusion�of�demand�is�applicable)�and�measures�the�change�in�output�(income,�GDP,�
etc.)�caused�by�a�unit�change�(ΔD=1)�in�an�aspect�of�the�aggregate�demand�(Capello,�2016).��

By� interpreting� demand� as� the� engine� of� growth� and� development� (Capello,� 2016),� the�
Keynesian�multiplier�effect� has�conceptually�driven� the� first-generation� theories�of� regional�
and� economic� development� in� the� 1950s� (Capello,� 2016;� Polyzos,� 2019)� and� generally�
changed�the�road�of�the�modern�economic�thinking.�For�instance,�considerable�influences�of�
this� Keynesian�macroeconomics� approach� can� be� found� in� all� versions� of� the� export-base�
model� of� Charles� Tiebout� and� Douglass� North� (North,� 1955;� Tiebout,� 1956,� 1960),� which�
interpret� regional� development� in� terms� of� interregional� trade� transactions� of� a� small�
economic� system.� Provided� that� assumptions� of� self-sufficiency� and� equivalence� in�
production� are� acceptable� for� a� spatial� economic� system,� the� export-base�model� conceives�
exports�as�the�prime�driver�of�aggregate�demand�(while�intrinsic�investments�are�considered�
as� a�minor�driver)� that� stimulate� the� engine� of� regional� development� through� the�multiplier�
effects’�process�(Lagos,�2007;�Capello,�2016;�Polyzos,�2019).�This�is�done�by�measuring�the�
change� in� aggregate� demand� in� the� base� industry� of� a� regional� economy� and� afterward�
estimating� the� income� multiplier.� As� Capello� (2016)� notes,� one� method� for� computing�
regional�multipliers�through�direct�estimation�of�the� local�propensity�to�purchase�goods�was�
proposed� by� Archibald� (1967).� The� method� builds� on� aggregating� the� local� shares� of� the�
national-known� household� consumption� attributes� (which� are� more� likely� to� be� locally�
purchased),� for�a�sufficient�period� to�generate�a� time� series�of� local� spending,�on�which�the�
marginal�propensity�to�consume�(MPC)�can�be�estimated�when�regressed.�Another�method�for�
computing�regional�multipliers�was�proposed�by�K.J.�Allen�(Allen,�1969),�according�to�which�
the�regional�multiplier�is�approximated�by�the�inverse�of�a�region’s�GDP�diffusion�quantities�
(leakages).� Once� four� types� of� leakages� from� the� multiplier� effect� on� income� are� known�
(savings;�interregional�imports;�imports�from�abroad;�and�direct�and�indirect�taxes)�and�their�
shares� of� income� are�consequently� computed,� their� inverse� can� yield� the�multiplier’s� value�
(Capello,�2016).�

Also,� considerable� influences� of� the� Keynesian� multiplier� can� be� found� in� the� Harrod-
Domar�model�(Harrod,�1939;�Domar,�1946),�which�was�developed�to�interpret�the�dynamics�
of�regional�economic�systems�by�assuming�that�regional�development�depends�on�the�imports�
originating� from� other� regions.� In� particular,� interregional� imports� are� considered� a� major�
driver�of� the�growth� rates�of�a� local�economy,�which�are�capable�of�setting� the�equilibrium�
growth� conditions� less� restrictive� and� more� easily� sustainable,� compared� to� the� case� of� a�
national�economy�closed�to� foreign� trade� (Capello,�2016).�In�this� context,�while� the�export-
base�theory�of�Tiebout�and�North�points�out�the�importance�of�external�demand�as�the�engine�
of� development,� the�Harrod–Domar�model�highlights� that� the�developmental�dynamics�of�a�
region� may� also� be� intrigued� by� investments� (Alexiadis� and� Ladias,� 2011;� Polyzos,� 2019;�
Mirzaei� et� al.,� 2021)� originating� from� other� regions.� However,� according� to� the� Harrod–
Domar�model,�when�a�region�grows,�at�certain�returns�of�scale,�it�undertakes�the�double�risk�
of�either�exploding�(due�to�the�continuous�growth)�or�meeting�a�point�of�recession�(to�reset�its�
growth).�This�approach�also�builds�on�the�engine�of�the�multiplier�effect�to�interpret�regional�
growth,�which�however�this� time�is�stimulated�by�changes�in�demand�due�to� the�increase�in�
investments�due�to�external�demand�instead�of�consumption�(Capello,�2016).�



Tsiotas�D.,�Regional�Science�Inquiry,�Vol.�XIV,�(2),�2022,�pp.�25-46�

�

27�

A� strand� in� regional� economic� research� that� goes� beyond� the� conceptualization� of� the�
Keynesian�multiplier�can�be� found� in�Leontief’s� Input-Output� (IO)�model� (Leontief,� 1966),�
which�generally�studies�the�interdependence�of�production�sectors�in�an�economy.�The�holder�
of�the�Nobel�Prize�in�Economics�for�the�development�of�this�model,�Wassily�Leontief�(1905-
1999),� conceived�a� systemic�approach�expressing�intersectional� transactions,�between�buyer�
and�seller�sectors�(or�industries)�of�an�economic�system,�expressed�by�linear�algebra�equations�
(Miller�and�Blair�2009).�By�inverting�the�matrix�of�the�technical�coefficients,�which�expresses�
the� amounts� of� commodities� per� unit� commodity� by� each� sector,� we� obtain� the� so-called�
“inverse�Leontief�matrix”�(also�called�the�“multiplier�matrix”)�expressing�the�output�by�each�
sector�produced�by�unit�changes�in�the�aggregate�demand�addressed�to�each�sector.�According�
to�Capello�(2016),�“whereas�in�export-base�theory�the�Keynesian�multiplier�is�synthesized�into�
a� single� value,� in� the� input-output� analysis� is�disaggregated� into� an� n×n� set� of�multipliers�
relative�to�every�sector�or�good�demanded".�Within�this�context,�Leontief’s�IO�model�allows�
estimating� the� outcome� due� to� changes� in� demand� in� economic� sectors,� by� inverting� the�
matrix�of�technical�coefficients�(Polyzos,�2006;�Polyzos�and�Sofios,�2008;�Miller�and�Blair,�
2009).� Although� Leontief’s� IO� model� is� submitted� to� the� limitation� of� constant� returns� in�
production� and� lack� of� technical� progress� (Capello,� 2016),� it� promoted� modern� economic�
thinking.�

In� the� last� decade,� the� newly� established�discipline�of� network� science� (Barabasi,�2016)�
that�uses�the�network�paradigm�(Tsiotas�and�Polyzos,�2018)�to�model�systems�of�interaction�
into�graphs�(Barthelemy,�2011;�Ladias,�2011;�Tsiotas�and�Polyzos,�2018;�Tsiotas�and�Ducruet,�
2021),�has�contributed�in�the�study�of�IO�economic�systems�at�the�global�and�national�level.�In�
particular,� by� representing� a� square� matrix� configuration,� an� IO� table� can� be� seen� as� a�
complex� network� of� inter-sectorial� connectivity� (Dominguez� et� al.,� 2021),� where� complex�
network� analysis� (Barthelemy,� 2011;� Fortunato,� 2010;� Tsiotas,� 2019)� may� apply� to� unveil�
topological�properties�in�the�IO�structures�(Cerina�et�al.,�2015;�Dominguez�et�al.,�2021;�Costa�
et� al.,� 2022).� Despite� its� modern� emergence,� network� analysis� has� already� promoted� the�
relevant�research�in�IO�economic�systems,�providing�insights�into�the�evolution�over�time�of�
the�worldwide�IO�model�(Cerina�et�al.,�2015;�Rio-Chanona�et�al.,�2017);�the�properties�of�the�
European�production�network� (Giammetti� et�al.,�2020);�the�Japanese� IO�economic�structure�
(Dominguez� and�Mendez,� 2019;� Dominguez� et� al.,� 2021);� the� transmission�mechanisms� of�
domestic� and� foreign� shocks�across� the� Italian� IO�business� system�(Costa�et� al.,�2022);� the�
Greek� IO�economic�structure�(Garcia-Muniz�and�Ramos-Carvajal,�2015);� and�more.�Within�
this�framework,�this�paper�gets�its�inspiration�from�(i)�the�potential�to�represent�multiregional�
systems�as�network�structures;�and�(ii)�the�already�fruitful�contribution�of�using�the�network�
paradigm�in�the�IO�economic�systems�research;�and�developing�a�network-based�algorithm�for�
computing� Keynesian� income� multipliers� in� multiregional� systems,� as� conceived� in� the�
context� of� the� export-base� (North,�1955;�Tiebout,� 1956,�1960),� the�Harrod-Domar� (Harrod,�
1939;�Domar,�1946),�and�relevant�models.�Although�relevant�research�on�Keynesian�income�
multipliers�has�gotten�much�ahead,�and�the�IO-based�computational�approaches�prevailed�in�
the�regional�economics’�literature,�this�paper�can�claim�a�place�of�contribution�to�the�relevant�
literature� as:� (i)� it� revisits� established� (first� generation)� regional� economic�models,� using� a�
modern�computational�approach,�thus�promoting�multidisciplinary�thinking;�(ii)�it�inherits�the�
merit�of� the�export-base� theory� to�deal�with�Keynesian� income�multipliers� in� single�values,�
thus�allowing�better�supervision�of�computations�and�an�intuitive�interpretation�of�the�results,�
compared� to� the� IO-based�models;� (iii)� applies� to� large�multiregional� systems� composed�of�
many� regions,�where� corresponding� IO� approaches�are� counter-intuitive;� (iv)� by� supporting�
supervision� and� intuitive� interpretation,� it� also� serves� educational� purposes� in� regional�
economics�and�development,�where�there�is�still�a�long�way�to�go.��

The�remainder�of�this�paper�is�structured�as�follows;�Section�2�provides�the�essential�and�
describes�the�steps�of�the�proposed�algorithm�for�computing�Keynesian�income�multipliers�in�
multiregional� systems.� Section� 3� applies� the� proposed� algorithm� (i)� to� a� pair� of� scenarios�
(examples)�of�multiregional�systems�and�(ii)�to�an�empirical�case,�of�interregional�commuting�
in�Greece;�and,�finally,�in�Section�4�conclusions�are�given.�
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2.� Methodology�and�Data�

2.1.�Terminology�and�notations��

In� the�context�of� the�export-base�theory�(North,�1955;�Tiebout,�1956),�when�the�sizes�of�
the� base� sector� and� the� total� sector� are� known,� we� can� obtain� the� value� of� the� Keynesian�
income�multiplier�according�to�the�formula�(Capello,�2016;�Polyzos,�2019):�

/

1
� �

1� – � �
Y Xm

c m
=

+
� (1)�

where�mY/X� is� the� income�multiplier,� c� is� the�marginal� propensity� to�consume,�and�m� is� the�
marginal�propensity�to�import.�Equation�(1)�originates�from�the�Keynesian�formula�of�income�
Y�(Polyzos,�2019):�

( )Y C I G X M= + + + - � (2)�

where�C�stands�for�consumption;�I�for� investments;�G� for�government�spending;�and� (X–M)�
for� the� trade� balance� (X� exports,�M� imports).� In� particular,�we� can� get�equation� (1):� (i)� by�
considering� the� variables� of� consumption� (C)� and� imports� (M)� as� functions� of� income�
C=co+cY�and�M=mo+mY�(Polyzos,�2019),�where�co,�mo�are�the�autonomous�consumption�and�
imports� and� replacing� their� equivalents� in� equation� (2);� and� (ii)� by� obtaining� the� partial�
derivative� from� the� converted� equation� (2)� in� respect� to� the� exports� variable� (X),� namely�

/ � �Y X

Y
m

X

¶
=

¶
.�

Although� equation� (1)� can� become� much� more� complex� whether� assumptions� of� (i)�
intermediate� demand� (X�→�X–mXX);� (ii)� diffusion� of� demand� abroad� (X�→�X–mXX–mF(X–
mXX));�(iii)�tax�payments�(T=to–tY);� (iv)�and�government�expenses�(G=go–gY);�may�apply�in�
the� model� (Polyzos,� 2019),� the� essence� behind� the� computation� of� the� Keynesian� income�
multiplier� is� that�equals� to�the�slope�of�the�variable�submitted�to�changes� in�demand�(ΔD→�
ΔX).� For� instance,� in� the�context�of� the�export-base� theory,�changes� in�demand� for� imports�

(interpreted� as�consumption�due� to� foreign�production:� CD )�may�be� seen�as�a� stimulus� for�
the�multiplier�effect,�according�to�the�relation:�

/ /
�=� �=�

Y X C Y C
Y m D m C

=
D ΧD ΧD � (3)�

while,�in�the�context�of�the�Harrod-Domar�theory,�changes�in�demand�for�investments�coming�

from�abroad�(Capello,�2016)�( ID ),�may�suggest�a�stimulus�for�the�multiplier�effect,�according�
to�the�relation:�

/ /
�=� �=�

Y X I Y I
Y m D m I

=
D ΧD ΧD � (4)�

Therefore,�no�matter�how�complex�is,�the�Keynesian�income�multiplier�is�computed�based�
on�equation� (1)� and� provides�changes� in� income� based�on� equations� (3)� and� (4).�However,�
when�a�multiregional�system� is�considered,� the�concept�of�“abroad”� (referring� to�a� region’s�
external� environment)� has� a� network� structure,� and� thus� changes� captured� in� one� region’s�
demand� are� distributed� throughout� the� other� regions,� by� the� structure� of� the�multiregional�
system.�This�is� the�point�where�the�network�paradigm�may�contribute,�toward�standardizing�
the�procedure�of�distributing�such�changes�in�demand�(Polyzos,�2019),�which�currently�lacks�
a� network-based� approach.� Within� this� context,� based� on� the� network� paradigm,� a�
multiregional�system�can�represent�a�network�model�(Tsiotas�and�Polyzos,�2018),�which�is�a�
graph�model�(Barabasi,�2016;�Barthelemy,�2011)�defining�a�pair-set�G(V,�E)�of�n�in�number�
nodes�(V)�and�m�in�number�edges/links�(E).�In�algebraic�terms,�the�simplest�form�of�a�graph�
model�G(V,E)�is�expressed�by�a�(square)�connectivity�(n×n)�matrix�of�binary�weights,�which�
is�called�adjacency�matrix�A={aij}.� In�an�adjacency�matrix,�both� rows�and�columns�express�
nodes�(Fig.1),�whereas�the�matrix�elements�(aij)�express�the�edges�(the�state�of�connectivity).�
In�particular,�when�nodes�(row=)�i�and�(column=)�j�are�connected,�the�corresponding�element�
in�the�adjacency�equals�one�(aij=1)�and�zero�(aij=0)�in�cases�of�no�connectivity.��
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Fig.1.�A�graph�

�
By� converting� a� multiregional� system� into� a� network� model,� further� computations� of�

distributing� the� changes� in� demand� for� computing� the� Keynesian� income� multipliers� may�
apply.�Such�computations�are�
drawing�diverse�paths.�For�doing�so,�the�proposed� algorithm�is�briefly�described� in�the�next�
section.��

2.1.�Description�of�the�proposed�network
income�multipliers�in�multiregional�systems

The� algorithm� for� computing� Keynesian� income�multipliers� in�multiregional� systems� is�
described�as�follows:�
�

Start�
Part�1:�INPUT�arguments�configuration
[Step#1]�Configure�the�Adjacency�matrix�(n×n)�of�the�multiregional�system�
[Step#2]�Configure�a�vector�(n×1)�including�the�change(s)�in�demand�(

Do)�observed�for�one�or�more�regions.�
[Step#3]�Configure�a�vector� with�the� imports�coefficients,�namely�with�the�

proportions�of�demand�that�a�prefecture�satisfies�through�imports.�
[Step#4]�Configure�the�vector�of�Marginal�Propensities�to�Consume�(MPC),�per�

region.�
Part�2:�COMPUTATIONS��
[Step#5]� Compute� the� complementary� coefficients� (of� intrinsic� satisfaction�

of�demand),�by�subtracting�the�vector�of�the�imports�coefficients�from�
one.�

[Step#6]� Find� the� regions� that� have� no� sellers� and� set� their� imports�
coefficients�equal�to�1.�

[Step#7]�Find�the�number�of�seller�regions.�
[Step#8]�Compute�the�shares� of�imports�per� region,� evenly�distributed�into�

their�seller�regions.
[Step#9]� Calculate� the� changes� in� demand� per� region,� by� their� trade�

connectivity�and�imports�shares.
[Step#10]� Compute� the�income� multipliers� according�to� the� relation� m=1/(1

MPC).�
[Step#11]�Compute�the�income�changes�according�to�the�relation�
End�

�
In� particular,� in� the� first� part� of� the� algorithm,� the� researcher� configures� the� required�

arguments�for�inputs.�In�the�first�step�(Step#1),�we�(Step#1)�we�create�the�Adjacency�matrix�
of�the�interregional�system,�which�represents�a�directed�and�connected�network,�as�it�is
in� Fig.1.�Next� (Step#2)� the� researcher� configures� a� node� vector�ΔD={
change(s)�in�demand�(di=�ΔD
vector�has�a�length�of�n�elements�(equal�to�the�number�of�nodes�or�regions),�where�a�
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Fig.1.�A�graph�G(V,E)�and�its�Adjacency�Matrix�A={aij}�

By� converting� a� multiregional� system� into� a� network� model,� further� computations� of�
distributing� the� changes� in� demand� for� computing� the� Keynesian� income� multipliers� may�
apply.�Such�computations�are�easy�to�standardize�by�moving�within�the�adjacency�instead�of�
drawing�diverse�paths.�For�doing�so,�the�proposed� algorithm�is�briefly�described� in�the�next�

Description�of�the�proposed�network-based�algorithm�for�computing�Keynesian�
ers�in�multiregional�systems�

The� algorithm� for� computing� Keynesian� income�multipliers� in�multiregional� systems� is�

Part�1:�INPUT�arguments�configuration�
[Step#1]�Configure�the�Adjacency�matrix�(n×n)�of�the�multiregional�system�
[Step#2]�Configure�a�vector�(n×1)�including�the�change(s)�in�demand�(

)�observed�for�one�or�more�regions.��
[Step#3]�Configure�a�vector� with�the� imports�coefficients,�namely�with�the�

proportions�of�demand�that�a�prefecture�satisfies�through�imports.�
[Step#4]�Configure�the�vector�of�Marginal�Propensities�to�Consume�(MPC),�per�

[Step#5]� Compute� the� complementary� coefficients� (of� intrinsic� satisfaction�
of�demand),�by�subtracting�the�vector�of�the�imports�coefficients�from�

[Step#6]� Find� the� regions� that� have� no� sellers� and� set� their� imports�
coefficients�equal�to�1.��

[Step#7]�Find�the�number�of�seller�regions.��
[Step#8]�Compute�the�shares� of�imports�per� region,� evenly�distributed�into�

their�seller�regions.�
te� the� changes� in� demand� per� region,� by� their� trade�

connectivity�and�imports�shares.�
[Step#10]� Compute� the�income� multipliers� according�to� the� relation� m=1/(1

[Step#11]�Compute�the�income�changes�according�to�the�relation�Δ

in� the� first� part� of� the� algorithm,� the� researcher� configures� the� required�
arguments�for�inputs.�In�the�first�step�(Step#1),�we�(Step#1)�we�create�the�Adjacency�matrix�
of�the�interregional�system,�which�represents�a�directed�and�connected�network,�as�it�is

t� (Step#2)� the� researcher� configures� a� node� vector�ΔD={di}� that� includes� the�
Di(t1)–ΔDi(to))�observed�for�one�or�more�regions�i=1,�2,�…,�

elements�(equal�to�the�number�of�nodes�or�regions),�where�a�
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By� converting� a� multiregional� system� into� a� network� model,� further� computations� of�
distributing� the� changes� in� demand� for� computing� the� Keynesian� income� multipliers� may�

easy�to�standardize�by�moving�within�the�adjacency�instead�of�
drawing�diverse�paths.�For�doing�so,�the�proposed� algorithm�is�briefly�described� in�the�next�

based�algorithm�for�computing�Keynesian�

The� algorithm� for� computing� Keynesian� income�multipliers� in�multiregional� systems� is�

[Step#1]�Configure�the�Adjacency�matrix�(n×n)�of�the�multiregional�system��
[Step#2]�Configure�a�vector�(n×1)�including�the�change(s)�in�demand�(ΔD=D1-

[Step#3]�Configure�a�vector� with�the� imports� coefficients,�namely�with�the�
proportions�of�demand�that�a�prefecture�satisfies�through�imports.��

[Step#4]�Configure�the�vector�of�Marginal�Propensities�to�Consume�(MPC),�per�

[Step#5]� Compute� the� complementary� coefficients� (of� intrinsic� satisfaction�
of�demand),�by�subtracting�the�vector�of�the�imports�coefficients�from�

[Step#6]� Find� the� regions� that� have� no� sellers� and� set� their� imports�

[Step#8]�Compute�the�shares� of� imports�per� region,�evenly�distributed�into�

te� the� changes� in� demand� per� region,� by� their� trade�

[Step#10]� Compute� the�income� multipliers� according�to�the� relation� m=1/(1-

ΔP=m·ΔD�

in� the� first� part� of� the� algorithm,� the� researcher� configures� the� required�
arguments�for�inputs.�In�the�first�step�(Step#1),�we�(Step#1)�we�create�the�Adjacency�matrix�
of�the�interregional�system,�which�represents�a�directed�and�connected�network,�as�it�is�shown�

}� that� includes� the�
=1,�2,�…,�n.�This�

elements�(equal�to�the�number�of�nodes�or�regions),�where�a�non-zero�
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entry�di≠0�in�the�i-th�place�of�this�vector�expresses�a�change�in�demand�for�the�region�(node)�i.�
Next�(Step#3),�the�researcher�configures�a�vector�I={m}�with�the�imports�coefficients,�which�
also� has� a� length� of�n� and� expresses� the� proportions� of� demand� that� a� prefecture� satisfies�
through�imports.�For�instance,�a�non-zero�entry�mi≠0�in�the�i-th�place�of�this�vector�expresses�
that� region� i� satisfies� mi·100%� of� its� demand� through� imports� and� (1–mi)·100%� through�
intrinsic� production.� Next� (Step#4),� the� researcher� configures� the� vector� of� Marginal�
Propensities�to�Consume�(MPC),�per�region,�based�on�the�methods�(Archibald,�1967;�Allen,�
1969)�previously�described�(Capello,�2016).�After�configuring�the�input�arguments,�in�Step#5�
the�algorithm�computes� the� complementary�coefficients� of� vector�I,�expressing� the� intrinsic�
satisfaction� of� demand,� namely� the� proportions� (shares)� of� demand� covered� per� region� by�
their� intrinsic�production�((1–mi)·100%).�Next� (Step#6),� the�algorithm�finds�the� regions� that�
have� no�sellers�and�sets� their� imports�coefficients� equal� to�1.� In� the�next� step� (Step#7),� the�
algorithm� finds� the� number� of� seller� regions;� to� which,� afterward� (Step#7),� it� evenly�
distributes�the�imports’�demand�per�region,�according�to�the�relation:�

100%

( )

j

ij

j

m
D

k

Χ
=

-
� (5)�

where�k(–)j�is�the�incoming�node�degree�(number�of�seller�regions)�of�region�j.�Here,�possible�
future� upgrades�may� include� uneven� distribution� of� the� imports’� demand.� In� the� next� step�
(Step#9),� the� algorithm� computes� the� changes� in� demand� per� region,� by� their� trade�
connectivity�and�imports� shares.�After�converting� the�Adjacency�matrix�into�a�n×n�demand�
distribution�matrix,� the� algorithm� computes� (Step#10)� the� income�multipliers� according� to�
equation�(1).�This�step�can�also�enjoy�future�upgrades.�Finally,�in�the�last�step�(Step#11)�the�
algorithm� computes� the� income� changes� according� to� equations� (4)� and� (5).� The�
implementation�of�the�algorithm�is�shown,�in�detail,�in�the�next�section’s�examples.�

3.� Results�and�Discussion�

The� proposed� network-based� algorithm� is� implemented� on� two� examples,� which� are�
available�in�the�textbook�of�Polyzos�(2019)�entitled�Regional�Development�(language:�Greek).�
The�first�example�regards�a�five-region�multiregional�system�experiencing�changes�in�demand�
in� one� of� its� prefectures,�while� the� second� one� regards� a� four-region�multiregional� system�
experiencing� changes� in� demand� in� two� of� its� prefectures.� The� step-by-step� computational�
process� of� estimating� the� Keynesian� income� multipliers� is� shown� in� the� following� sub-
sections.�Although�implemented�for�certain�examples,�the�proposed�algorithm�is�not�restricted�
and� applies� to� complex�multiregional� systems� (composed�of�n� in� number� regions)� enjoying�
changes� in�demand� in�multiple�(k≤n)� regions.�For�implementation�purposes�and� the� sake�of�
further�research,�the�proposed�algorithm�is�provided�in�a�MATLAB�m-function�format,�at�the�
end�of�this�paper�(see�Appendix).�

3.1.�Running� the� proposed� algorithm� for� a� five-region� system,� with� changes� in�
demand�in�one�prefecture.�

In�the�first�example,�the�proposed�algorithm�runs�for�a�five-region�system,�as�it�is�shown�in�
Fig.2.�In�this�multiregional�context,�we�assume�that:�(i)�Region�3�(R3)�experiences�a�10-unit�
change�in�its�demand�for�investments�(ΔI=10);�(ii)�the�marginal�propensity�to�consume�(MPC)�

in�regions�R1�and�R2�is�60%�(
1 2, 0.60R RMPC = ),�while�for�the�other�regions�(R3,�R4,�and�R5)�

is�70%�(
3 5: 0.70R RMPC = );�and�(γ)�each�region�satisfies�40%�of�its�demand�through�imports,�

equally�distributed�along�its�seller�regions�(and�thus�satisfies�60%�of�its�demand�from�intrinsic�
production).�Based� on� these� assumptions,�we� calculate� the�multiplier� effect� on� the� regional�
income�as�follows:�
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Fig.2.�The�five-region�system�of�trade�trans

�
First,�we�create�the�adjacency�matrix�of�the�five

according�to�the�graph�structure�shown�in�Fig.3a.�As�it�can�be�observed,�the�adjacency�of�the�
multiregional� system� configures� a� 5×5� matrix� of� a� directed� binary� graph,� where� rows�
represent�seller�and�columns�buyer�regions.�When�region�
one�in�the�concordant�adjacency’s�element�
interprets� that�region�R2�is�a�buyer�of�region�
that�there�is�no�edge�a23=0�in�the�adjacency�matrix).�Given�that�each�region�satisfies�40%�of�
its� demand� through� imports,� we� compute� the� complementary� shares� (100
representing� the� demand� satisfied� by� a� region’s� intrinsic� production.� These� values� are�
respectively� assigned� to� the� diagonal� elements� of� the� adjacency�matrix,� as� it� is� shown� in�
Fig.3b.�As�it�can�be�observed,�regions�with�no� sellers�have�their
one�(namely�a11=1�and�a55=1),�since�the�“40
all�of� their�demand� is� satisfied� through� intrinsic� production� (no� imports�are�applicable).�By�
replacing� the� adjacency’s� diagonal� elem
intrinsic� production,�we� start� converting� the� adjacency�matrix� into� a� distribution�matrix� of�
demand�coefficients� throughout� the�network� structure.�Currently� (Fig.3b),�only� the�diagonal�
elements�represent�shares�of�demand�and�thus�the�process�should�move�on�to�fill�in�the�total�
matrix.�

Fig.3.�(left)�The�adjacency�matrix�of�the�5
elements)� (right)� The� shares� of� demand� satisfied� by� intrinsic� production� are� ass
elements�of�the�main�diagonal

�
In�the�next�step,�we�equally�distribute�the�shares�of�imports�into�the�seller�regions�per�node�

(region).� To� do� so,� for� each� buyer� region�
(40%)� to� their� incoming�degree�
example,� the� stepwise� computational� procedure� is� shown� in� Fig.4a:c� and� the� results� of� the�
share� of� imports’� distribution�are� shown� in� Fig.4d.� In�particular,�we�can� read� the� results� as�
follows:�(i)�region�R1�satisfies�all�of�its�demand�through�its�intrinsic�production;�(
satisfies� 60%� of� its� demand� through� its� intrinsic� production,� whereas� each� of� its� sellers�
contributes�to�the�region’s�demand�at�an�amount�of�13.33%;�(
demand�through�its�intrinsic�production,�whereas�each�of�its�sellers�contributes�to�the�region’s�
demand�at�an�amount�of�20%;�(
production� and� 40%� of� its� seller� region� (
through�its�intrinsic�production.�If�the�computations�are�correct,�the�column
in� the� table� of� Fig.4d� should� yield� ones� expressing� 1
demand.�The� final�matrix� shown� in� Fig.4d� represents� the� regional� coefficients� of� shares� in�
demand�of�our�multiregional�system.
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region�system�of�trade�transactions,�where�the�proposed�algorithm�applies

�

First,�we�create�the�adjacency�matrix�of�the�five-node�(five-region)�multiregional�system,�
according�to�the�graph�structure�shown�in�Fig.3a.�As�it�can�be�observed,�the�adjacency�of�the�

onfigures� a� 5×5� matrix� of� a� directed� binary� graph,� where� rows�
represent�seller�and�columns�buyer�regions.�When�region�Ri�is�a�seller�of�region�
one�in�the�concordant�adjacency’s�element�aij�=1.�For�instance,�a�non-zero�value�in�cell�

is�a�buyer�of�region�R3,�but�the�opposite�is�not�true�(thus�suggesting�
=0�in�the�adjacency�matrix).�Given�that�each�region�satisfies�40%�of�

its� demand� through� imports,� we� compute� the� complementary� shares� (100
representing� the� demand� satisfied� by� a� region’s� intrinsic� production.� These� values� are�
respectively� assigned� to� the� diagonal� elements� of� the� adjacency�matrix,� as� it� is� shown� in�
Fig.3b.�As�it�can�be�observed,�regions�with�no� sellers�have�their�diagonal�elements�equal�to�

=1),�since�the�“40-60”�given�rule�is�not�applicable�in�their�cases�as�
all�of� their�demand� is� satisfied� through� intrinsic� production� (no� imports�are�applicable).�By�
replacing� the� adjacency’s� diagonal� elements� with� the� shares� of� demand� satisfied� through�
intrinsic� production,�we� start� converting� the� adjacency�matrix� into� a� distribution�matrix� of�
demand�coefficients� throughout� the�network� structure.�Currently� (Fig.3b),�only� the�diagonal�

res�of�demand�and�thus�the�process�should�move�on�to�fill�in�the�total�

Fig.3.�(left)�The�adjacency�matrix�of�the�5-node�multiregional�system�of�Fig.2�(colored�diagonal�
elements)� (right)� The� shares� of� demand� satisfied� by� intrinsic� production� are� ass
elements�of�the�main�diagonal�

In�the�next�step,�we�equally�distribute�the�shares�of�imports�into�the�seller�regions�per�node�
(region).� To� do� so,� for� each� buyer� region�Rj,�we� (column-wisely)� divide� the� import� shares�

egree�k(–)� (number�of� sellers),�according� to�equation� (5).�For�our�
example,� the� stepwise� computational� procedure� is� shown� in� Fig.4a:c� and� the� results� of� the�
share� of� imports’� distribution�are� shown� in� Fig.4d.� In�particular,�we�can� read� the� results� as�

satisfies�all�of�its�demand�through�its�intrinsic�production;�(
satisfies� 60%� of� its� demand� through� its� intrinsic� production,� whereas� each� of� its� sellers�
contributes�to�the�region’s�demand�at�an�amount�of�13.33%;�(iii)�region�R3�satisfies�60%�of�its�
demand�through�its�intrinsic�production,�whereas�each�of�its�sellers�contributes�to�the�region’s�
demand�at�an�amount�of�20%;�(iv)�region�R4�satisfies�60%�of�its�demand�through�its�intrinsic�
production� and� 40%� of� its� seller� region� (R1);� and� (v)� region� R5� satisfies� all� of� its� demand�
through�its�intrinsic�production.�If�the�computations�are�correct,�the�column
in� the� table� of� Fig.4d� should� yield� ones� expressing� 1·100%� satisfaction� with� a� region’s�

shown� in� Fig.4d� represents� the� regional� coefficients� of� shares� in�
demand�of�our�multiregional�system.�
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actions,�where�the�proposed�algorithm�applies�

region)�multiregional�system,�
according�to�the�graph�structure�shown�in�Fig.3a.�As�it�can�be�observed,�the�adjacency�of�the�

onfigures� a� 5×5� matrix� of� a� directed� binary� graph,� where� rows�
is�a�seller�of�region�Rj,�we�assign�

zero�value�in�cell�a32�=1�
,�but�the�opposite�is�not�true�(thus�suggesting�

=0�in�the�adjacency�matrix).�Given�that�each�region�satisfies�40%�of�
its� demand� through� imports,� we� compute� the� complementary� shares� (100� –� 40� =)� 60%,�
representing� the� demand� satisfied� by� a� region’s� intrinsic� production.� These� values� are�
respectively� assigned� to� the� diagonal� elements� of� the� adjacency�matrix,� as� it� is� shown� in�

diagonal�elements�equal�to�
60”�given�rule�is�not�applicable�in�their�cases�as�

all�of� their�demand� is� satisfied� through� intrinsic� production� (no� imports�are�applicable).�By�
ents� with� the� shares� of� demand� satisfied� through�

intrinsic� production,�we� start� converting� the� adjacency�matrix� into� a� distribution�matrix� of�
demand�coefficients� throughout� the�network� structure.�Currently� (Fig.3b),�only� the�diagonal�

res�of�demand�and�thus�the�process�should�move�on�to�fill�in�the�total�

node�multiregional�system�of�Fig.2�(colored�diagonal�
elements)� (right)� The� shares� of� demand� satisfied� by� intrinsic� production� are� assigned� to� the�

�

In�the�next�step,�we�equally�distribute�the�shares�of�imports�into�the�seller�regions�per�node�
wisely)� divide� the� import� shares�

)� (number�of� sellers),�according� to�equation� (5).�For�our�
example,� the� stepwise� computational� procedure� is� shown� in� Fig.4a:c� and� the� results� of� the�
share� of� imports’� distribution�are� shown� in� Fig.4d.� In�particular,�we�can� read� the� results� as�

satisfies�all�of�its�demand�through�its�intrinsic�production;�(ii)�region�R2�
satisfies� 60%� of� its� demand� through� its� intrinsic� production,� whereas� each� of� its� sellers�

satisfies�60%�of�its�
demand�through�its�intrinsic�production,�whereas�each�of�its�sellers�contributes�to�the�region’s�

satisfies�60%�of�its�demand�through�its�intrinsic�
satisfies� all� of� its� demand�

through�its�intrinsic�production.�If�the�computations�are�correct,�the�column-wise�summands�
·100%� satisfaction� with� a� region’s�

shown� in� Fig.4d� represents� the� regional� coefficients� of� shares� in�
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Fig.4.� (a:c)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�
imports� into� the� seller� regions;� (d)� The� final� coefficients�
multiregional�system�

�
By� computing� the�matrix� of� shares� in� demand� of� our�multiregional� system� (Fig.4d),�we�

afterward� distribute� the� change� in� demand� experienced� by� region� R
multiregional� system.� First,�we
experienced� by� region� R3� throughout� its� neighborhood.� To� do� so,� we� multiply� column� 3�
(corresponding�to�the�buyer�region�R
Fig.5a.�This�multiplication�yields�a�distribution�of�odds�6�(R
units� from� the� 10-unit� change� in� demand� experienced� by� region� R
region’s�intrinsic�production,�whereas�2�(out�of�ten)�units�are�satisfied�through�imports�from�
region�R4�and�another�2�units�are�satisfied�through
Keynesian�multipliers� context,� the�2
will� cause� secondary� distribution� of� demand,� according� to� the� certain� configuration� of� the�
multiregional�network�structure.�
economies,� depending� on� other� regions.� Therefore,� these� 2
expected�to�initiate�further�rounds�of�computation.�To�facilitate�the�computations�according�to�
the�proposed�algorithm,�we�assign�these�2
the�row�with�the�initial�changes�in�demand,�as�it�is�shown�in�Fig.5b.

Fig.5.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�region�R
throughout�its�neighborhood�(b)�According�to�the�R
in�demand�should�be�also�distributed�to�the�sellers�of�region�R
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Fig.4.� (a:c)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�
imports� into� the� seller� regions;� (d)� The� final� coefficients� matrix� of� shares� in� demand� of� the�

By� computing� the�matrix� of� shares� in� demand� of� our�multiregional� system� (Fig.4d),�we�
afterward� distribute� the� change� in� demand� experienced� by� region� R3�
multiregional� system.� First,�we� start� by� distributing� the� 10-unit� change� in� demand� (

throughout� its� neighborhood.� To� do� so,� we� multiply� column� 3�
(corresponding�to�the�buyer�region�R3)�with�the�10-unit�change�in�demand,�as�it�is�shown�in�
Fig.5a.�This�multiplication�yields�a�distribution�of�odds�6�(R3):�2(R4):�2(R5),�implying�that�6�

unit� change� in� demand� experienced� by� region� R3� are� satisfied� by� the�
region’s�intrinsic�production,�whereas�2�(out�of�ten)�units�are�satisfied�through�imports�from�

and�another�2�units�are�satisfied�through�imports�from�region�R5.�However,�in�the�
Keynesian�multipliers� context,� the�2-unit�changes� in�demand�satisfied�by� regions�R
will� cause� secondary� distribution� of� demand,� according� to� the� certain� configuration� of� the�
multiregional�network�structure.�This�is�because�regions�R4�και�R5�are�not�closed,�but�open,�
economies,� depending� on� other� regions.� Therefore,� these� 2-unit� changes� in� demand� are�
expected�to�initiate�further�rounds�of�computation.�To�facilitate�the�computations�according�to�

gorithm,�we�assign�these�2-unit�changes�in�demand�to�the�respective�places�in�
the�row�with�the�initial�changes�in�demand,�as�it�is�shown�in�Fig.5b.�

Fig.5.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�region�R
ts�neighborhood�(b)�According�to�the�R3�region’s�trade�structure,�secondary�changes�

in�demand�should�be�also�distributed�to�the�sellers�of�region�R3�

�
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Fig.4.� (a:c)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�
matrix� of� shares� in� demand� of� the�

�

By� computing� the�matrix� of� shares� in� demand� of� our�multiregional� system� (Fig.4d),�we�
throughout� the�

unit� change� in� demand� (ΔI=10)�
throughout� its� neighborhood.� To� do� so,� we� multiply� column� 3�

unit�change�in�demand,�as�it�is�shown�in�
),�implying�that�6�

are� satisfied� by� the�
region’s�intrinsic�production,�whereas�2�(out�of�ten)�units�are�satisfied�through�imports�from�

.�However,�in�the�
unit�changes� in�demand� satisfied�by� regions�R4�and�R5�

will� cause� secondary� distribution� of� demand,� according� to� the� certain� configuration� of� the�
are�not�closed,�but�open,�

unit� changes� in� demand� are�
expected�to�initiate�further�rounds�of�computation.�To�facilitate�the�computations�according�to�

unit�changes�in�demand�to�the�respective�places�in�

Fig.5.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�region�R3�
region’s�trade�structure,�secondary�changes�

�
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�

To�initiate�the�round�of�computing�the�secondary�changes�in�demand,�we�multiply�column�
4� (this� time� corresponding� to� the� buyer� region�R
region�R4�experiences�due�to�its�trade�connectivity�with�region�R
This�multiplication�yields�a�distribution�of�odds�0.8:1.2,�implying�that�0.8�units� from�
unit� change� in�demand� experienced�by� region�R
region�R1),�whereas�the�other�1.2�units�of�demand�are�satisfied�from�the�intrinsic�production�of�
region�R4�(Fig.6b).�

Fig.6.�(a)�The�stepwise�procedure�of�distri
throughout� its� neighborhood� (b)� The� 0.8
imports�from�region�R1�initiates�in�turn�another�round�of�computations,�this�time�for�region�R

�
Given�that�0.8�units�of�the�R

R1,�the�algorithm�in�turn�proceeds�to�another�round�of�computing�the�distribution�of�secondary�
demands,� this� time� for� the� case�of� region�R
region�R1�is�only�a�seller�region,� thus�interpreting�that�region�R
change� in� demand� through� its� intrinsic� production.� Similarly,� as� region� R
region,�it�will�satisfy�all�its�2
Finally,�as�region�R2�is�an�only
R3� will� not� the� demand� of� region� R
distribution�matrix�(Fig.7b).�

Fig.7.�(a)�The�stepwise�procedure�of�distributing�the�secondary�changes�in�demand�into�the�only
seller�regions�R1�and�R5�(b)�Stepwise�procedure�of�distributing�the�secondary�changes�in�demand�
into�the�only-buyer�region�R2,�yielding�a�null�distribution.�

�
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To�initiate�the�round�of�computing�the�secondary�changes�in�demand,�we�multiply�column�
esponding� to� the� buyer� region�R4)�with� the� 2-unit� change� in� demand� (that�

experiences�due�to�its�trade�connectivity�with�region�R3),�as�it�is�shown�in�Fig.6a.�
This�multiplication�yields�a�distribution�of�odds�0.8:1.2,�implying�that�0.8�units� from�
unit� change� in�demand� experienced�by� region�R4� are� satisfied�by� imports� (originating� from�

),�whereas�the�other�1.2�units�of�demand�are�satisfied�from�the�intrinsic�production�of�

Fig.6.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�region�R
throughout� its� neighborhood� (b)� The� 0.8-unit� secondary� change� in� demand� satisfied� through�

initiates�in�turn�another�round�of�computations,�this�time�for�region�R

units�of�the�R4�region’s�demand�are�satisfied�through�imports�from�region�
,�the�algorithm�in�turn�proceeds�to�another�round�of�computing�the�distribution�of�secondary�

demands,� this� time� for� the� case�of� region�R1� (Fig.7a).�This� step� yields� a� trivial� resu
is�only�a�seller�region,� thus�interpreting�that�region�R1�will�satisfy�all�0.8�units�of�

change� in� demand� through� its� intrinsic� production.� Similarly,� as� region� R5

region,�it�will�satisfy�all�its�2-unit�change�in�demand�through�its�intrinsic�production�(Fig.7a).�
is�an�only-buyer�region,�the� initial�10-unit�change�in�demand�in�region�

will� not� the� demand� of� region� R2,� thus� we� assign� zeros� at� all� entries� of� the� demand�

.7.�(a)�The�stepwise�procedure�of�distributing�the�secondary�changes�in�demand�into�the�only
(b)�Stepwise�procedure�of�distributing�the�secondary�changes�in�demand�

,�yielding�a�null�distribution.��
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To�initiate�the�round�of�computing�the�secondary�changes�in�demand,�we�multiply�column�
unit� change� in� demand� (that�
),�as�it�is�shown�in�Fig.6a.�

This�multiplication�yields�a�distribution�of�odds�0.8:1.2,�implying�that�0.8�units� from� the�2-
are� satisfied�by� imports� (originating� from�

),�whereas�the�other�1.2�units�of�demand�are�satisfied�from�the�intrinsic�production�of�

buting�the�change�in�demand�experienced�by�region�R4�
unit� secondary� change� in� demand� satisfied� through�

initiates�in�turn�another�round�of�computations,�this�time�for�region�R1�

�

region’s�demand�are�satisfied�through�imports�from�region�
,�the�algorithm�in�turn�proceeds�to�another�round�of�computing�the�distribution�of�secondary�

(Fig.7a).�This� step� yields� a� trivial� result� since�
will�satisfy�all�0.8�units�of�

5� is� only� a� seller�
hrough�its�intrinsic�production�(Fig.7a).�

unit�change�in�demand�in�region�
,� thus� we� assign� zeros� at� all� entries� of� the� demand�

.7.�(a)�The�stepwise�procedure�of�distributing�the�secondary�changes�in�demand�into�the�only-
(b)�Stepwise�procedure�of�distributing�the�secondary�changes�in�demand�

�
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Overall,� based� on� the� previous� process,� the� demand� distribution� matrix� is� finalized� and�
shown�in�Fig.8.�As�it�can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�
matrix,�the�initial�10-unit�change�in�demand�experienced�by�region�R
distribution�of�odds�in�demand�throughout�the�multiregional�system’s�regions�as�follows:�0.8�
(R1):�0�(R2):�6�(R3):�1.2�(R4):�2�(R
should� sum� to� the� initial� change� in� demand� (0.8+0+6+
done�correctly.��

Fig.8.�The�final�conversion�of�the�demand�shares�matrix�to�the�demand�distribution�matrix

�
In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�

due� to� the� Keynesian� multiplier� effect,� according� to� equations� (1)� and� (3),� (4).� After�
replacements�and�computations,�we�construct�Table�1�with�the�final�results.�

�

Table�1.�Final�results�of�the�Keynesian�regional�income�multipliers�for�the�5

Region� Change�in�Demand�
R1� 0.80
R2� 0.00
R3� 6.00
R4� 1.20
R5� 2.00

Total� 10.00

3.2.�Running�the�algorithm�to�a�four
prefectures�

In� the� second� example,� the� proposed� algorithm� runs� for� a� four
shown�in�Fig.9.�In�this�multiregional�context,�we�assume�that:�(
unit�change�in�its�demand�for�investments�(
change�in� its�demand�for�investments�(

1 2, 0.60R RMPC = ),� while� in� regions� R

region�satisfies�50%�of�its�demand�through�imports,�equally�distributed�along�its�seller�regions�
(and�thus�satisfies�50%�of�its�demand�from�intrinsic�production).�Based�on�these�assumptions,�
we�calculate�the�multiplier�effect�on�the�regional�income�as�follows:
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erall,� based� on� the� previous� process,� the� demand� distribution� matrix� is� finalized� and�
shown�in�Fig.8.�As�it�can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�

unit�change�in�demand�experienced�by�region�R3�is�exp
distribution�of�odds�in�demand�throughout�the�multiregional�system’s�regions�as�follows:�0.8�

):�2�(R5).�These�values�are�extracted�from�the�main�diagonal�and�
should� sum� to� the� initial� change� in� demand� (0.8+0+6+1.2+2=10)� if� all� computations� were�

Fig.8.�The�final�conversion�of�the�demand�shares�matrix�to�the�demand�distribution�matrix

�

In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�
an� multiplier� effect,� according� to� equations� (1)� and� (3),� (4).� After�

replacements�and�computations,�we�construct�Table�1�with�the�final�results.��

Table�1.�Final�results�of�the�Keynesian�regional�income�multipliers�for�the�5-node�multiregional�
system�

Change�in�Demand�� MPC� m� Change�in�Income
0.80� 0.60� 2.50� 2.00
0.00� 0.60� 2.50� 0.00
6.00� 0.70� 3.33� 19.98
1.20� 0.70� 3.33� 3.99
2.00� 0.70� 3.33� 6.66
10.00� � 32.63

�

the�algorithm�to�a�four-region�system,�with�changes�in�demand�

In� the� second� example,� the� proposed� algorithm� runs� for� a� four-region� system,� as� it� is�
shown�in�Fig.9.�In�this�multiregional�context,�we�assume�that:�(i)�Region��R2�experiences�a�10
unit�change�in�its�demand�for�investments�(ΔI2=10),�while�region��R3�experiences�a�20
change�in� its�demand�for�investments�(ΔI3=20);� (ii)�the�MPC�in� regions�R1�

),� while� in� regions� R3� and� R4� is� 70%� (
3 4, 0.70R RMPC =

ts�demand�through�imports,�equally�distributed�along�its�seller�regions�
(and�thus�satisfies�50%�of�its�demand�from�intrinsic�production).�Based�on�these�assumptions,�
we�calculate�the�multiplier�effect�on�the�regional�income�as�follows:�
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erall,� based� on� the� previous� process,� the� demand� distribution� matrix� is� finalized� and�
shown�in�Fig.8.�As�it�can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�

is�expected�to�cause�a�
distribution�of�odds�in�demand�throughout�the�multiregional�system’s�regions�as�follows:�0.8�

).�These�values�are�extracted�from�the�main�diagonal�and�
1.2+2=10)� if� all� computations� were�

Fig.8.�The�final�conversion�of�the�demand�shares�matrix�to�the�demand�distribution�matrix�

In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�
an� multiplier� effect,� according� to� equations� (1)� and� (3),� (4).� After�

node�multiregional�

Change�in�Income�
2.00�
0.00�
19.98�
3.99�
6.66�
32.63�

with�changes�in�demand�in�two�

region� system,� as� it� is�
experiences�a�10-

experiences�a�20-units�
and�R2�is�60%�(

0.70 );� and� (γ)� each�

ts�demand�through�imports,�equally�distributed�along�its�seller�regions�
(and�thus�satisfies�50%�of�its�demand�from�intrinsic�production).�Based�on�these�assumptions,�



Tsiotas�D.,�Regional�Science�Inquiry,�Vol.�

�

Fig.9.�The�four-region�multiregional�system�of�trade�transactions,�where�the�proposed�algorithm�

�
First,� we� create� the� adjacency� matrix� of� the� 4

according�to�the�graph�structure�shown�in�Fig.10a.�The�adjacency�of�the�multiregion
configures�a�4×4�matrix�of�a�directed�binary�graph.�Given�that�each�region�satisfies�50%�of�its�
demand� through� imports,�we�compute� the� complementary� shares� (100�
represent� the�demand� satisfied�by� intrinsic�production.�We�afterwa
the�diagonal�elements�of�the�adjacency�matrix,�as�it�is�shown�in�Fig.10b.�In�this�case,�regions�
R1�and�R4�are�only-seller�regions�(and�thus� they�have�their�diagonal�elements�equal�to�one),�
whereas� R2� and� R3� are� only
matrix�into�a�distribution�matrix�of�demand�coefficients�throughout�the�network�structure.�As�
it� can� be� observed,� we� obtain� a� distribution� of� odds� in� the� shares� of� intrinsic� demand�
satisfaction,�as�follows:�1�(R

Fig.10.�(left)�The�adjacency�matrix�of�the�4
of�demand�satisfied�by�intrinsic�production�are�assigned�to�the�elements�of�the�main�diagonal�

�
In� the� next� step,� we� equa

region,� as�it� is�shown�in�Fig.11.�As�can�be�observed�in�columns�2�and�3,�regions�R
have� the� same� two� sellers,� thus� they� equivalently� (25%
imports�amongst�their�sellers.�

Fig.11.� (a,b)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�
imports�into�the�seller�regions

The�results�of�the�demand�share�distributions�are�shown�in�Fig.12,�where�we�can�read:�(
regions� R1� and� R4� satisfy� all� of� their� demand� through� their� intrinsic� production;� and� (
regions�R2�and�R1�satisfies�50%�of�their�demand�through�its�intrinsic�production,�whereas�each�
of�its�sellers�contributes�to�the�region’s�demand�at�an�amount�of�25%.�If�the�computat
correct,� the� column-wise� summands� in� the� table� of� Fig.12� should� yield� ones� expressing�
1·100%�satisfaction�of�a�region’s�demand.�
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on�multiregional�system�of�trade�transactions,�where�the�proposed�algorithm�
applies.�

�

First,� we� create� the� adjacency� matrix� of� the� 4-node� (4-region)� multiregional� system,�
according�to�the�graph�structure�shown�in�Fig.10a.�The�adjacency�of�the�multiregion
configures�a�4×4�matrix�of�a�directed�binary�graph.�Given�that�each�region�satisfies�50%�of�its�
demand� through� imports,�we�compute� the� complementary� shares� (100� –� 50�=)�
represent� the�demand� satisfied�by� intrinsic�production.�We�afterward� assign� these� values� to�
the�diagonal�elements�of�the�adjacency�matrix,�as�it�is�shown�in�Fig.10b.�In�this�case,�regions�

seller�regions�(and�thus� they�have�their�diagonal�elements�equal�to�one),�
are� only-buyer� regions.� Therefore,� we� start� converting� the� adjacency�

matrix�into�a�distribution�matrix�of�demand�coefficients�throughout�the�network�structure.�As�
it� can� be� observed,� we� obtain� a� distribution� of� odds� in� the� shares� of� intrinsic� demand�

R1):�0.5�(R2):�0.5�(R3):�1�(R4).��

Fig.10.�(left)�The�adjacency�matrix�of�the�4-node�multiregional�system�of�Fig.9�(right)�The�shares�
of�demand�satisfied�by�intrinsic�production�are�assigned�to�the�elements�of�the�main�diagonal�

In� the� next� step,� we� equally� distribute� the� shares� of� imports� into� the� seller� regions� per�
region,� as�it� is�shown�in�Fig.11.�As�can�be�observed�in�columns�2�and�3,�regions�R
have� the� same� two� sellers,� thus� they� equivalently� (25%-25%)�satisfy� their� demand� through�

ngst�their�sellers.��

Fig.11.� (a,b)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�
imports�into�the�seller�regions�

The�results�of�the�demand�share�distributions�are�shown�in�Fig.12,�where�we�can�read:�(
satisfy� all� of� their� demand� through� their� intrinsic� production;� and� (

satisfies�50%�of�their�demand�through�its�intrinsic�production,�whereas�each�
of�its�sellers�contributes�to�the�region’s�demand�at�an�amount�of�25%.�If�the�computat

wise� summands� in� the� table� of� Fig.12� should� yield� ones� expressing�
·100%�satisfaction�of�a�region’s�demand.��
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on�multiregional�system�of�trade�transactions,�where�the�proposed�algorithm�

region)� multiregional� system,�
according�to�the�graph�structure�shown�in�Fig.10a.�The�adjacency�of�the�multiregional�system�
configures�a�4×4�matrix�of�a�directed�binary�graph.�Given�that�each�region�satisfies�50%�of�its�

50�=)�50%,�which�
rd� assign� these� values� to�

the�diagonal�elements�of�the�adjacency�matrix,�as�it�is�shown�in�Fig.10b.�In�this�case,�regions�
seller�regions�(and�thus� they�have�their�diagonal�elements�equal�to�one),�

Therefore,� we� start� converting� the� adjacency�
matrix�into�a�distribution�matrix�of�demand�coefficients�throughout�the�network�structure.�As�
it� can� be� observed,� we� obtain� a� distribution� of� odds� in� the� shares� of� intrinsic� demand�

node�multiregional�system�of�Fig.9�(right)�The�shares�
of�demand�satisfied�by�intrinsic�production�are�assigned�to�the�elements�of�the�main�diagonal��

�

lly� distribute� the� shares� of� imports� into� the� seller� regions� per�
region,� as�it� is�shown�in�Fig.11.�As�can�be�observed�in�columns�2�and�3,�regions�R2�and�R3�

25%)�satisfy� their� demand� through�

Fig.11.� (a,b)� The� stepwise� procedure� of� distributing� a� region’s� satisfaction� of� demand� through�

�
The�results�of�the�demand�share�distributions�are�shown�in�Fig.12,�where�we�can�read:�(i)�

satisfy� all� of� their� demand� through� their� intrinsic� production;� and� (ii)�
satisfies�50%�of�their�demand�through�its�intrinsic�production,�whereas�each�

of�its�sellers�contributes�to�the�region’s�demand�at�an�amount�of�25%.�If�the�computations�are�
wise� summands� in� the� table� of� Fig.12� should� yield� ones� expressing�
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Fig.12.�The�final�coefficients�matrix�of�shares�in�demand�of�the�multiregional�system

�
By� computing� the�matrix� of� sha

afterward� distribute� the� change� in� demand� experienced� by� region� R
multiregional� system.�First,�we�start�by�distributing� the�10
experienced� by� region� R2� th
demand� (ΔI3=20)� experienced� by� region� R
multiply�column�2�(corresponding�to�the�buyer�region�R
and�column�3�(corresponding�to�the�buyer�region�R
is�shown�in�Fig.13a.�For� region�R
5(R2):� 2.5(R4),� implying� that� 5� units� from� the� 10
region�R2�are�satisfied�by�the�region’s�intrinsic�production,�whereas�2.5�(out�of�10)�units�are�
satisfied� through� imports� from� regions� R
multiplication�yields�a�distribution�of�odds�5(R
20-unit� change� in� demand� experienced� by� region� R
production,�whereas�5�(out�of�20)�units�are�satisfied�through�imports�from�regions�R
respectively.�Since�region�R2

and�region�R2�imports�5�units�from�region�R
overall�secondary�change�in�demand�for�region�R
the�overall�secondary�change�i
in�Fig.13b.��

Fig.13.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�regions�
R2� and�R3� throughout� their� neighborhoods� (b)� According� to� the� multiregional� trade� net
structure,� secondary� changes� in� demand� should�be� also�distributed� to� the� sellers� of� regions�R
and�R3�

�
Therefore,�we�proceed�and�calculate�how�these�7.5

distributed� throughout� the� neighbors� of� regions� R
Fig.14a,b.�As� regions�R1�and�R
and� will� be� satisfied� by� the� intrinsic� production� of� these� regions.� Overall,� based� on� the�
previous�process,�the�demand�distribution�
can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�matrix,�the�initial�10
unit� change� in� demand� experienced� by� region� R
experienced�by�region�R3�are
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Fig.12.�The�final�coefficients�matrix�of�shares�in�demand�of�the�multiregional�system

�

By� computing� the�matrix� of� shares� in� demand� of� our�multiregional� system� (Fig.4d),�we�
afterward� distribute� the� change� in� demand� experienced� by� region� R3�
multiregional� system.�First,�we�start�by�distributing� the�10-unit� change� in� demand� (

throughout� its� neighborhood,� along� with� the� 20
=20)� experienced� by� region� R3� throughout� its� neighborhood.� To� do� so,� we�

multiply�column�2�(corresponding�to�the�buyer�region�R2)�with�the�10-unit�change�in�demand,�
onding�to�the�buyer�region�R3)�with�the�20-unit�change�in�demand,�as�it�

is�shown�in�Fig.13a.�For� region�R2,�this�multiplication�yields�a�distribution�of�odds�2.5(R
),� implying� that� 5� units� from� the� 10-unit� change� in� demand� experienced� by�

are�satisfied�by�the�region’s�intrinsic�production,�whereas�2.5�(out�of�10)�units�are�
satisfied� through� imports� from� regions� R1� and� R4� respectively.� For� region� R
multiplication�yields�a�distribution�of�odds�5(R1):�10(R2):�5(R4),�implying�that�5�units�from�the�

unit� change� in� demand� experienced� by� region� R3� are� satisfied� by� the� region’s� intrinsic�
production,�whereas�5�(out�of�20)�units�are�satisfied�through�imports�from�regions�R

2�imports�2.5�units�from�region�R1�to�satisfy�its�change�in�demand�
imports�5�units�from�region�R1�to�satisfy�its�concordant�change�in�demand,�the�

overall�secondary�change�in�demand�for�region�R1�is�the�summand�2.5+5=7.5�units.�Similarly,�
the�overall�secondary�change�in�demand�for�region�R4�is�also�2.5+5=7.5�units,�as�it�is�shown�

Fig.13.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�regions�
throughout� their� neighborhoods� (b)� According� to� the� multiregional� trade� net

structure,� secondary� changes� in� demand� should�be� also�distributed� to� the� sellers� of� regions�R

Therefore,�we�proceed�and�calculate�how�these�7.5-unit�secondary�changes�in�demand�are�
distributed� throughout� the� neighbors� of� regions� R1� and� R4� respectively,� as� it� is� shown� in�

and�R4�are�seller-only�regions,� these�changes�in�demand�are� trivial�
and� will� be� satisfied� by� the� intrinsic� production� of� these� regions.� Overall,� based� on� the�
previous�process,�the�demand�distribution�matrix�is�finalized�as�it�is�shown�in�Fig.14b.�As�it�
can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�matrix,�the�initial�10
unit� change� in� demand� experienced� by� region� R2� and� the� 10-unit� change� in� demand�

are�expected�to�cause�a�distribution�of�odds�in�demand�throughout�
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Fig.12.�The�final�coefficients�matrix�of�shares�in�demand�of�the�multiregional�system�

res� in� demand� of� our�multiregional� system� (Fig.4d),�we�
throughout� the�

unit� change� in� demand� (ΔI2=10)�
roughout� its� neighborhood,� along� with� the� 20-unit� change� in�

throughout� its� neighborhood.� To� do� so,� we�
unit�change�in�demand,�

unit�change�in�demand,�as�it�
,�this�multiplication�yields�a�distribution�of�odds�2.5(R1):�

unit� change� in� demand� experienced� by�
are�satisfied�by�the�region’s�intrinsic�production,�whereas�2.5�(out�of�10)�units�are�

respectively.� For� region� R3,� this�
t�5�units�from�the�

are� satisfied� by� the� region’s� intrinsic�
production,�whereas�5�(out�of�20)�units�are�satisfied�through�imports�from�regions�R1�and�R4�

to�satisfy�its�change�in�demand�
to�satisfy�its�concordant�change�in�demand,�the�

is�the�summand�2.5+5=7.5�units.�Similarly,�
is�also�2.5+5=7.5�units,�as�it�is�shown�

Fig.13.�(a)�The�stepwise�procedure�of�distributing�the�change�in�demand�experienced�by�regions�
throughout� their� neighborhoods� (b)� According� to� the� multiregional� trade� network�

structure,� secondary� changes� in� demand� should�be� also�distributed� to� the� sellers� of� regions�R2�

�

unit�secondary�changes�in�demand�are�
espectively,� as� it� is� shown� in�

only�regions,� these�changes�in�demand�are� trivial�
and� will� be� satisfied� by� the� intrinsic� production� of� these� regions.� Overall,� based� on� the�

matrix�is�finalized�as�it�is�shown�in�Fig.14b.�As�it�
can�be�observed�from�the�main�diagonal�of�the�final�demand�distribution�matrix,�the�initial�10-

unit� change� in� demand�
expected�to�cause�a�distribution�of�odds�in�demand�throughout�
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the�multiregional�system’s�regions�as�follows:�7.5�(R
are� extracted� from� the� main� diagonal� and� should� sum� to� the� initial� change� in� demand�
(7.5+5+10+7.5=(10+20=)30)�if�all�computations�were�done�correctly.�

Fig.14.�(a)�The�stepwise�procedure�of�distributing�the�changes�in�demand�experienced�by�regions�
R1� and� R4� throughout� their� neighborhoods� (b)� The� 7.5
satisfied� through� imports� from�regions�R
this�time�for�regions�R1�and�R

�
In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�

due� to� the� Keynesian� multiplier� effect,� according� to
replacements�and�computations,�we�construct�Table�2�with�the�final�results.�

�

Table�2.�Final�results�of�the�Keynesian�regional�income�multipliers�for�the�4

Region� Change�in�Demand
R1� 7.50
R2� 5.00
R3� 10.00
R4� 7.50

Total� 30.00

3.3.�Estimating�the�Keynesian�income�multipliers�based�on�the�interregional�
commuting�network�in�Greece

In�the�final�step�of�the�analysis,�we�compute�the�Keynesian�income�multipliers�for�the�land�
interregional�commuting�network� in�Greece� (LGCN),�based�on� the�proposed�network
algorithm.� The� LGCN� is� a� one
(Fig.15),� composed�of� (i)�n=39�nodes�expressing� the� land� (non
Greek�prefectures�and� (ii)�m
from�a� node� (city)� i=1,2,…,39� to� node�
geo-referenced� at� the� coordinates� of� the� city� centers� (WGS�Web�Mercator).� Data� for� the�
construction� of� the� node-set� were� extracted� from� the� Google� Digital� Mapping� Services�
(Google�Maps,�2019),�whereas�commuting�data�concern�employed�persons�with�residence�in�
the� area� by� place� of� work,� extracted� from� the� 2011� national� census
Statistical� Service� –� ELSTAT,� 2011).�
multipliers� for� the� LGCN� reasonable,� we� conceptualize� commuting� as� an� aspect� of� labor�
demand� in� the� interregional� market� of� Greece� (Polyzos,� 2019;� Tsiotas� and� Polyzos,� 2021;�
Tsiotas�et�al.,�2018,�2022).�In�particular,�we�can�conceive�the�number�of�incoming�commuters�
as�an�aspect�of�imports�satisfying�the�labor�demand�in�a�regional�economy,�and�inversel
number�of�incoming�commuters�as�an�expression�of�labor�exports.�Within�this�framework,�we�
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imports� from�regions�R1�and�R4� initiates�a� secondary�round�of� computations,�
and�R4�

In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�
due� to� the� Keynesian� multiplier� effect,� according� to� equations� (1)� and� (3),� (4).� After�
replacements�and�computations,�we�construct�Table�2�with�the�final�results.��

Table�2.�Final�results�of�the�Keynesian�regional�income�multipliers�for�the�4-node�multiregional�
system�

Change�in�Demand� MPC� m� Change�in
7.50� 0.60� 2.50� 18.75
5.00� 0.60� 2.50� 12.50
10.00� 0.70� 3.33� 33.30
7.50� 0.70� 3.33� 24.98
30.00� � 89.53

�

the�Keynesian�income�multipliers�based�on�the�interregional�
commuting�network�in�Greece�

nalysis,�we�compute�the�Keynesian�income�multipliers�for�the�land�
interregional�commuting�network� in�Greece� (LGCN),�based�on� the�proposed�network
algorithm.� The� LGCN� is� a� one-layer� graph� model� G(39;121)� with� commuting� weights�
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=1,2,…,39� to� node� j=1,2,…,39� (i≠j)� for�work.�Nodes� in� the�LGCN�are�
d� at� the� coordinates� of� the� city� centers� (WGS�Web�Mercator).� Data� for� the�

set� were� extracted� from� the� Google� Digital� Mapping� Services�
(Google�Maps,�2019),�whereas�commuting�data�concern�employed�persons�with�residence�in�

y� place� of� work,� extracted� from� the� 2011� national� census� of� Greece� (Hellenic�
ELSTAT,� 2011).� To� set� computations� of� the� Keynesian� income�

multipliers� for� the� LGCN� reasonable,� we� conceptualize� commuting� as� an� aspect� of� labor�
e� interregional� market� of� Greece� (Polyzos,� 2019;� Tsiotas� and� Polyzos,� 2021;�

Tsiotas�et�al.,�2018,�2022).�In�particular,�we�can�conceive�the�number�of�incoming�commuters�
as�an�aspect�of�imports�satisfying�the�labor�demand�in�a�regional�economy,�and�inversel
number�of�incoming�commuters�as�an�expression�of�labor�exports.�Within�this�framework,�we�
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):�7.5�(R4).�These�values�
are� extracted� from� the� main� diagonal� and� should� sum� to� the� initial� change� in� demand�
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initiates�a� secondary�round�of� computations,�
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In�the�final�step�of�the�algorithm,�we�calculate�the�expected�changes�in�the�regional�income�
equations� (1)� and� (3),� (4).� After�

node�multiregional�
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nalysis,�we�compute�the�Keynesian�income�multipliers�for�the�land�
interregional�commuting�network� in�Greece� (LGCN),�based�on� the�proposed�network-based�

)� with� commuting� weights�
insular)�capital� cities�of� the�

=121�edges�expressing� the�number�of�commuters�moving�daily�
)� for�work.�Nodes� in� the�LGCN�are�

d� at� the� coordinates� of� the� city� centers� (WGS�Web�Mercator).� Data� for� the�
set� were� extracted� from� the� Google� Digital� Mapping� Services�

(Google�Maps,�2019),�whereas�commuting�data�concern�employed�persons�with�residence�in�
of� Greece� (Hellenic�

To� set� computations� of� the� Keynesian� income�
multipliers� for� the� LGCN� reasonable,� we� conceptualize� commuting� as� an� aspect� of� labor�

e� interregional� market� of� Greece� (Polyzos,� 2019;� Tsiotas� and� Polyzos,� 2021;�
Tsiotas�et�al.,�2018,�2022).�In�particular,�we�can�conceive�the�number�of�incoming�commuters�
as�an�aspect�of�imports�satisfying�the�labor�demand�in�a�regional�economy,�and�inversely�the�
number�of�incoming�commuters�as�an�expression�of�labor�exports.�Within�this�framework,�we�
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can� approximate� a� region’s� share� of� labor� imports� (imp
incoming�commuters�to�the�employed�labor�force,�according�to�the�formula

imp

where�si(+)�is�the�number�of�incoming�commuters�of�region�

computed�by�the�sum�of�the�employed�

can�approximate�a�region’s�marginal�propensity�to�consume�“employment”�or�“labor”�(MPC)�
by�the�ratio�of�the�employed�to�the�total�labor�force,�according�to�the�formula:���

Based� on� the� previous� assumptions� and� after� con
weights)�matrix�of�the�LGCN,�we�can�compute�the�Keynesian�income�multipliers�by�applying�
the�proposed�algorithm�(its�code�is�available�in�an�
instead�of�using�the�adjacency�matri
as�the�proposed�algorithm�is�written�to�operate�over�the�trade�balances,�namely�to�keep�only�
one�link�(this�with�the�positive�difference�
context,� we� estimate� the� Keynesian� income� multipliers� for� the� LGCN� and� the� results� are�
shown�in�Fig.15.�As�it�can�be�observed,�in�the�context�of�the�Greek�market�of�labor�demand,�
regions�with�the�highest�income�multipliers�are�allocated�along�an�“S”
coincides� with� the� major� pattern� describing� regional� development� over� time� in� Greece�
(Polyzos,�2019;�Tsiotas,�2021).� The�cases�with� the� highest� income�multipliers� are� the�edge�
regions�(Polyzos,�2015;�2019)�Evros�(1)�and�Lakonia�(48),�an�observation�tha
vitality�of�employment�in�edge�regions�and�the�importance�of�regional�policies�supporting�the�
periphery�(Xanthos�et�al.,�2012;�
2022),� addressing� avenues� of� further� research.�
multipliers�we�can�find:�(i)�the�metropolitan�prefecture�of�Attika�(37);�(
is�a�region�of�great�intermediacy�in�the�land�transport�network�in�Greece�(Tsiotas,�2021);�and�
(iii)�Chalkidiki�(12),�which�is�a�neighbor�and�tourism�destination�of�the�metropolitan�region�of�
Thessaloniki�(8).�

Fig.15.�(left)�The�land�interregional�commuting�network�in�Greece�(LGCN)�(right)�Spatial�
distribution�of�employment

�
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can� approximate� a� region’s� share� of� labor� imports� (impCi)� by� the� ratio� of� the� number� of�
incoming�commuters�to�the�employed�labor�force,�according�to�the�formula:�
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(+)�is�the�number�of�incoming�commuters�of�region�i;�Li�is�a�region’s�total�labor�force,�

computed�by�the�sum�of�the�employed� emp
iL �and�unemployed� unemp

iL �labor�force.�Further

can�approximate�a�region’s�marginal�propensity�to�consume�“employment”�or�“labor”�(MPC)�
by�the�ratio�of�the�employed�to�the�total�labor�force,�according�to�the�formula:���

emp unemp
i i i

i

i i

L L L
MPC

L L

-
= = �

Based� on� the� previous� assumptions� and� after� configuring� the� connectivity� (commuting�
weights)�matrix�of�the�LGCN,�we�can�compute�the�Keynesian�income�multipliers�by�applying�
the�proposed�algorithm�(its�code�is�available�in�an�m-function�format�in�the�Appendix).�Here,�
instead�of�using�the�adjacency�matrix,�we�use�the�weights�connectivity�matrix�of�the�LGCN,�
as�the�proposed�algorithm�is�written�to�operate�over�the�trade�balances,�namely�to�keep�only�
one�link�(this�with�the�positive�difference�wij–wji)�between�two�network�nodes�

estimate� the� Keynesian� income� multipliers� for� the� LGCN� and� the� results� are�
shown�in�Fig.15.�As�it�can�be�observed,�in�the�context�of�the�Greek�market�of�labor�demand,�
regions�with�the�highest�income�multipliers�are�allocated�along�an�“S”-type�direction,�wh
coincides� with� the� major� pattern� describing� regional� development� over� time� in� Greece�
(Polyzos,�2019;�Tsiotas,�2021).� The�cases�with� the� highest� income�multipliers� are� the�edge�
regions�(Polyzos,�2015;�2019)�Evros�(1)�and�Lakonia�(48),�an�observation�tha
vitality�of�employment�in�edge�regions�and�the�importance�of�regional�policies�supporting�the�
periphery�(Xanthos�et�al.,�2012;�Alexiadis�et�al.,�2013;�Goula�et�al.,�2015;�Tsiotas�and�Tselios,�
2022),� addressing� avenues� of� further� research.� Further,� amongst� the� highest� income�

)�the�metropolitan�prefecture�of�Attika�(37);�(ii)�Larissa�(18),�which�
is�a�region�of�great�intermediacy�in�the�land�transport�network�in�Greece�(Tsiotas,�2021);�and�

h�is�a�neighbor�and�tourism�destination�of�the�metropolitan�region�of�

Fig.15.�(left)�The�land�interregional�commuting�network�in�Greece�(LGCN)�(right)�Spatial�
distribution�of�employment-based*�income�multipliers�computed�on�the�LGCN
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)� by� the� ratio� of� the� number� of�

(6)�

is�a�region’s�total�labor�force,�

labor�force.�Further,�we�

can�approximate�a�region’s�marginal�propensity�to�consume�“employment”�or�“labor”�(MPC)�
by�the�ratio�of�the�employed�to�the�total�labor�force,�according�to�the�formula:����

(7)�

figuring� the� connectivity� (commuting�
weights)�matrix�of�the�LGCN,�we�can�compute�the�Keynesian�income�multipliers�by�applying�

function�format�in�the�Appendix).�Here,�
x,�we�use�the�weights�connectivity�matrix�of�the�LGCN,�

as�the�proposed�algorithm�is�written�to�operate�over�the�trade�balances,�namely�to�keep�only�
)�between�two�network�nodes�i,j.�Within�this�

estimate� the� Keynesian� income� multipliers� for� the� LGCN� and� the� results� are�
shown�in�Fig.15.�As�it�can�be�observed,�in�the�context�of�the�Greek�market�of�labor�demand,�

type�direction,�which�
coincides� with� the� major� pattern� describing� regional� development� over� time� in� Greece�
(Polyzos,�2019;�Tsiotas,�2021).� The�cases�with� the� highest� income�multipliers� are� the�edge�
regions�(Polyzos,�2015;�2019)�Evros�(1)�and�Lakonia�(48),�an�observation�that�highlights�the�
vitality�of�employment�in�edge�regions�and�the�importance�of�regional�policies�supporting�the�
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To�further�examine�the�implementation�results�of�the�proposed�algorithm,�we�construct�the�
scatter�plots�shown�in�Fig.16.�The�first�scatter�plot�illustrates�the�correlation�between�the�labor�
force�of�the�LGCN�(horizontal�axis)�and�the�Keynesian�income�mu
the�second�scatter�plot�the�correlation�between�the�LGCN’s�node�degree�(horizontal�axis)�and�
the�income�multipliers�(vertical�axis)�computed�on�the�LGCN’s�demand�for�employment.�As�
it� can� be� observed,� the� income� multipliers� a
(Fig.16a),�whereas�there�are�indications�that�they�correlate�(with�8.8%�2
the�network� structure� (connectivity).�Moreover,� the� “U”
that�nodes�of�medium�connectivity� tend�on�average�to�be� subject�to�lower�multiplier�effects�
than� both� highly� and� not-highly� connected� nodes.� This� observation� impressively� interprets�
that�either�the�states�of�isolation�or�high�connectivity�are�network�structures�stimulating�high
multiplier� effects.� Of� course,� these� indications� address� avenues� of� further� research� on� the�
relationship� between� network� structure� and� the� Keynesian�multiplier� effect� and� should� be�
studied�in�more�detail.�

Fig.16.�Scatter�plots�illustrating�the�correlati
Keynesian�income�multipliers�(computed�on�the�LGCN’s�demand�for�employment)�and�(b)�the�
network�degree�of�the�LGCN�and�the�Keynesian�income�multipliers�(computed�on�the�LGCN’s�

�
Finally,� we� examine� some� scenarios� of� change� in� labor� demand� in� the� prefectures� of�

Athens� (37),� Thessaloniki� (12),�Eurytania� (27),� Evros� (1),� Lakonia� (48),� and� Larissa� (18).�
Regions�(37)�and�(37)�are�metropolitan�in�the�Greek�labor�market;�Evros�(1)�and�Lakonia
are�edge�regions,� as�it� is�observed� in�Fig.15;�Eurytania� (27)� is� the�least�populated�region� in�
Greece,�and�Larissa�(18)�is�a�central�region�in�the�LGCN�(Fig.15).�By�assuming,�in�all�cases,�a�
change� in� demand� for� employment� equal� to�
effect�are�shown�in�Fig.17.�As�it�can�be�observed,�for�the�prefectures�Eurytania�(27)�(Fig.17a),�
Athens� (37)� (Fig.17b),� and�
employment� will� cause� an� isolated� multiplier� eff
other�hand,�for�the�cases�of�Thessaloniki�(8)�
(Fig.17f)�a�ΔΙ=1000�change� in�demand� for�employment�will� also�cause� spillover� (Giovanni�
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the�second�scatter�plot�the�correlation�between�the�LGCN’s�node�degree�(horizontal�axis)�and�
the�income�multipliers�(vertical�axis)�computed�on�the�LGCN’s�demand�for�employment.�As�
it� can� be� observed,� the� income� multipliers� appear� uncorrelated� to� the� labor� market� size�
(Fig.16a),�whereas�there�are�indications�that�they�correlate�(with�8.8%�2-tailed�significance)�to�
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ly,� we� examine� some� scenarios� of� change� in� labor� demand� in� the� prefectures� of�
Athens� (37),� Thessaloniki� (12),�Eurytania� (27),� Evros� (1),� Lakonia� (48),� and� Larissa� (18).�
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are�edge�regions,� as�it� is�observed� in�Fig.15;�Eurytania� (27)� is� the�least�populated�region� in�
Greece,�and�Larissa�(18)�is�a�central�region�in�the�LGCN�(Fig.15).�By�assuming,�in�all�cases,�a�
change� in� demand� for� employment� equal� to�ΔΙ=1000�workers,� the� results� of� the� multiplier�
effect�are�shown�in�Fig.17.�As�it�can�be�observed,�for�the�prefectures�Eurytania�(27)�(Fig.17a),�
Athens� (37)� (Fig.17b),� and� Lakonia� (48)� (Fig.17c),� a� ΔΙ=1000� change� in� demand� for�
employment� will� cause� an� isolated� multiplier� effect� applicable� to� each� prefecture.� On� the�
other�hand,�for�the�cases�of�Thessaloniki�(8)�(Fig.17d),�Evros�(1)�(Fig.17e),�

change� in�demand� for�employment�will� also�cause� spillover� (Giovanni�
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To�further�examine�the�implementation�results�of�the�proposed�algorithm,�we�construct�the�
scatter�plots�shown�in�Fig.16.�The�first�scatter�plot�illustrates�the�correlation�between�the�labor�

ltipliers�(vertical�axis),�and�
the�second�scatter�plot�the�correlation�between�the�LGCN’s�node�degree�(horizontal�axis)�and�
the�income�multipliers�(vertical�axis)�computed�on�the�LGCN’s�demand�for�employment.�As�

ppear� uncorrelated� to� the� labor� market� size�
tailed�significance)�to�

shaped� correlation� pattern,� implies�
onnectivity� tend�on�average�to�be� subject�to�lower�multiplier�effects�
highly� connected� nodes.� This� observation� impressively� interprets�

that�either�the�states�of�isolation�or�high�connectivity�are�network�structures�stimulating�higher�
multiplier� effects.� Of� course,� these� indications� address� avenues� of� further� research� on� the�
relationship� between� network� structure� and� the� Keynesian�multiplier� effect� and� should� be�

on�between�the�labor�force�of�the�LGCN�and�the�
Keynesian�income�multipliers�(computed�on�the�LGCN’s�demand�for�employment)�and�(b)�the�
network�degree�of�the�LGCN�and�the�Keynesian�income�multipliers�(computed�on�the�LGCN’s�

�

�

ly,� we� examine� some� scenarios� of� change� in� labor� demand� in� the� prefectures� of�
Athens� (37),� Thessaloniki� (12),�Eurytania� (27),� Evros� (1),� Lakonia� (48),� and� Larissa� (18).�
Regions�(37)�and�(37)�are�metropolitan�in�the�Greek�labor�market;�Evros�(1)�and�Lakonia�(48)�
are�edge�regions,� as�it� is�observed� in�Fig.15;�Eurytania� (27)� is� the�least�populated�region� in�
Greece,�and�Larissa�(18)�is�a�central�region�in�the�LGCN�(Fig.15).�By�assuming,�in�all�cases,�a�

he� results� of� the� multiplier�
effect�are�shown�in�Fig.17.�As�it�can�be�observed,�for�the�prefectures�Eurytania�(27)�(Fig.17a),�

change� in� demand� for�
ect� applicable� to� each� prefecture.� On� the�

and�Larissa�(18)�
change� in�demand� for�employment�will� also�cause� spillover� (Giovanni�
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and�Francesco,�2008;�Andersson,
(18)�are�more�extensive�(spread�throughout�8�prefectures).

Fig.17.�Results�of�implementing�the�proposed�algorithm�on�six�scenarios�of�change�in�labor�
demand�ΔΙ=1000�in�the�prefectures�of�(a)�Eu

Thessaloniki�(8);�(e)�Evros�(1);�and�(f)�Larissa�(18)

4.� Conclusions��

The�Keynesian�macroeconomics�approach�of�the�“multiplier�effect”�influenced�the�way�the�
1st�generation�theories�in�regional�science�ha
economic� growth� and� regional� development.� In� the� context� of� this� approach,� regional�
economic� growth� and� development� are� conceived� as� the� result� of� changes� in� demand�
stimulating�an�iterative�process�of�retur
assumptions,�in�epistemological�terms,� the�evolution�of�theories�and�models�building�on� the�
Keynesian�multiplier�effect�has�proven�that�this�approach�has�been�subjected�to�a�multiplier�
effect�itself,�as�it�stimulated�succeeding�theories�and�perceptions�(e.g.�the�export
of�Tiebout�and�North,�the�Harrod
similar� approaches),� enjoyed� voluminous� and� multidisciplinary� research� and� promoted� the�
way�of�economic�thinking.�Today,�in�the�era�of�complexity�and�connectivity�ruling�all�aspects�
of�scientific�research�and�life,�economic�growth�and�development�are�revisited�in�the�context�
of� the� network� paradigm� supporting� the� description� of� complex� systems
inspiration� from� its� multidisciplinary
multiregional�systems�as�network�structures,�and�the�fruitful�contribution�of�network�science�
in� the� IO� economic� systems� research,� this� paper� develop
computing�Keynesian� income�multipliers� in�multiregional� systems.�Aiming� to� (
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and�Francesco,�2008;�Andersson,�2012)�multiplier�effects,�which�for�the�prefecture�of�Larissa�
(18)�are�more�extensive�(spread�throughout�8�prefectures).�

Fig.17.�Results�of�implementing�the�proposed�algorithm�on�six�scenarios�of�change�in�labor�
=1000�in�the�prefectures�of�(a)�Eurytania�(27);�(b)�Athens�(37);�(c)�Lakonia�(48);�(d)�

Thessaloniki�(8);�(e)�Evros�(1);�and�(f)�Larissa�(18)�

The�Keynesian�macroeconomics�approach�of�the�“multiplier�effect”�influenced�the�way�the�
generation�theories�in�regional�science�have�perceived�and�described�the�engine�of�regional�

economic� growth� and� regional� development.� In� the� context� of� this� approach,� regional�
economic� growth� and� development� are� conceived� as� the� result� of� changes� in� demand�
stimulating�an�iterative�process�of�returns�of�income.�Despite�the�constraints�due�to�modeling�
assumptions,�in�epistemological�terms,� the�evolution�of�theories�and�models�building�on� the�
Keynesian�multiplier�effect�has�proven�that�this�approach�has�been�subjected�to�a�multiplier�

it�stimulated�succeeding�theories�and�perceptions�(e.g.�the�export
of�Tiebout�and�North,�the�Harrod-Domar’s�model,�the�Leontief’s�IO�model,�and�many�other�
similar� approaches),� enjoyed� voluminous� and� multidisciplinary� research� and� promoted� the�
ay�of�economic�thinking.�Today,�in�the�era�of�complexity�and�connectivity�ruling�all�aspects�

of�scientific�research�and�life,�economic�growth�and�development�are�revisited�in�the�context�
of� the� network� paradigm� supporting� the� description� of� complex� systems
inspiration� from� its� multidisciplinary-friendly� configuration,� the� potential� to� represent�
multiregional�systems�as�network�structures,�and�the�fruitful�contribution�of�network�science�
in� the� IO� economic� systems� research,� this� paper� developed� a� network-based� algorithm� for�
computing�Keynesian� income�multipliers� in�multiregional� systems.�Aiming� to� (
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2012)�multiplier�effects,�which�for�the�prefecture�of�Larissa�

Fig.17.�Results�of�implementing�the�proposed�algorithm�on�six�scenarios�of�change�in�labor�
rytania�(27);�(b)�Athens�(37);�(c)�Lakonia�(48);�(d)�

�

The�Keynesian�macroeconomics�approach�of�the�“multiplier�effect”�influenced�the�way�the�
ve�perceived�and�described�the�engine�of�regional�

economic� growth� and� regional� development.� In� the� context� of� this� approach,� regional�
economic� growth� and� development� are� conceived� as� the� result� of� changes� in� demand�

ns�of�income.�Despite�the�constraints�due�to�modeling�
assumptions,�in�epistemological�terms,� the�evolution�of�theories�and�models�building�on� the�
Keynesian�multiplier�effect�has�proven�that�this�approach�has�been�subjected�to�a�multiplier�

it�stimulated�succeeding�theories�and�perceptions�(e.g.�the�export-base�model�
Domar’s�model,�the�Leontief’s�IO�model,�and�many�other�

similar� approaches),� enjoyed� voluminous� and� multidisciplinary� research� and� promoted� the�
ay�of�economic�thinking.�Today,�in�the�era�of�complexity�and�connectivity�ruling�all�aspects�

of�scientific�research�and�life,�economic�growth�and�development�are�revisited�in�the�context�
of� the� network� paradigm� supporting� the� description� of� complex� systems.� By� getting� its�

friendly� configuration,� the� potential� to� represent�
multiregional�systems�as�network�structures,�and�the�fruitful�contribution�of�network�science�

based� algorithm� for�
computing�Keynesian� income�multipliers� in�multiregional� systems.�Aiming� to� (i)� revisit� an�
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established�regional�economic�model�through�a�modern�computational�approach;�(ii)�promote�
multidisciplinary�thinking;� (iii)� retrieve�the�Keynesian�income�multipliers’�benefits�of�better�
supervision� of� computations,� mono-variable� (one� good)� consideration,� and� intuitive�
interpretation� of� the� results;� (iv)� broaden� the� applicability� of� the�model;� and� also� (v)� serve�
educational�purposes�in�regional�economics�and�development;�the�proposed�algorithm�built�on�
inputs�of�a�network�connectivity�(adjacency)�matrix�and�estimations�of�the�regional�shares�of�
imports,�marginal�propensity�to�consume,�and�changes�in�demand,�and�provided�a�framework�
for� standardizing� computations� of� the�multiplier� effect� in� multiregional� systems,� regardless�
their� size�and� the� level�of� their� complexity.�The�algorithm�consists�of� steps�distributing� the�
shares� and� volumes� in� demand� throughout� the� adjacency� (connectivity)� matrix� of� the�
multiregional�system�and�afterward�estimating�the�multiplier�coefficients�and�the�changes�in�
income� per� region� (node).�After� its� description,� the� proposed� network-based�algorithm�was�
implemented�in�two�theoretical�scenarios,�which�are�available�in�the�textbook�Polyzos�(2019),�
and�in�an�empirical�case�of�the�land�interregional�commuting�network�in�Greece,�where�nodes�
represented�land�(non-insular)�capital�cities�of�the�Greek�prefectures�and�the�edges�the�number�
of� commuters�moving�between� regions� for�work.�The� theoretical� scenarios� contributed� to�a�
deeper� conceptualization� of� the�computation� of� the�Keynesian� income�multipliers,�whereas�
the�empirical�scenario�revealed�patterns�providing�insights� into�the�developmental�dynamics�
of� the�labor�market�(demand�for�employment)�in�Greece.�In�particular,�the�analysis�revealed�
that� regions� with� the� highest� income�multipliers� are� allocated� along� an� “S”-type� direction,�
coinciding�with�the�major�pattern�of�regional�development�in�Greece,�and�edge�regions�enjoy�
the� highest� regional�multipliers.�Also,� it� revealed�a� “U”-shaped�correlation�pattern�between�
the�node�degree�and�the�income�multipliers,�implying�that�either�the�states�of�isolation�or�high�
connectivity�are�network� structures� stimulating�higher�multiplier�effects.� Finally,� this� paper�
examined�scenarios�of� 1000-unit�change� in� labor�demand� in� the�Greek� commuting�network�
and� revealed� that� network� intermediacy� and� less� the� regional� population� is� a� stimulus� for�
spillover�multiplier�effects.�Overall,�the�analysis�revealed�the�symbiotic�relationship�between�
the�multiplier� effect� and� network� structure� in� regional�markets,� promoted�multidisciplinary�
thinking� in� regional� science� and� economics,� and� provided� a� network-based� algorithm� for�
computing�Keynesian�income�multipliers�to�motivate�further�research.��
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Appendix�

The�income�multipliers�m-function�in�MATLAB��
(it�can�be�used�whether�copied�and�pasted�to�a�MATLAB’s�function�format)�

----------------------------------------------------------------------------�
function�[�T�DSM�DVM�]�=�multipliers_multireg(�W,�dD,�impC,�MPC)�
%MULTIPLIERS_MULTIREG_SYSTEM�This�function�computes�the�regional�income�multipliers�
and�the�income�changes�due�to�changes�in�the�demand�captured�in�a�multiregional�
system.�
%�
%�Ref�(1).�Tsiotas,�D.,�(2022)�“A�network-based�algorithm�for�computing�keynesian�
income�multipliers�in�multiregional�systems”,�Regional�Science�Inquiry,�14(2).�
%�Ref�(2).�Polyzos,�S.,�(2019)�Regional�Development,�Athens:�Kritiki�Publications�[in�
Greek]�
%�
%���INPUTS�
%���W:������Adjacency�matrix,�a�binary�matrix�including�ones�in�locations�ij�if��
%�����������regions�Ri�and�Rj�are�connected.�If�a�weighted�connectivity�matrix�is��
%�����������imported,�it�is�converted�to�its�adjacency�
%���dD:�����Change�in�demand,�vector�including�the�change(s)�in�demand�
%�����������dD(i)�=�D1(i)-Do(i)�in�one�(or�more,�i=1,2,...�=<n)�region(s)�Ri.��
%�����������that�a�prefecture�satisfies�through�imports.�
%���impC:���Imports�coefficients,�vector�with�the�proportions�of�demand�
%�����������that�a�prefecture�satisfies�through�imports.�If�not�entered,�
%�����������is�randomized,�impC�=�[rand()�rand()�...�rand()].�Note:�it�
%�����������should�be�assigned�in�normalized�form�[0,1].�
%���MPC:����Vector�of�Marginal�Propensity�to�Consume�per�region�
%�
%���OUTPUTS�
%���T:������Tabulation�matrix�with�the�results�[1:Region�2:ΔD�3:MPC�4:m�5:ΔP],��
%���where�
%���m:������Income�multipliers�vector,�including�the�income�multipliers�of�regions�due�
to�the�increase�of�demand�
%���ΔD:�����Change�in�Demand�in�all�regions�
%���ΔP:�����Income�increase�vector,�including�the�income�increase�in�regions�due��
%�����������to�the�increase�of�demand�
%���DSM:����Demand�Shares�Matrix,�matrix�including�the�proportions�(shares)�at��
%�����������which�a�region�satisfies�its�demand�through�intrinsic�production�(at��
%�����������the�main�diagonal)�and�imports.�
%���DVM:����Demand�Shares�Matrix,�matrix�including�the�
%�����������volume�of�intrinsic�satisfaction�of�demand�and�through�imports.�
%�
%���Developed�by�Dimitrios�Tsiotas,�Ph.D.,�Assistant�Professor,�on�26/6/2022�
��
tic�
W(isnan(W))=0;��%�removes�NaNs�from�connectivity�matrix�
%�Check�(#0)�of�vertically�aligned�arguments�
sdD=size(dD);�
simpC=size(impC);�
sMPC=size(MPC);�
if�sdD(1)<sdD(2)�
����dD=dD’;�
end�
if�simpC(1)<simpC(2)�
����impC=impC’;�
end�
if�sMPC(1)<sMPC(2)�
����MPC=MPC’;�
end�
%�end�of�Check#0�
%�Check�(#1)�of�square�structure�
s=size(W);�
if�s(1)~=s(2)�
����n=min(s(1),s(2));�
����W=W(1:n,1:n);��������%�keeps�only�the�nxn�table���
else�
����n=s(1);�
end�
%�end�of�Check#1�
%�Conversion�(#2)�of�non-symmetric�adjacency�
Adj_temp=W>0;�
if�sum(sum(W))~=sum(sum(Adj_temp))�
���W=W-W’;�
���W(W<0)=0;���%�removes�negative�entries�
���Adj=eye(n)+W;�%�fills�the�main�diagonal�with�ones�
���Adj(Adj>1)=1;����%�non-symmetric�adjacency�(to�make�the�structure�reasonable�for�
one-product�trade�balance)�
end�
if�sum(sum(W))==sum(sum(Adj_temp))�
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���Adj=W;��
end�
%�end�of�conversion�#2�
%�Check�(#3)�of�MPC�argument�
if�nargin<4�
����MCP=ones(1,n);�%�MPC�is�set�to�one�for�all�regions�
end�
%�end�of�Check#3�
%�Check�(#4)�of�impC�argument�
if�nargin<3�
����impC=rand(1,n);�
end�
%�end�of�Check#4�
%�Check�(#5)�of�dD�argument�
if�nargin<2�
����temp=rand(1,n);�
����tM=max(temp);�
����dD=(temp==tM);�
����dD=dD.*temp;�
end�
%�end�of�Check#5�
%�Check�(#6)�coefficient�form�of�impC�(should�be�<=1)�
if�impC>1�
����if�min(impC)<=100;�
��������impC=impC/100;�
����else��
����cm=min(impC);�
����cM=max(impC);�
����for�i=1:n;�
����impC(i)=impC(i)/(cM-cm);�%�normalizes�values�
����end�
����end�
end�
%�end�of�Check#6�
intrC=1-impC;��������%finds�the�complementary�coefficients,�of�intrinsic�production�
AC=Adj-eye(n);������%�keep�from�Adj�only�connections�with�seller�regions�
sellers=sum(AC)’;���%�finds�the�number�of�seller�regions�per�node�
so=(sellers==0);�%�finds�regions�that�have�no�sellers�due�to�the�network�structure�
%�Check#7,�regions�with�no�sellers�are�set�impC=1��
intrC=intrC.*(abs(1-so));�
intrC=intrC+so;������%�sets�fully�intrinsic�regions�with�no�sellers�
%�end�of�Check#7�
AintrC=diag(intrC);�%�intrC�set�to�diagonal�form�
imporpo=impC./sellers;���%�proportions�satisfied�by�imports�per�region��
imporpo(isinf(imporpo))=0;���%�replaces�inf�with�zeros�
%�Loop#8,�calculation�of�demand�coefficients�matrix�
for�i=1:n�
����DSM(:,i)=AC(:,i)*imporpo(i);�
end�
DSM=DSM+AintrC;�
%�end�of�Loop#8�
DVM=eye(n);�
%�Loop#9,�calculation�of�demand�volumes�
for�i=1:n�
����DVM(:,i)=DSM(:,i)*dD(i);�
end�
dvms=zeros(n,1);�
%�end�of�Loop#9�
%�Loop#10,�calculation�of�secondary�demand�volumes�
for�j=1:n�
����if�sum(sum(DVM)==0)<n�
dvms=dvms+(dvms==0).*sum(DVM,2);�%�finds�the�shared�demand�volume�
dv2=(abs(1-dD>0));�%�index�of�secondary�demand,�finds�regions�who�secondarily�
increased�their�demand�
dvm2�=�dvms.*dv2;����%�finds�the�shared�demand�volumes��
for�i=1:n�
����DVM2(:,i)=DSM(:,i)*dvm2(i);�
end�
DVM=DVM+DVM2.*(DVM==0);�
end�
end�
%�end�of�Loop#10�
indemandchange=sum(DVM.*eye(n))’;�%�the�demand�that�each�regions�satisfies�
%�Loop#11,�calculation�of�regional�multipliers�
for�i=1:n�
m(i)=1/(1-MPC(i));�
end�
m=m’;�
%�end�of�Loop#11�
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T=[(1:n)’�indemandchange�MPC�m�indemandchange.*m];�
toc�
display(‘************************************************’)�
display(‘LABELS�in�Tabulation�Matrix:’)�
display(‘1st�column:�Region’)�
display(‘2nd�column:�ΔD�-�Change�in�Demand’)�
display(‘3rd�column:�MPC�-�Marginal�Propensity�to�Consume’)�
display(‘4th�column:�m�-�Regional�Income�Multiplier’)�
display(‘5th�column:�ΔP�-�Change�in�Product/Income’)�
display(‘************************************************’)�
��
end�
----------------------------------------------------------------------------�
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