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ABSTRACT

The work presented here is a paradigm of EconoPhysics, i.e. of research in the area of finance
and economics by applying physical models, in this case chaos theory. A specific analysis of a
macroeconomic model proposed by Vosvrda is presented. The Vosvrda model is an idealized
macroeconomicmodel,combiningthesavingsofhouseholds,GrossDomesticProductandtheforeign
capitalinflow.Itissimulatedbythreeautonomousdifferentialequations.Accordingtothismodel,
therearesixparameters,havingtheirvaluesregulatingthesystembehavior(parametersofVosvdra).
Usingartificialnoisydataforsimulatingrealdataandusinganinversemodellingprocedure,the
authorshavefittedandtunedtheparametersofVosvdradifferentialequationstoachievemoreaccurate
solutions.Therelevantresultantevaluationshowedthatthesystemisachaoticone,eventhoughfor
thesamevaluesproposedbyVosvrda.Finally,thischaoticbehaviorhasprovidedthecapabilityto
expandthetimehorizonofthesolution,thusachievingreliableforecastingforthesystem.
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INTRodUCTIoN

TherelativelyhighlevelofPublicDebttoGrossDomesticProduct(PD/GDP),inalmostalldeveloped
countries,isbecomingoneofthemostimportanteconomicproblemsthathastoberesolvedoratleast
controlled,inthenearfuture.Asanexample,theG-20overallpublicdebt(PD)hadbeenincreasing
continuouslysincetheenergycrisisinthemiddleof70’stillthefinancecrisisof2008;andsince
thenithasdemonstratedanoteworthyaccelerationleadingtosurpassingthedangerouslevelof100%
oftheGDP(Abbas,Belhocine,ElGanainy,&Horton,2010).

InthecaseofEurope,somecountriesofEurozone,likeGreece,ItalyandCyprus,presented
extremelyhigh levelof the rationofPD/GDP. In thecaseofGreece this reached179%(https://
tradingeconomics.com/greece/indicators.). This value of the Greek Public Debt caused a strong
debatebetweenEurozoneandtheInternationalMonetaryFund(IMF),onwhetherthislevelofPD
issustainablefortheGreekeconomyortheneedforahaircutappearstobeinevitable.Itisclear
thattheabilityoftheabovedescribedcountriestorefundtheirdebtsisofgreatimportance,ifnot
crucial,sinceintheoppositecasethepossibilityofnewfinanceturbulencesintheworldeconomy
couldbecomeareality.
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Inordertoinvestigateifacountry’sdebtcanberefunded,onemustknowifspecificconditions
aresatisfied.Onewaytodosoistoextractinformationfromrealdata,applyinginversefitting
tothesystemofdifferentialequationsthatproducetherealdata.Itisapparentthatthisparticular
approachneedsfurtherstudyandresearch,takingintoaccountmoreparametersand/ordifferent
methodsofevaluation.

InthisworkthetypicalmacroeconomicmodelproposedbyVosvrda,whichinvolvesthesavings
ofhouseholds,theGrossDomesticProductandtheforeigncapitalinflow,wasutilizedasaparadigm
ofageneralmethodologywithwhichweareabletoextractthenecessaryconditionsneeded,forthe
predictionofthesystemsvariables.Asanapplicationtheabilityofthespecificeconomicalsystem
torefunditsdebt,ispredicted.

METHodoLoGy

Theproposedherebymethodologyforpredictingspecificcharacteristicsofasystembyutilizing
past-timedata,byexploitingnonlineardynamicsforexpandingthetimehorizon,isbrieflyaposed
(intheformofsteps)inthelinesthatfollow:

Step 1:Fewrealdataforallthevariablesofthesystemiscollected.
Step 2:Thepropersetofdifferentialequationsasthisis“guessed”bytheoreticalconsiderationsor

bytrialanderror,isconstructed.
Step 3:Initialvaluesofalltheparametersareset;someofthemmaybepartiallyknown.
Step 4:Thesystem’ssetofdifferentialequationsissolved,andthesolutioniscomparedtothereal

data(validationprocess).
Step 5:Theinversemodelingprocedureisappliedforallorsomeofthesystem’sparameters.
Step 6:Thesystem’ssetofdifferentialequationsissolvedagainwiththenewfittedparameter

values(testing).
Step 7:Solvingthesetofdifferentialequationsisdefactoexpandingthetimehorizon,thusforecasting

ofthevaluesofoneorallofthevariablesispossible.

This methodology supposes that we have collected some real data for all variables of the
specificsystem.Butincasewherewehavecollectedone’svariabledataonly,thenwemustexpand
the methodology to include the other unknown data. In this case we can reconstruct the phase
spaceaccordingTaken’s theorem(Abarbanel,Brown,&Kadtke,1990;Takens,1980).Fromthe
reconstructedtimeseriesonecanchoosesomepointsasrealdata.Thenwecanrepeatthestepsall
overagain.

Itisapparentthatthismethodologyisakindofreverseengineering,exploitingatthesametime
theabilitythatdeterministicchaoticsystemshave,toreconstructtheequivalentdynamicsbyoneor
moresystemvariables.

A CASE STUdy - THE MACRoECoNoMIC ModEL

In the literature therearemanyautonomoussystemsof threedifferentialequations thatdescribe
economicalmodels(Buali,1990;Pribylova,2009).TheVosvrdasystemisoneofthem(Pribylova,
2009; Voˇsvrda, 2001) and it describes an idealized macroeconomic model with foreign capital
investment.Itisrepresentedbythreeautonomousdifferentialequations,asfollows:

dS

dt
aY pS k Y= + −( )2  (1)
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