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: ABSTRACT :
The growing amount of the foreign debt of the developing countries shapes a
gloomy future for most of them. The chances for maintained growth fueled by
internal saving is nil if the service of the debt is satisfied, as it has to
be to avoid international isolation. This is particulary true in the case of
Argentina, with a debt equivalent to two thirds of its GDP, and its debt
service . representing more than 5 per cent of GDP, After showing the
“historical facts about "the .Argentine economy, this paper presents a very
simple version of a growth model type Harrod-Domar, adapted to the parameters
of the local economy. Then the model is used for ansvering to "what-if" type
of questions, wich arise from different plausible scenarios. Finally, it is
‘analyzed the probabilistic generation of scenarios and related technical
“'problems using DYNAMO. .

1. INTRODUCTION

The crisis ‘of the early Eighties surprised both, Latin-American debtor
countries; ‘and creditor industrialized countries. Those showed sluggish
answers to ‘the impacts coming from the unstable world economic centers; these:
were unable.to dominate the required financial adjustments to overcome the
emergency, i P '

To believe that the problems of the debtor countries are their own fault, and
therefore the solution has to be looked for internally is very unrealistic.
Unless the world economic environment become more favorable for the developed
countries, the solution of the debt problem would be too far away (Dornbusch
1986). = Therefore the eventual recovery of the Latin-American countries will
" depend strongly on the improvement of the rate of growth of the industrialized
. countries, net transfeérs of funds (inflow funds less debt and utilities
‘payments), trade opportunities, and row material prices (Feinberg, Ffrench--
. Davies 1986, Dornbusch 1986), as well as internal restrictions on the debtor
~countries. If this is true, then it should be far relevant the "what if"
simulation experimenting approach, in a mainly outer generated future.

Then, which are the eventual futures open to Argentina? To examine this
question is the purpose of this:paper, whose authors- recognize to be indebted
- to the writers of a previous one (Broda, De Pablo 1985) with similar
objetives, but using econometric methods. :

It is explored the ability of the SD methodology in analyzing the questions
posed in the mentioned article, freely used here. ' Beyond such initial
orientation” it is also aimed to the incorporation of randomness in the
generation of the futures throught simulation, as suggested for Stover (1975,
1980) and Mosekilde (1982). To this purpose the usual routine of exploring
the consequences of discrete events, one at a time, is followed by scenarios
built upon the simultaneous occurence of different events.
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2. LAST TENDENCES OF ARGENTINZ ECONOMIC HISTORY.

“The clear positive tendence shown by the: Argentine economic ~growth, as
measured by its Gross Domestic Product, GDPy was broken to the end of the
Seventies, when the foreign debt appeared as limitating factor of the
Argentine development and a voluminous transfer of resources for the servicing
of the debt began to compress the economy.

Figure 1  Historical Gross Domestic Product, External Debt, Saving
and Service of the Debt (1950-84). .
(Source: Broda, De Pablo, 1985, millions of us $ 1985).
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Durmo the last ten years it could be observed that, at the beginning, -in
1976, the debt represented the 20% of the GDP, evaluated in 44, 200 millions
of current American dollars. Ten years later the debt climbed up to 647 of
GDP, which amounts to 79,000 million of current dollars. Correspondingly, the
service of the debt arose, in the same period, from 1.1%Z of the GDP,

aproximately 500 million dollars, - to 6.7% of the GDP, over 5000 m11110n.
dollars. - This means that the service of the debt grew 10 times, when in the
same period the Argentine economy ‘did not grow enough for duplicating its

initial GDP in terms of current dollars (Broda, De Pablo 1985).

‘To atribute thg crisis to the national budget deficits of the debtor countries
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is too easy an explanation. A more equilibrated judgement assigns equal
responsabilities to bad internal management of Latin-American countries, world
economic conditions and unwisely granted credits (Dornbusch 1986).

There are evidence that it was the abundance of international liquidity
originated by the deposits of revenue coming from the oil export countries,
on the international banking system, ‘that created the over-supply of fresh
funds ( Dadone, Pescarmona 1984). - The less developed countries asked and
obtained a good ‘proportion of this money for financing their development, but-
" without foreseelng the future. For them it made sense to accept a loan on a
basis of a nominal rate of interest of 5%, which was the historical rate on
long term loans for the period 1573-77, against a 10% inflation rate over the
same period. However, the effect of thc 0il revenues on the industrialized
countries, partlculary in USA, was to accummulate deficits, financed by money
emission, which in turn triggered off an inflation process that pushed the
international interest rate of loans up. This inflation, added to low prices
of raw material and basic products in general, less liquidity and more
protectionism on the international scenario, caused an acceleration of the

. growth of the debt, on the one hand, and lost of payment capacity of the

'LDC's, on the other hand (Conesa 1985).
Whichever is the case, the pressure of the external debt on the econony in the
Figure 2 Balance; Saving, Consumption and Service of the Debt

relative to GDP (1950-84).
(Source' Broda, De Pablo 1986),
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Argentine instance, at least, produced a severe reduction of local saving,
rather than reducing consumption, as shown in Figure 1. None the less, the
pressure ‘upon the Argentine economy gave place to a interesting phenomena.
Effectively, the growth of the service of the debt produced, over the period
1980-85, a more favorable balance of payments, providing a badly needed
foreign currency., The bad news are the falling of the investments, compared
with a growing consumption (Broda, De Pablo 1985).

3. THE DYNAMO FORMULATION OF THE HARROD-DOMAR MODEL.

For the purpose of this paper, it is enough to use the simplest available
model, the one proposed by Harrod (1939) and Domar (1946), in order to. analyze
the economic' growth of Argentina. Central to its theory is the dual role of
investment, which, on the one side, affects supply, because is capacity
generating; on the other side modifies demand, when it generates income and
the corresponding consumption.

The equation formulation requires the use of an adequate notation, coherent
with the DYNAMO language (Pugh 1976). To this end, let j, k, and 1, be three
succesive points in time, wich define the jk and k1l consecutive periods. Let
K.k be the capital in time point. k, that is available to the system during
starting period kl. In addition, let Y.k, C.k, XD.k and I.k, the income,.
consumption, capital depreciation and gross investment flows, respectively,
measured in dollars-1985 per year, that happen -during period kl. Alsc let kp,
a technological constant, be the relationship between income and capital.
Finally, let alk be the average life of tapital.

a) On the supply side, the use of the key parameter kp allows to convert
capital input available in .time k, to new capacity, ready in period k1, for
supplying the market with new goods. Then

Y.k=K.k*kp . _ _ (1
The same iaéntity holds for the previous period jk:

Y. j=K. j*kp : (2)
And substracting :
' (Y.k=Y.j)=(K.k-K. j)*kp=1. *kp , ' (3)

In other words, the growth of income is equal to kp times I.j, where I.j is
investment done during previus period jk, which become producing capital in
following period kl, able to generate extra income (Y.k-Y.j), also disposable
in period kl. It could be obtained an expression for the rate of growth of
income d1v1d1ng both members of eq. 3 by Y.j, the income of the previous
period jk. Let v denote the ratio of investment incurred along the period jk,
to the income generated during the same intervale of time, or fraction of
income devoted to new investment:

(Yok=Y.3)/Y.§=(TI.5/Y. j)*kp=vikp ' Co (&)

Equatiog 4 says that the rate of growth of income depends on the proportion
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of income devoted to the creation of new capital and the productivity of the
new additions to capital.  If both v.and kp remains constant, so will be the
rate of growth of income. ' : R

b) On the demand side, the consumption expenditures equation i$ obtained
multiplying the income by the average and marginal propensity tc consume of
current 1ncome, noted apc:

© C.k=Y.k*apc - (5)

Considering investment as a function of the change in income over the
inmediately precedlng periods, it results the -investment expenditures
equation, where ak is the acceleration coeficient of proportionality:

I.k=ak®*(Y.k-Y.3) ‘ : (6)
Adding eqs. 5 and 6, it results the total or azgregate Qémand of the society:
Y. k=C.k+I.k=Y . k*apc+ak*(Y.k-Y.j) B » n

c) The keynesian static equilibrium condition S=I, eonsidering both public and
private expenses as a whole, gives the required link for stablishing the-
differential equation that reguldtes the path of growth .of the national
economy. ~ This trajectory  could "be found by solving that differential
equation. Knowing that saving is the ‘fraction of income not spent in
consumption, it follows that the condltlon fleans:

Lk=S.k=(Y.k-C.k) | ‘}f3~2“ -®

It is clear that net investment HI.k is the rate of change of the cap1tal
stock K, and it is equal to investment after discounting ‘the capital
depreciation KD.k. The capital stock decays with time representing ‘the
obsolescence and usage rate of the equipament affected to the production of

goods to be consumed in the current perlod k1, : ‘

KD.k=K.k/alk o N C))
Now the net investment flow incurred in period k1l can be expressed as:

dK/dt=NI.kl=(Y.k-C.k)-KD.k= : {10)
=(K.k¥*kp)-(K.k*kp*apc)=-(K.k/alk)=
. =K.k*((kp)-(apc¥*kp)~ (l/dlk))“ ‘
=K Jk* Constant 1

Equation 10 is a very simple differential equatlon, homogenous of flrst order,
solved by a function that shows exponential growth, DYNAMO simulation program
obtains this solution for the state-variable K as the integral of the net
investment NI flowing into it, u51ng the Luler integration method with a fixed
step size of time, dt. The accumulative equation is:

K.k=K. j+(dt)*NT. jk | S ab

.The following Figure 3 shows the feedback stfugture behind the llarrod-Domar . -
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model, which represents the key notion of capital accumulation, cause -of
economic growth. The labor, combined with the capital stock inherited at the
beginning of period jk, produces a flow of output, wich priced becomes income
of this period jk.. A fraction of income is saved and invested in period jk,
thus further enlarging the capital stock, available at period k1l (Branson
1979). Therefore a positive feedback loop is closed, pushing the growth
process up.

»Figure 3 Causal Structure of the Harrod-Domar Model
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-4, EXPLAINING ARGENTINE GROWTH WITH THE HARROD-DOMAR MQbEL.’

+ For the most part of the period 1950-85, the historical growth of Argentine
income is conveniently simulated by the Harrod-Domar model, when 1local .
- parameters are used in the simulation.’ For that period, the doubling time is
about ﬁg years. - Then the solution for eq. 10 requires to know the average
‘life capital, estimated in 15 years (Ffrench-Davies 1986), and the propensity
to consumption. Next Figure 4 .displays the historical consumption relative
to GDP, plotted against its OLS adjusted regression (Broda, De Pablo 1985).
For the sake of simplicity, apc is assumed in this paper, unless otherwise -
adverted, as being constantly equal to 0.80, so that the eq. 10 is solved for
kp=0.485. Therefore K inicial=GDP inicial/kp=4631/0.485=9262, -

- The model works weil when simulates GDP and consumption, as showﬁ}in Figure
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5, but tends to underestimate the flow of the net investments and does not
foresee the crisis to the end of the period. The problem clearly appears in
the last 5 years, when the service of the debt becomes unbearable and
additional causal 1links should be incorporated to the structure shown in-
Figure 3, for a more realistic representation.

Figure 4 Illistorical Consumption Relative to GDP and Simulated by an
, OLS Adjusted Regression Against GDP.
(Source: Broda, De ‘Pablo 1986). " .
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Even when available statistics only allows to estimate marginal productivities
~of gross and net investments, it is interesting to compare the historical
‘values of these marginal concepts with the ones produced by simulation. To
‘this purpose it is necessary, firstly, to obtain one year lagged time series
for both historical and computer generated time series, for GDP, gross and net
investments. This As done by using the pipeline type of delay, feature of
- DYNAMG (Pugh 1976), available as well.in DYSMAP (Cavana, Coyle 1982). For
-example, the one-jear lagged variables for actual GDP (pbi) and net investment

‘(ntinv) are oldvpbi, oldvginv and oldvnti, respectively: s

.oldvbbi.k:delayp(pbi.k,1,pbipp1) _ L v ©(12)

oldvgingfk=delay§(grinv.k,1,gippl) l S (13)
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oldvati.k=delayp(ntinv.k,1,ntppl) (14)

’Figure 5 Historiéal and Simulated Argentine GDP, Consumption and-
Net* Investment (1950-84), millions of us $ 1985,
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Then the marginal productivities of hlstorical gross (mgpginv. k) and net
(mgpn1nv k) investments are, by definitiont’

mgpginv. k—(pbl k-oldvpbi. k)/oldvglnv k ; | ‘ (15)
~ mgpninv.k=(pbi.k-oldvpbi.k)/oldvnti.k N (16)

'Similarly,'for simulated gross (i.k) and net (ni.k) investments, the equations
for marginal productivities of net (mgpni) and gross (mgpgi) investments are:

mgpni.k=(y.k—oldvy.k)/oldvni.k - ,(17) ‘_
hgpgi,ks(y;k—oldvy.k)/oldvi.k S (18)

. The equation formulation has been solved satisfactorily. Figure 6 presents
historical and simulated marginal productivities of gross: and net investments, .’

Besides the initial year, when the variables exhibit transient behaviour due
to the use of emptied pipeline delays, the results obtained are not so bad, A

-~ except for the tendence of the model already met /in Figure 5, to

1'
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underestimate the real values over the end of the run and the fact that the
model can not forecast the recession accompanying thé acceleration of the rate
of growth of the.external debt of Argentina. The historical marginal
productivity of gross investment fluctuates widely around the 0.485 constant
value of the corresponding simulated productivity, being 0.485 also the value
of the productivity of the capital found as solution of previous eq. 11.
Likewise, the marginal product1v1ty of the net investment floats around 0.15,
the simulated value of such productivity, and coincidently, the arithmetic
mean of the serie 1953-1984 (Broda, De Pablo 1985)

Figura 6 Historical and Slmulated Narglnal Product1v1t1es of Gross
and Net Investments, and Capltal Productiv1ty of the Model.
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For representlng the present c1rcumstances of Argentlna it is convenient to -
modify the simple Harrod-Domar structure shown in previous Figure 3. The
investment capacity, after capital depreciation, should also take into account
the dralnage of funds due to the service of the debt and, eventually, fresh
‘money coming from the international banking system. The following Figure 7
represents the modified structure of the model, where the service of the debt,
" 'sdbt.k, is expressed as a fract1on, fgdp, of the GDP devoted to the debt, and
the inflow of money, exf, as an exogenous input. The amount of the external
debt is recorded by an auxiliar state variable, or level variable, D.k, wich
is fed or depleted by the debt growth rate, dgr, dependlng on the due: payment
of the debt serv1ce, dpdbt, compared with-the actual flow of Argentlne

N S "
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payments, sdbt.k

Figure 7 Causal Structure of the Harrod-Domar Modified Model.
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This again could be represented by another first order diferential equation,
where the constant €2 is smaller than Cl.

dK/dt=NT.k1=1 ,k-KD.k= (19)
=(Y.k-C.k~SDBT.k)-KD.k=
=(K. k*kp) - (K. Je*kp*apc)-(X.k*kp*fadp)~(K.k/alk)=
=K.k*(kp-(apc*kp)-(kp*fgdp)-(1/alk))=
=K.k* Constant 2.

Nevertheless, the lineality of the system should be abandoned, because of the
necessity of appealling to the use of a STEP function when the equation for
capital productivity is formulated. Until 1930, the required value of capital
productivity for overcoming the historical service of the debt, traditionally
about 1% of GDP, introduced as an exogenous time serie, and simultaneously
able to explain the growth of GDP is 9.50. This value was not found as a
solution of a differential equation, but f{or extensive experimentation with
the DYNAMC simulator. On reaching year 1980, the actual GDP levelled off,
requiring a smaller capital productivity, kp=0.45, for a better adjustment.
This again found trough DYNAHO sinulation,
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Next Figure 8 shows historical and simulated behaviour of Argentine GDP,
" consumption and net investment, using a modified Harrod-Domar model “whose
service of the debt ‘is the historical one for the period 1950-84. It could
be seen the effects of the debt on GDP growth over the last 10 years.

- Figure 8 Historical and Simulated GDP, Consumption and Net Investment
(1950-1984).
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The behaviour of the marginal simulated productivities of . gross and net

investments follow the drop of kp, falling suddenly in 1980, for recovering -

slowly, later on, at a lower level in the case of net investment, and gross
investment productivity nearly reaching the capital productivity value level,
The descripted dynamic is exposed in Figure 9.

4, CONCEIVABLE FUTURES FOR ARGENTINA.

After building some sort of confidence in the Harrod-Domar model - for
" representing the elemental facts of Argentine economic history, is quite a
‘straightforward procedure to generate conceivable futures for Argentina. It
can be done, simply, by using different set values for the exogenous variables
and parameters, wich would shape the future of Argentina., Also, it could be
examined the likelihood of each one of the scenarios generated because of the
. utilization of the input sets. However, it is useful to obtain firstly, a
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"quick profile of these scenarios by means of the DYNAMO eimulator'p'rOgram. )

The variables and parameters used are, let it be repeated, the flow of fresh
external funds, exf, destined to net investments; the capital productivity,
kp, the fraction of GDP devoted to the service of the debt, sdbt and the
average propensity to consumption.. Another parameter to be applied is the
world markets interest rate, wmir, wich defines the payment annual amount.,

Figure 9 . listorical and Slmulated Argentine lMarginal Product1v1t1es
- of Gross and Net Investment, and Capital Productivity. -
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Firstly, it can be tought of the lost future because of the recession. This
~scenario is obtained by simple extrapolation of  the historical growth of
Argentina during the 1950-1980 period to the future, ignoring the crisis: at
the beginning of the ...1ght1es, as 1f the debt did not exist. : :

Secondly,' if the previous one constitutes a lost opportunity, it could be °
imagined another where the stagnation of the present decade -could not be -
" defeated. -There is not external help and the «apital productivity does not
recover -its 0.50 historical value. The disposable income ,after consumption
-is not enough for the payment of the debt services. Therefore, what actually
happens in the scenario is that the economic system is desinvesting, arriving
to year 2000 to a level of CDP 3.47 below the starting 1985 value,
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Thirdly, like families bearing hardship, the citizens can fasten their belts,
_ diminishing the fraction of income "consumend., In this case it has been
assumed & gradual drop to 0.72 from the historical 0.80, in five years time
and from then on that. lower remains constant level, until the end 0§ the
simulation run, in year 2000. It is easy to undetrstand the internal political
difficulties of this scenario, which makes so diffiecult its implémentaticn
despite of the significant recovery made possible because of it,

Fourthly, the reference proyection of Argentine development represents the
most likely evolution of its economy if not major changes in policy are made
and external conditions do no alter significantly, like the drop of the
international interest rate or the rise of prices of Argentina traditional
export goods. In this case, and assuming the historical value of 0.50 for
capital productivity, 15 years of average life capital, the historical 0.80
everage propensily to consumption, a service of the debt of 5:7% of GDP and
no external inflow of fresh money coming in the next 15 years. - This
foreseeable future of Argentine, the ome which is felt like the busgines-as—-
usual scenario, does not stop paying the. service of the debt. Argentina just
manages to invest the necessary amount which enables the GDP to grow 7.5% over
the next 15 years, which means an annual rate of :growth of about.0.4%. This
is about 10% of the historical rate for the period 1950-1980. : As-‘population
continues growing at its usual 1.65% annual rate, the available GDP per capita
decreases nearly 167%,. compasred with the 1985's standars. '

Fifthly, it could be tried to maintain -at least the life standards: enjoyed
about the middle of the Seventies, before the external debt crisis. This
objetive can be accomplished by borrowing. A steady annual inflow of fresh
money of about 2300 million $ 1985, allows to support a constant GDP per
capita and an increment of 27.92 in GDP over the 15 years. Sixthly,
aproximately the same than in the previous scerario could be achieved by
virtue of a gradual improving of the productivity of the capital,.thanks to
a better management, so that from the\ starting 0.45 value the economic
national system reaches the 0.56 mark, at an 0.8% annual rate of improvement.
Seventhly, .duplicating the borrowing ment: med in the fifth scenario permits
an annual rate of growth of nearly 2.3%, and 48,3% of GDP increment over the
15 years. Eighthly, duplicating thé rate at which the productivity improves
achieves an overall increment of 57.4%iover the 15 years period, at an 3.0%
-annual rate of growth. And finally, a grand scenario could be built imagining
the duplication of both borrowing and improvement of the productivity
_simultaneously, which means, to grow 114% until the end.of -the XX Century, at
an 5.2% annual rate, The following, Table 1. summarizes.the, results obtained
when running the different scenarios ‘ uter:
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\

Table 1. Performance af Argentine Economic Indicators under
Alternative Scenariocs Conditions.
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The next Figure 10 displays the simulated ' GDP and debt for different
. conceivables scenarios which were generated according the parameter value sets
described in Table 1. The mechanism of the debt formation, outlined in Figure
7, is a very simple one. The debt growth rate depends on the difference
between its due service and the money actually paid by Argentina. < If this
difference is positive the debt grows; if it is negative the ‘debt falls, It
is understood that if payments equal exactly the due service, Argentina is
paying only. the. interest, without any variation of the amount of the debt.
The interest rate used for simulating the dynamic of the economy is the
. corresponding to historical economic data series of the industrialized
‘countries, deflacted by the price of their exporting goods, about 5% (Ffrench-
Davies 1986), - ' :

. Obviously,: both income and debt should be’considered at the same time, when
. preferences are ‘expressed. So, even when scenario 9 displays the biggest
income at the end of the simulation run, this has to be balanced with the fact
.- that its debt is not so far from the debt of scenario 7, the worst from the
* viewpoint of the debt formation. However, heavily borrowing accompanied by
the vigorous improving of the production, as happens in scenario 9, leaves at
~the end a falling debt, because of the payment capacity generated by a
1powerfu1_economy.; Undoubtedly, the best from the debt angle is the scenario
“8; where an acceptable expansion of the economy is only internally supported,
without any foreign help. Fastening the belts, as in scenario 3 does not help
. too much; it is nearly equivalent to scenario 6, which instead of déppressing
~consumption, push productivity mildly up, wich is more accéptable politically.
If the stagnation of the last decade does not change for the better, that is,.
capital productivity does not return to the historical levels, external help
.is not required and the service of the debt is satisfied, as in scenario 2,

Argentina should prepare herself for a black future.
6. PROBABILISTIC GENERATION OF SCENARIOS.

ation runs has not information about
the future, except that included in some of the tests when the step or ramp
‘functions are used. But even ‘so, such information about declining  average
consumption, step changes in productivity or supply of fresh funds is used
considered every phenomena in isolation form all others. The model can be
modified to include mutual interactions between ekternal parameters and both
ways . causal- relationships between these parameters and the model variables,
as suggested by Stover (1975, 1980). "The problem with the Stover. solution is
“that the DYNAMO compiler failed in its attempt to compile the model because
‘of simultaneous.equations do not avoided by Stover. The following Figure 11
shows the closed loop proposed by Stover (1980) which is lacking of the
corresponding level variables, - : - '

'The model which produced previous simul

The purpose of this section of the paper is to modify the Stover calculating
‘scheme' for overcoming: the compiling dificulties. So what follows is 'a
modified sequence of calculation which is able to generate scenarios at
random,. .Even when this' technique pays off when several events are included
in the analysis, say 10 o more, only 4 events aré considered here, because of
‘the deliberate simplicity of the model presented in- this paper. ‘ore
cpmpiicated,'versidns will require greater number of events and _obviously,
»bgtter'informatiq?, for a full application of the methodology: here discussed.

: j e R S : ' ‘
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Figure 10 - Historical and Simulated CDP and Debt for Argentlne
Concelvable Futures (1950—2000), m11110ns of us § 1985.
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¥igure 11 ~ Probabilistic Scenario Cenerating Loop.
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First thing to do i3 to define the events to be included, which are the ones
that conformed the scenarios descripted in Tabla 1: el, improvement of capital
productivity from 0.50 to 0.56; e2, improvement of capital productivity from’
0.50 to 0.63; e3, annual. provision of fresh money from industrialized
countries, equivalent to 2,325 millions of 1985 american dollars;  eé4,
doubling the supply of money to 4,650 millions.dollar. The .next Table 2 shows
an initial estimate of the probability of each event: by some future year, say
1990, and the conditional probability matrix. Expert opinion should be sought
for determining these probabilities and their alterations with the occurrence
of the other events, or conditional probabilities. Meanwhile an educated
guess has been made for the authors to ilustrate the technique. ) '

The conditional probability matrix shown in Table 2 expresses the probability
of an event given the occurrence of another event. Fach probability can be
converted to. its corresponding odds, according to the transformation rule
"odds e=probability e/ (l-probability e)", ‘Then, the odds ratio of the impact
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Table a. Cross—impact Matrix Showing Conditional Probabilities.
,¥####§#aa###aa#a##a########sa##yagaaaaa####a###a##aaa#a#»###au#aua»aa

this event occurs. Initial : The protability of
: . prabability - this event becomes
by 1990 1 a2 3 4
e 1. Improving capital
productivity. 0.30 HHHH 0.20 0.20 0.12
e 2. Greater impravement of .
capital productivity. 0.15 0.01 HHHH Q.29 .15

e 3. Fresh money supglg of
2,325 millions $85,
amwally. . 0.20 0.85 o.12 HHpH 0.20

e 4. Doubling the sudplz of
money to 4,450 millions :
$85, snnually. 0.10 0.15  0.10  0.01 Trre

of event 1 on event j is defined as the odds of tha event j given the
occurrence of event i divided by the initial odds of event j» in isolation.
The matrix shown in Table 2 contains the odds ratio for every possible pair
of events.

Table 3. Occurrence Odds Matrix Ratios.
HHHRAR LR B USRI HHI PR ST AR BB SR B I ERHEEOHO A HHEI IR SR S R S S R

If this event nccurs The odds of this event are multiplied by

’ 1 2 3 “w T
‘e 1. Improving kp ‘ T 1.61 1.00 1.22
. e 2. Improving twice kp ’ c.02 i » 1.33 1.88
e 3. Borrowing $2,325 M " 0.77 - 0.77 E.2 2L 2.28
e 4. Doubling barrowing 0.61 0.62 0.04 P

"Having 33nevthe matrix which evaluate mutual interactions between events, the
DYNAMO programme goes as follows; the probability of the event 1 to 4 are
calculated from its odds:

/pfcbl.k=odd51.k/(1+odd51.k)

TR ® 3 R0 P K e e e N 0w oaE oA wE oM e

#0040 005 ca o 8w a o & u

proba.k=nddéd:§/(1+d&éé4uki

The odds of events 1 to 4 -are calculated as the initial odds times the impact
odds ratios times the impact of model variables on eventss:' '
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“oddsl.k=iodds!.k#ialal. L*10901.$*10301 k¥ioaol. k¥ivarl k...

..........................................................

odde4d . k=1odde&. k%;oloq k*}GnOQ.L*loaOQ k#i10404.k*xivarl. ik (21

;Thé initial odds of events 1 to 4 depend'on their initial probability values:

.............................

..........................

ioddes . P=1puob4 k/(1~psobﬁ - : ()

v

The event initial probabilities given as arguments of table functions of time,
are provided for the determination of their initial odds. Stover bu;gests
that these values should be requested to experts, who had to estimate such
probabilities for years 1990, 1995 and 2000. After calculating the median
estimates of the series supplied by the experts a S-shaped curve should be fit
to these points to yield a cuaulative - probability curve " (Stove 1975).
Prov151onal estlmatlons have been made by the authors:

1p&ob1qt—tab>t(t1p.dbl time. k-yg.lOO 3)
tiprobti=0/.30/.32/. 34

# ® 4 e 0 s 06w e s e e # % 3 e a0 s e ..

1prohq k= tab>
tiproba=0/.10

e

.L‘U'
ru
0

What comes next is the cross-impact matrix formulation, The impact of event
.1.on event j, ioioj, is set equal to 1, ‘that is without any effect, if event
i has not occurred, or the odds ratio expressing the effect of event i on j,

which appears in Table 3, if event i has occurred. Obviously the impact of

event i onto itself is 1. ' - : o ‘

F1T5u row

-------------------------

ioiok: k= f1fge(1 Ed,l,el

Secord row

o0l k= Fxfge(ﬂ OE 1,EP.P1 Q.IU)

................................

10&04 k=f1fge(1 58, I,EE.LJ QLo

30301.k=f1fge<o.77,1,ea.ul.o, 1)
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Pourth row

LDADI.k=fifge(0.41,1,e4.kl,0.10)

e =8 e v e o aoaeoceen L R R I A R P )

ichdob . k=1""""" SR ' ‘ (2m

Equation simultaneousness was ‘broken up by a new formulation of the events.
occurrence. To this purpose el to e4 levels, shown in Figure 11 as a box
drawn in dashed lines, are being fed by the random occurrence of elr to e4r
flows and depleted in such a way that once any event happens, its level will
rémain equal to 1 for the rest of the run.  lMutual impacts between events are
trlggered off by the occurrence of events 1 to 4:

el.k= el.1+dt*((e1\.3kldt>—(e1 j*elr. Jk/dt))

........... R R R R AR

e e e ev e m e asaweaae e 4% e 0 0w PR R

a4, ;"91.J+dt*¢(eur.JL/dt)—xeq J*eqa.Jk/df)) - ‘»: (?S),

For the events to happen, their corresponding random numbers have to exceed‘
the complement to 1 of the current probability of each one of those event5°~f

velr.kl—fxfge(o,l,(l prabl.k),rni.k)

B R L B R R R B R B A

-------------------- PRI

ekr kl f1fge(0 1, (1<proba. k),rnQ k) : - o ‘_v,.”'cabf_

Finally, -the random number are generated by using the noise function, which
provides a. pseudo-random sequence of numbers uniformely dlstrIbuted between
-1/2 and +1/2 (Plugh 1976), used as argument of the equations 26 :

rnl.k=noise()+0.5.

rersnavssane

rnGg . k= noise();

O-

5 ‘ S Y Y8

- Once the’ formulatlon of equations required for the generation of random
generated ‘scenarios is finished, this sector of the programme is easily,
connected to the Harrod-Domar 'model The follow1ng equations record ‘the
impacts of the events on the’model; :

k).k =ct %+ramp(slp1 Ko 85)+\amp(51p2 K 85)

'stgkp= « v A
sipl.k=0. OOQS*el k ERE CT L o . _ . .
sipa. k=0 009*&8 e R : = W_;.(EB).
exf}k=0+93.k*2325+eh;k*%éSQ Bt

So, the occurrence and timing of events el, e2 e3, and e4, are regulated by

eqs. 20 to 27. They are ‘able to generate scenarlos which will differ w1dely
one another.. Therefore, for every solution - interval, the model modifies‘the .

' probablllty of the events e1 to e4, ‘each. time. the model run, This resulting .

in the happening or not of these events; whose impacts are transferred to the

Harrod-Domar model through eqs 28 and .29, which. provide the required ‘link.
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The following Figure 12 summarizes the results of a large number of separate
runs performed with Dynamo III/F. The simulated time series were transversely
analyzed, yielding.an average value and the standard deviation for every
solution interval. This Figure 12 displays the historical behaviour of the
Argentine GDP and  external debt until 1985, in millions of 1985 american

- dollars, since 1950, After 1985, it can be observed the resulting simulated

income --and * debt, noted y and d, respectively, for a particular random
generated scenario. On top of this, has been put the average trayectories of
the ‘simulated income and debt and their confidence bands resulting from the
50 ‘experiments. The relevance assigned to the results shown in Figure 12
should be moderate, according to the provisional assumptions made in Table 2,

Figure 12 Average Trayéctories of Simulated GDP and Debt and their Confidence
Pands, Superimposed on a Particular Simulation Run.
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CONCLUSIONS

A very simple Harrod-Domar model is able to yield relevant results when it is
used. for analysing different -scenarios at a macroeconomic level, in the
Argentine case, once. the model's dynamics shows an acceptable nearness to
historical economic data for‘Argentina. Then the model is used to verify the
Stover  (1980) solution to the probabilistic generation of futures, using
System- Dynamics type of programming. Slight modifications are required to
avoid equation simultaneousness in such solution.



THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 445
REFEREMCES

Broda, M.A. and J.C. De Pablo (1985), "Por los carriles tradicio
nales la Argentina esta condenada al estancamiento abisoluta
par muchos &R0S%...s pero haz salidas", Anales_de 13 Asocis-
cion Argentina de Economia Politica, Mendoza: Universidad
Nacional de CuyG, Vol.ls pp.30d-3da3c.:

Branson, W.H.. (1979), Macroeconomic Theory and Policys 2nd. od. .
New Yark: Harper & FHow, Publishers.

-Cavsna,‘ﬁ.Y.’ahd R.G. Coyle (1982), Dismag_User‘Manualy Bradfard:
‘University of Bradford Printer, England.

Conesas, E. (1986), "El 'sistems monetario internacionsl y la deuda
: “externa de los paises en desarrollo”, Estudios, AR VIII: wo,
35, Julio/Septiembre 1985, pp. 175-193.

Dadona, A.A. and E.M, Pescarmorna (1984), “"Posibles salidas a 13§
crisie financiera internacional vy sus consecuencias para
Argentina”,. Estudios, A%¥c Vi1, no. 32, Octubre/Sepliembye
1984, pp. 143-1&62. :

Demar s F.D. (1946}, "Capital Expansion, Rate of Growth:> and
Employment”, Egorometrics, XIV, pp. 137-147. . R

Dorvibusch, R. (198&6), "La econcmia mundial: topicos de interés
para Ameérica Latina”, iw Ffrench-Davies and Feinberg (198&).

Feinbefg,.R.E. (1984), "La deuda latinoamericana: renegociandc el
coeto del ‘ajuste”, iw Ffrench-Davies and Feinberg (198&6).

Ffrench-Davies, R. (1986), "Deuda exterha, ajuste y desarvollo eu
America Ltatina", in Ffrench-Davies and Feinberg (198686) .

Ffrench-Davies, R. and R.E. Feinberg. eds.: (1986), Mas slld de
la rvisis de la deudsa: bases para. W nueEvo quoquej_ﬁﬁenms~
Aires: OGrupo Editor Latinoamericanc. This book will be

published in English by the University of Notre Dame, USA.

Harrod, R.F. (193%9), "An Essay in Dynamic Theory”, Eggggmgg
: Journal, XLIX, pp. 14-33.

Mosekilde, E. (1982), “Stgchastic Simulation with Dynamo™
Froceedings of the 7th  Internatipnal Confevrence 08
18.

Sssfem Dymamics, Wol. [I. Brussels, Belgium. June 16-

Pugh, A.L. (197&). Dynamg User’s Msnual, Cambi-idge, Mass.: The
MIT Press. . C . /

Stover, J.G. (1973), "The use of Prohabilistic System Dynamics i
. the Analyvsis of MNational Development Policies: a Study - ot
Ecowvomic Growth and Irncgme Distributiocn in tituguay™ .
Proceedings of the 1975 Summeg Computer Simuiation Conferevce.
yHan Francisco, Lalitfornias pp.. 03%—10 [298 : :

Stover, J.G. (1780). “Including Future Evenrts in System Dynsmics
Modelg”, TIMS Studies in the Management Sciences. Yolume 16.
pp. . 187-c05. ’ : )






