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1. Introduction

The main feature of capitalist dynamics is the o@nce of growth-cum-
fluctuations, that is, the occurrence of fluctuasiaof real GDP along a stable but not
necessarily constant “trend” in the long run. Thitgetuations are, in general, irregular
but non-explosive; i.e. there is no tendency t@aase the magnitude of business cycles
in the long-term.

Heterodox economists usually think the ‘problencagpitalist dynamics” in terms of
linear and non-lineamodels of differential or difference equationstthave definite
(general) solutions. The linear dynamic modelstrasse of Samuelson (1939) and
Kalecki (1954) are only capable to produce regtilactuations of economic activity
along an exogenous determined trend of growth ¢udufor a very restrictive set of
parameters values.

However, the fluctuations of output observed in tleal world are essentially
irregular fluctuations. Non-linear models with dhéfie (general) solutions — as those of
Hicks (1950) and Goodwin (1967) — are, in gendyaked on ad-hoc ‘ceils” and “floors’
or generate solutions of the “limit-cycle” type thdo not reproduce the irregular
character of real world fluctuations

Because of the limitations of the dynamical modeith general solutions, we can
observe in recent years an increasing interestdjoramical models designed to be
simulated in computer. These models have, in genaraon-linear structure, but the
high number of equations and the complexity ofringations between the endogenous
variables make impossible the determination of aega, definite, solution. These
models can be solved only with the assistance wipeer simulations; and the solution
assumes the form of time-paths, instead of equihbrpositions, for the endogenous
variables. The solution is obtained by computeerafietting numerical values for the
parameters of the equations and the initial comaktiof the model. These values have to
be as realistic as possible in order to assurbéuastoesult in terms of time-paths.

One of the main limitations of the post-Keynesiaargoigm in economics, as
stressed several years ago by Solow (1979), isnéastence of aaommon-unifying
framework to analyze the capitalist dynamics. In a certagmsge, post Keynesian
economics is more a collection of alternative theorabout growth, income
distribution, inflation, business cycles than eotfetical approach to all these probléms
There are several, and not necessarily compatthknries to deal with the same
problems. Take investment theory, for example. apgroach of Davidson (1978) and
Minsky (1975), although fully compatible with Jolvlaynard Keynes ideas on the
subject, is very different from the approach oféGkii (1954) that stress the importance
of the acceleration principle for investment demisi.

An emerging line of economic research in Post Keire Economics tries to
integrate the several partial models of this tradiinto a Stock and Flow consistent-
SFC model (dos Santos 2005; Godley and Lavoie, 200 resulting model might
have several non-linear equations, several exogenauables and parameters and
several endogenous variables. Its results arerh@sented as realizations of the time
series they define.

! For a critique of Solow (1979), see Carvalho (1992
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In this paper, we follow the schematic approackhef SFC methodology described
in dos Santos and Zezza (2008), adapting Passo®©maitb (2008) Post Keynesian
model to this scheme.

The computational simulations of the model repredusome important features of
capitalist dynamics as the occurrence of irregudat,non-explosive, fluctuations of the
growth rate of real output; the stability of theofir rate in the long-term; the
maintenance of idle capacity, the occurrence ohgle episode of great reduction in the
level of real output over the entire simulationipérwith is in accordance with the rare
character of “Great Depressions” in the historycapitalism, the increasing importance
of financial wealth for the dynamics of the weatthcapitalists and the irrelevance of
real exchange rate for the dynamics of balancapments.

To obtain this goal we established the SFC accogriti the following section. In
section 3, we establish relevant behavioral refatigps and present our developments to
Passos and Oreiro (2008). In section 4 we perfaramparative dynamics” exercises
with the help of MathWorks® Matlab® computer sintidas. Finally, in section 5 we
point out concluding remarks.

2. Accounting Structure and Theoretical Assumptions

In our model, the economy is assumed to consigtookers, firm rentiers, bank
rentiers, firms, banks, a central bank, governmaeadtexternal sector. The balance sheet
of these sectors are summarized in table 1 below.

Table 1: Aggregate Balance Sheets of the Institutional Sectors

Assets/Sectors Workers R(Ie:ri:triT(;rs RE;?;S Firms | Banks CBeQrt]fI Govern. Esxéirtg?l Total
High powered money 0 Hc Hf He Hb (-)H 0 0 0
Bank deposits 0 Mc Mf Me )M 0 0 0
Central Bank advances 0 0 0 0 )A A 0 0 0
Domestic bonds 0 Bc Bf 0 Bb Bbc (-)B 0 0
External bonds 0 0 0 E(B)*f Eg*b 0 0 EB* 0
Foreign currency 0 0 0 0 E.Rb | E.Rbc 0 (-) ER 0
Bank loans 0 0 0 ()L L 0 0 0 0
Capital infrastructure 0 0 0 pK 0 0 0 0 pK
Net Worth 0 Ve \i Ve 0 0 ()B | E(B*R) | pK-E(B*-R)

Note: Positive variables are assets, while negative ones are liabilities; p stands for the price of the single good
produced by firms.

Table 1 summarizes some of our theoretical hypah8gfore analyzing every
sector of the economy, however, we need to poihthat null valued cells make clear
we are using very simplifying assumptions, suchbasiks lend only to firms, domestic
bonds are issued just by government and externadsare only issued by firms and
banks.

Workers are assumed to have zero wealth, i.e. speyd all their wages in
consumption. Both productive and financial capstsliare assumed to hold high
powered money, bank deposits and domestic bondsisFare assumed to hold high
powered money, bank deposits and capital goodsideth with external bonds issues
and bank loans. Banks uses bank deposits, cerank &dvances and external bonds
issues to hold high powered money, foreign curredoynestic bonds and to loan to
firms.
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Banks distribute all their profits to financial ¢eists, hence their net worth is
zero. Central Bank uses high powered money issoiddnd advances to banks, hold
domestic bonds for monetary policy purposes antdmtain Forex (foreign exchange
reserves). Its net worth is zero for it distributal its profits to government.

Government does not hold any asset and uses domestd issues to finance its
deficits. External sector uses its foreign curretecluy external bonds.

The composition of capital described above causessfof funds among
sectors, which are described in Table 2.

Table 2. “Current” Transactions in our Artificial Economy

Firm Bank Firms Central Government External
Flows Workers Rentiers Rentiers Banks Bank Sector Total
Current  Capital Current  Capital
pC + pGc
+ (EX - Ep*M -
Cons. (-) pCw (-) pCc (-)pCf Ep*M) 0 0 0 ()pGc 0 EX 0
Invest. 0 0 0 pl+pGk () p! 0 0 0 (-)pGk 0 0
Wages W 0 0 )W 0 0 0 0 0 0
Taxes ()pTw ()pTc ()pTf (-)pTe ()pTb 0 pT 0 0 0
Imp.
Inputs 0 0 0 (-)RmEp* 0 0 0 0 0 RmEp* 0
Interest ()il (-2) L(- il(-1)L(-1) - | ia(-1)A(-
loans 0 0 0 1) 0 ia(-1)A(-1) 1) 0 0 0 0
Interest ib(-1)Bc(- | ib(-1)Bf(- ib(-1)Bb(- ib(- (-)ib(-1)B(-
bonds 0 1) 1) 0 1) 1)Bbc(-1) 1) 0 0 0
Interest
ext. () (- (-
bonds 0 0 1)EB*e(-1) 1)EB*b(-1) 0 0 i*(-1)EB*
Dividends Fe Fb (-) Fe (-)Fb (-)Fbc Fbc 0
Current
Saving 0 Sc Sf Se 0 0 0 Sg 0 Sext S

Note: A (+) sign leading a variable denotes a receipt, while a (-) sign denotes a payment

debt.

Workers expend their income (wages) in consumptjmods and taxes.

Productive and Financial capitalists receive irgeoe domestic bonds and dividends to
buy consumption goods, pay taxes and save. Firmsales income from consumption
goods to pay wages, taxes, imported inputs, irteresheir inherited stock of loans and
external bonds issued, and dividends to produdamtalists, retaining the rest to help
finance investment.

Banks revenue is composed by interest on loanrtesfiand domestic bonds
coupons, its expenses are composed of taxes, shteneexternal bonds issued and
dividends to bank rentiers. Central Bank receiviergst on banks advances and
coupons on domestic bonds, its profit is entirebnsferred to the government. The
government, in turn, receives taxes and CentrakBanofit and spent in consumption
and capital goods from firms, and pay coupons aterest on its stock of domestic

External Sector revenue is composed by interndtitade and coupons on external
bonds issued by banks and firms. There’s a net #dviunds, loosely referred to as
external savings.

While table 2 summarizes the “current” flows of disrresulting from the stocks
presented in table 1, table 3 below does the saithelve “capital flows,” i.e., those that
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change the balance sheets of the sectors. Ineéhsesits columns can be interpreted
(when its components are viewed as ex-ante vaspbkeaggregated budget constraints
of their respective sectors.

In other words, table 3 demonstrates how stockat (hll constrain the flow
behavior in the next period) are modified by cutibows. Indeed, in our model the net
worth of a sector is increased by its current sgviduring the period, plus capital gains
arising from changes in the market value of thglsimood produced in the economy
during the period.

Table 3. Flows of Funds in the Economy

Assets Workers F|rr_n Barjk Firms Banks Central Govern. External Total
Rentiers Rentiers Bank Sector
Current
Saving 0 Sc Sf Se 0 0 Sg Sext S
A High
power
money 0 - AHC - AHf - AHe - AHb + AH 0 0 0
A Bank
Deposits 0 - AMc - AMf - AMeg + AM 0 0 0 0
A Central
Bank
Advances 0 0 0 0 + AA - AA 0 0 0
A
Domestic
bonds 0 - ABC - ABf 0 - ABb - ABbc + AB 0 0
A External + +
bonds 0 0 0 AEB*e | AEB[Db 0 0 - AEB[ 0
A Bank
loans 0 0 0 + AL - AL 0 0 0 0
A Foreign -
currency 0 0 0 0 - AERb | AERbc 0 + AER 0
A Capital
goods 0 0 0 - pAK 0 0 - pGk 0 - pAK-pGk
Total 0 0 0 0 0 0 0 0 0

Note: Positive figures denote sources of funds, while negative ones denote uses of funds

Capitalists current savings are directed to higlvgged money, bank deposits
and/or domestic bonds, according to the Portfoliogation Mapping described below.
Government deficits are necessarily financed wiith tssuing of domestic bonds.
External sector saving implies changes in its mggiexternal bonds and/or foreign
currency. Finally, investment is necessarily fireothdoy a combination of retained
earnings, domestic bond issues by government amilbans.

3. Model Behavioral Structure

Social accounting is not capable of predicting,itsglf, the path taken by the
economy. One agent decision may be free in one landthe composition of actions
will produce economy wide output, growth and prieeels. In what follows we use
several Post Keynesian ideas, in a multi-sectoickiding real side and financial side —
open economy that leverages on two homogeneousr$aof production: Labor and
Capital.

Initial levels and calibration are worked to be gatible with Passos and Oreiro
(2008). From t=3 on we let the dynamics in the ndu&d a path of global variables
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that is latter presented in graphs of this patheddpnt stochastic dynamic
macroeconomic model.

Some general elements of the post Keynesian framketwobe incorporated in the
model include:

(1) The effective demand principle;

(i) Differing marginal savings propensities for workarsl capitalists;

(i)  Mark-up based pricing;

(iv)  Minskyan investment decision (“two prices” theory);

(v) Firm’s capital structure influences pricing and estment decisions (as
opposed to the Modigliani-Miller Theorem));

(vi)  Distributive conflict between capitalists and warkeauses inflation;

(vi)  Endogenous money supply;

(viii) Kaldorian endogenous technological growth.

We present our model in five modules:
1 — Prices, Wages and Monetary Policy
2 — Production and Technological Progress;
3 — Consumption and Investment;
4 — Portfolio Choice;
5 — External Sector.
3.1 — Prices, Wages and Monetary Policy.
Firms set their prices as to top direct costs factorz©:
P =1 +z8).[a).w; + a}. E.. P{] Q)

Wherea? is labor requisite to produce one unit of outpuhbich is valued 1
monetary unit at t=1, ang} is imported intermediary input requisite to proewne unit
of output. Wages are represented by and the price of intermediary goods are
represented as the nominal exchange eatenultiplied by the foreign price leve®;.

The mark-up is decided based on the “utilizatide,r&, and by the debt index:

zf = z§ + z§.uf_, + 75. —I(L:__ll:ztg__lﬁzg_l] (2)

We suppose that the nominal wages are the resalbafgaining process among
firms and unions. In this negotiation process, nsidemand higher wages to cover the
inflation losses of the previous period and to éase the real wage rate to a certain
target rate,V. This target rate is determined by the conditipresvailing in the labor
market and by productivity growth, since unionsiget incorporate productivity gains
in real wages. Greater is the bargaining powernodns, greater will be the target real
wage in the determination of nominal wages.

Wi—Wi—1

T, M1t . (Ve — Vioq) (3)

1
o

Target Real wage is altered based on the evolatiggroductivity of labor
and unemployment rate?:

Ve = o — Ppr.utlq + ¢2-$ (4)
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Population at time ty,, grows at an stochastic defined rate

Regarding the operation of monetary policy we wilippose that monetary
policy is conducted in #nflation Targeting Reginfeby means of fixing the short-term
interest rate according tolaylor's Rulg(Taylor, 1993). Inflation targeting is performed
by smoothing the path towards a long term target:

mf =g +a ('t —miy) )
Base interest rate is established based on tlenioly Taylor rule:

ifc =(1-2. itB—C1 + A Bo. (mp—q — ) + B1. (Ge-1 — gi-1) ] (6)

Banks mark-up their interest rate based on pasatiom, utilization rate of
industry and a solvency index.

if = (1+20).if (7)

b

LS +E._1.Bi_.°
zp = Z(l; + Zf_ﬂt_l + 25’. [MA (8)

KE 4 +M{_y+HE
Where the “e” superscript represents productivadistocks.
3.2 - Production and Technological Progress.

Regarding technical progress, we will suppose tkistence ofdynamical
economies of scalas, for example, “learning by doing”. This meadhat the rate of
change of labor productivity is determined by theerof change of real output and/or
the rate of change in the level of capital stockréHwe adopted a Kaldorian technical
progress function (Kaldor, 1957) as the one writitbove. In the equation that follows,
{ is an stochastic shock to productivity apés depreciation of capital assets.

af =ag1 = po. <1E;)f<)tf3:jf:?5_1 R ] L ®)

According to the principle of effective demanthe production level is
determined by effective demand for goods and sesvi®asinetti, 1997, p.99). This
occurs if and only if there is no full utilizaticf productive capacity (i.e. there is “idle”
capacity). We suppose that firms meet all changéka demand for their products with
changes in the output level until they reach themial output.

The level of potential output is determined by tvestrictions: (i) the manpower
available (equation 11); (ii) the maximum levelcapacity utilization (equation 10). We
have also to consider another restriction. Reghwutannot increase between periods at
any rate. In fact, there is a maximum rate of iasesof real output between periods due
to the existence of adjustment costs. These costelated to selecting, contracting and
training new workers. Therefore, we will considee existence of a maximum real GDP
growth rate between periods,¥(equation 12).

Yk = ymax g K(t — 1) (10)
N .

thax,l — a_é' (1 _ ufrtct) (11)

A e (12)

In equation (11)u/"¢t, is a purely frictional unemployment rate. Basedthis
exposition we come to output as a constrained fomct

2 For the compatibility between Inflation Targetiagd Post-Keynesian economics see Setterfield (2006)
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Yt — min{ymax,k ; Ymax,l ; Ymax,g ;Z} (13)
3.2 - Consumption and Investment

Let us assume an exogenous rate of growth for gawemt consumption
expenditures.

Gf = (1+95).Gi4 (14)

Regarding government investment we will supposehalic sector will invest
in a way to achieve a target proportion of pub#pital stock on total capital as bellow:

R, =k (15)

G = 7.(R¢ — Foa).KE (16)

Regarding private investment expenditures by theafe sector, we will
suppose that private investment expenditure isrohted by a two-stage process. In
the first one, businessmen determines the desenexl bf capital stock for that period
and, given the stock of capital inherited from gaest, the level of investment that they
want to undertake. The level of desired investméttdepend on the state of long-term
expectations and the liquidity preference of bussnegan. In the second stage,
businessmen match the desired investment witliila@cial restriction to investThis
restriction will be determined by the maximum leeélbanking debt that businessmen
are willing to accept. If desired investment is exigr to the financial restriction, than
firms will only be able to invest the amount peteuk by their financial restriction. On
the other hand, if desired investment is lower tthenfeasible investment, the firm will
be able to invest all that it wants.

The capital stock that is desired by businessmereagh period has two

components. The first one ig:"Y—“l, whereo denotes the output-capital ratio aaglis
o

the coefficient of sales projection that is used émtrepreneurs to form their
expectations about the future level of productiod sales from last period level of
production. This is a simple formalization ofcanventional behavioof expectations
formation where the present situation is considéodoe a guide for the future (Possas,
1993).

S
t

D
The second component of the desired stock of ddpi{aﬂl[zt——lﬂ, where

P®is the demand price of capital assets in period®tjs the supply price of this

equipment in the same period angis a positive constant. This component
incorporates the investment decision in to a geribemry of portfolio choice, since by
this mechanism investment is capital assets is eompin terms of profitability and
liquidity with alternative forms of wealth accumtitan. More specifically, businessmen
have always the alternative of using money instdaghpital assets as a time vehicle to
accumulate wealth (Davidson, 2002, p.71). A demanwk of capital assets higher then
the supply price of capital goods is a signaling déatrepreneurs that investment in
capital assets superiorthan hoarding money as a strategy for wealth aatatron.

Desired investment and desired capital stock caexpeessed by:
Iff = K¢ — K&y (17)
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. Ye_ pP 7
K{i=m1n{ao.%—a1.(%— ) ; ao_g} (18)

(2

Assuming again a conventional behavior in expemtatiformation, one can
compute the present value of expected revenues ¢apial equipment (thdemand
price of capital equipmentBy means of a simple projection of last periodfitsdo the
future (Possas, 1993), we arrive at:

PtD _ (1_":)-mt;1-Pt—1-Yt—1 (19)
t
Where: t is Firms Income Tax, m is the share of capitairmome, and P is the
general level of prices.

The equipment replacement cost (or the suppige of equipmentj)s equal to
the value of capital stock evaluated at currerdgsriof this equipment. Since output is a
homogenous good, the supply price of capital gdedsqual to the general level of
prices. So, we have:

Pts =Pr1.Keq (20)

The discount rate, applied to expected revenuesapital equipment, depends
on two elements: (i) The rate of interest of bapénis (gproxy for opportunity cost of
investment projects,t-i1); and (ii) the borrower’'s risk, a weighted mean o€ th

insolvency riskot-1) andliquidity risk (ft-1).
de =i +0.6c-1+(1—-6).fr (21)
Where: 0 is the weight factor of insolvency and liquidityski (it indicates the
degree of managerial aversion to the risk of insioby vis-a-vis to liquidity risk)L; is
the total amount of debts with the banking secyas the amortization coefficient of
debts;dt-1 is the ratio between firms’ total debts and thloaipital stock; andt is a

coefficient offinancial fragility, given by the ratio between firms” financial deatsl
their operational profits.

Li_q
6t_1 - Pt—lt-Kt—l (22)
foq =L (23)

Mmi_q.Peq.Ypq

Once determined the expected investment, firmsldhoatch their investment
intentions with their financial restriction. Thenéincial restriction to investment
expenditures will depend on: (i) the amount of heans that they can contract with the
banking sector, taking in consideration the maxinmexel of debts that businessmen
are willing to accept to have with banks; and tfig amount of retained profits that are
at hand for the financing of investment decisidiie. suppose that government does not
tax retained profits. Thus, thinancial restriction to investmeris the sum of the
increase in the level of indebtedness that firnesvaling to accept and retained profits
With effect, the investment, at the t period, tivabs can support is determined:by

Fr = Smax-Pe-1.Kem1 — Le—q + 0. [Peoq. Yoy = We_1. Ne_q — (ip—q +¥)-Le—q] (24)
The equation (25) details the realized investmetiteaperiod t
Ip = min{lP ; F(t)} (25)

Regarding the consumption expenses, we supposexiseence of different
propensities to consume on, respectively, wagegeofds (Kaldor, 1956 and Pasinetti,
1962). Specifically, we consider that “workers spedl they get” (their propensity to
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save is equal to zero). On the other hand, we ass$iiat productive capitalists (in other
words, the non-financial company owners) have pgmsity to save out of operational
profits equal tos;, Finally, we suppose that financial capitalists.(ithe banks owners)
have a propensity to save over net receipts oméish intermediation equal ts .
Consumption expenditures is given by:

Pp.Co= Wi 1. Neog + (L+s).(1—1).(1-9). (Pt—l-Yt—Bl —Wpq.Neeqg =g Leq —
it1.Ee. B+ (L —5p). (1 = 1) (Leoq.ip—q — ij—1.Er. B;) (26)

3.4 - Portfolio Choice

Economic units (firms, banks and capitalists) hibleir wealth in three different
assets: money, bonds, and foreign currency. Priwatdth is allocated between these
assets based on four variables: real expected dicnbesid interest rat@§ — n¢), real
expected foreign interest raté — n¢”), real expected depreciation of national currency
(é¢ —¢), and expected level of outp@t¢). Table 4 summarizes the effects of these
variables on asset demand.

Table 4: Effects of Variations of Asset Demand Detminants

d d
my by e.n
ig —m® - + ]
* e*
" —m + + _
ée _7T€ - - +
Xe€ + - +

Furthermore, we need our mapping to give positil@cative factorsmg,
bg, and Bl ry, in the (0, 1) interval, and they must attend Ihueelget constraint with
equality, that is, they must add up to 1, so atefaete wealth:

assets allocated in liquidity assets allocated in bonds  assets allocated in currency
m;. wy + p-Wp + ery. Wy =Wy

Our portfolio allocation function is ®&* mapping into the three dimensional
simplex S3 = (0,1) x (0,1) x (0,1). As the table above suggests, we need 12
sensitivities, 6 positive and 6 negative, so asda@ble to fully determine the behavior
of the portfolio allocation. The functional fornrngposed is:

Portolio: R* — S3

Portfolio(i§ — m®; i* —m®"; & —m® X¢) = (my; by ;1 —my — by)
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x y z w
—_—
mi(tfl—ne;l*—ne*;ee—ne;Xe>=

exp(6F.x+8) . y+6Z.z+8%¥ .w) 27)
exp(87.x+687 . y+6%.z+8Y .w)+exp(65.x+8).y+65.2+8Y.w)+exp(8X.x+6Y .y +85.z+8% .w)

Here we use delta or the sensitivities refered ab@e can simplify exposition
by definingAl(x,y,z,w) = Bxp(8F.x + 8.y + 6%z + 8. w), so as to have:

A? A3

mi(x,y,z,w) = ; bz’,(x,y,z,w) = ATTAZIAS ;eré(x,y.z,w) = ATTAZIAS

4
AT+AZ4+A3

Clearly mj + by, + B, = 1 and elasticities are proportional to the paranseter
referred at table 4.

3.5 - External Sector
Foreign inflation is given by*, a rate that fluctuates around some mean

i =7m* + €e(t) (28)
P =1 +m).P, (29)
External growth rate also randomly fluctuates atbsome meag*:

gi =g +e®) (30)
Vv=00+g:). Y7, (31)
The quantum imported is given by:

M, = (’“’f%_”f—l)x.y;_1 (32)

The quantum exported:

Xe=x (Et:—-Pg_l)n Y (33)

t—-1

Finally, effective demand can be expressed as:
ZW)=C@) + I(t) + G.(t) + G;(t) + X(t) —e(t).M(¢t) (34)

4. Comparative Dynamics and Calibration

We calibrate our model to perform as Oreiro ands@5$2008), using the same
parameters whenever possible. Other parametersresiated or simply altered, and
yet others are new.

Table 5: Values of the Parameters

Parameter Description and value used in simulation

g: World growth rate. Normal distribution following mdom variable
centered in 2% and with 0.5% standard deviation.

i World interest rate. Normal distribution followingndom variable
centered in 4% and with 0.5% standard deviation.
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Y World inflation rate. Normal distribution followingandom variable
centered in 2% and with 0.1% standard deviation.

Y Capital assets depreciation. Normal distributiodof@ng random
variable centered in 10% and with 0.5% standardatien.

™ Tax rate on wages, assumed to be 15%.
T Income tax, assumed to be 10%.
hY Population growth rate. Normal distribution followi random

variable centered in 1.5% and with 0.1% standawibtien.

't Long term inflation target. Assumed to be 4.5%.
gy Target growth rate. Assumed to be 3%.
¢ Random shock to the Kaldorian productivity functioNormal

distribution following random variable centered Gnand with 0.3
standard deviation.

gt Government expending growth rate. Normal distrimutfollowing
random variable centered in 5% and with 1% standaveation.

X Demand for imports price-elasticity. Normal distriion following
random variable centered in -0.6 and with 0.1 saeshdeviation.

Q Demand for exports price-elasticity. Normal disttibn following
random variable centered in 0.4 and with 0.1 stahdaviation.

v Demand for exports income-elasticity. Normal dizition following
random variable centered in 0.9 and with 0.05 stechdeviation.

€ Demand for imports income-elasticity. Normal distition following
random variable centered in0.8 and with 0.05 stahdaviation.

The first simulation performed is the growth rate fL00 periods. We can
observe that the rate presents a positive long texnd, not explosive, but not smooth
either. There’s an irregular succession of recessand growth periods, complying to
Blanchard and Fisher (1989) stylized facts on theable. Deep recessions are, in the
other hand, rather rare events (Leijonhfvud 1996)
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Figure 1: Output Growth Rate
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Next we analyze Minskys two priceBX marked with squares arf solid).
There’s no clear long term trend, specially no rcteecreasing capital productivity trend
(Kaldor 1957).

Figure 2: Price of Demand for (squares) and Supplgf (solid) Equipment
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Below we depicted profits share in output (bolat)irrate of capacity utilization
(marked with triangles), and remuneration of cafti@ashed). Past transient state we
can see a general tendency to increase in prdfteesand remuneration of capital is
loosely related to utilization rate.
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Figure 3: Capacity Utilization and Profit Rates andProfit Share
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Real wages present an increasing trend as labdugtigity grows. In the graph
below target real wage is depicted with squaresediedtive real wage is marked by the
dashed line.

Figure 4: Target (squares) and Effective (dashed)eal wage
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Inflation presents fluctuations typical of businegsles, in what firms mark-up
varies greatly.
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Figure 5: Inflation Rate
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Unemployment rate also presents fluctuations, ngearg below its frictional
rate.

Figure 6: Unenployment Rate
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Graphing the stock of government bonds we can zeadi trend towards
persistent nominal deficit in governmental accounts
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Figure 7: Domestic Bonds Stock
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5. Concluding Remarks

In this paper, we made some extensions to theK&ystesian Macrodynamic model
of growth and business cycles developed in Oraid @no (2007), Oreiro and Lemos
(2006) and Oreiro and Passos (2008). In particular:

) We consider that firms and banks funding necessiten be financed by
external bonds issues, and that there is an actigeket of imported
intermediary goods and foreign currency;

i) Government investment is not purely pro-cyclicalf bather depends on a
target ratio between public and private capitatisto

1)) The investment function was developed to betteffaram to Minsky two
prices theory;

Iv) Government engages in active inflation targetinghnetary policy;

V) Leading economy wide decisions and prices of eperjod, there’'s a basic
portfolio allocation decision that leverages ontpaformation on interest
and exchange rates.

Besides these extensions, we have applied the stodkflow consistent - SFC
schematic approach described in dos Santos andazZg£¥8). We have clearly
established the SFC accounting and relevant betsvedationships. The conformation
of the model to the SFC scheme posed various clygte

)] Non-transactionary flows, like exchange rate apptem related revenues
and expenses, had to be accounted for;
i) Every aggregated expense, like aggregated investnmeports or exports,

had to be individualized by agent.

Finally we adapted the model to operate as a reeuset of MathWorks® Matlab®
methods. This approach provided a set of auxilimgthods for graphing results and
storing intermediary variables.
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Methods were made general enough to ease impletimentaf more complex
decision processes, as the “look ahead”, or thdifig) window average and standard
deviation” decision making algorithms. We hope thid@tging this generation of models
into a flexible platform (Matlab®) can further déwp a line in research.

Further research can attach financial fragilityyeseign risk or capital structure indexes
to diagnose realizations of the series, and toriofe causes of financial fragility.
Monte-Carlo estimation can very easily be usedefOttend could relate SFC variables
to national accounts and/or balance of payment®umts so as to have direct
counterpart, and measure quality of prediction.

Appendix A. Computer Variable Names to Model Variabe Names Mapping

Agents

w - workers

¢ - real side capitalists
f - financial capitalists
e - firms

b - banks

bc - central bank

g - government

star - rest of the world

Statements
bs - Balance Sheet
is - Income Statement

Balance Sheet Accounts

H - Hard Money Held

M - Check Deposits Held

A - Central Bank Loans Held
B - Domestic Bonds Held
B_star - Foreign Bonds Held
R - Foreign Currency Held

L - Bank Loans Held

pK - Capital Stock Held

V - Owners Equity

Income statement Accounts (Revenues positive and expenses negative in either case)
C - Consumption

| - Investment

W - Wages

T - Taxes
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R_m - Imported Intermediate Goods
i_|_L-Interest on Bank Loans

i_B_B - Interest on Domestic Bonds
i_star_B_star - Interest on Foreign Bonds
F - Dividends

S - Current Savings
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