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Introduction
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Aim

o Features:

s This paper introduces heterogeneous microeconomic behavi
into a demand-driven SFC model.

@ Analytical aggregation of heterogeneous agents by means of
statistical mechanics tools (Aoki 2006, Di Guilmi 2008, Foley
JET 1994, Landini and Uberti CE 2008).

o Objectives:

e present the analytical links between theancial

micro-variables and the macroeconomy;

@ assess the e ects of the interaction between leverage
dynamics, nancialization and income inequality.



Stock- ow consistent modeling

Table 2.6 Transactions flow matrix

i Production firms Banks Government Central Bank
0

(n Current (2) Capital (3) Current (4) Capital (5) (6) Current (7) Capital (8) T
Consumption - +C 0
Investment -l + ~I; 0
Govt. exp. +G -G 0
Wages +WB -WB 0
Profits, firms +FD; —F; + FU; 0
Profits, banks +FDy —fy +FUy 0
Profit, central Bk +Fp ~Fa 1]
Loan interests —Ti=1y+ Lhi=1 =M1y +Lg=1y 0
Deposit Interests Hmi-1y-Mye_py )] 0
Bill interests +bi-1)* By-1y (-1 By ~Toi-1)-Bi-ny Ho1y-Bevi—1y 0
Taxes - transfers =Th -T; =Ty +T 0
Change In loans +ALy +AL; —AL 0
Change in cash —AH, ~AHy +AH 0
Change, deposits -AMy +AM 0
Change in bills —ABy —-ABy +AB -ABy O
Change, equlties —(A¢- for + Ay - Pup) +4g; - oy + A8, Pt 0

z 0 0 0 1) 0 0 0 0 0
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Interlinkages

o Traditional aggregative SFC models describes the intkdges
among sectors but excludes those among agents and the role
of heterogeneity.

o Minsky (1975): \an ultimate reality in a capitalist economy is
the set of interrelated balance sheets among the various
units".

@ This project aims to represent the macroeconomic e ects of
the joint dynamics of rms' balance sheet variables.
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Overview

Steps of the analysis

@ Set up and numerically simulate the ABM witN
heterogeneous rms belonging to two di erent categories
(borrowing and hedge);

Q@ identifying arepresentativerm within each group (mean- eld
approximation) by taking the average of rms' variables;

© set up and solve the master equation (ME) to obtain the
dynamics of the number of rms in each group;

© build the SFC system with the solution of the ME and the
dynamic equations for the macro-variables.



The model
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The Firms

o Two types of rms

s borrowing rms (z = 1): cannot nance all investment with
internal nance and issue equities and bonds;

e hedge rms (z= 2): nance all investment with retained
pro ts.

@ investment function:
il(t)= ht)+ @)+ u(t) 1)

i: investment;a: retained pro ts; u: capacity utilization ratio;
h(t) = Pe(t)E(t)=P K(t), Pe: stock price;K: aggregate capital;
vz > 0.

o Fazzarietal 1988: ;> »;

o for borrowing rms,i ais nanced for a fraction$ with equities
and the rest with debt.
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The Firms

e the quantity actually sold by a rm is a fraction of total
demand proportional to its size plus a uniformly distribdte
preferential attachmenshocks with E[s] = 0;

@ price: constant mark-up on the cost of labor;

e accordingly, output shares of labor () and prot () share of
output are given exogenously;

o A rm fails if d=K/ ¢, wherec is a constant.



The model
°

The household sector

o The propensities to save out of workers' and managers'
disposable incomes( ands ) and out of managers' capital
gains () are constant parameters.

o wealth accumulates for savings and capital gainG;
o households allocate their wealv between money and

sharesE;
o the demand for rms' shares depends on previous capital
gains:
Pe(t)E(t) _ 1

)

W(t) 1 exg.r oGt dtb)]

o the interest rate for deposits and loans is the same.
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Master equation

Stochastic evolution of the two types of rms

@ Quantify the transition probabilities and as functions of
the preferential attachment shock and the rms' balance
sheets variables;

@ de ne the ME:

% =(probability of ow of rms into the borrowing
state) - (probability of ow of rms out of the borrowing
state)

© the solution of the ME vyields the dynamics of:

m(t)= mt) ( + )mBP+ dv(t) ()

m:trend; dV is a stationary Wiener increment and= EDE
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°0

SFC system

@ Solution of the ME: dynamics ofly;
o total investment:

K(t) = [I(t) = Ngiz + Naip =
N h(t)+ N[ 1a(t) + ug(t)]+ No[ 2ap(t) + uz(t)]
(4)

o dynamics of aggregate debt:

B(t) = N1f$ [ig(t) a(t) m(t)lg ®)

o total number of shares:
n h _ i o]
E(t)= Ny (1 $) ij(t) &(t) mi(t) =Pe(t)  (6)



The model

SFC system -
Households Firms Banks Total
Current Capital
Consimption - 1+ I
st s = [Nah+ Ny(Fray + ) + Nl ooy + )| 0
Wares +050) -0y {
Prefits 10(11p0 - rB) (Nyay + Naag) (- 8)(TIpQ - rB) + r(Nymy + Nymy) 0
Loan inferests -l B I
Deposit nterests (M + M) +r(Nymy + Nomg) ~1(My + Mg + Nimg 4 Noymy) 0
Change in loans N, Gl - 0= my -B 0
Change in deposits —(:W + M(-;‘J =Ny + Noiig i 0
Change in equites  -Pef AN [(1- )i -0 -my| 0
Total (0 0 I 0 0
Copta Gains~—~~ -PeFl sPel 0

Figure: Matrix of ows
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E ects of the heterogeneity of the investment rules
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Figure: Dynamics of aggregate demand, investment and debt.
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E ects of the heterogeneity of the investment rules

Figure: Investment (top), accumulated prot (center) and capacity
utilization (bottom) for average borrowing and hedge rms.



Analysis
ooe

E ects of the heterogeneity of the investment rules
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Figure: Dynamics of equity value to aggregate demand ratio for deet
values of , (1 =0:05).
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Dynamics of leverage
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Figure: Dynamics of the debt/capital ratio for di erent values of
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Dynamics of leverage
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Figure: Dynamics of the debt/capital ratio for di erent values aof.
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Changes in the propensities to save, distribution of income and preference for liquidity
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Figure: Dynamics of aggregate demand for di erent valuesof.
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Changes in the propensities to save, distribution of income and preference for liquidity
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Figure: Dynamics of equity value to aggregate demand ratio for deet
values of .
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Changes in the propensities to save, distribution of income and preference for liquidity
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Figure: Debt to capital ratio (top), capital accumulation (centerand
aggregate demand (bottom)for di erent values of;.
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Preliminary results of the research

@ Heterogeneity in rms' behavior in uences the dependence
of the real sector to the nancial sector ( nancializationral
leverage ratio).

o the progressively larger weight of theancial sector can
avoid the paradox of thrift and a ects growth, amplitude of
uctuations and distribution of income.

@ inequality (propensity to save and price mark-up) increases
nancialization and size of uctuations;

o a lower level of thereference for liquidity causes higher
demand and higher accumulation.
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Future research

o A more re ned study of the conditions under which bubbles
and busts are generated in the present setting;

@ introduction of a variable mark-up and the possibility for
households to shift between the two categories of
pro t-earners and income-earners;

@ a more sophisticated analysis of the analytical solutiorthaf
model, to be achieved by the study of the stability propestie
of the dynamical system.
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Future research

Thank you!
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Model

o All rms adopt the same Leontief-type technology with
constant coe cients. As a consequence, the demand for labor
at full capacity can be residually quanti ed once the stock o
capital is determined by investment decisions in the prasio
periods. The supply of labor is in nitely elastic.

d(t)=1= K(t) (7)
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Model

@ Any excess of retained pro ts over investment will be held by
the rm in the form of moneym

m'(t)= a(t) i) (8)

@ where saving$ are de ned as the di erence between
households' disposable income and consumption levels
S(t)= Y(t) C(t), and G(tY =[Pe(t) Pe(t)]E(t).

o The demand for money is residually determined as

Mn(t) = W(t) Pe(t)E(t) (9)

o Given that only prot earners demand for share, we have that
M (t)=Y (1) C (1) (10)
and, accordingly

M (t)= Mp(t) M (t) (11)
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Model

e Total output Q is divided between aggregate consumptiGn
and investment :

pR()=(1 s)Y (O)+(@ s)Y ()+(@2 )G (t)+ 1(t)
o Accordingly

1+

o sylO A0l (2)

PQ(t) = _
where

A =rl@ s)OM (O)+1 s )M (1) BEYH+I )G (1)
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Master equation's solution: stochastic dynamics of trend and uctuations

o Probability for a rm of transitioning from one state to

another:; _
Ity = Pr[s(t)  4; (13)
Ity = Prls(t) < 2 (14)
where
_ia(t) ma(t) [ poe(t) r(b(t) me(t)]  K(t)
‘ T ) pol(t) K(t) Kg(t)
(15)

PO = 1L (OP(N. 1))+ ! (H)P(Ng+1)(t)

HL @)+ 1 (OIP(N1(1)
(16)
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Master equation's solution: stochastic dynamics of trend and uctuations

@ The solution method splits the state variable into 2
components p_

N1 = Nm+ Ns @7
m is the deterministic trends is the stochastic noise

e trend dynamics:

—=m (+ )m; (18)

where = t=N.
e stationary distribution of the Fokker-Planck equation:
2

@=Cep 55 1 =y (9
o dynamics ofny:
ntj(tt) _ ( + )m2+ dv(t) (20)

dV is a stationary Wiener increment.
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Figure: Dynamics of the number of borrowing rms (total number of
rms: 1,000).
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Plots

Figure: Dynamics of the debt/capital ratio for di erent values of;.
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Plots

Figure: Dynamics of aggregate demand for di erent values of
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Plots

Figure: Dynamics of the debt/capital ratio for di erent values of.
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Plots

Figure: Dynamics of the debt/capital ratio for di erent values of.
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Figure: Dynamics of debt, investment and aggregate demand for
c =0:01.
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Plots

Figure: Dynamics of aggregate demand for di erent values of.
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Plots

Figure: Dynamics of the debt/capital ratio for di erent values of .
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