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Abstract

In this paper, we investigate the impact of price flexibility on macroeconomic instability using as
our analytical framework a macrodynamic model with a Fisher debt effect. We introduce the expecta-
tions-augmented Phillips curve and the adaptive expectations hypothesis into a macrodynamic model
with a Fisher debt effect, as developed by Asada (2001). We demonstrate analytically that both of the
increase of the speed of price adjustments and the increase of the speed of expectations adaptation
contribute to destabilizing rather than stabilizing the economy, and we also show that at the intermedi-
ate ranges of the parameter values, cyclical fluctuations occur by means of the Hopf bifurcation theo-
rem. We also present some numerical examples which support our analytical results.

1. Introduction

In the standard version of macroeconomics, it is taken for granted that the full
employment equilibrium will be attained automatically if wages and prices are flexi-
ble. According to this view, a sufficient reduction of nominal wages and price levels
will contribute to an increase of output and employment when the economy is in
depression. If this view is correct, the cause of persistent unemployment must be the
rigidities of wages or prices. This notion is not unique to the so called ‘classical’ or
‘neoclassical’ school, but is also shared by the textbook version of the ‘Keynesian’
IS-LM model and the ‘new Keynesian’ school which concentrates on the micro-
economic interpretation of wage or price rigidities. However, this conventional view
apparently contradicts the widespread experiences of the Japanese and Asian econo-
mies in the 1990s. In particular, in the Japanese economy in the late 1990s, the
downward pressure of nominal wages and prices seemed to contribute to aggravating
rather than mitigating the depression, and seemed to destabilize rather than stabilize
the economy. If we trace back economic history to the period of the Great Depres-
sion in the 1930s, we can observe essentially the same phenomenon in many countries
including the United States, Britain, Germany and Japan. This phenomenon, which
is sometimes called a ‘deflationary spiral’, is generally ignored in the orthodox eco-
nomic literature, which stress the stabilizing effect of price flexibility, although it has
recently attracted some attention among economic journalists. In both 1930s and the
1990s, the impact of financial factors such as debt on the real economy seems to have
played an important role in macroeconomic performance. Nevertheless, the impact
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of debt on macroeconomic performance is practically ignored in the standard ver-
sions of macroeconomics'.

However, there is a somewhat heretical tradition in economic thought, which
stresses the importance of the impact of debt on macroeconomic performance. The
most famous examples are Fisher (1933), Keynes (1936) and Minsky (1975 and
1986). For example, Fisher (1933) argued that a decrease of prices in a period of
depression will cause a further decline of the demand for goods through an increase
of the real debt burden. We shall call this negative impact of the increase of the real
debt burden on effective demand (in particular, on investment) the ‘Fisher debt
effect’. Recently, some authors have developed various mathematical models which
try to capture the economic interaction between real and financial factors, under the
inspiration of the earlier works by Fisher, Keynes, and Minsky’. In particular, Keen
(2000) and Chiarella, Flaschel and Semmler (2000 and 2001) studied the dynamics
of debt deflation in macroeconomic models with variable prices and a Fisher debt
effect.

In this paper, we also investigate the impact of price flexibility on macro-
economic stability or instability, using as our analytical framework of a macro-
dynamic model with a Fisher debt effect. It must be noted that our model is
somewhat similar to those of Chiarella, Flaschel and Semmler (2000 and 2001), but
the structure is much simpler. In fact, our model consists of an at most five-
dimensional (and at least three-dimensional) system of differential equations, while
those of Chiarella, Flaschel and Semmler (2000 and 2001) consist of an at least
seven-dimensional (and at most twenty-dimensional) system of differential equa-
tions. Although our model is less general than theirs, it has merit in the sense that
it can focus more sharply and clearly on the essence of the problem. We introduce
the expectations-augmented Phillips curve and the adaptive expectations hypothesis
into a macrodynamic model with a Fisher debt effect as developed by Asada (2001).
The Introduction of price flexibility into the model increases the dimensions, so that
the basic model in this paper, as presented in Section 2, consists of a three-
dimensional system of nonlinear differential equations instead of a two dimensional
system as in the original model by Asada (2001). In Section 3, we show analytically
that both an increase of the speed of price adjustments and an increase of the speed
of expectations adaptation contribute to destabilizing rather than stabilizing the
economy, and we also show that at the intermediate range of the parameter values,
cyclical fluctuations occur by means of the Hopf bifurcation theorem. In other
words, in our model an increase of the price flexibility is responsible for macro-
economic instability. This is contrary to the conclusion of the textbook version of
macroeconomics which ignores the debt effect. In Section 4, we present some nu-
merical examples which support our analytical results. In Section 5, we show that
the main conclusion of our basic model is robust even if we consider a more compli-
cated model consisting of a four-dimensional system of nonlinear differential equa-
tions. The final section is devoted to an economic interpretation of the results which
we obtained analytically and numerically.
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2. Formulation of the basic model

The basic model in this paper consists of the following system of equations’.
d = ¢(g(By, p—7°, d))—s,{By—ip, d)d} — {g(By, 0—n°, d)+r}d (1)

g =ale(g(By, o—n° d))+(1—sp) {ov+ilo, d)d)}

—{s;+(1—s.)s,1By] (2)
r=¢ely—y*)+x° (3)
7= y(z—n°) (4)

where the meanings of the symbols are as follows. d = D/(pK ) =debt-capital
ratio, y = Y/K =output-capital ratio, which is also called the ‘rate of capital
utilization’, y* =equilibrium level of the output-capital ratio, which corresponds to
the ‘natural rate of employment’, D =nominal stock of firms’ private debt, p =price
level, K =real capital stock, Y =real output (real national income), g = K/K =rate
of capital accumulation, o =nominal rate of interest of interest-bearing safe assets,
i=nominal rate of interest which is applied to firms’ private debt, 7 = p/p =rate of
price inflation, 7° =expected rate of price inflation. The function ¢(g) is the adjust-
ment cost function of investment, and, a, 8, 7, €, v, S;, and s, are parameters which
will be explained later.

Next, let us explain how these equations are derived. We can express the dy-
namic law of motion of private debt as follows.

D = ¢(g)pK—s(rpK —iD) (5)

where r is the rate of profit (i.e., » = P/K, where P is the real profit), and
s; is the rate of internal retention of firms, which is assumed to be constant
(0 < s;=1)* The function ¢(g) is the adjustment cost function of investment
with the properties ¢'(g) = 1 and ¢”(g) 2 0, as introduced by Uzawa (1969)°. By
the definition of d, we have

d/d = D/D-p/p—K/K = D/D—n—g. (6)
Substituting Eq. ( 5) into Eq. ( 6 ), we have
d= #(g) —s(r—id) — (g+m)d. (7)

As for the dynamic of the goods market, we assume the following Keynesian
quantity adjustment process.

y=alct+h—y);, c=C/K,h=E/K (8)

where C is real consumption expenditures, £ = ¢(g) K is real investment expendi-
tures including adjustment cost, and « is the speed of adjustments in the goods mar-
ket, which is assumed to be a positive parameter®. For consumption expenditures, we
adopt the following Kaleckian formulation of the two-class economy’.

C=C,+C, (9)
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C,=W=Y-P (10)

C,= (U=s){(1=s)P+p(V/p)+i(D/p)};0<s,=1 - (11)

where C,, is workers’ real consumption, C, is capitalists’ real consumption, W is real
wage income, V is the nominal value of interest-bearing safe assets, and s, is the
capitalists’ average propensity to save, which is assumed to be constant. Eq. (10)
implies that workers do not save, so that workers’ real consumption expenditures are
identical to real wage income. Eq. (11) implies that the capitalists save a part of their
real income, which consists of three parts, i.e., the receipt of real dividends
((1—s,)P), real interest receipts on interest-bearing safe assets (o V/p), and real
interest receipts on corporate debt (iD/p)*
Substituting equations (9 ), (10), and (11) into Eq. ( 8 ), we obtain

¥ =ale(@+U—s){o(V/pK) +id} — {s,+(1—s)s)r].  (12)

Usually, ¢, the rate of interest of ‘risky’ assets, will be higher than p, and the
difference between 7 and p will reflect the degree of risk. To capture this fact, let us
assume that

i=p+E(d)=1i(p, d); E(d)2 0,1, = E'(d) > 0 ford > 0,

i, <0ford < 0. (13)
To simplify the analysis, we further assume that
P/Y =8 = constant, 0 < 8 < 1, (14)
V/pK = v = constant> 0, 15)
p = constant > 0. (16)

Eq. (14) means that the share of profit in national income (P/Y) is constant.
As is well known, P/Y is an increasing function of the mark up of the price on the
average wage cost. In fact, by definition we have

p=2z(wN/Y)=zw/a,z > 1 an

where z is the mark up, w is the nominal wage rate, N is labor employment, and
a = Y/N is average labor productivity, so that we have the following relationship.
B=P/Y=(Y-W)/Y=1-(W/Y)
=1—{(w/pIN/Y} =1-(1/2) (18)
Therefore, 8 is determined if we suppose that z is determined, for example, by

the ‘degree of monopoly’ in the sense of Kalecki (1971). We assume that z is con-
stant so that 8 is also constant. In this case, we can express the rate of profit as

r=P/K =BY/K = By. (19)

In other words, the rate of profit is proportional to the output-capital ratio in
our model.

Eq. (15) is merely a simplifying assumption to keep the structure of the model
as simple as possible and avoid unnecessary complications. Eq. (16) implies that the
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nominal rate of interest (p) is constant through time. This means that we are im-
plicitly assuming that the monetary authority (central bank) passively accommo-
dates the money supply to the demand for money, to keep p constant. This
hypothesis is in line with a Post Keynesian ‘horizontalist’ view in the sense of Moore
(1988)°.

To close the system, we must specify the investment function of the corporate
sector. We assume the following investment function with a Fisher debt effect.

g=g(r,p—n% d); g, = dg/0r >0, g, , = 8g9/0(p—n°*) < 0,
g, = 8g/8d < 0 (20)

This type of investment function has some microeconomic foundations. For
example, we can derive it from firms’ maximization behavior of the expected net
cash flow by using both Uzawa (1969)’s hypothesis of increasing adjustment cost
(the so called Penrose effect) and Kalecki (1937)’s hypothesis of increasing risk of
investment'.

Substituting equations (13), (14), (15), (16), (19) and (20) into equations
(7) and (12), we obtain equations (1) and (2).

Now, let us turn to price dynamics. We assume the following type of expecta-
tions-augmented wage Phillips curve.

w/w =e(y—y*)+x° 2D

where ¢ is the speed of the wage adjustment, which is assumed to be a nonnegative
parameter. In this formulation, we adopt the rate of capital utilization (y) as a
proxy for the rate of employment (e) or tightness of the labor market. This proce-
dure, which is derived from Franke and Asada (1994), can simplify the analysis by
saving one state variable, the rate of employment. We can justify this simplification
due to the high correlation between the two variables y and e over the business cycle
(cf. Franke and Asada (1994)). In fact, we shall show in Section 5 that the explicit
introduction of the variable ¢ into the model only adds some complexity to the model
without affecting the main conclusion.
It follows from Eq. (17) that

T=7p/p=w/w (22)

if we assume that the markup (z) and the average labor productivity (&) are con-
stant. Substituting Eq. (22) into Eq. (21), we have Eq. (3). Eq. (4) is a
formalization of the adaptive expectations hypothesis of the price inflation, and 7 is
the speed of adaptation, which is assumed to be a nonnegative parameter.

Substituting Eq. (3) into equations (1) and (4 ), we obtain the following
system of three-dimensional nonlinear differential equations.

(i) d=¢(gBy,p—7" d))—sABy—ilp, d)d}
—{gBy, p—x°, d)+e(y—y*) +7°}d = f,(d, y, % &)

(i) g=al¢(glBy, p—x° d))+(1-s,) {ov+ilo, d)d}
—{s,+(1=sps,tBy] = f,(d, y, 7% a)

(i) 7#°=qyeCy—y*) = fi(y; 7. €) S

In this system, we can adopt the parameters € and 7 as measures of the degree
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of price flexibility. We can assume that the larger £ and 7 are, the more flexible are
the prices. If we assume that ¢ = y = 7° = 0, this system is reduced to a two-
dimensional system with respect to d and y. This special case with fixed prices was
studied by Asada (2001). Asada (2001) showed that d becomes an increasing func-
tion of y and g becomes a decreasing function of d under some reasonable assump-
tions. This implies that the formal structure of this two-dimensional system is
similar to the famous Volterra-Lotka system of predator-prey". In fact, in this
model d plays the role of predator and y the role of prey, and the interaction between
these two state variables causes cyclical fluctuations (the so called Minsky cycle)
under some range of the parameter value . We can also show that the increase of
a tends to destabilize the system (cf. Asada (2001)). In the next section, we will
study analytically how the increase of price flexibility (increase of € or 7) affects the
dynamic stability or instability of the three-dimensional system (S,).

3. Analysis of the basic model

First, let us consider the equilibrium solution of the system (S,) whlch satisfies
the condition d = y = 7° = 0. The equilibrium values of d, y, and z° are deter-
mined by the following system of equations.

(i) fid, y57°)=0
(ii) fi(d, y*7°) =0
(i) y=y*>0 (23)

We will study the local stability/instability of an equilibrium point by assuming
that the equilibrium solution such that d > 0 exists. It is worth noting that the
equilibrium values of d, y and 7° are independent of the parameter values «, ¥ and
€. The Jacobian matrix of this system at the equilibrium point can be expressed as
follows".

H fi2(e) fia
]] = fZI(a) fgz(a) fzg(a) (24)
0 faulr, &) 0

where
fi = 0f,/8d = (q?'()g)—d)(q,l)—g—ne+s,((z;¢)d+i),

f2(e) = 8f,/oy = B{(q?"()g) —d)(g,)—s,} —éd,

fa = 0f/0n" = = (' () =g, —d,

fu(@) = 0f/0d = ald' (g, + (1 =s) (i d+D],

@) = 8f,/0y = aﬁ[?’b()g)(_gr,)— {s,+(1=sps,}],

fule) = 8f,/0n" = —a$'(9)g, ;> 0,

fo(r, €) = 0f,/0y = re 2 0. (25)
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Now, let us assume as follows.

Assumption 1.
i <0, £1,(0)>0, fi; >0, £,,(a) <0, and f,(a) > 0.

Assumption 2,
SuSwla) = £2(0) f,,(a) > 0, and £, fz(@) — fisfu () > 0.

The inequalities in Assumption 1 will in fact be satisfied if ¢'(g), g,, |g,_,|, and
| g, | are sufficiently large at the equilibrium point. We can interpret Assumption 2
in economic terms as follows. It is easy to show that the following relationships are
satisfied.

{¢'(g)g,—1} +S,<¢:_()g)(g,)] (26)

(+) ()
lim {fufs(a) —fisfula)} = aq?fl()g) [{g+z°— ((i'd)+i)}g,(,:,),—(qd)d] 27

The right hand side of Eq. (26) will become positive if ¢'(g), g,, | g,|, and i,
are sufficiently large. The right hand side of Eq. (27) will become positive if
|g,-x1, |g4], and i, are sufficiently large. That is to say, the two inequalities in
Assumption 2 will in fact be satisfied if ¢'(¢), g,, |g,-.|, | g,|, i, and s, are suffi-
ciently large at the equilibrium point.

The characteristic equation of this system becomes

4D = M-J)1=2P+a,P+a,1+ta, =0 (28)
where
(i) a, = —trace], = —f,, — fo(a),
) (+)

fula)  fu(a) M fis hn fi2(e)
ve 0 0 0] ifula) fula)
= _'refzs(a)+f|]fzg(a)—f12(8)f2|(a)'
(+) () (H) (-)
(ii) a;= —det], = 7re Un fasCa) = fig fu(ad},
(=Y () (5
(iv) a@,—a; = 7e{fis fu(a) + (@) fs(a)d}
(Y (- +y (P
+{—fis =S} LA fun(a) — f,(e) fu(ad}. (29)
(- (= (- (¥ (-

Now, we can prove the following proposition under Assumptions 1 and 2.

(i) a,= +

+ |

Proposition 1.
(i) The equilibrium point of the system (S,) is locally asymptotically stable if
all of the parameters o, y and ¢ are positive and sufficiently small.
(ii) The equilibrium point of the system (S,) becomes locally unstable if either
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of the parameters a, 7, or € is sufficiently large.

(Proof.)

(i) We can easily see, in view of Assumptions 1 and 2, that all of the Routh-
Hurwitz conditions for stable roots (a set of inequalities (A2) in the
mathematical appendix) are satisfied if , 7, and ¢ are sufficiently close to
Zero.

(ii) We have a, < 0 for a sufficiently large @. On the other hand, we have
a, < 0 if 7 or € is sufficiently large. In these cases, at least one of the in-
equalities (A2) in the mathematical appendix is violated. ]

This proposition implies that the increase of price flexibility tends to destabilize
rather than stabilize the economy in our model with a Fisher debt effect, contrary to
the teaching of ‘classical’ and ‘neoclassical’ macroeconomics. We will attempt to
provide the intuitive economic explanation of this proposition in Section 6.

Next, let us investigate the effect of the changes of the parameter value 7 on the
dynamic properties of the system, by assuming that a and ¢ are relatively small. It
is easy to show that

tim (s (@) + (@) f(@)) = ~ad (D {($' (@) =g, +d)g,

+apl{e’ (g)—1}g, .. (30)
(+) =)

The right hand side of Eq. (30) becomes negative if ¢'(g), |g,_,|, and | g,| are
sufficiently large and « is sufficiently small. In sum,

Safu (@) + fo,{@) fi5(a) will become negative if ¢'(g), 1g,_,|, | g4/, and s, are
sufficiently large and a is sufficiently small. Now, let us posit the following addi-
tional assumption.

Assumption 3.
a>0 >0, a, = —f“_f:zg(a) >0, f“f:zg(a)—flz(E)fgl(a> > 0, and
Sisfu(a) + fio(a) fos(a) < 0.
Assumption 3 means that the values of the parameters a and ¢ are relatively
small. Under Assumptions 1, 2, and 3, we obtain the following proposition.

Proposition 2.
There exists a parameter value 7, > 0 which satisfies the following properties.
(i) The equilibrium point of the system (S,) is locally asymptotically stable
for all y € (0, 7,), and is locally unstable for all y € (y,, ),
(ii) Aty = y,, the Hopf bifurcation occurs. In other words, there exist some
non-constant periodic solutions of the system (S,) at some parameter val-
ues ¥ > 0 which are sufficiently close to 7,.

( Proof.)
(i) Let us define the value 7, as follows.

_ = fu— (@)} Unfula) = fin(e) fy (@)}
To — e {fiafoy (@) + () frs ()}

(31
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which is positive from Assumption 3. It is easy to show that a\a,—a,; > 0
if 0 = v < 7,. On the other hand, we have @, > 0 and a; > 0 under As-
sumptions 2 and 3. Then, we also have a, > a,/a; > 0. Therefore, all of
the Routh-Hurwitz conditions for stable roots (a set of inequalities (A2) in
the mathematical appendix) are satisfied if 0 < y < 7,. Next, let us sup-
pose that ¥ > 7,. In this case, we have a,a,—a; < 0, which implies that
one of the Routh-Hurwitz conditions is violated.

(ii) Aty = 7, we have a set of conditions ¢, > 0, a; > 0, and aa,—a; = 0,
which also implies that a, = a,/a, > 0. In this case, the characteristic
equation (28) has a set of pure imaginary roots and a negative real root in
view of Theorem 2 in the mathematical appendix. Furthermore, we have
d(aa,—a,) /0y < 0, which implies that the real part of the imaginary
roots becomes an increasing function of y at y = 7,. This means that all of
the conditions for the occurrence of the Hopf bifurcation (conditions
(1)-(3) in Theorem 5 in the mathematical appendix) are satisfied at
Y = 7,, since the equilibrium solution of the system (S,) is independent of
the value of 7. O

Proposition 2 (ii) implies that the cyclical fluctuation occurs at some intermediate
values of the parameter 7. In other words, the endogenous alternations of booms
which entail debt finance, and depressions which entail debt deflation (debt cycles
or so called Minsky cycles) occur at some set of parameter values in our model.

4. A numerical illustration

In this section, we present some numerical examples which illustrate the main
conclusions of the previous section. Let us assume the following parameter values
and the functional forms".

s;=s,=1,8=03 i=p-01d%p =008, y* =025 ¢(g) =g,
g=y"—(o—7°)—2d—0.12. (32)

In this case, the system (S,) becomes as follows.

(i) d=(y"®+7°—2d—02)(1—d)—0.3y+0.08d+0.14°
—e(y—025)d—n°d

(i) g=aly™®+7°—2d—0.2-03y)

(i) #°=7e(y—0.25) (33)

Fig. 1 through Fig. 5 show the time trajectories of y and d corresponding to the
various parameter values of «, 7, and & and the common initial condition
d(0) = 0.1, y(0) = 0.2, and z°(0) = 0.05."

It seems that the long run equilibrium point is dynamically stable in all exam-
ples. In other words, the conditions for local stability seem to be satisfied in these
examples. Nevertheless, endogenous cyclical fluctuations of y and d occur in all
cases. That is to say, the endogenous alternations of periods of boom, which are
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supported by debt financing, and periods of debt deflation (so called debt cycles or
Minsky cycles) occur in these examples. We observe that the turning points of d
always lag behind those of y in these examples. This means that at the upper turning
point of the business cycle, the debt burden still continues to increase, and at the
lower turning point the debt burden continues to decrease for some time"’. A com-
parison of Figures 1, 2, and 3 suggests that the increase of the value of parameter
€ tends to shorten the period of the cycle and expand its amplitude. A comparison
of Figures 2 and 4 suggests that the increase of the value of y also has a similar
effect. These observations lead us to the conclusion that roughly speaking, increased
price flexibility tends to destabilize the system. This is precisely the main proposi-
tion of the previous section. A comparison of Figures 4 and 5 suggests that the
increase of the value of parameter « tends to shorten the period of the cycle. These
figures also show that an increase of the value of a lessons the amplitude of the
business cycle, at least at some range of the combination of parameter values. In
other words, the increase of the value of a has a stabilizing effect at least at some
range of a, although we already know that a further increase of a will ultimately
destabilize the system (cf. Proposition 1 (ii) in the previous section).

5. Extension of the model

In this section, we formulate an extended model which explicitly introduces the
fourth state variable, the rate of employment. Let us replace Eq. (21) in section 2
with the following more ‘natural’ form of the wage Phillips curve.
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w/w =¢e(e—é)+n% 0 < & =constant < 1 (34)

where e = N/N; is the rate of employment, N is labor employment, and N, is
labor supply. By definition, we have
{Y/K)K

Y/N
where @ = Y/N is average labor productivity. Substituting Eq. (35) into the defi-
nition of ¢ and differentiating with respect to time, we obtain the following law of
motion of the variable e.

¢/e = (N/N)—(N/N,) = (9/y)+(K/K) ~ (é/a) = (N,/N,)
= (9/y) +9By, po—=°, d) —(é/a) — (N,/N,) (36)

On the other hand, we have the following expression from Eq. (17) if we as-
sume a constant mark up.

N = = (yK)/a, (35)

m=p/p = (w/w)—(d/a) (37)
From equations (34) and (37) we obtain the following ‘price Phillips curve’.
n=¢e(e—e)—(a/a)+r° (38)

In this section, we adopt the simplifying assumption of constant growth rates of
labor supply and labor productivity, following the tradition of the ‘old’ growth the-
ory. This implies that'

N,/N, = n, =constant = 0, (39)

d/a = n, =constant = (. (40)

In this case, the system (S,) in Section 2 must be modified to the following
four-dimensional system of nonlinear differential equations.

(i) d=¢(gBy,p—x° d))—sBy—ilp, d)d}
—{gBy,p—7°, d)+e(e—&)—n,+rn°}d = F,(d, y, 7°, ¢; &)
(i) g=eale(gBy, 0—x° d))+(1—s,) {ov+ilo, d)d}
—{s;+(1—s)s,}By]l = F,(d, y, 7% a)
(i) 7°=yle(e—&)—n,} = F(e 7, )
(iv) é=1{F{d yz%5a)/y+gBy,p—7° d)—(n,+ny}e
=F,d, y 7 ea) (S,)

The equilibrium point of this system (d*, y*, 7°*, e*) is determined by the
following system of equations.

(i) @(n+ny)—sBy—ilo, d)d} — (n,+ny,+7)d = 0

(i) ¢(n+n,)+—s,) {ov+ilp, d)d} — {s,+(1—s)s,}8y =0

(i) ¢g(By,0—7°d) =n,+n,

(iv) e=é+(ny/e) (41)

The Jacobian matrix of this system at the equilibrium point may be written as
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£y Fiy Fy —ed]
Fy(a) Fyla) Fula) 0

0 0 0 7€
L Fy Fy, F 0

where F); = (q?:()g) —*d)(g_d)— (nl+n2)—7ze+sf((id)d+z'),
Fi, =B{(¢'(@)—d}g, —s,
(+> (+)
Fiy= = (¢'(@)=d)gy-—d, Fy(@) = al¢'(g)g, +(1=5,) (i, d+0)],
Fpla) = aﬁ[«(ﬁf()g)(g,)— {s,+(1=5p)s,} ], Fyla) = —a?;()g)g‘(,:,)? 0,
Fu = ((Fy/y)+gqbe. Fip = ((Fu/y) +Bg,} e, and Fyy = (Puly) =g, le.

Eq. (41) (iii) and (iv) imply that at the long run equilibrium point of this
extended system, the rate of capital accumulation is equal to the exogenously deter-
mined ‘natural rate of economic growth’ g* = n,+n,, and the rate of employment
is also equal to the exogenously determined ‘natural rate of employment’
e* = &+ (n,/e). This means that the equilibrium growth rate and equilibrium rate
of employment are determined independently of financial factors, and the effective
demand as far as the values of the parameters such as n,, 7n,, &, or £ are not influ-
enced by the financial factors or effective demand. In this sense, the extended ver-
sion of our model has a somewhat ‘classical’ flavor, as far as we concentrate on the
long run equilibrium point. However, the concentration on the long run equilibrium
is not justified in our model, because the out- of-steady-state dynamics in this model
are heavily influenced by the complex interaction of financial factors and effective
demand. In fact, if we carry out some somewhat tedious calculations, we can prove
that essentially the same results as Proposition 1 and Proposition 2 in the previous
section also apply to this extended version of the model”. In other words, the quali-
tative behavior of the out-of-steady-state dynamics in the extended four-dimensional
version of the system (S,) is almost identical to that in the simpler three-
dimensional version of the system (S,). This means that the simpler version is
sufficient for our purpose of formalizing the dynamics of the cycles of debt and
income in a flexible price economy.

6. Discussion of the results

In Chapter 19 of The General Theory, Keynes wrote as follows.

“The depressing influence on entrepreneurs of their greater burden of debt may
partly offset any cheerful reactions from the reduction of wages. Indeed if the fall
of wages and prices goes far, the embarrassment of those entrepreneurs who are
heavily indebted may soon reach the point of insolvency, — with severely adverse
effect on investment.” (Keynes (1936) p. 264) “It would be much better that wages
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should be rigidly fixed and deemed incapable of material changes, than that depres-
sions should be accompanied by a gradual downward tendency of money wages.”
(Keynes (1936) p. 265) “There is, therefore, no ground for the belief that a flexible
wage policy is capable of maintaining a state of continuous full employment; ... The
economic system cannot be made self-adjusting along these lines.” (Keynes (1936)
p. 267) ‘

It is clear from these quotations that Keynes did not consider the cause of the
persistent unemployment and the economic fluctuation to be rigidities of wages or
prices. This assertion by Keynes himself is contrary to the teachings of classical,
neoclassical, and of the so called new Keynesian macroeconomics. In this paper we
have formulated a macrodynamic model which provides some theoretical founda-
tions to this somewhat heretical assertion by Keynes. The main destabilizing mecha-
nism of price flexibility in our model is based on the ‘Fisher debt effect’, which may
be represented schematically as follows".

(y=>rnl=>d=D/(pK)t=>gl= (y ) (FDE)

Furthermore, we have the following other destabilizing effect through changes
of the expected real rate of interest, via changes of the price expectations, which is
called the ‘Mundell effect’”.

(yh=>zl=n 1= (—a)1=>gl=>(y ) (ME)

These two effects have positive feedback mechanisms which are undoubtedly
destabilizing. In other words, in these processes, a decrease of y induces a further
decrease of y”.

Needless to say, there also exist counteracting negative feedback mechanisms
which have stabilizing effects. First, the increase of real corporate debt due to the
fall of the price level during the period of depression implies an increase of the real
wealth of creditors. Thus, it does not only have a negative impact on the corporate
investment expenditure, but will also induce an increase of the consumption expendi-
ture of creditors. This ‘wealth effect’ is explicitly incorporated in our model. How-
ever, it is doubtful whether the latter effect is strong enough to that it outweigh the
former. In fact, in our model the stabilizing ‘wealth effect’ is relatively weak com-
pared to the destabilizing ‘debt effect’. The second stabilizing mechanism, which has
been neglected in this paper up to now, is the so called ‘Keynes effect’ which works
through the change of the nominal rate of interest. If we assume the standard
Keynesian real demand function for money L” = ¢(0) Y (¢’(p) < 0), the equilib-
rium condition for the money market can be expressed as

M/p=9¢@Y (43)

where M is the nominal money supply. Solving this equation with respect to p, we
have the following standard type of the ‘LM equation’.

o=p(m); 0 (m)=1/¢"(0) <0, m = M/(pY) (44)

In our model, it was assumed that the monetary authority adopts the policy of
keeping the nominal rate of interest (0) constant, which implicitly means that the
monetary authority adopts a monetary policy of keeping m constant. It is obvious
that the ‘Keynes effect’ does not work in this case. However, there is a room for the

55



Price Flexibility and Instability in a Macrodynamic Model with a Debt Effect

Keynes effect if the monetary authority adopts an alternative policy, for example, to
keep the growth rate of nominal money supply (M/M) constant rather than the
nominal rate of interest. In this case, we obtain the following law of motion for the
variable 7 by differentiating the definitional equation m = M/(pY) = M/(pyK)
with respect to time.

m/m = (M/M)—(p/p)—(g/y) — (K/K)
=u—n—(4/y)~9By,p—n° d) (45)

where u = M/M = constant. If we replace the assumption o = constant with equa-
tions (44) and (45), the system (S,) is transformed to a four-dimensional system,
and the system S, becomes a five-dimensional system. First, let us consider the long
run equilibrium solution. Substituting 72 = 3 = 0 and g = n,+n, into Eq. (45), we
obtain the following expression.

u—n—(n,+n,)=0 (46)

Eq. (46) characterizes the long run equilibrium position of both of the system with
a fixed nominal rate of interest and with a fixed growth rate of the nominal money
supply. However, the causality of determination is different between two systems.
In the system with a fixed nominal rate of interest, this equation becomes the for-
mula which determines the equilibrium growth rate of nominal money supply corre-
sponding to the equilibrium rate of price inflation, which is pre-determined, while in
the system with a fixed growth rate of nominal money supply, the equation becomes
the formula which determines the equilibrium rate of price inflation corresponding
to the exogenously given growth rate of money supply. What can we say about the
out-of-steady-state dynamics of the system with a constant growth rate of money
supply and variable nominal rate of interest? How does the change of the assump-
tion from constant nominal rate of interest to constant growth rate of nominal
money supply affect the dynamic stability of the system?

Without committing ourselves to a formal analysis, we can observe that this
modification of the model will increase the stability of the system, at least poten-
tially. In fact, the following stabilizing negative feedback effect, which is called the
‘Keynes effect’, will work if the sensitivity of money demand with respect to the
change of the rate of interest | (o) | is so small that the decrease of 7 can induce
a decrease of the expected real rate of interest o —7° through the sharp decrease of
the nominal rate of interest p, in spite of the fact that z° also falls.

(yh=rl=2mit=pl= (o—2)=g1= (y?}) (KE)

But, it is quite unlikely that the Keynes effect will outweigh the Mundell effect
when the economy is in depression. In general, the nominal rate of interest cannot
fall below zero. In fact, the sensitivity of p with respect to the change of m will
approach to zero because |¢’(p) | becomes almost infinite if o is already close to
zero. In this situation of the so called ‘liquidity trap’, the Keynes effect does not
work. For example, in the Japanese economy in the late 1990s, the expected real rate
of interest was still relatively high because of the fear of price deflation, although the
nominal rate of interest was nearly zero. Furthermore, the corporate debt burden
was high enough. As a result, corporate investment was held down to quite a low
level. This recent Japanese experience is consistent with the theoretical conjecture
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derived from our model.

Our theoretical investigation of the dynamic interaction between real and financial
factors suggests that the policy recommendation to increase the flexibility of wages
and prices during a period of depression, without an active counter cyclical demand
management policy, is likely to lead to disastrous results.
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Mathematical Appendix
In this appendix, we present some mathematical theorems which are useful for
the derivation of the propositions in the text.

Theorem 1. (Routh-Hurwitz conditions for a three-dimensional system)
All of the real parts of the roots of the characteristic equation

4, =2P+al+ad+a, =0 (AD)
are negative if and only if a set of inequalities
a;>0((=1223),aa,—a;>0 (A2)

is satisfied.

Theorem 2.
The characteristic equation (A1) has a pair of pure imaginary roots =hi(i
= y—1, h # 0) if and only if a set of conditions

a,>0,aa,—a; =0 (A3)

is satisfied. In this case, we have the explicit solution A = —a,, *iva,.

Theorem 3. (Routh-Hurwitz conditions for a four-dimensional system)
All of the real parts of the roots of the characteristic equation

4,(Q) = 2+ b, P+ 0,25+ b,A+b, =0 (A4)
are negative if and only if a set of inequalities
b; >0(=1,238,4,), bbb,— b b,—b: >0 (AS5)

is satisfied.
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Theorem 4.

The characteristic equation (A4) has a pair of pure imaginary roots and two
roots with non-zero real parts if and only if either of the following set of conditions
(A) or (B) is satisfied.

(A) b,=0,b;=0,and b, < 0.
(B) bb, >0, by # 0, and b,b,b,— b’b,— b: = 0.

Theorem 5. (Hopf bifurcation theorem for an n-dimensional system)

Let £ = f(x;e), x € R", e € R be a system of an n-dimensional differential
equations with a parameter €. Suppose that the following properties (1 )-(3) are
satisfied.

(1) This system has a smooth curve of equilibria f(x*(e); )= 0.

(2) The characteristic equation |A/—Df(x*(g,); g,) | = 0 has a pair of pure
imaginary roots A (¢,), A (g,) and no other roots with zero real parts, where
Df(x*(ey); &y) is the Jacobian matrix of the above system at (x*(g,),
€,) with the parameter value ¢,.

(3) d{Rea(e)/de} |, -, # 0, where ReA(e) is the real part of A(e).

Then, there exists a continuous function ¢(7) with e(0) = &,, and for all suffi-
ciently small values of ¥ # 0 there exists a continuous family of non-constant peri-
odic solutions z (¢, 7) for the above dynamical system, which collapses to the
equilibrium point *(g,) as y — 0. The period of the cycle is close to 2z/Im2 (g,),
where Im A (¢g,) is the imaginary part of 1(g,).

Theorems 1, 3, and 5 in this appendix are well known among researchers of
dynamic economics (cf. Gandolfo (1996) and Lorenz (1994)). On the other hand,
Theorems 2 and 4 (and in particular, Theorem 4) may be relatively little known
among economists, although their results are quite useful for our purposes. For the
proof of Theorem 2, see Asada (1995) and Asada and Semmler (1995). Asada and
Yoshida (2003) contains the proof of Theorem 4.

Notes

P

For a history of financial crises, see Kindleberger (1989) and Wolfson (1994).

2 See, for example, Asada (1999 and 2001), Chiarella, Flaschel and Semmler (2000 and
2001), Chiarella, Flaschel, Groh and Semmler (2000) Chap.2, Delli Gatti and
Gallegati (1994), Flaschel, Franke and Semmler (1997) Chap. 12, Franke and
Semmler (1989), Keen (2000), and Palley (1996). Nasica (2000) contains an excel-
lent survey of recent developments in this area of research.

3 A dot over a symbol denotes the derivative with respect to time.

4 We assume that there are no issues of new shares, and for simplicity we neglect the
repayment of debt.

5 See also Asada (1999 and 2001) and Asada and Semmler (1995).

6 In this formulation, we neglect government expenditures and international trade for
simplicity. In other words, we abstract the problems of public debt and foreign debt to
concentrate on that of domestic private debt.

7 See Kalecki (1971).

8 If the capitalists are debtors and the corporate sector as a whole is a creditor, we must

have D < 0, but we can expect that in a ‘normal’ situation, we have D > 0, meaning
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that, the corporate sector as a whole becomes a debtor and the capitalists become
creditors.

9 Lavoie (1995) asserts that the real rate of interest should be treated as an exogenous
variable for Post Keyesian analysis. However, we do not follow his approach, because
it is in fact more difficult for the monetary authority to control the real rather than
nominal rate of interest in an economy with variable prices. Incidentally, in the final
section, we will briefly discuss the ‘verticalist’ case in which the growth rate of nominal
money supply rather than the nominal rate of interest is assumed to be constant.

10 For the derivation, see Asada (1999 and 2001). See also Asada and Semmler (1995).

11 For the Volterra-Lotka system, see Gandolfo (1996) Chap. 24 and Lorenz (1993)
Chap. 2.

12 All values of f; are evaluated at the equilibrium point.

13 We do not claim that our simple numerical examples are quantitatively realistic. The
purpose of this section is only to illustrate and make visible the main qualitative con-
clusions which were derived analytically in the previous section.

14 We adopted Euler’s algorithm and the time interval 4¢ = 0.1 for the computer simula-
tion. However, we found that we can obtain essentially the same results even if we
adopt the time interval 4¢ = 0.01.

15 In these examples, in some periods of the business cycle D becomes negative. In other
words, the corporate sector becomes a creditor rather than debtor in these periods.
However, this feature is not essential for the qualitative pattern of movement of the
main variables.

16 The recently developed ‘new growth theory’ focuses on the endogenous determination
of n, and n,, but this is not the theme of this paper. Incidentally, Eq. (40) implies that
we are assuming a ‘Harrodian neutral’ exogenous technical progress.

17 Due to lack of space, the proof is omitted. We can make use of Theorems 3, 4, and 5
in the mathematical appendix to prove these propositions.

18 For the Fisher debt effect, see Chiarella, Flaschel and Semmler (2000 and 2001).

19 For the Mundell effect, see Flaschel, Franke and Semmler (1997) Chap. 7.

20 In some recent economic literature, the importance of positive feedback mechanisms or
self-reinforcing mechanisms in the dynamic context is well recognized. See, for exam-
ple, Agliardi (1998). It is worth noting, incidentally, that these positive feedback
mechanisms work in periods of inflationary boom as well as in periods of depression.
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