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A Model of Macrodynamics with
an EXpectationS Hypothesis*

Masanori Morita
I Infroduction

As is well known, the word ‘uncertainty’ has been given two
different meanings in cconomic’s.‘ It has been used, on the one
hand, to mean the state whep people do not know future events
perfectly but their ‘prob‘abil‘istjcr distribution, what F.K. Knight called
‘measurable uncertainty’, or sifnply ‘risk’. On the other hand, it
has been considered to be the state when people have little or none
of the inforfnation needed to perform any probabilistic calculations,
what has been called ‘true uncertainty’ or possibly ‘Keynes/Knightian
uncertaint}l’.r‘ |

It is, needless to say, of crucial importance whether or not
people can know the probability distribution of future events in

advance. Under the principles of Keynes/Knightian uncertainty

it is almost impossible to behave rationally and theories based on the

#* For clarifying comments on an earlier draft of this paper I am grateful
particularly to Professors Alfred S. Eichner, Walter E. Nicholson and Samuel
C. Morse.: They are, of course, not responsible for the views expressed here

or for any efrors.:
1 F.K.Knight [10]
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hypothesis of rational behavior of every economic agent, therefore,
lose their theoretical basis, Among others, a theory dealing with
a decision probl‘em under méasurable uncertainty is known as

‘expected utility theory’." However, the applicability of this theory,
especially to problems of dynamic decisions, is rather restricted. In
the real world, what happens in the future is very much influenced
by our present decisions, most of which are essentially irrevocable;
in other words, probabilistic distribution of future events is not
independent from our presen't‘ behavior, and may be said to be
determined /Zistorically. Consequently we often know little about
how our present decisions will effect the distribution of our future
events. ‘T'o assume that something is certain and known is, therefore,
nothing but an assumption of perfect knowledge. For a study of
decisions made in a historical setting, such as an investment decision
in fixed capital, the assumption of rational behavior under a certain
and known distribution of future events is almost meaninglessz.
Although the economics of measurable uncertainty has already been
studied thoroughly and many irhplications for risk management have
been derived {from it, the study of true uncertainty is still lost in a
thick mist, in spite of Professor G. L. S. Shackle’s continuous efforts
of nearly fifty years.

In the world of uncertainty, péople cannot help but behave

according to the basis of expectations. How are these expectations

2 Moreover, Hey [7], critisizes unequivocaly the subjective expected utility
theory. He argues that the economics of uncertainty must abandon back-
ward induction, therefore its pre-occupation with optimal rules of behavior,
and concentrate instead on reasonable rules of thumb.
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formed and what effect do they have on the workings of our economy ?
These problems have become to be thought of as the central theme
-of macrodynamics. The ‘stagflation’ of the early 70°s caused the
problem of expectations to be cast in quite a different light, that is
the rational expectations theory. There is, however, no doubt of
the inability of the rational expectations theory to deal with expec-
tations under uncertainty in a Keynes/Knightian sense, for it still
assumes that people are informed enough to be successful in forming
their expectations. If our economy was something like a train
Tunning on tracks and rolling always from side to side, then although
people would not know which way the train would roll next, they
surely would know that they were, on the average, in the middle of
the tracks as long as the train was not derailed. This being the
case, then the rational expectations theory would provide us with a
good description of our economya.

It seems to me, however, that an airplane flying in the air is a
much better metaphor of the real economy. Airplanes can stay in
the air as long as they fly with enough speed to lift themselves up.
Due to inertia, the flight of an airplane seems to be stable, but once
it loses enough speed, it becomes apparent that there is nothing to
sustain that airplane. In the real world, what gives our economy
enough speéd is, of course, vigorous investment activity of firms
which results cfucialiy from their expectations of future economic
circumstances. Therefore, formation of expectations under true

uncertainty is, as long as we share the same theoretical basis as

3 R. Bausor presented an exhaustive criticism on the rational expectations
theory recently. See Bausor [2]. '
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Keynes, one of the most important subjects for understanding
economic fluctuations.

In spite of the importance of expectations, however, there have:
been few treatments of this subject in terms of macroscopic view. In.
this paper, confining the problem to a rather restricted scope, I
would like to. analyze the effect of a firm’s demand expectations.
on the dynamic stability of the growth path in an oligopoly. In
the course of the argument, I will also propose one possible expla-
nation for stagflation. We will see that, when short-term expec~
tations are relatively dominant, then the growth path is unstable
and chronic stagflation may occur.

In the next section, I will give an algebraic expression to our
model economy and present a simple expectations hypothesis, which
consists of both short-term and long-term expectations in order to
arrive at a tentative approximation of the problem. Stability
properties will be éxdmined in section 11T and some brief remarks will

be given in the final section.
II * Model

The model economy where we will develop our argument is a.
simple Keynes/Kaleckian economy, which has no government
sector and no foreign trade. There is oni}jf‘ one commodity, which
is used both as a consumption good and as an investment good.
The price of this coniriioditﬁl is fixéd in the short-run and equality

of aggregate supply and demand is guaranteed by instantaneous
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quantity adjustment. The goods are produced by only one firm,
which we call the representative oligopolistic firm (hereafter denoted

as ROT).

According to General Theory, there exist two kinds of expectations
formed by a firm, i.e: short-term and long-term expectations. Keynes
observes that the former is concerned with price and output decisions
and the latter with investment decisions. Although such expec-
tations are thought to be the result of a variety of factors, many of
which might have a highly qualitative nature, in this paper, we deal
with them only in terms of the expected demand for a firm’s products.

First, in the case of short-term demand expectations, we can
suppose that these expectations are formed adaptively in response to
the realized volume of demand. Chapter 5 of General Theory is very

4
informative in respect to this point. There Keynes states:

But it will often be safe to omit express reference
to short-term expectation, in view of the fact that in
practice the process of revision of short-term expectation
is a gradual and continuous one, carried on largely
in the light of realized results; so that expected and
realized results run into and overlap one another in
their influence. For, although output and employ-
ment are determined by the producer’s short-term
expectations and not by past results, the most recent
results usually play a predominant part in determining
.what, these expectations are. It would be too com-
plicated to work out the expectations de novo whenever

a productive process was being started; and it would,

4 Keynes [9], Chapter 5, pp. 50-51.
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moreover, bé a waste of time since a large part of the
circumstances usually continue substantially un-
changed from one day to the next. Accordingly it
is sensible for producers to base their expectations on
the assumption that the most recently realised results
‘will. continue, except in so far as there are definite

reasons for expecting a change.

Although' this passage does not necessarily mean that short-
term expectationé are élways formed by inertia, we will, as a first
approximation of the problem, suppose that the adaptive model
can describe the real forfnatidn‘p‘rocess of short-term expectations.

From the above analysis, we can formulate the following
equation as one which gives us a short-run formation process of
demand expectations.

U=v(Q—0Q) v>0 | M
where Q° is expected volume of demand for ROF’s products and
Q is actual demand.

Suppose a fixed proportions téchnology and let ¢ be the maxi-
mum ratio of outpﬁt to ;capifal, ‘V\‘/'l‘lich is assumed constant, and K
be the amount of .capital stock. The expected rate of capacity
utilization, which we denoted by u¢, is; .

w=Qlek @)

We may also assume that, when ROF forms short-term expectations,
it neglects current changes in capital stock, so that the short-term

expected rate of capacity utilization is affected only by changes in

5 A more general formulation with a time-varying adjustment coefficient is
given in Lawson [13].
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expected demand. Therefore, we can describe the behavior of the

expected rate of capacity utilization over time by the following

equation.

it =QfsK X (3)
Substituting equations 2 and 3 into 1, we have

i =v(u—u’) ‘ 4)

where u is the actual rate of capacity utilization, which is defined

by Q [oK.

Keynes introduced long-term expectations as the primary
connective of the uncertainty-investment nexus, which has been
regarded as the core of General Theory by many scholars. Before
formulating our own hypothcsis,‘le‘t us take a look at Keynes’ view
on uncertainty and long-term expectations. In the  following
passage, which has been cited ‘oftenf Keynes states clearly that we

have little information about the future that is needed in order to

7
perform investments.

By ‘uncertain’ kﬁowledge, let me explain, I do not
mean merely to distinguish what is known for certain
from what is only probable. The game of roulette is
not subject, in this sense, to uncertainty; nor is the
prospect of a Victory bond being drawn.... The
sense in which I am using the term is that in which the
prospect of a European war is uncertain, or the price
of copper and the rate of interest twenty years hence,
or the obsolescence of a new invention, or the position
of private wealth owners in the social system in 1970.

6 .See Stohs [15] and Coddington [4] for example.
7 Keynes [10], pp. 113-14.
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About these matters there is no scientific basis on which to_form
any calculable probability whatever.  We simply do not know
[my italics].

In such circumstances, how does the entrepreneur behave? Keynes

8
indicates three possible techniques to manage uncertainty;

(1) We assume that the present is a much more
serviceable guide to the future than a candid exami-
nation of past experience would show it to have been
hitherto. In other words we largely ignore the
prospect of future changes about the actual character
of which-we know nothing.

(2) We assume that the existing state of opinion
as expressed ‘in‘p‘rices and the character of existing
output is based on a correct summing up of future
prospects, so that we can accept it as such unless and
until something new and relevant comes into the
picture. o

(3) Knowing that our own individual judgment
is worthless, we endeavour to fall back on the judgment
of the rest of the world which is perhaps better in-
formed. That is, we endeavour to conform with the
behavior of the majority or the average. The psy-
chology of a Society of individi;als each of whom is
endeavouring to copy the others leads to what we may
stric’dy;térm a cofz‘vgntiohal judgmgnt.

What we can derive from these points is ‘the conventional character

e .
of long-term expectations. Such conventional behavior cannot

8 Keynes [10], p. 114,

9 He refers to conventional judgement also in General Theory. ‘In practice we
have tacitly agreed, as a rule, to fall back on what is, in truth, a convention.
The essence of this convention... though it does not, of course, work out
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be formulated neatly in a simple equation. Therefore, as many
authors d<1)0, we will treat long-term expectations exogenously in
this paper, and these expectations are hereafter confined to the
growth rate of demand. Although we assume the constancy of the
growth rate for the simplicity of our exposition, ‘this does not mean
that we really believe that the existing state of affairs will continue
indeﬁnitel}v.’ In fact, what Keynes emphasizes is the extreme

: 12
precariousness of conventional judgment. He states:

Now a practical theory of the future based on
these three principles-(cited above) has certain marked
characteristics. In particular, being based on so
flimsy a foundation, it is subject to sudden and violent
changes. The practice of calmness and immobility,
of certainty and security, suddenly breaks down. New
fears and hopes will, without warning, take charge of
human conduct. The forces of disillusion may sud-

denly impose a new conventional basis of valuation.

In contrast with short-term expectations we can point out the
following two features for long-term expectations on demand. First,
changes in productive capacitgl can 1o longef be neglected. Second,
ROF may not form expeétatidns aboﬁt the absolute level of demand

ny longer, but it will form expectations about its trend growth

rate. When the expected growth rate of demand is higher (lower)

\ quite so simply... lies in assuming that the existing state of affairs will con-
tinue indefinitely except in so far as'we have specific reason to expect a change.’
(p. 132).

10 See Adachi [1] and Eatwell [3] for example.

11  Keynes [9], Chapter 12, p. 152.

12 Keynes [10], p. 114. See also Keynes [9], pp- 149«50 Shackle called such
Aimsiness of expectations ‘kaleidic factor’. ‘See Shackle T14].
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than the capacity growth rate, ROF will, under usual circumstances,
expect that the rate of utilization will increase (decrease). From
the long-run point of view, therefore, the following relationship may
be expected by ROF.

sign (4%) =sign (7 —g) - ()
where ¢ denotes the growth rate of the long-term expected demand,
which is here assumed to be a given constant, and g is the capital
accumulation ‘rate (K/K), which is identical with the growth rate
of capacity under the assumption of fixed proportions technology.
We also assume that 7° is an increasing function of (7 — g).

As already mentioned, Keynes assigns short-term expectations
to price and output decisions and long-term expectations to invest-
ment decisions, but this cannot be said a priori. It has been often
said that oligopolistic firms tend to determine their mark-ups in
order to _gel}ér‘ate‘ suﬁicient cash flow to finance their investment
expenditure. In that case, we may expect that there exists a rather
strong linkage between priée setting and long-term expectations.
On the contrary, invéstmept may be influenced by short-term
expectations because firms will partly delay (accelerate) intiations
of their investment pr(SjCCtS when they expect a recession (a boom)
in the near future. Moreover, in the real economy, some firms
make their decisions on the basis of short-term expectations, while
some other ﬁfms base their decisions on long-term expectations.
The representative firm must be supposed to be the ‘average’ of all
those firms. Taking these points into account, we assume in this

paper that the demand expectations of ROF are an amalgam of its
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short~term and long-term expectations. This amalgam hypothesis
is formulated as follows.

Ww=Hu—uw,q—g), H>0, H,>0, H(0,0)=0 (6)
Hereafter, we will adopt a linear approximation of this equation to
simplify algebraic manipulation. That is;

@ =h(u—u)+h(1—g) ()
where both A; and A, are non negative constants.

Next, we will introduce an investment function of the form

g=k@w—a)+g (8)
where £ and @ are positive constants1.3 The second term of the right-
hand side of this equation expresses the long-term desired rate of
capital accumulation, which is, because of fixed proportions tech-
nology, assumed to be equal to the growth rate of the long-term
expected demand. Equation 8 means that when the expected rate
of capacity utilization exceeds its normal rate, which is denoted by
#, ROT accelerates the capital accumulation rate above the trend
growth rate of its capital stock and wvice versz

The classical saving assumption that wage income is entirely

13 A similar investment function is adopted in Adachi [1].
14 Substituting epuation 8 into 7, we have

248 = hy (u —ue) — hok (u® — #2) (i)
This equation can be approximated by the following difference equation.
uf =gy +hy (upy —ufy ) — hok (ug_ — @) {t)

Therefore, u¢ shows the Koyck lag distribution, that is
uf = by 3 (1—hy — hoF) e+ hokit 33 (1— by — R D
i=1 i=1
Substituting (ii) into the investment function, we have
&= (1—hy — hok) go—y + khyupy + (hy + hok) go — Kyt (iv)

Since the last expression does not contain # vyet, our hypothesis can be
applied to observable data.
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spent on consumption and profits are all saved is assumeg. Then,
in a closed economy without government economic activity, invest-
ment-saving equality is given by the Kaleckian formula, that is

I=P . . ‘ ‘ (9)
where I is nominal investment and P total profits. The following
equation is self-evident,

pO=wN+P ! | (10)
where p is the actual price level, w the money wage rate and N total
labor input. | | |

Substituting equation 10 into 9 and solving it with r‘espect to

1, we have | B o "

u:pn/{a(n—R)} S (1)
where R is the real Wage rate (w/[)) and n is output per workér
which is assumed to be glven We must, thelefore assume that
both g and (n— ) are posmve so‘thét % can be economically mean-

ingful. These condmons are glven by the following lnequahtles

n>R ' | (12)
and |
w>a—gifk | 3

Another decision in whici1_d¢mand expectations may be thought
to play an important role is pxjice setting. To' make an' explicit
linkagé betweeﬁ expéétafions and -price‘, itis neceséary to adopt what
is called the target return pricing' model, i.e. the mark-up rate is

assumed to be set at a level which is high enough to yield a target

15 One of the major merits of adoption of the. classical saving function is that it
reflects the effect of real wage rate on the rate of capacity utilization through
consumption demand. :
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rate of return on capital under a norml rate of utilization. An
essential modification must, however, be made on this hypothesis
in order to make the linkage. - We must suppose that the mark-up
rate is determined on the basis of the expected rate of capacity
utilizatio;f.

To realize the target rate of return under a certain level of

expected demand, ROF must set the price of the product at the

level given by the fblldwing equation,

~ ouw
P = n(aufff) S (14)

where % is the target price level and 7 the target rate of return on
capital. 1‘Here we will not argue extensively what determines the
target rate of return, but we will suppose that the trend growth of
capital is the major determinang Therefore, #=1{g,), f'>0. For
» to be positive, ouf must be larger than 7. We suppose next that
the firm will increése (decrease) the actual price level when the

target price is higher (lower) than that level. We have, therefore,

b=a(p—pa>0 (15)

16 The behavior of a firm’s price s:étting has an important effect on the stabili-
ty property of the model.

17 It has been pointed by many Post-Keynesians that investment expenditure is
the most important determinant of oligopclistic price. For example, P.
Kenyon states: ‘Post-Keynesians conclude—that oligopolistic firms, having
some degree of discretionary power, set their margins above normal pro-
duction costs, so that they can generate sufficient cash flow to finance from
internal sources much of the investment expenditure they wish to undertake.
That is, movements in- prices depend upon the requirement of firm’s for
internally generated investment funds and upon movements in normal
production costs. The mark-up is linked directly with the need to finance
‘planned investment expenditure.’ Kenyon [8], pp. .38-39. See also
Eichner [3]. -
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Equation 15 reflects price inertia and the short-run constancy of an
oligopolistic price.

Next let ¢ be the rate of increase of the nominal wage rate o/w,
for which we assume a given constarllst. Differentiating R with
respect to time, we have

K —a— & | (16)

The substitution of equation 14 and 15 into 16 yields
R ou’R
Tt b 1 7

Our model is now completed and the dynamic behavior of the
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Fig. 1. The CausaLl Relations Among the Variables

Wit

18 A possible alternative assumption is ‘quasi perfect expectations of inflation’,
P p q P P

i.e. d=m(p/p), where m is a positive constant, Adoption of this assump-
tion will yield an interesting result. )
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model is described by equations 7, 8, 11 and 17, which contain four

unknowns; u°, u, g and R.

III The stability of the growth path

In this section we will examine the local stability of the stationary
point for two extreme cases in order to simplify our argument.

Case A (>0 and hy;=0): Long-term expectations are com-
pletely excluded from ROZF’s decision making in this case, and we
may think of such a condition as a purely myopic case. The

stationary point is, then, unique and given by the following two

equations.
o (T a)7taka—1q)
U= ok + da (18)
« _ ndta)ik{on—7)+o(F—7)
R0t +ata—1) (19)

The dynamic behavior of this system is given in Fig. 13. As is shown
in the figure, the stationary point is a saddle point and any dynamic
path, except two special cases,‘ does not converge to (ut*, 1%9“) The
set of #® and R which keeps the price level constant over time is given
by the broken line in the diagrarzrl. In the area above (below) this

line, the price level increases (decreases) over time.

19 We cannot specify the sign of the slope of the line #¢=0, but this does
not disturb the nature of the figure.
20 See Appendix.
21 The algebraic expression of this curve is as follows,
R nlew—7)
aut
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U

: : (Fig. 2)

If an initial condition is given at a point like A in the figure, a
sta.gﬂatidn process will emerge. On the path towards point B in the
figure, the actual rate of capacity utilization is constantly lower than
the expected level, so that the expectations are adjusted downwards,
while the actulal price is increased over time so as to realize the target

return on capital. Differentiating p/p with respect to time, we have

%(%) T (C::czef i’) {—g— . a}u’j’;: 7 %j} (20)

Before reaching point C, therefore, the rate of inflation is certainly

increased because the right hand side of equation 20 is positive when
R is positive and 7 is negative. Accelerating inflation will catch up
with the wage increment rate at point C, and after that the real wage
rate will be decreased by inflation: A decline of the real wage rate
has a negative effect ‘on' the demand for the consumption goods.

Investment will decelerate because of the low rate of capacity



Macrodynamics with an Expectations Hypothesis (Morita) (629) 91

utilization. Therefore the relative shortage of aggregate demand
is increased and the actual utilization rate will be decreased. Such
a situation will compel the firm to slow down the accumulation rate
and to raise the price level still more. This means that the stagflation
reproduces itself. A firm’s attempt to increase profit by raising the
price level may succeed if the others do not follow. However, when
almost all firms in the econéﬁly try to do so, the aggregate real
demand will fall and profit may decrease.

Case B (ﬁle and hy>0): In this case, short-term demand
expectationé are cofripietely néglected. ROF expects that the
demand will grow at rate § irrespective of the currently realized
demand.

The stationary point, which is defined by the following two
equations, can be easily shown as a stable nodzé.

Ut =g oo (21)
R::::<1 _{_ﬂ) ﬂ(o‘ﬁ%?—’)_ ) ‘ . (22)
At the stationary point #** equals @, yet this does not necessarily

mean that the actual rate of utilization «* equals 7. In fact,

u ng . a
T o(n—R¥) T (a--b)

NS

2 (23)

— woit
so that w*=i only if the parameters appearing in the above equation
satisfy a certain relationship.

Suppose the situation that #*< iz over a long period. ROF
will, then, infer that the normal rate of capacity utilization is set too

high and will think that operation of capacity at that level is im-

22 See Appendix.
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possible over the long-run. Therefore, ROF will revise either the
long-term rate of capital accumulation g, or the normal rate of the
utilization # downwards so that the normal operation of the equip-
ment can be realized in the long-run. Downwards revision in g,

will decrease the gap between «* and &, because

o | _ —ag(a-+a) {f(@)+ ukf @ (24)

28 | g=4q k{(a+2)f(q) — oud}
Therefore, if this adjustment continues for a sufficient length of time,
@ will converge to u*. However, when ROF tries to adjust @ to w*,

the gap will be increased. Differentiating u*/# with respect to #,

we have ‘
a(u*la) atvog
o (@t a)F —dem? =0 (25)

Therefore, in an econoniy where # tends to be determined according
to u*, another kind of instability may be expected in the long-run.
In the real world, however, both parameters will be adjusted and
their compound effect on u* depends on which is subject to larger

adjustments.

IV Concluding remarks

In the previous section we investgated the stability properties
of demand expectations. We have only examined two special
cases, but, in reality, both %, and h, are thought to be positive.
Although no investigation for this general case has been presented, it
may safely be assumed' that any growth path is unstable (stable)

. . . 23
when short-term (long-term) expectations are relatively dominant.
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However, since the trend growth g, which is assumed to represent
long-term expectations in the present paper, stands on the basis of
conventional judgment which Keynes thought extremely precarious,
this conclusion does not necessarily mean that our economy can
grow steadly along a trend growth path under the dominance of
long-term expectatiohs. We can only say that there is no endogenous
cumulative process .of disequilibrium when short-term expectations
have little or no effect on a firm’s decision.

There still remains an important question; under what circums-
tances does one type of expectations become dominant over the
other? When long-term expectations are formed with great
confidence, short-run fluctuations of demand will be neglected and
excluded from a firm’s decision and this stabilizes the growth path.
Such a state of confidence is, as J. Eatwell argues in his recent paper,
thought to depend very much upon the stability of the institutional
environmerzl‘%. However, to formulate such dependence within a
simple model is, needless to say, impossible. Hence we have to argue
this problem on a different level of abstraction from what we have

just done. However it is an issue of another day.

Appendix

Our dynamic system given in section II can be reduced to the following two

differential equations.

23 The stability effect of long-term expectations has been realized by many
authors. For example, See Adachi [1] and Eatwell [5].
24 Eatwell [5].
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. n{k (w—a) + q) . -
e — h{mf _ue] — Ik (1 — ) (A-1)
. R cuR ‘
R_R[.w-—‘a{n ot —7) 1}] (A-2)
Let D, domain of our model, be a subset of A2 and define it as follows.
={(u", R) |uo> max (7 — gk, 7o), R< n} (A-3)

We also assume that the stationary point of the system, which we denote by (uf*,
R¥*) is économically feasible, 1. e. (u®*, R*) ED.
For case A, the coefficient matrix of the linearized system evaluated at the

stationary point is as follows.

Al AIZ ;
NII:[A';' Azj ' (A-4)
where
_ hy(ka+apo) (ki —q)
da= (w1+ a) 7 — o (ki — q) (A-4-a)
— ho (@ +-a) 7 + a (kis — Q)}Z 4
A = St we) (o + ) 7 — o (ki — 0] (A-4-b)
_ _ n(@+a)*(ak 4 ho)? 7 N
Ay = ao‘{(ﬁ)‘»}— ﬂ)?—ﬁ-a(kﬁ—(j)}z (A-4-c)
Ayy = — (@0 +a) ‘ ' (A-d-d)

From equation 18, # (% -+ a) + a (kg — g) must be positive so that u#®* can be
positive. Under the assumption that (u%*, R*) €D, the following inequality
holds.

s k@t a)F—ge(ki—g) ' ~N
R G Tala—0) . - (A-5)

From this condition, it can be directly shown that

LM, — — (@) (katbo) (@ + a)  + a (b — 7)) A-
det M= — SEG 5 _Mr_wa(ku_q)} <0 (A6

The stationary point is, therefore, proved to be a saddle point.
For case B, the coefficient matrix of the linearized system at (uf*, R*) is

as follows.

L ek 0
M2= n(a+ M2 ¥ (A"7)
( aa't':’g) . —(a+a)

Hence, we have the following relationships. ‘
tr My= —hk—(a+®) <0 " (A-8)
det M, =hyk(a+@) > 0 (A-9)
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Therefore,
(tr M2 —4det My= {hk— (a+w)}2 > 0 (A-10)

From these three equations, we find that the stationary point is a stable node.
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