Karl Aiginger

A NEW DICHOTOMIZATION FOR UNCERTAINTY MODELS

1. INTRODUCTION

... those who wish to talk about 'leaps into the
unknown' ... ought to be investing a lot of  effort in
finding a reasonable coherent way to deal with true un-
certainty. Otherwise a lot of territory has to be aban-

domed"s—Solow—(-984)~

The aim of the paper is to try to develope a new
dichotomization of risky situations. On the one hand firms
may work in an environment where there are mo (or few)
chances to correct a decision after it is done, this will be
called "severe uncertainty", on the other hand there are
situations where there are chances to correct it or adjust a
first decision in various ways, this will be called "petty"
uncertainty. This dichotomization could prove more useful
than that by Knight, who on the ome hand distinguishes
between situaticns in which people can form a probability
function about a random variable (yisk) and on the other
those where they cannot (uncertainty proper). In macro-
economic theory Keynesians and Mathematical economists are
divided over the "neture" of uncertainty to a considerable
extent.

In contrast to the risk-uncertainty divide our dichot-
omization between "petty" and "severe"” uncertainty assumes
thet agents in either situation are able to construct a -
however crude or subjective — probability distribution. The
main distinction lies in the degree of flexibility after the
veil of uncertainty has lifted. We think this to be a more
fruitful distinction between gualitatively different situ-
ation than to declare that people under "true uncertainty”
just behave differently ("leaps imto the unknown'"). Mathe-
matical concepts can be used now in either situation and we
can show that some results "Keynesian in spirit" can be
arrived at even under Expected Utility Maximization (they
can be attained also when some of its alternmatives like
Regret Theory, Machina's Theory, satisficing behaviour,
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Allals' or Hagen's approach are used).

The paper is structured as follows. In chapter 2 we
discuss Knight's dichotomization, in chapter 3 we introduce
our own. In chapter 4 we use the concept of Expected Utility
Maximization allowing for different market structures and
different decision variables as proposed in literature.

In chapter 5 we confront models with alternative
strategic responses of firms after the veil of uncertainty
is lifted to demonstrate the difference between severe and
petty uncertainty.

In the final chapter we repeat that this is a pre-
liminary wersion of the paper - in some respects a very
preliminary. On the other hand some of the findings (for
example chapter 4) had been part of earlier studies of the
authors (see Aiginger 1985A, 1985B). The proposed dichot-
omization into "petty" and "severe" uncertainty is an idea

in—the—first—phase—of—its"product—eycle"—and—very—open—Ffor
critics and discussion.

2. KNIGET'S DICHOTOMIZATION AND WHY WE NEED AN ALTERNATIVE

The most popular dichotomization of uncertainty situ-
ations is due to Knight (1921). He claimed the term "un-
certainty" (thereafter "uncertainty proper') for situations
where no probabilities about a random variable can be formed
and used the term ‘'risk" to describe situations in which
people can form a probability distribution for the uncertain
variable. Over decades economists debated, whether this is a
fruitful divide and which situation is a more adequate de~
scription for real economies. Keynesians and Post-Keynesians
very much stress that uncertainty in economic life is of the
"uncertainty proper" type, since "the future is really
unknown", "people just do not know". Not even all feasible
alternatives are defined and it is therefore very misleading
to assume that people can form probability distributions in
uncertain situvations. Instead they behave "qualitatively
different" under uncertainty, for example preferring liqui~
dity, flexible techniques etc. Despite the plausibility of
the Keynesian arguments modern decision theory (mest pro-
minently the Von Neumann-Morgenstern~Theory) nearly without
exceptions refers to the "risk" concept. The reason for this
ig that the assumption of probabilities is the main con-
ditien for making the models operationmal. Exact comparlsons
and calculations between certainty and uncertainty and nu-
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merical calculations of results are possible only if an
however crude assessment of the probability of situations is
feasible.

The agnostic view that under '"uncertainty proper" we
just do not kmow, is one of the causes why Keynesian econ-
omists lost a Jlot of ground in the economic science es-—
pecially at the time in which microeconomic foundations
became important and .optimization  the all dimportant pre-
condition for research to be considered as academic. Let me
cite Robert Solow, a leading Post-Keynesians as one who
shares my view that speaking about "leaps into the unknown"
ig a fruitless strategy abandoning much ground for econ-
omists in general and Keynesians in special.

3._"PETTY" VERSUS "SEVERE UNCERTAINTY":

ELEMENTS OF AN ALTERNATIVE DICHOTOMIZATION

We want to propose - see table 1 - amn alternative
dichotomization for situatioms (types) of uncertainty. On
the one side there is a type of uncertainty where uncer-
tainty is some sort of an "intermediate" problem. That means
a decision about one part of the variables have to be domne
before the veil of uncertainty is lifted, some other vari-
able(s) adjust thereafter. This type includes models

- where there is an ex post control, which adjust auto-
matically (market price, output given by the demand curve);

— where there is an optimization process feasible for
some variable after the realization of the random variable
is known (short run profit maximization for the variable
factor).

Related economic consequences (to that of ex post
control) are given if a decision does not have an omne shot
character but is of a repeated nature, expecially if the
realization of the random variable are not correlated over
time or 1if there exist insurances and/or future markets and
there are mo irreversibilities. If some or all of these ex
post strategies are feasible there will be no disequilibria
between supply and demand at least mnot for some meaningful
period. Since this type of uncertainty is relatively easy to
cope with we will label it "petty uncertainty'. The optimal
decision parameters are different nevertheless from those
under certainty, however probably not "too far". For example
for models following the type of proposition 2, the third
cross derivative of the objective function decides. We can
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conjecture that. for firms with approximately linear costs
the effect of uncertainty in such models will be a minor
one.

On the other hand there is a type of uncertainty where
there is a lack of ex post adjustments in some very broad
sense. This lack of ex post adjustment starts with a lack of
a formal ex post control in the model or with price sticki-
ness, thereby generating disequilibria. The possibility of a
final negative event like bankrupcy or dismissal is another
one. Irreversibility of investment or the fixedness of a
production technology chosen are further constraints. One
single decision is crucially important so that later de-
cisions in the next periods cannot change the fortune,
sometimes even the risk cannot be insured. If some or all of
these characteristics hold the economy will experience a lot
of disequilibria between supply and demand and between

factors emploved and factors warranted. Firms will regard
this type of uncertainty as especially unfavourable, since
they do not have many chances to react to the realization of
the random variable. We will therefore label it as "severe"
uncertainty. The optimal decision will differ from certainty
much more than for petty uncertainty, since a cost component
is added in the uncertainty model (marginal cost of uncer-
tainty, f. e. probability of excess demand or supply,
information costs, bankrupey feasibility) which does not
even exist under certainty. Under "severe uncertainty" it
seems very probable that optimal production is less than
under certainty, according to arguments following pro-
position 3 (marginal costs of wuncertainty) and 4 (less
downward than upward flexibility). In general severe un-
certainty generates a pressure to change the model to a
larger extent then just to substitute a known value by a
probability function. We would 1like tc add information
costs, goodwill and helding costs, probability of bankrupcy,
cost of changing the technology etc.

Our distinction between "petty" and 'severe uncer-
tainty" resembles that between uncertainty and risk or
between Expected Utility Maximization and Keynesian uncer-
tainty. However we think it is necessary and feasible to use
the formal structure of Von Neumann-Morgenstern to derive
results for situations like risk or Keynesian uncertainty at
least as a first approximation. If we have derived & pre-
liminary qualitative result by this procedure we can still
argue, that the situation may be "worse" than modelled
insefar as people do not know the probability distribution
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exactly or at least not with great confidence (Falkinger,
1986), that there are extra costs of uncertainty not yet
considered or that even the type of model used should be
changed. All these factors, already stressed by Keynesians,
will gain more acceptance 1f we have proved that under
"severe uncertainty" behavior really changes even within the
procrustus bed of models inherited from the world of cer-
tainty and treated by expected utility maximizationm.

4, A SURVEY ON MODELS OF DECISIONS UNDER UNCERTAINTY

In this chapter we will give a short overview on the
models of decision of firms under uncertainty. Four general
propositions are derived under which sufficient conditions
are available to determine whether firms will produce more

the—same—or—less—than—under cexrtainty. The-propesitions—are
published in Aiginger (1985A, 1985B) and are repeated here
as a background for the following models either for petty or
severe uncertainty.

We will use Von Neumann-Morgenstern's Expected Utility
Maximization. We will concentrate on passive models (where
people can choose within a given framework without adapting
it, information is given) and compare output decisions under
uncertainty with output under certainty. The utility U
depends on the variable Z (which could be understood as
profits). Z itself depends om two variables X and Y (which
usually are price and output). X is known under uncertainty
(as X,), in case of uncertainty a probability function about
this variable — f(X} - is known. Y+ is the optimal value of
the decision wvariable resulting from the maximization in
equation (1), ¥ is the optimal value of the decision vari-
able in the corresponding uncertainty model (2)

Max U [Z(Xo, )1+ 'l (certainty maximum) (B
Max E U[Z(X, ¥)] + ¥ (uncertainty maximum) (2)

Proposition 1:
Linear technology (Zyy = 0) plus dY'/dX > 0 yields

the following sufficient condition

s € ot
U, $0+Y §Y (3)

VI
R 7/aN
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Proposition 1 tells us that risk aversion may be a suf-
ficient reacom for a negative influence of uncertainty on
the decision variable. This effect is often cited in litera-
ture (see Arrow, 1978, Gahlen et al., 1983 ete.), however
the simple relation "risk aversion/neutrality/loving implies
lower/equal/higher output” is correct only under two very
restrictive assumptions. The first is that under certainty
the optimum value of the decision variable, Y+, depends
positively on the value of X.

The second assumption is that profits are linear in the
decision variable. This is the case in the competition model
under price uncertainty, but not under a monopolistic model
for an output setter with non-linear costs. In this case
risk aversion may not suffice to guarantee a smaller output
under uncertainty, risk neutrality does not guarantee that
uncertainty does not change optimal decisions.

Pfoﬁositioh.Z:
A lipear utility fum:tion,(UZZ = 0) and technological

concavity, neutrality, convexity (ZYXX < 0, ZYXX =0,

ZYXX > () yield the following sufficient condition
7z $0+7§Y (4)
Y% 2

This proposition leaves aside risk aversion or loving,
the effect of uncertainty now depends on technological
conditions, like the cost and demand curve.

Up to now the models have assumed market clearing. Some
variable adjusted ex post in a way to equal supply and
demand. FEquations (5-7) resp. (8-10) present a certainty
model and a corresponding uncertainty model in which
production y and demand x may differ, expected profits
depend on the smaller of demand (x) or production (y) in
equation (8).

Certainty model:

T =x{y) ~¢ (M (5)
L= " (y) - ' (¥ (6)
=x''(y) - ey <0 )

I
¥y
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Uncertainty model:

El = min [r(x), r(y)] - c(y) {8
9EI
=== r'(y) - F@ . - 'y, =0 (9
3y —_— . v g —
marginal marginal marginal
revenue costs of costs
under uncertainty under
certainty certainty
32EL
3—2—=r"(y)[1—F(y)]—r'(y) -c'"(y) <0 (10)
¥

Proposition 3:

Given a certainty model of type 5 and an uncertainty
disequilibrium model of type 8, uncertainty adds an addit-
ional marginal cost component which is positive (since F{q)

as well ¥ (y) are positive). This yields for this type of
model the unambiguous result of equation 11 (recall that
r''(y) dis smaller than c''(y) in the neighborhood of Y*).

7 <y (11)

- This proposition yields support for the above mentioned
presumption of macroeconomists, that uncertainty will reduce
output. Its most special case is where marginal revenue is
constant: then output is maximized under demand uncertainty
and a fixed price, a situation which could be labelled as
"competition under demand uncertainty", as "uncertainty
model with fixed prices" or as "stochastic rationing model"
(Hymans, 1966; Malinvaud, 1980; Costrell, 1983; Benassy,
1983 and all the newsboy models in inventory literature).
The unanimous result that production will be reduced stems
from the expected costs of wuncertainty: either production
proves ex post to be higher than demand (implying high
production cost the inventory cost may hopefully be reduced
by further revenues from stocks) or production proves ex
post to be lower than demand (implying foregone earnings and
goodwill loss which may hopefully be reduced by the feasi-
bility to backlog some part of unsatisfied demand). In
any case expected costs are higher than under certainty.
These extra costs of uncertainty - which are elaborated in
Aiginger (1985A) - are somewhat related to the arguments of
"less—efficiency" and "noise signals" presented in the macro
literature. Microeconomists however do not like models of
this kind since model 8 assumes price stickiness in some
ad hoc fashion and because the model is a partial model
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focusing only on the view of the producer under a given
price (identical in the certainty and the wuncertainty
model).

A fourth channel for changing optimal production is
given if it is possible to make a preliminary decisiom about
the decision variable and then, after the wveil of uncer-
tainty is lifted, to revise this decision at some cost.

Proposition 4:
Suppose it is possible to make a preliminary decision
¥ and revise this upward (downward) at cost c, (c2)

then

+

tends to imply h"f% Y (12)

Y

a4 4

1

5. PRESENTATION OF SOME MODELS TO DEMONSTRATE
THE DIFFERENCE BETWEEN PETTY AND SEVERE UNCERTAINTY

5.1 Competition with price uncertainty vs. demand uncer—
tainty.

In the competition model with price uncertainty (CPU,
which is the mainstream model), uncertainty about the price
does not effect the optimal production decision (d = g*) as
long as the decision maker 1is risk neutral (which is assumed
by maximizing expected profits).

Tn the competition model with demand uncertainty (CDU,
which is considered as outsider due to reasons discussed in
Aiginger, 1985A,B) uncertainty unambiguously biases optimal
quantity downwards (in case of convex production.cost under
certainty, which are necessary to arrive at a unique optimal
solution under certainty). The reason for this bias is that
expected marginal revenues are equated now to marginal cost
plus an additional cost component stemming from the (however
small) probability that part of the production will not be
sold. The difference is mot due to the "prices vs. quan-
Fities" issue, but due to the degree of flexibility. In the
CPU model price changes in a way that all productien is
scld, while in the CDU model no variable closes an eventual
gap between production and demand.

The formulas read (where 1 is the function to be maxi-
mized, 2 gives the condition for the optimum, and 3 con-
fronts the outcome with the certainty optimum) as following



584 K. AIGINGER

CPU CDU
Y:qgq X :p Y:q X:x
o0
(1) Em = [ [pq - e(g)1f(p)dp (14) Ev = p min(g,x) - c(q)
(2) Ep = c'(q) (28) p =c'(@) +p . Flq)
marginal costs
of uncertainty
- + - -+
3y a =4 (38) @ < g

5.2 Monopoly equilibrium vs. disequilibrium model

In the monopoly model there are om the one hand strat-
egies in which entrepreneurs have to decide either about

price or quantity before the weil of uncertainty is 1ifted,
on the other hand there is a model in which firms have to
decide about price and quantity before the true demand is
knovn. The first two cases will be labelled as equilibrium
models, since there is no quantity produced without being
sold and no demand unsatisfied, while in the last model we
arrive wusually at an disequilibrium with either unsold
products or demand unsatisfied. The results depend on the
type of uncertainty {(for example additive or multiplicative
and within the second category also on the exact functional
form, see Aiginger, 1985A,B).

In equilibrium models we have to assesgs the in-
fluence of uncertainty for six different cases. We can
assume additive uncertainty, multiplicative uncertainty of
type A (p = g(q) . u), multiplicative uncertainty of type
B (q = £(p) . u) and for each of these three models we have
to differentiate between price setting and quantity setting
behaviour.

For the additive model with gq-mode (quantity setting),
optimal gquantity under certainty and certainty are equal,
the same is true for the multiplicative model of type A, For
multiplicative models of type B, the gquestion whether
marginal revenue (with respeet to q) is concave, linear or
convex in u decides whether less, the same or mecre is
produced under uncertainty.

For additive model with p mode (price setting) marginal
costs (with respect to price) decide. When they are concave,
linear, convex in u, then the price die smaller, the same,
higher than under certainty. A similar condition exists for
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multiplicative uncertainty of type B, for type A an addit-
ional influence of the marginal revenue term is added. For
constant marginal costs only in the last mentioned case,
uncertainty changes the optimal price.

In disequilibrium medel prices and output are jointly
determined (before demand becomes known). Even with linear
costs (which are assumed for simplicity) the optimal output
differs under very likely circumstances from that under
certainty due to two components. The first is a "price
effect": under multiplicative uncertainty the optimal price
is very likely above that under certainty (as shown by
Aiginger, 19854), while under additive it is smaller. In
either case a second component due to the potential effect
of unsatisfied demand or overproduction (marginal costs of
uncertainty) is added, which biasses the decision downward.
For the detrails see Aiginger (19854).

The main difference between the equilibrium’ and the
digsequilibrium models again lies in the source of the
effeet. In the equilibrium models a different decision
between certainty and uncertainty stems from the third cross
derivative of either the cost function or the revenue
funetion. Economists often tend to assume this to be =zero
gsince they simple do not possess arguments why it should be
either positive or mnegative. In case of disequilibrium
models, the decision under uncertainty will differ more
likely from that under certainty. Even with linear costs a
higher or lower price will influence the output decision
(first component), and the marginal cost of uncertainty
sterming from the potential unsatisfied demand/or the
potentially unsold production will divert it additionally
from the certainty optimum. Most probable in the downward
direction, it can be argued.

5.3 Optimal capacity in competitive markets - Hartman &
Nickell models vs, Kon's model

The input of labour is decided by the maximization of
short term profits (Ilgr), the long term profit {(after choice
of optimal labour in the short term function) is gi\ien in
equation (2.

Equation (3) shows the result (following proposition
2y, Since the second term decides whether more or less
capital input is required under uncertainty, Hartman shows
that this finally depends on the relation between the
elasticity of substitution & and the diseconomies of scale
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(the scale parameter | is always assumed to be less than
one). If the substitution elasticity is relatively large a
rather small capital input may suffice (since adjusting
labour will do the rest), but in general unrealistically
high values of § will be needed for plausible wvalues of y,
so that in general the medel tends to predict that capital
input should be larger undeyr uncertainty,

R FK,L) - wLFK,FL > 0, F is concave (1)
;g =P - F(K,L) - wL - ik = g(K,p,w) - iK (2)
3(Fgr/Fry) oL
7 = HK = -F. . .__jgi_EEL.. - (3)
YXX PP L oL P
[ — ——— et
- see equ., {4) +
3z, [F. )
——%L—£201f5%(1-u)'1 (4)

Kon's model allows free choice of the capital-labour-
ratio ex ante, after prices are known the rate of utiliz-
ation of capacity may be chosen (which means that labour
costs can be saved if optimal production is lower). Equation
(5) denotes the short term profit function (where L, = BK,
denoted the maximum labour constraint), equation (6) is the
long term profit function. The overall result now depends on
twe factors. The "flexibility effect" corresponds to that
effect which is solely decisive in Hartman's model (tending
to higher capital input), a '"utilization risk effect" 1is
added which under the assumption of CES functions will
always decrease optimal capital input. Conditions for the
overall results cam be formulated (proposition 5). 1In
general now it is more likely that a smaller capital input
is chosen. The rationale for this is that while capital may
be useful for eventual large production, this advantage has
tc he balanced against idle capacities (which are not used
due to economic reasons after prices are known).

. =P.F(BK, 8L ) - wo L >8 (5)

m_ = p-FLE (LK E(p,K, 1) L] - wE(p, K, 1)L - ik (6)

"flexibility effect" (Kom, 1983)

o v o2
Fkldg 0 tend to leadlto ¥ € K* (7
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Proposition 5: Kon (1983), p. 188

K 2 Kt 4f b' + zb'’ €0 and Fp,
T <R% 4f W' + zh'' 2 0 and T

where F(K,L) = h [F(K,L)] = hiz)

f ... linear homogenous production function

now

h(z) has characteristics h'(z) > 0, h''(z) <0

5.4 One period vs. infinite horizon models

Tn one period models unsatisfied demand is lost and
overproduction has mno value. In multiperiod models unsatis-
_fied demand (if it can be backlogged) may be met in the next

period, inventories can be carried over to mext—period—
Uncertainty in the second case 1s therefore less "severe",
this will be shown for a simple model with linear costs and
fixed price. In the one period model (see equation (1, =
1inear analogon to the CDU model in chapter 5.1), less than
expected demand 1s produced as long as the profit share
(p-c) is not larger than production cost (c)

Ell p - min(x,q) — ¢ . 4 (1)

]

L]

E%E-é a <Ex ifp-c<c (2)

In a multiperiod model, with holding respectively
goodwill costs, h(.) and g(.), a part of inventories and
part of unsatisfied demand (a, b) can be transferred to the
next period. The technique of recursive equations allows us
to derive a functional relatiom, where V(I) is the maximum
expected profit due to an inventory I (where g = y-I). The
maximization yields equation (4). It can be shown that in
general the consequences of both high and low output are of
less significance than in the static case, since all dis-
equilibria can he used in the next period -(the extent
depends on the durability of the goods and on the feasi-
bility of backlogging). The results shown for linear models
hold also for mon linear models.

Uncertainty, we can conclude, tends to change the
optimal decision a lot, if it refers to a once for all
decision, if uncertainty comes in a way which can be
modelled as repeated drawings out of an identical distri-

F(y)
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bution its effect is smaller. Unsold products can be used,
unsatisfied demand can be met tomorrow.

g+l
V(1) = max [{lpx~h(y—=x)}] + oVla(-x+y) I} f(x)dx +
@0 ° (3)
+qEI{py+bp(x—y)—g(x—y)+aV[b(—x+y)]} f(x)dx~cq
F(y) - (p‘—C)(l“ab)'l'g (4)

ptrg+h-ob (p—c)-cac

5.5 Dynamic investment decision with and without dirre-
versibility

5.5.1 Without irreversibilities
The firm maximizes its expected discounted net
earnings. The planning horizon consists of three periods: to

begin—with, the first Yequilibrium-period'whendemand rises

with a known trend (BO). This is followed by a non-recurring
change in the growth path about which a probability
distribution only is known (B4 - the rate of demand increase
prevailing from t on -~ is the random variable). The effect
of this change lasts until the date t + m (m being the
delivery lag), thereafter the actual capital stock will have
adjusted to the rate of growth, known since the advent of
the change. From this date a new "equilibrium period"
prevails,

The condition for maximization of expected earnings is
the outcome of equation (1). On the left side we find the
(expected) marginal net earnings before the change in the
trend of demand (N%), during the delivery period (EN%), as
well as thereafter (EHy). On the right side we find an
"extended" capital cost term (see Nickell, p. 98 f.), with
the '"customary" capital costs (with the elements interest
rates, depreciation and inflation) assumed to be constant
(¢). The equalization of expected revenue and capital costs
may be reformulated in equation (2).

General condition:

g(t) Ng + [1-g(t)jEN{,(sl) + 8(t-m)EL, = 8(t-m)gtc (1)
0 - 1 = - -

g(t) Ny.+ {1 g(t)JENY(Bl) c + 8(t-m) (q EHY) (2)

Without irreversibilities the second part of the right

side of (2) 1is dropped, since the free variability of
capital stock makes it possible to equate the value of an



A NEW DICHOTOMIZATION FOR UNCERTAINTY MODELS 586

additional unit after completion of the uncertainty period
with its costs (HY = q)

without irreversibility, with uncertainty:

() M) + [1 - g()] WG (B) = c (3)

without irreversibility, without uncertainty

g(t) M) + [1 - g(t)] N} (EB)) = ¢ (4)

The only difference between certainty and uncertainty
is - that between the expected marginal revenue and the
certain marginal revenue during the delivery lag.

The effect of uncertainty depends, alsc in the dynamic
model, on the concavity (lineaxity, convexity) of the
marginal revemue with respect to the random variable (pro-

position—2)=

1 concave o+
NY (Bl) linear in 81 2y Yy (5)
CONVEX

5.5.2 The case of downward irreversibility

The =zbsence of a second hand market for investment
goods (downward irreversibility of the investment decisiomn)
has its impact on maximization insofar, as the expected
discounted yield of the last unit of an investment programme
(Ev.) is now smaller than dits cost {q) and the second part
of “the right side in equation (1) turns positive. The
optimal investment path is then always lower under Iirre-
versibility than under full reversibility, whenever there is
even the smallest likelihood that a capacity unit may not be
used. The effect of irreversibility can enter (given con-
cavity in the model with reversibility) as an additional
factor for a lowering of the investment path under cer-
tainty, or counteract its increase (in case of convexity of
the marginal yield in respect of B ).

With irreversibility and uncertainty

g(t) N§ + [1-g(t)JENY(B)) = ¢ + 6(t-m)(q ~ EN) (1)

>0

YIRREV. - YREV. (2)
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IRREV., resp. REV. ... signifies impossibility, resp.
possibility of negative gross investments

The question of the irreversibility of investmente is
extensively dealt with in literature, where widely different
model specifications and methods of solution were chosen. As
a rule irreversibility distorts investment decisions down-
ward.

6. PRELIMINARY CONCLUSIONS AND EXISTING PROBLEMS
WITH THE NEW DICHOTOMIZATION

(1) The dominant dichotomization of uncertainty litera-
ture into "risk" and "uncertainty proper" (according to the
criterium whether probability funections about the uncer-
tajnty variable can be formed or mot) is mot very fruitful,

 since in the later case only very crude rules of behaviour
can be derived in a coherent and consistent way. The
Keynesian view that economic decisions are done in an
environment much more complex than in an optimization
problem where one certain variable is substituted by one
for which a probability function is known, is nevertheless
a useful warning. That no probability function can be
assessed {or is used implicitly) is an extreme alternative
however, and precludes economic analysis to a large area of
economiec problems.

(2) We believe that it is important how the decision
medel is constructed, whether the importance of uncertainty
will be considerable or minor, not whether we assume that
probabilities can be assessed. If we construct models in
which disequilibria exist and are not instantaneously closed
by some ex post control, if we model the decision process as
choosing between altermative techniques and degrees of
flexibility than we can use Von Neumann-Morgenstern's
Expected Utility Theory in general and probability functions
and nevertheless describe situations in which people behave
"qualitatively different" under certainty and uncertainty.

(3) We propose that the real divide between "uncer~
tainty that matters" and uncertainty with less consequences
is whether there are chances to correct a decision (or at
least to make errors in some way unimportant). This cor-
rection can either be a two stage optimization process
(short run optimization for a given long term optimization,
f. e. for labour resp. capital), or it can be that the
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market price adjusts automatically yielding equilibrium for
any quantity decision or that goods are durable so that
unsold production can be used in the next period. We propose
+o label situations in which such adjustments are feasible
as "petty" uncertainty, since the dimportance of uncertainty
is mitigated to a large extent by these strategies. Models
in which there are less strategies for ex post adjustments
are labelled as "severe" uncertainty, since they usually
result in disequilibria with important medium or long run
consequences,

(4) We showed some examples for either kind of situ-
ations:

— In the competive model with price uncertainty {where
ex post prices clear the market), decisions under uncer-
tainty and certainty are identical (for risk neutral firms).
In the competive model under demand uncertainty (with

'dléé@ﬁiliﬁfiﬁ?‘fifﬁs*?rﬁﬂuterlESS“under—uncertainty.

- In the monopoly model with market clearing there is
1ittle room for different behaviour under certainty and
uncertainty. The outcome depends on the "technological
concavity", where the third cross derivative of revenue and
cost functions (about which we do not know much empirically)
decides. In the monopoly disequilibrium model under nearly
all circumstances the decisions will be different between
certainty and uncertainty (due to a component labelled
marginal costs of uncertainty which represents the expected
cost of unsold production or ungatisfied demand).

- In models in which disequilibria (stocks or back-
logged demand) can be transferred into the next pericd,
decisions are more similar to certainty than in those where
they are "lost". This stems from the fact that part of the
“marginal costs of uncertainty" can be recovered in the
é¢ynamic context (goods can be sold, demand satisfied).

— If a preliminary production decision can be partly
revised in the light of new information, if dinvestment goods
can be sold in a second hand market, the outcomes are more
similar than with inflexibility and dirreversibility of
investment decisions.

(3% in all these cases Expected Utility Maximization Is
used and probabilities are assumed to be assessable. It
comes from the kind we structure the economic model, whether
uncertainty matters to a minor or to a larger extent, not
from the guestion whether probabilities can be assessed or
not.
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(6) We proposed a new tentative dichotomization. We
want to stress its shortcomings.

~ A dichotomization te be useful should be along one
criterium, optimally defined in a general model which covers
all the specific cases as submodels. This is not done yet
and may not be feasible at all. The decisive criterion
"degree of ex post adjustments" has various dimensions
(market price adjustments, second stage decision processes,
flexibility, time). A long way is to be gone before we will
get a formal general criterion. I would Ilike to invite
fellow economists to join me on this way.

— Whether the impact of uncertainty is considerable or
minor should finally not be evaluated according to the
criterion whether the decisions are similar or different or
whether it depends on facts we know about or not (like the
third cross derivative of a cost function). The final

criterion-should-be-expected profits.

(7) Nevertheless, I think I succeeded to demonsﬁfétér.

that results Keynesian in spirit, namely an important and
assessable influence of uncertainty (even for risk meutral
firms) could be demonstrated by mathematical tools, by
accepting that people can assess probability functions and
modelling the environment in a more realistic way. Funda-
mental ~Post-Keynesians will maintain that uncertainty
changes the model and behaviour in an evem more drastic
extent, and they are probably right.
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