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Abstract: Potential customers in customer markets are typically dichotomised into actual and
prospective customers. If the firm holds its price firm, the actual customers hold their
reserves/reservation price firm and repeat their purchases. On the other hand, prospective
customers’ reserves may be volatile due to their non-equilibrium market experience. One may
regard a prospective buyer with a volatile reserve as imperfectly rational. On the other hand, one
may suppose that an actual customer with a firm reserve is fully rational. We examine this
hitherto-neglected asymmetry in customer markets to highlight that a firm can use imperfectly
rational and prospective customers-characterised by their volatile reserves-as a European option.
As the volatility increases, so does the value of the option of selling the products to the
prospective customers. We also establish that volatility of reserves and hence imperfection in
rationality of buyers, can have positive impact on output and employment in customer markets.
Key words: Customer market, reserves, relative risk aversion, options
have an incentive to offer loyalty due to switching
cost[10], or because of information asymmetry[1,2,11].
The primary purpose of this work is to highlight
another type of asymmetry that characterises customer
markets if the market fails to achieve an instantaneous
equilibrium: actual customers of the patronised firm have
inflexible reservation prices (hereafter, reserves) so long as
the firm does not change its price. Some of the potential
customers, on the contrary, may have “flexible reserves”
that are hinged on their experiences with other firms. This
may be caused by the disequilibrium nature of the market in
which some buyers are still learning about the market
prices. One may choose to call this second type of buyers as
imperfectly rational who are still updating their reserves
with the unfolding of their market experiences.
It is customary in this literature to dichotomise
customers into two groups, namely, actual and
prospective customers: Given the prices, the potential
customers are defined as those buyers who would
patronise the concerned firm if these buyers have
perfect information. Actual customers of a firm are
the potential customers who are currently patronising
the firm. Prospective customers are the rest of the
potential customers who are either shopping with
other firms, or outside the market, or just watching
how the market unravels. If the learning experience

INTRODUCTION
Customer markets are typically characterised by
information
asymmetry
Scitovsky[1],
Stiglitz[2]
customers are fully aware of the price of their
patronised firm, but less aware of the prices of other
firms. Formal models of customer markets have
adequately addressed this asymmetry[3-6]. Some of these
models examine the effects of unanticipated shock on
the pricing policy of a firm in a customer market. If a
firm raises its price-following a positive price shockall of its customers whose reserves/reservation price
are less than the new price will instantly disappear.
This will cause an upward movement of the concerned
firm along the demand function. However, if the firm
reduces its price, potential customers take a while to
discover the price change that causes a downward
rigidity in demand function. The upshot is that the
marginal revenue function has a discontinuity that can
explain rigidity of prices in such markets[12]. Stiglitz[2]
analysed static search markets with homogenous
goods to predict similar discontinuity in firms’
marginal revenue functions)[6,7]. Such information
asymmetry naturally causes asymmetry in customer
flows. The sluggish customer flows cause demand
uncertainty that, in turn, induces firms to seek loyalty
of repeat-buyers by insulating them from random
shocks in demand and cost functions[8,9]. Customers
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their price expectation/reserve is malleable and we
call them imperfectly rational. In what follows we
try to explain these reserves.
Let us suppose many (large and fixed numbers)
of buyers and sellers engage in a market for
homogenous product. For simplification let us
assume that sellers have identical cost conditions and
a typical buyer’s demand is qi(p) from a seller
offering price p such that p ≤ ri. Where ri is the
reserve of buyer i. Buyer i makes no purchase if his
reserve is less than the offer price. Due to the search
cost there emerges a price distribution.

of prospective customers affects their reserves, (The
flexibility of reserves has been an important
phenomenon in various markets. In auctions
Smith[13] provided a detailed account of the flexible
reserves phenomenon that is quite wide-spread in
fish and horse markets. In these markets, the sellersas opposed to the buyers-don’t commit to a
particular reserve until they have observed the
bidding process. Gribbin[14] also reported similar
behaviour of agents in mineral markets. Graham and
McLean[15] explained the flexible reserves phenomenon
by highlighting the learning experience of the sellers
about the “types” of surviving bidders from the bidding
process. The inefficiency associated with flexible reserves
has also been well-documented due to a high buy-inrates[16] one will notice a new type of asymmetry in
customer markets that has been unnoticed in the
literature. Actual customers have inflexible reserves
while prospective customers are characterised by
volatility of their reserves even though a typical firm does
not engage in price changes.
We intend to examine the precise consequences
of this asymmetry in this study. A representative firm
in a customer market has to ex ante determine its
output, but with respect to selling its output the firm
can ex post choose between actual and prospective
customers. The advantage of this flexibility is that
the market choice can be made conditional on the
realisation of the reserves of the prospective
customers. When the reserves of the prospective
customers have assumed high values, the firm can
sell to the prospective customers at a higher price.
When their reserves fall below a threshold, the firm
can fall back on the actual customers. Imperfectly
rational and prospective customers-with volatile
reserves-thus give an option to the firm by giving
flexibility to a firm’s choice of customers depending
on the realisation of the reserves of the prospective
customers. Revenues from the actual customers are
certain irrespective of volatility of reserves of the
prospective customers. In this sense, the prospective
customers are like an option that a rational firm
would like to exploit. The sales to these prospective
customers are like a European call option. In this
work we explore the implications of this call option
in the context of customer markets.

Assumption 1: It is a common and public knowledge that
price offers are represented by a distribution function
F(p). The mean (ζ) of this price distribution is the
common/public price expectation of the buyers.
This is a standard assumption in search markets[17].
Buyers and sellers behave as if the distribution function,
F, is a common knowledge and a buyer incurs a cost, sc,
to sequentially search for the price that is no greater than
his reserve that minimises the expected cost of
purchase[17]. Since our concern is primarily with price
changes, we move to the next assumption.
Assumption 2: Each buyer is a repeat buyer and hence,
if there is any change in current price offer; then buyer i
anticipate a new price distribution whose mean is ui. We
assume that ui depends also on the private information
of buyer i about the mean (This point has already been
raised by Gaswirth[19]. He argues: if buyers’ estimates of
the price distribution are falsified, it dramatically
increases search activities. Rothschild[20] emphasized
this possibility).
Definition 1: We define yti as the following Eq. (1a):
ζ / ui ( t ) = yti

(1a)

n 1: The reserve, ri(t), of buyer i at date t is given by
equation (1b) where sc is the search cost and ζ is the mean
of the price distribution Eq. (1b):
ri ( t ) = ζ / (1 + sc )

(1b)

Proof: The marginal benefit (MBi) from search is given
by (ignoring time script t) Eq. (1c and 1d):

Formation and revision of reserves: At any date a
typical seller has a finite number of buyers who form
two groups. The first group consists of buyers who
have learnt the rational expectations price forecast
and hence, their price expectation/reserve is firm.
We call them fully rational buyers. The second
group consists of buyers who are still learning and

MBi = (ζ − u i) / ( u i )

(1c)

= yi − 1

(1d)

Note that ζ is public information about the price
distribution while ui is a privately held belief about the
40
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price distribution. Hence (1c) gives an anticipated benefit
from a contrarian expectation.
The optimal search is given by the condition that
costs and benefits are balanced in the margin eq. (1e):
MBi = sc

Proof: See the appendix.
We now present the information dynamics and
learning experiences of a typical buyer i in the following
Fig. 1.

(1e)

Price change at date t: The buyer observes changes in
offer prices at Date t. The information dynamics continues
at infinitum for a buyer. Until and unless a buyer observes
price changes, his reserve is given by equation (if) whilst
the reserve of a buyer is updated by Eq. (2a’) for a buyer
who observes changes in offer prices.

From the above condition we derive the reserve of
buyer i at date t as ri(t) such that ui(t)= ri(t)=ζ/(1+sc) (1f)
QED.
Assumption 3: If expectations are fulfilled at date t,
then ui (t+1) = ζ. Buyers expect, at period t, that their
price expectations at (t+1) will be fulfilled. Thus,
buyer i expects at date t that the mean of the actual
distribution ζ will coincide with his expectation ui
(t+1). This is a common assumption in the learning
literature[18].

Volatility of reserves and customer markets: We
assume that the sole source of uncertainty in the market is
volatility of reserves of the prospective customers[21]. Let
RM be the fixed and common reserve of the existing
actual customers at period I, which is the rational
expectations given by (2b). Let RN be the unknown
reserves of the prospective customers at Period II, as
outlined in equation (2b’). We assume for simplicity that
RN is identical for all prospective customers without any
loss of generality. We further assume that the
representative firm is risk averse and characterised by a
von-Neumann-Morgenstern utility index U.

Proposition 2: If buyer i has new price observations,
his reserve ri(t) is revised according to the updating rule
(2a) where δ is a weight of the updating rule and 0<δ<1,
Pt is the mean of new price observations, ui(t) equals ri
(t) Eq. (2a-a’):
ri ( t + 1) = [δ / (1 + s c )  u i ( t ) + [(1 − δ ) / (1 + s c )  Pt
= [dri ( t ) + (1 − d)Pt ] / (1 + s c )

(2a)

Proof: See the appendix
Proposition 3: The rational expectations equilibrium
requires that a typical seller will correctly predict the
evolving reserve ri (t+1) and will set the price Pte which is
to be correctly predicted and observed by the buyers.
Thus at the rational expectations equilibrium:
Pt e = ri ( t + 1) = [δ / (d + sc )]u i ( t )

(2b)

A fully rational buyer holds the price expectations as
per equation (2b).
If some buyers have different estimates of the mean
of the new price observations[19,20], then their price
forecasts fail to coincide with Pte = [δ/(δ+sc)]ui(t).
Note: No Price Change at Date t: The buyer does not
observe a change in offer price at Date t.
These buyers are imperfectly rational. As a result, the
seller also fails to predict their reserves correctly. If a group
of buyers j estimate Pt* as the mean, then their reserve is:
rj(t+1)=[δ/(1+sc)]uj(t)+[(1-δ)/(1+sc)]Pt*

Fig. 1: Information Dynamics and Learning Experience
of a Representative Buyer i

(2b’)
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gives the firm an opportunity to sell its product to
the prospective customer if the reserve of the
prospective customer exceeds the reserve of the
actual customer (An European call option gives the
option holder the right to sell a financial asset for the
spot price if the spot price exceeds the exercise
price). The payoff from the prospective customers is
therefore similar to the payoff of a call option with
exercise price RM with the security price RN. The
time-zero value of such an option can be found by
using the standard option-price techniques. The
economic problem of a representative firm.
The firm maximises its expected utility that can be
reduced to the following Eq. (6):

The firm maximises the expected utility of its profits
Π, that is, E U(Π), where E(.) is the expectational
operator. It is further assumed that U′>0 and U″<0.
Postulate 1: The common reserve of the prospective
customers, RN, is a random variable and given by
Eq. (3a):
RN = RN + a ∈

(3a)

With
E(∈) = 0 and Var (∈) = 1 and
a>0
where, a is a shift parameter and ∈ captures the
randomness in the reserve of prospective buyers.
Postulate 2: The firm sets its output and employment at
Period I. The actual customers have reserve RM and will
buy in Period I and repeat purchase in Period II if price is
unchanged. The reserve of the prospective customer
realises in Period II and the firm then determines its price
and allocation of sales.
The main intuition is that allocation decision can
be made after the realisation of the reserve of the
prospective customers giving flexibility and hence,
the firm gains from the prospective customers[2].

Maximise E U[(R M + q ( z ) ∈ a z)f ( L ) − wL]

(6)

where, q(z) is the standard indicator function (7a-b):
q ( z ) = 1 if z > 0

(7a)

q(z) = 0 if z <0

(7b)

Postulate 3: Production technology is given as Eq. (3b):

The first order condition to maximise expected
utility from profits with respect to L is as follows
Eq. (8):

Y = F( L)

U¢ ( Π *) [R M FL ( L *) − w] v (∈< 0) + U¢ ( Π *)

(3b)

[(R M + a ∈) FL ( L *) − w] dv(∈) = 0

With FL>0 and FLL<0, where Y and L respectively
represent output and employment of the
representative firm.
Writing w as the wage rate, profits, Π, of the
representative firm at Period II are eq. (3c and 4):
Π = Max {YR N − wL,YR M − wL}

or, Π = Max

{ F( L) R

N

− wL,YR M − wL}

(8)

where, v(∈) is the probability measure of the random
variable ∈.
We now analyse the impact of volatility of
reserves of the prospective customers on the output
as well as on labour demand of the representative
firm. Applying the implicit function theorem on the
first order condition (8) we get:

(3c)
(4)

dL * ∆1
=
da
∆2

Writing S as the sales to the prospective customers
we arrive at the following contingency rule:

(9)

Where:

Contingency rule:
∆1 =

U′′(Π*)

∫ εF (L*)U′(Π*)[ U′(Π*) Π *
L

ε>0

U"(Π*)
F(L*)
+
w(L * +1]dv(ε)
U′(Π*)
FL (L*)

∆ 2 = ∫ [U"(Π*)(R M + qε)FLL(L*)]dv(ε)

The contingency rule implies the following: if
RN<RM, the option to sell to the prospective
customers is not exercised. The option is exercised
otherwise. Hence, the payoff from an extra unit sold
to a prospective customer is RN-RM and zero
otherwise. This is simply a European call option that

ε >0

+(R M FL (L8) - w ) + U′(Π * R M FLL(L*)]v(ε) < 0

(10a)

(10b)

2

From the concavity of production technology we
know:
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L* -F(L*)/FL (L*) < 0

(11a)

Appendix

Hence ∆1 <0

(11b)

Proof of Proposition 2: Consider the prior distribution
of buyer i. He expects actual price offers to be bounded
within the normal distribution (ui(t), Ti(t)). The
probability density function corresponding to this normal
distribution is the following:

If

-U"(Π )Π
<0
U′(Π )

(11c)

The left-hand side of (11c) is the measure of
relative risk aversion. The sign of ∆1 depends on the
degree of risk aversion. Hence, if the relative risk
aversion of the representative firm is less than unity,
then ∆1 < 0 and hence, ∆1/∆2 >0. As a result, the
output and employment of the representative firm are
larger: increasing volatility of reserves will have a
positive impact on output and employment in the
customer markets. On the other hand, if the relative
risk aversion is less than unity, volatility of reserves
will have an adverse impact on output and
employment. For zero relative risk aversion,
volatility of reserves has no impact on the outcome
of the customer market[23].

(ui,T) = g(p)

(2’a)

Now as he observes a set of new observations with
the (normal) distribution (Pt,h) and the probability density
function is given as:
(Pt, h) = f(p)

(2’b)

He updates the subjective probability (Ω) in the
following Bayesian manner:
Ω(u i (t)P t )
Ω( P t )

(2’c)

Ω(u i (t))Ω(P t | u i (t))
Ω(u i(t) P t ) + Ω(u ci (t)P t )

(2’d)

Ω(u i(t) | P t ) =

CONCLUSION
With an increase in volatility of the reserves of
the prospective customers, the value of the option to
sell the products to the prospective customers
increases. This makes production of a firm in the
customer market more profitable. Thus, the output of
a firm in the customer market will go up with an
increased volatility of reserves due to this increase in
the value of the option. Volatility of reserves,
however, increases the exposure of the concerned
firm that, in turn, reduces the incentive to increase
output. The net effect of this volatility critically
hinges on the relative strengths of these opposing
effects. We find that the degree of risk aversion of
the firm will determine whether the output and
employment effects of the volatility of reserves on the
customer markets are positive, or otherwise. If relative
risk aversion is less than unity, increasing volatility of
reserves is expected to have positive effects on output
and employment in customer markets. The raison d’êtra
behind the counter-intuitive finding is the asymmetry in
the flexibility of reserves in customer market that is the
main innovation of this study. If the firm holds its price
firm, actual customers may have stable reserves while
some prospective customers have volatile reserves due
to their interactions with other firms. Thus the upshot is
that this new asymmetry provides a theoretical basis for
a positive effect of volatility of reserves on output and
employment in customer markets.
The volatility of reserves can be linked with
macroeconomic fluctuations[24]. Alternatively, one can
demonstrate how the volatility of reserves can engender
problems for the existence of a Nash equilibrium
wherefrom complex dynamics can evolve[23-25]. In case
the volatility has serious macroeconomic effects,
interesting political economy issues concerning
distributional politics can emerge[25].

=

The fundamental assumption in the literature on
learning is that the agent expects the new mean to be
a convex combination of the old mean and the new
mean (of new observations) whilst the weights are
determined by the standard deviations of the old and
new set of observations. This is a limiting point of
the learning literature and we also assume the same.
Buyer i expects that actual price would be either in
(ui,T i), or in (P t,h). The term uic denotes the nonoccurrence of ui. The intersection of these two
normal distribution is assumed to take place for price
p=L such that the following is true:
Ω( u i | P t ) =

1
Ω(u ic P t )
1+
Ω( u i P t )

(2’e)

By definition:
∞

Ω(u ci P t )
=
Ω( u i P t )

∫f(p)dp
L
L

∞

-∞

L

(3’a)

∫ f(p)dp + ∫g(p)dp

Hence the posterior distribution of the buyer is:
u i(t +1) = Ω(u i(t) | P t )u i(t) + (1 - Ω(u i(t) | P t )P t
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7.

∞

L

∫ f(p)dp + ∫g(p)dp

-∞
L

∞

-∞

L
L

L

u i(t)

∞

8.

∫ f(p)dp + ∫f(p)dp + ∫g(p)dp

=

L
∞

(3’C)

9.

∫ f(p)dp + ∫g(P)dp

+(1 -

-∞
L

∞

-∞

L

L

∞

)P t

10.

∫ f(p)dp + ∫f(p)dp + ∫g(p)dp
L

=δui (t) + (1-δ)Pt

11.

(3’d)

It is easy to check that 0<δ<1. We get (2’a) by
substituting (3’d) into (1’e) of date t+1. Q.E.D.

12.

Proof of proposition 3: The seller knows (3’d) and sets
profit maximising price Pte as:

13.

Pte= ri (t+1)= [δ/(1+sc)]ui(t)+[(1-δ)/(1+sc)]Pt

(3’e)

14.

Pte=[δ/(1+sc)]ui(t)

(4’a)

15.

Equation (4a) holds if all expectations are selfconfirming and buyers correctly estimate the mean as Pte.
Now, suppose, a group of buyers j estimate Pt* as the
mean, then their reserve is:
rj(t+1)=[δ/(1+sc)]uj(t)+[(1-δ)/(1+sc)]Pt*

16.
17.

(4’b)

18.

Since the seller does not know Pt*, Pte fails to coincide
with rj(t+1) and Pt* fails to be self-confirming for buyers of
type j. As an example, suppose for a buyer of group j,
Pt*<Pte, then this buyer will not buy at price Pte. Ceteris
paribus, such changes in reserves create instability in the
demand function. QED.

19.

20.
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