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In regions where old, traditiona industries have lost their importance, retal firms play an
important role in job creation and provide locd governments with a large part of their tax
revenues. The hypothesisin this paper is that the existence of regiona retall networks may not
necessarily be determined by spatid factors and increasing returns in retaling, but can be
explained by the rational behaviour of firms operating in a stochastic environment. It is shown that
demand uncertainty can serve as an independent source of retall trade, and, consequently, the
ability of firmsto process information and predict demand (i.e., to decrease demand uncertainty)
may affect the characteristics of retail networks. The results indicate that risk-averse firms aways
devote resources to demand forecasting; producers are better off trading with retailers than with
find consumers; and the volume of output supplied through retal networks is greater than it
would be if producers traded directly with consumers (thus benefiting socid welfare).
Furthermore, the paper shows that technological progress in data-processing, which allows for
chegper and better predictions of market demand, increases the size of regiond retall networks.
This in turn, increases the number of jobs avalable in regiond job markets (decreases
employment) and increases tax revenues.
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1. Introduction

Therapid development of information and communications technologies is considered
one of the maor driving forces in changesin economies and lifestyles. Technologica progressin
information and communications techniques aters the spatial character of production, organization
and competition. The characteristics of the new information based economy affect urban
structures and the role and the importance of cities. In particular, new information technologies
have an effect on organizations in the economy world wide, as well as the kinds of jobs available
and their geographica distribution. New information technologies cause the loss of jobs in
established resource-intensive and area-consuming industries, and, consequently, lead to high
unemployment evenin industrialized regions. In regions in which old industries have lost their
importance, existing urban infrastructures with developed retall networks remain an important
source of jobs and provide local governments with alarge part of their tax revenues. However, as
in other sectors of the economy, the development of information technologies does not leave
regiond retail networks unaffected. The hypothesisin this paper is that technologica progressin
data processing increases the size of regional retail networks, and, as a result, reduces the negative
effects of advances in information technology on job marketsin regional economies dominated by
declining resource-intensive industries.

The existence of regiona retal networks and the role of retall firms are traditionaly
explained by spatia factors and increasing returns to scale in trangportation, storage or in the
acquisition and dissemination of information about the quality, range, and prices of products
available (see, e.g., Heal, 1980 and Wilson, 1975). In many cases, such as retal trade in services
or in goods which cannot be transported or stored, most of these factors areirrelevant. The main
limitation of the earlier literature on regional retail networksisthat it attemptsto seetheretal trade
only from the supply side, and the models used have no explicit reference to demand, especially to
demand uncertainty, which is natural in most markets. This paper shows that retail trade (or at
least part of it) may not be connected with economies of scae and that it can be explained
exclusively by the rational behaviour of firms operating in a stochastic environment. Since retailers
are, by definition, intermediaries between consumers and suppliers, they can serve as a buffer
between suppliers and a market with demand uncertainty, and, in particular, they can bear the risk
associated with demand fluctuations. Thus, to andyze retailing convincingly one needs to
explicitly model the interaction between consumers and suppliers in an uncertain environment.
Only thistype of mode can credibly explain why there is a need for retailers as middlemen and
what determines the characteristics of theretail networks.

As has been dready recognized in theliterature, in real lifefirms are never sure about a
number of variables such asfactor prices, the exact shape of the production function or the market



demand curve. Even if firms are certain of their cost structures, they very rardy (if ever) know
precisely which demand conditionsthey face. The behaviour of firms operating in markets with
uncertain demand has been andyzed in severd studies (see Sandmo, 1971; Leand, 1972; Lim,
1980). However, in most of these papers, the firms' beliefs about demand are summarized in a
subjective probability distribution which cannot be changed by thefirms actions. The fact that the
firm may be able to predict changes in demand, or at least to decrease the range of possible
variations, is usually neglected in the standard studies of economic behavior under uncertainty.
Nevertheless, the ability of thefirm to predict demand, adthough not aways perfect, may affect a
number of parameters of economic equilibrium (see, e.g., Nelson, 1960, for an anaysis of
uncertainty and prediction in competitive markets). The conjecture in this paper is that market
andysis, information processing and demand forecasting activities not only affect the
characteristics of economic equilibrium when the producer sdlls goods directly to the fina
consumers, but also influence the equilibrium characteristics of retail markets.

In the andysis which follows we assume that the reationship between quantities
demanded and market prices randomly varies from period to period, and that demand analysisis
both costly and time consuming. In particular, we focus on the market where the totd demand
originates from a large (but finite) number of sources. The demand curve in each individua
source changes randomly from period to period, but in any time period demand changes are
assumed to be correlated with the changes prior to this period, reflecting a certain inertness in
consumer behavior. Since gathering and processing information requires time, the sum of
individua demands (i.e.,, thetotal demand) cannot be instantaneously determined (in particular, we
assume that the results of the market andysis are available only after the end of the period).
Consequently, the firms output-price decisions have to be made based not on the current demand
but on its prediction. In each period the profit-maximizing firms set their volumes of output, snce
it has ahigh commitment value within a period of time (i.e, the output decisions areirreversible
within the time unit). The price is assumed to be more flexible and can change to some extent due
to real market conditions. However, firms operating in the market are still assumed to be unable to
learn the true demand function during the period of time, and, consequently, haveto rely only on
the results of the demand analysis.* Since demand forecasts are based on past data, a prediction
error gppears, and, consequently, firm’s output decisions aways deviate from what is optimal.

To focus solely on therole of uncertainty and data processing (to avoid the problem of
inventories, transportation and storage), one can think about a supplier of services, such as a
sightseeing tour operator, operating in the market with demand depending on the weether in a
season. We suppose that the supplier can analyze the market in order to decrease the variance of
demand fluctuations. Moreover, the supplier is assumed to set capacity before the season (i.e,



before real demand becomes known) and has two options. to sell services directly to fina
consumers during the season (at an uncertain price), or to sell servicesforward (before the season)
to retail firms (at afixed price, lower, however, than the expected price to consumers). In such a
set-up, we examine how technologica progress in information processing can affect the size of
regiond retail networks.

The paper is organized asfollows. Market demand is characterized in Section 2. Section 3
shows how forecasts of actua demand can be computed. Section 4 provides an andysis of the
optimal demand-forecasting strategy in the monopolistic supplier and theretail firms. In Section 5
the aternative methods of distribution of the output produced (i.e., with and without retail firms)
are considered. The implication of technological progressin data processing on the size of regiona
retail networksis presented in Section 6. Section 7 concludes.

2. Uncertain Demand
Consider amarket where total demand originates from alarge number of identical sources
N (one can think of these sources as consumers). Suppose that demand in each individual source i

(i=1,2,...,N) at any period of timet (t isan integer number, - ¥ <t<+¥) is linear with an additive
random term h,, (for the sake of simplicity, assume that random variables h;, are identicaly

distributed with zero mean and finite variance s, *=s ?). Total inverse demand at period tis

N
Pt(Qt’hl,t ’hZI""’hN,t) =a- th + é.hi,t ’ (1)

i=1

N
whereQ, = é q; ; isthetotal quantity demanded at price P, (P2 0), a andb are positive congtants.

i=1
Therandom variables h;, can move up or down in response to changes in the variables

omitted from a correct demand specification, such as, for instance, interest rates, inflation,
personal income, prices of other goods, etc. Much of this movement, however, might be due to
factors which are hardto capture, such as, for example, changes in the weather or in consumer
tastes. Thus, in many cases it may be difficult (or even impossible) to explain fluctuations in
demand through the use of a structural model. Moreover, it might happen that, evenif gatigticaly
significant regression equations can be estimated, the result will not be useful for forecasting
purposes (for example, when explanatory variables which are not lagged must themselves be

forecasted). In such situations, an aternative means of obtaining predictions of h, , have to be used.

The easiest way isto predict changesin h;, based on the andysis of their movements in the past.



Such forecasts, however, are possible only if the random varidbles h,, are observable and if they

are correlated with their previous values.

3. Demand Forecasting
To smplify the analysis, assume that random deviations h;, (i=1,2,..,N) from the
expected values of individua demands are independent’ and described by identica stationary

stochastic processes with a memory (e.g., by autoregressive processes of any order).® In other
words, assume that for any individual demand, variances and covariances of random variables,

h,,, areinvariant with respect to displacement in time (note that, by definition, mean vaues of
random variables h,, are equdl to zero, E(h,)=0), i.e, , Var(h, )=Var(h)=s*>0, and

Cov(h,,h;,)* 0, for s=0,1,...,i=1,2,...,N, and integer valued t (- ¥ <t<+¥).

Since immediate computations are not possible and the firm’s output-price decisions have
to be made prior to the knowledge of the market price, the result computed in period t can be used

N
only in subsequent periods, i.e, deviations h, = é h;, can be estimated based on the results
i=l

computed in the past, and, consequently, always with certain error. It hasto be stressed, however,
that the variance of the error in the estimation increases with the time elgpsed from observations of
individual demands to the moment when decisions are made (see Radner and Van Zandt, 1992,
for adiscussion). Therefore, the monopolist faces not only therather standard problem of finding
appropriate estimations of demand but aso the problem of finding the optima cost of these
estimations, since dataprocessing is inherently costly and the acquisition and analysis of more
pieces of information (and in particular, more recent information) has to be weighed against the
increasing costs of such an endeavor.
In genera, the firm may find it advantageous to compute in subsequent periods (say,

t-m, m=1,2,...) deviations from the mean vaues of random variables h,,,, coming from different

subsets of sources (say, S, M=1,2,...) and use them for the estimation of the total deviation from
the expected demand in period t (rational strategy requires that sources of demand should be
andyzed cyclicaly one after the other).*

Denote the result computed in subsequent periodsas h{r,...,h%. If the subsets

{S,. .- S, .} contain n_,....n,; (n_>0,..., n_,>0) sources of individual demand, then there
exitsinteger number K (N3 K3 1) such that éi:”t-i £N< é T;lnt_j . Thus, the estimation of

total deviationh, can be computed as



o K
N-a._n. -
=& e, @
B n'[-K-l
where > isaforecast (for period t) of the sum of the deviations from the mean val ues of
random variables coming from the sourcesincluded inthe set S, |, (n=1,2,..,K+1).

Since all the available predictions of partial deviations (h,> ", m=1,2,..,.K+1) can be
represented as linear combinations of the true values of corresponding partial deviationsin
past, the expected error in the prediction of total deviation equals zero. Furthermore, its variance
(assuming that deviations from the expected values of individual demands, h, ,, areindependent,
identically distributed, and time invariant) is

o K o K
St2 =a, nt-ist?i +(N-a izlnt'i)ss'(*l’ 3

where

sz, = - f. ] } @

isthe variance of error in the estimation (with lag m, m=1,2,...,K+1) of the deviation of the

random variable h; , (i=1,2,...,N) from its mean value, and h;, (m) denotes the estimation with
lag m (m=1,2,...,K+1) of the deviation of the random variableh,  (i=1,2,...,N) from its mean
value.

The forecast of the inverse demand can be specified as I5t(Qt )= P(Q,)+h,,

wherePR(Q, )=a - bQ, denotes the expected demand curve in period t (- ¥ <t<+¥). The

prediction error 1, is given by expression (2) and itsvariance s ? by an expression (3).

4. A monopolistic supplier and retail firms

Taking into account that the variability of demand decreases the quadity of output-price
decisions (i.e., price-output decisions deviate from the optimal decision that would be made if the
variance were equal to zero) and that the results of demand analysis can be used only after the end
of the period in which they were computed, the smalest variance of the prediction error
correspondsto the case when all sources of demand are andyzed in the preceding period. The
analysis of the total demand in each period, however, requires anumber of economic resourcesto
be devoted to data-processing in the firm, i.e, it induces significant costs that cannot always be
offset by the expected benefit from the output-price decison with a lower risk of error. Thus,
instead of examining the demand coming from all sources in each period, the firm can

sequentialy andlyze the demand coming from certain subsets of sources. In this case, however,
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the firm has to determine the optimal number of sources of demand that should be andlyzed in
subsequent periods.

Suppose now that there are two types of firms operating in the market: a monopolistic
supplier (s) of asingle typeof service and perfectly competitive retall firms (r) that can resdll
services and freely enter or exit the market. Suppose that firms (the supplier and retailers) are
managed according to the wishes of their ownerswho are typical asset holders, and the decisions
in each firm are made by a group of decision-makers with sufficiently similar preferences to
guarantee the existence of a group-preference function, representable by a von Neuman-
Morgenstern utility function. Given these conditions we assume risk aversion, so that the utility
functions of the supplier (U and retail firms (U,) are concave and differentiable functions of
profits. The objective of both the supplier and theretail firms is to maximize the expected utility
from profit (we assume that the firms set the volume of output supplied).

Assume that the firms are able to anayze market data and predict demand. Taking into

account that the life of the firm is unlimited, the optimization task of firm x (X {sr}) can be

represented as the following infinite-horizon, discounted, dynamic programming problem:

¥
maxX é- bt E{ UX[ P X,t(QX’t’S Xt ’hX,t ) ] } y (5)

Quunxy t=0
wheres,,,, = f(s,.n,,), withs, ;=s,= (Nv ?)**,
E isan expectation operator,
U (x) denotesthe utility function of thefirm (xI {sr}),
P,(x) isthe profit of thefirm in the period t, t=0,1,..., X {sr})
Q. isaquantity supplied by the firm x (Xl {sr}) intheperiodt, t=0,1,...,
n,, denotes the number of individual sources of demand analyzed in firm x (X {sr})in
theperiodt, t=0,1,...
s, isthe standard deviation of the error in the prediction of the total deviation of the
random variablesh, (i=1,2,...,N) in firmx (X {sr}) intheperiodt, t=0,1,...,
N isthe total number of sources of demand,

v Zisthe variance of the stochastic process underlying each individual demand around its

mean,
b isthe discount factor, bl (0,1).

The cost of gathering and processing information in a given period and the benefits from
thisactivity in future periods (i.e., smaler variance of the prediction error) specify the link which

7



connects the present with the future. In other words, in the model considered, there is an
intertempora trade off between higher costs of dataprocessing today and future benefits in the
form of a higher expected utility. Thus, along the optimal path the disutility from the analysis of
one additiona source of demand in a period j (j=0,1,...) hasto be equaized with the sum of the
discounted marginal benefitsin all future periods. If V(n,;) denotes the cost of dataprocessing in

firm x (X {s,r}) in period j when n,; sources of demand are anayzed, then, adong the optimal
patr

ﬂE{U X [Px,j(Qx,j1S X, j ’nx,j )]} _ g t ﬂE{Ux [th (Qx,t 'Sx,t1nx,t )]} ﬂSx,t
=ab :
ﬂnx,j t=j+1 ﬂS xt ﬂnx,t

(6)

Assuming that al the parameters of the model are stationary over time, the optimal solution to an
infinite-horizon, discounted, dynamic programming problem is time-invariant (see, e.g., Sargent,
1987). Thus, in the problem considered, the optima output and demand-predicting strategy is

sationary, i.e, Q' =Q,,'=Q,, =..=Q, andn,,'=n,,"=n,,’=..=n" (X {sr}). Thisimpliesthat
the optimal value of the standard deviation (s, ) of the error in the prediction of thetotal deviation
of therandom variables h;, (i=1,2,...,N) from their means is stationary and depends only on the
number of individual demands analyzed in every period, s, =s (n ). It follows that the unique

one-period cost of data-processing can be related to eachvaue of the standard deviation s (n,),
i.e.,, the costs of dataprocessing in each period can be represented as a function of the standard
deviation in the steady state, g[s,(n,)] © V(n) . Since the gationary standard deviation, s (n),
decreasesif the number of individual demands analyzed in each period increases, the cost of data
processing is a decreasing function of the steady state standard deviation (differentiating the cost of
data processing V(n,’) with respectton,’ gives
dv(n)/dn’ = fg/fs,ds /dn, >0, sincedV(n )/dn >0 andds /dn, <O, it followsthat fg/fs,<0).
Moreover, the shape of the function V(n,') (dV(n,)/dn, >0, d®V(n, )/dn *>0 (see Cukrowski,
1996), impliesthat g isaconvex function of s, i.e., T°g[s (n, )]/1s ,> >O0.

Assume, for smplicity, that a standard deviation is the following function of the cost of
data processing s, =s, €', where g denotes the cost of data processing, and | (I >0) is a
parameter describing the current state of information processing technology. Consequently, the
cost of dataprocessing is specified asg(s,)=-(Ins , -Ins )/l .

The consideration above shows that the optimization problem of thefirmx (X {s}) can

be solved in two steps. Firgt, the optimal quantity Q,” and the optimal vaue of standard deviation



s, can be determined, and, second, knowing s, , the optima size of the cohorts of data
summarized in each period can be found.

Thus, in thefirst stage thefirm x (xI {s,r}) chooses the steady-state quantity of output Q,

and the value of the standard deviation s, which maximize the following objective function

I’(T?x]aX E{UX[PX(QX’SX )]} : (7)

To smplify the analysis, assume that the steady-state error in prediction of the tota
demand is a normally distributed random variable with zero mean and variance s ? (this

corresponds to the case when random deviations follow stochastic processes with normally
distributed random terms such as, for example, the autoregressive process of any order).® Since
the distribution of the total random deviation from the mean value of demand is normal, thetotal
deviation can take positive and negative values, each having probability _ (the expected vaue of

positive deviation equals s, /(2p)'” and the expected vaue of negative deviation equals
-s ,/(2p)*? .7 Consequently, the total inverse random demand in any periodt
(-¥ <t<+¥) can be approximated asﬁ(Qx,sX):a- bQ, +J(s,), whered(s,) is a random
factor (not known exante) which with probability _ equals o(s,) and with probability _ equals -
os,), where g(s)=s,/(2p)"”. Consequently, with probability _ market demand is
P(Q,.s,)=a-bQ,-gds,), and with probability _ is P(Q,,s,)=a-bQ, +gs,). The
expected market demand curveisdetermined as P(Q, ) =a - bQ,.

Using this approximation, the optimization problem of firm x (X {sr}) can be
represented as

max (U, [F,(Qus )1+ 57U, [2.(Qus )}, ®

where P, (Q,.s, PQ,P(Q.s,)- F(Q.s,), ad P ,(Q,.s,)°QPQ,s,)- F(Q.s,),

F.(Q,,s,) denotesacos function of thefirm x.

5. Distribution of output
First consider the case when amonopolistic supplier trades directly with find consumers.

Assume that the supplier’s cost function is F(Q,s J)=cQ.+g(s,)+B, where Q, denotes the

volume of output produced, g(s.) denotesthe cost of dataprocessing, c is the margina cost, and



B isthe fixed cost. To smplify the analysis assume that the exact shape of the utility function U,
is specified asfollows:

iuP,, if P.<P/,
U, P,) =i 0 . 0 9)
TU2P5+(U1' uz)Ps’ if P53 Ps’
whereu,> u,>0 and P <P? <P, .?
The interior solution to this optimization problem (8) existsif
o8P (10
(@- cy

(see Appendix for details).
Assuming that the primitives of the model: a,b,c,| satisfy the condition above, the
optimal steady state values of the volume of output supplied Q. and the standard deviation of

the demand s are determined as

2
._a-Cc |a-co 1
= +. - - , 11
=7 \/3 a8 2D (1)
R-c [am-co® 20942p
*:(\ _ : __T_
2T¢2 V€208 Thk (12)

where k= (u,-u,)/(u,+u,), k.1 (0,1) for the risk averse firn? (see Appendix for the proof).
Assume now that the monopolist can sell the output not to final consumers but to

perfectly competitive retail firmswhich can freely enter and exit the market. Each individual retail
firm operatesin the market only if its expected utility from profit is at least equa to the utility of

some benchmark activity j (j 2 0). Since for a risk averse retall firm earning random profit (P,)

thefollowingistrue U [E(P,)]>E[U,(P,)]3] 2 0, where U, denotes utility function of theretal
firm andE is an expectation operator, the expected value of profit of a single retaller operating in
themarket is pogitive. Thisimplies that the retail market can be established only if the expected
vaue of the profit of theretail sector as a whole is positive, i.e, if the supplier sdlls services to
retail firmsat alower price than the expected price to fina consumers.

PROPOSITION 1. Rational behaviour of the risk averse monopolistic supplier under
uncertainty of demand impliesthat the supplier isalways willing to sell services to retail

firmsat alower price than the expected price to consumers.

10



Prodf. Under demand uncertainty the risk averse monopolistic supplier trading directly

with consumers earns random profit with the expected vaue E[P(Q.’,s.)], such that
E[P(Q, s, )]<E[P(Q,,0)], where Q, isthe optimal monopolistic output without uncertainty
(i.e, if s=0). Taking into account that the optimal volume of output supplied to consumers by

retail firms, and, consequently, demanded from the supplier, is deterministic (see Appendix), and
that arisk averse firm aways prefers deterministic profit to random profit with the same (or even
dightly higher) expected value, the determinigtic price P,(Q) at which the supplier would be
willing to sell the volume of output Q to retail firms should satisfy the following condition:

E{U, [R(Q)Q- cQ- B]}* E{U,[P (Qu.s )1} (13)
Snce, E{U,.[P,(Q)Q- cQ- B} =U{E[R,(Q)Q- cQ- B]}and for a risk averse firm
UJLE[P(Q, s )1} E{UJP(Q. ,s.)]}, inequality (13) issatisfied for any P,(Q), such that'
R(Q)Q- cQ- B2 E[P (Q,:s )]
(14)

Expression (14) dtates that the deterministic profit of the supplier (when he trades with retail
firms) should be at least equa to the expected vaue of profit that the supplier would earn if he sold

sarvicesdirectly to final demanders. Notethat for any s, E[ P (Q,s. )] is a continuous, strictly
concave, function of Q, positive for QI (0,Q.), where Q. is the optimal competitive output
without uncertainty, achieving its maximum for Q=Q, . Since E[P(Q, ,s.)]<E[P(Q, ,s.],
there exists an intevd (say, (Q,Qu), where Q,=Q., and Q, <Qz<Q.), in which
E[P(Q, s, 1<E[P(Qs,)]. Plugging E[P(Q,s,)]=Py(QQ-cQ-B and E[P(Q
s.)]=P(Q)Q- cQ- B, where P(Q) is an expected price if quantity Q is supplied to consumers,
into the above inequality and rearranging, we get that P ,(Q)<P(Q), for any QI (Q,,Qp). QED.

Suppose now that the supplier trades with retall firms, but it cannot (or it is not legdly
allowed to) impose any vertical restraints, i.e., assume that the supplier is willing to sell any given
volume of output Qy at price P,(Qy) to perfectly competitive retail firms. Assume also that there

exists an interval, say (Q,,Q,), where Q,<Q,<Q,<Q;, such that, for any volume of output
supplied to retail market Q, in thisinterval, retall market is organized (i.e., the number of retail
firms operating in the market n is greater or equal to 1), and for any QI (Q,,Q,) theretall market

cannot be organized (n<1).

11



If the supplier trades with retall firms the cost function of a single retal firm is
F.(Q,)=Q,P,(Q)+g(s,), where Q, is the volume of output supplied to find demanders by a
sgngleretail firm, P,(Qg) isthe price to retall firms if the volume of output Q is supplied to the

retail market (to focus directly on the problem no additional cost is assumed), and g(s,) is the

Seady date cost of data processing, which corresponds to the standard deviation s,.
Consequently, the optimization problem of each individua retail firm can be represented as™

maxE(U, [P.(Q, s )11° max (U, [77(Q. )1+ 3U, [B, Qs )1} (15)

WhaeP—r(Qr ’Sr )OQr[ﬁ(nQr’sr )_ PO(nQr )]- g(sr) ’ﬁ(Qr ’Sr) =a- anr - g(sr ) y
P (Q.s,)°Q[PMQ s, )- R(nQ)I- 9(s,) , P(Q.s,)=a-bnQ - g(s,),
os,) =s, /J2p , s, denotes steady state standard deviation of tota demand and Q, denotes the

output supplied to fina demanders by asingleretail firm (n isthe number of retail firms operating
in the market).”
To smplify the analysis assume that the exact shape of the utility function U, is specified

asfollows:

iyP., if P <P’
Ur(Pr):iyl r r r

. (16)
Ty2pr+(y1_y2)PrO' if I:)ral:)rol

wherey,> y,>0 and P, <P? <P .®
Thus each individud retail firm considers maximization problem (8). The interior solution
to this optimization problem exists if
o 20 (17)
(@- ¢
(see Appendix). Assuming that the primitives of the model satisfy inequality (17), the optimal
steady state values of the volume of output supplied to final consumers by each individual retail

firm Q, and steady state value of the standard deviation of demand s,” are determined as

2
» a-=¢C & -Co 1
=2y )~ 18
= Zn \/g4bnﬂ 21 bn (18)
. ®B-c |am-cs 2on942p 19
S 76T & ze T ik (19)

where k =(y,-Y,)/(Y;+Ys,), k1 (0,1) for risk averse firm* (see Appendix for the proof).
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Since the expected value of profit of each retail firm operating in the market is positive

(greater or equa toj >0) and the maximum expected value of profit of the retail sector equals
E[P(Q, ,0)]- E[P(Q, ,s.)], where Q, is the optimal monopolistic output without

uncertainty (i.e., if s,=0), in equilibrium only afinite number of perfectly competitive retail
firms can operate in the market. Assuming that the number of firms n is a continuous number
instead of an integer, in market equilibrium the expected utility of profit of asingleretail firmis

E{U{Q/ [P(nQ7)- R(nQ)1}} =j >0. (20)
Since, for therisk aversefirm U {E[P,(Q/,s )1} ® E{U,[P,(Q;,s, )]} theinequality aboveis
satisfied only if U {E[P.(Q;,s,)]} >0,i.e,if E[P,(Q;,s,)]>0. Taking into account that

E[P(nQ,,s,)]- R(nQ)>0 if nQ T (Q,,Qs), where Q,=Q," and Q,'<Qx<Q. (Qc is a
perfectly competitive output), the condition (20) is satisfied only if Q. <nQ’ < Q., i.e, if the
quantity of output supplied through the retail network is greater than it would be if the supplier
traded directly with final consumers.

An important implication of the result above is that retail trade under uncertainty of
demand changes the distribution of welfare in the economy. In particular, it decreases the
expected value of the deadweight loss (i.e., the volume of output is higher than it would be
without the retail market) and increases the expected value of consumer surplus (consumers
consume more and at alower price). The monopolistic supplier is also better off since the
supplier changes random profit to deterministic profit with the same expected value.

6. Progressin information processing technology and the size of retail networks

Since the optimal volumes of output supplied to fina consumers by both the monopolistic
supplier and theretail firms (see expressions(11) and (18), respectively), as well as the steady
date vaue of the standard deviations of the demand (expressions (12) and (19) ) depend on the

parameter describing the current state of information processing technology |, technologica

progress in data processing, which makes predictions chegper (increases | ), changes the

characteristics of market equilibrium. The optimal output of the monopolistic supplier shifts closer
to the optimal monopolistic output without uncertainty of demand, and consequently, the offer
curve to retal firms (P,(Q)) shifts upward. This decreases the difference between the expected
price to consumers and the price to retail firms. The expected profit of theretall sector as a whole
and the expected profit of each particular retail firm both decrease, and consequently, the number
of retail firms operating in the market tends to decrease. At the sametimeretail firms are also able

13



to make better predictions (i.e., decrease the variance of demand), and, as a result, are able to
increase the expected vaue of profit for any particular volume of output supplied. Therefore, other
things being constant, more retail firms can operate in the market. Thetotal effect of technologica

change on the number of firmsin market equilibrium is characterized by the proposition below.

PROPOSITION 2. Technological progress in information processing increases the

number of retail firms operating in the market.

Proof. Note that for any fixed | bothg" and U," can be considered as functions of n.

Assume for the timebeing that the number of retaill firms n is continuous (rather than integer
valued) and consider function

G(s,(n).g;(M)° -j +Y (s (n),q,(n) , (21)
where] 2 0. Taking into account that in market equilibrium the expected utility from profit of each
individud retailer operating in the market must be at leest equad to j (j 20), in market

equilibriumG(s ; (n),Q’(n)) ° 0. Rearranging the latest expression we get

. . E[P.(Q)I+B Ins,-Ins;m) o _3 ks . o,
Q. (n)[a- bnQ;(n)- c]- m - I Y ty, + N 2k.P, . (22
Theleft hand side of the expression (22) can be represented as
nR:mla- ;- o - 2 g Epp(g;))
> (23)

n
The numerator in the expresson above describes the total profit of theretail sector. Therefore, the
expression (23) describesthe profit of asingle retail firm, which in equilibrium hasto be equa to

J . Consequently, in market equilibrium

2 ks.(n)
yi+Y, W2p

Taking into account expression (19) and rearranging an equilibrium condition can be represented

i O

2k PO (24)

as

n
1= + - .2k PP 0. (25)

@ 2 O a-c [a@-co’ 2b
Jgy1+y2_;zj 2 %2(& |

Assume now that | isnot constant but can fluctuate. Define afunction
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0 a-c a@- co’  2bn
7] 2 9 |

2
H( o) o 124 G2 - Zh-2P 00, (26)
&Y, 2 o

Since H(I ,n) isacontinuoudly differentiable function of | and n, according to theimplicit function

dn H /I
theorem, thefirst derivative of nwithrespect to | is T 1111H /1111n . TH/In is aways positive,

andH/l isnegative. Therefore, In/qll >0, i.e.,, the number of retail firms operating in the market

increaseswith|  (i.e., with technological progressin data processing). QED.

The most important implication of the proposition above is that in the period of transition
from an industrid to an information society, accompanied by rapid progress in information
processing technologies, workers who will undoubtedly lose their jobs in old resource-intensive
industries will have achanceto find positionsin growing regiona retail networks.

7. Conclusion

Today, at the beginning of the period of trangition from an industrial to an information
society, the problem of growing unemployment in regions dominated by old arearintensive and
resource-intensive industries seems to be especidly important. Economists agree that very soon
traditiona “old-industries’ (e.g., mining, metallurgy, heavy industry, machine building industries)
will lose their importance. This process will be accompanied by the development of new
information-intensive industries. Unfortunately, it is also expected that in many industralized
regions declining industries will not be replaced by new ones. This will creste problems in
regiond job markets. The analysis presented in this paper shows that the decline of some
industries due to the progress in information processing technologies might be accompanied by
the growth of regional retail networks, which could create anumber of jobsin new retail firms.

Using a ssmple model, we havetried to explain the possible impact of the progress in
information processing technology on the size of regional retail networks. The analysis focused on
a single commodity market with uncertain demand. It has been shown that demand uncertainty
can be consdered an independent source of retall trade, and, consequently, the ability of firms to
process information and predict demand may affect the characteristics of retall networks. The
results derived show that risk-averse firms aways devote resources to demand forecasting,
producers are better off trading with retailers than with fina consumers, and the volume of output
supplied through the retail network is always greater than it would be if producers traded directly
with consumers (i.e., it increases welfare). Finaly, we proved that technologica progress in data
processing (which improves predictions and/or makes them cheaper, decreases uncertainty about
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demand in retal firms much more than in the supplier’s firm) increases the size of retall
networks. Growing retal networks (a source of new jobs) can, to some extent, reduce
unemployment and increase tax revenuesin regions dominated by declining industries.

The results above have been derived based on a set of simplifying assumptions
concerning demand structure and datainformation in demand forecasting problems. However,
similar results could be obtained from more complicated and sophisticated models. Such models
make the analysis more difficult, but the genera result concerning the pattern of changes in the
size of regiona retall networks in response to changes in information processing technology
remains the same.

Appendix.

The maximization problem of the supplier

The objective function of the monopolistic supplier trading with find demanders can be

approximated as
I I
max Y.(Q.8.)° 5 Lu[Q.(a- bQ, - J— -oQ.- B- (HL- )] (A
D0 Ty - )P O,

+{U[Q(a bQ+J—) cQ,- B- (

where Q, denotes the volume of output supplied, and s, is the steady state standard deviation of

demand. Thefirst order conditions to the above optimization problem can be represented as

Y. (Q s )
(s 1) a-
10, 712 20Q,- \/E

.Q.s,) _ 0(- L) 1,
Ts, ' J_ I's, J_

The second order conditions to this maximization problem require the Hessian of the objective

- c)+ u,(a- 2bQ, + -¢0)=0, (A2

@

) 0. (A3)

function

BGIZY (Q.s) TY.(Qs,)0

(05 Q9. -
ﬂzY (Q.5.) TY.Q5.)* (A4)
% ﬂQ ﬂS ﬂss ﬂ

to be negative definite (it guarantees that the objective function is strictly concave). ThisHessan is
negative-definite (the objective function is strictly concave) iff
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1Y Q. 5.) 17Y.Qs.)TY.(Q.8.) oY .(Q.s.)8

<0 and >0. A5
Q7 1’ s & TQJs, (49

Taking derivatives and rearranging, we conclude that the second order conditions are satisfied iff
| <b/(ks./vBP) . (A6)

Rearranging the first order conditions, we obtain two possible values of output which
maximize the objective function considered

a- c \/&a- co 1
N :

DT T T (A7)
a-c [aa-co 1
Qo= Zp \/% 46 2b’ (A8)
assuming that [(a- c)/4b]?- 1/(21b)3 0 ,i.e,
| = 8bf(a- c)?. (A.9)

If the cost of dataprocessing goes to zero (I goes to infinity), the firm knows demand almost

perfectly, and the optimal volume of output goesto optima volume of output without uncertainty
(a-c)/2b. Consequently, the optimal quantity of output supplied Q. is determined by the first
expressioni.e, Q. = Q,,.

Similarly, rearranging the first order conditions, we get two possible vaues of steady date
standard deviation which maximize the objective function considered™

s =t C. /? co 2022 (A10)
S,l_ . _; L] .
% 2 2 9 I ka
_ _ anl lo)
s 2:3% C, [@@-Co 2biV2p (A12)
2T¢2 €28 Tk

Here again, if the cost of data processing goesto zero (I goesto infinity), the firm knows demand
admost perfectly (s, goesto zero). Consequently, the optimal value of the standard deviation s is

determined by the expression (A.10), i.e,, s, =s,,. Taking into account condition (A.9), plugging
(A.10) into inequdity (A.6) and rearranging we get the following condition

2b 2b
—— £l <2 . (A12)

2@-Co f.%-c_ a@-cbz_Z_b';
20 $2 €28 T;
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whichisaways satisfied if | 3 8b/(a- c)? (i.e, Q,” ands,” corresponds to the maximum of the

objective function).

The maximization problem of theretall firm

The objective function of the retail firm can be approximated as

ol ) .S \.%&EQ)+B, 8,  Ins, |Ins,
max Y.(s,.Q) > Vi [Q.(a- bnQ, @) ) +chr ( | | )] (A13)
1 ] s, , &E(@Q)+B 8 Ins, Ins, ) .
+{2 y2 [Qr(a anr + \/E) nQr +Cer ( | | )] +(y1 y2 )P r }

where Q, denotes the volume of output supplied, and s, is the steady state standard deviation of

demand. Thefirst order conditions to the above optimization problem can be represented as

. Qs,) _

1 1 S, B
7o) l(a 2bnQ, - ——- )+§y2(a- 2bnQ, +——=- ¢)=0, (A14)

7 T

. @Q.s,)_1 Q 1.1 Q
T 5 AG N _)+§y2(7p+F

The second order conditions to this maximization problem require the Hessian of the objective

)=0.  (A15)

function

aaVY (Q.,s,) 1¥.@Q.,s,)0
g ﬂQZ ﬂQﬂS —
¢T%.(Q..s,) 1%,Q.s,)*
& 1QTs, s? o

to be negative definite (it guarantees that the objective function is strictly concave). ThisHessan is

(A.16)

negative-definite (the objective function is gtrictly concave) iff

1%,(Q.s,) 17,Q.,s) 17, (Q.5,) Y,(@Q.5,)¢
———————~<0ad - = >0. Al
Q7 Q7 Ts2 & 10Ts, o (A1)
Taking derivatives and rearranging we get that the second order conditions are satisfied iff
| <nb/(ks,/8p) . (A18)

Rearranging the first order conditions we get two possible values of output which

maximize the objective function considered

a-c [a&-cCco 1
Q=7 \/84bng 2Ibn’ (A19)
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_a-c Ja@- co’ 1

Q2= Zpn \&2bne " 2ion” (A.20)
assuming that [(a - c)/4bn]2 - 1/(21bn)3 0, i.e,
| 2 8bn/(a-c). (A21)

If cost of dataprocessing goes to zero (I goes to infinity) the firm knows demand almost

perfectly, and the optimal volume of output goes to the optima volume of output without
uncertainty (a-c)/2bn. Consequently, the optimal quantity of output supplied Q,” is determined by
thefirst expressioni.e, Q, = Q, ;.

Smilarly, by rearranging thefirst order conditions, we get two possible vaues of steady
State standard deviation which maximize the objective function considered'®

. _3‘%1-0_\/3@-092_ 2bn9ﬁ A2)
R 26 T 3k

®-c  |aa-co® 2bn%42p

=G = - T . .
Sr2 T¢ +\/ 25 T 5K (A23)

If cost of dataprocessing goes to zero (I goes to infinity) the firm knows demand almost
perfectly (s, goes to zero). Consequently, the optimal value of the standard deviation s, is

determined by the expression (A.22), i.e, s, =s,,. Taking into account condition (A.21),

plugging (A.22) into inequality (A.18) and rearranging we get the following condition

2bn 2bn
— £l <2 - —, (A.24)
g@"_CQ B-c  f@m-co  2bn?

2 0 & 2 26 T 5

whichisawayssatisfied if | 3 8bn/(a - c)? (i.e, Q," ands,” corresponds to the maximum of the

objective function).

Endnotes

! Note that by alowing for a small price adjustment, we avoid the problem of inventories and any
potential losses connected with them (see Zabel, 1970, for an analysis of the behavior of the firmin a
multiperiod model with inventories).

%In general, specifications of stochastic processes describing individual demands should aso include

a“common noise” which could reflect aggregate demand shocks (i.e., which could equally affect all sources of
demand), but to simplify the exposition we will disregard this common component.
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% A similar structure of demand was assumed by Radner and Van Zandt (1992).
* See Cukrowski (1996) for details.

® It has been shown that V can be considered as a twice differentiable, strictly increasing and
convex function of n,; (see Cukrowski, 1996).

® It should be stressed that, although the assumption of the normal distribution of the random
deviations from the expected demand corresponds to the wide class of stochastic processes that would
govern stochastic demand, it is chosen solely for simplicity and clarity, and no attempt is made at
generality. We believe, however, that many of the qualitative results would hold also in more general,
and, consequently, more complicated models.
¥ 5 -R?

! Expected values of positive and negative deviations are computed as (‘)—Ze 2,¢ dh and
0 1/Zps .

0 ~ -h?
(‘)h—egdﬁ , respectively.
Al2ps 2

8 Note that a function defined is concave and twice differentiable if PJ (¥ ¥)\PL

® Coefficient k, characterizes the attitude towards risk and increases with risk aversion.

19 Note that Q is deterministic variable, and, consequently, R (Q)Q - cQ - Bis deterministic as
well.

1 Note that if the optimal value supplied by each individual retail firm (Q,) exists, it is not a
random but a deterministic variable.

¥ Recall that under uncertai nty of demand the number of firms operating in perfectly competitive
market is finite (see Ghosal 1996, for empirical evidence)

14 Note that a function defined is concave and twice differentiable if PI(¥)\PLO

5 Coefficient k. characterizes the attitude towards risk and increases with risk aversion.

18 The square root in the expressions (A.10) and (A.11) is non negativeif | 3 8b/(a - ¢)%.

' The square root in the expressions (A.22) and (A.23) is non negativeif | 3 8bn/(a - c)?.
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