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CHAPTER 2

Complementarities in the Transition
from Socialism: A Firm-Level Analysis

Susan Gates, Paul Milgrom,
and John Roberts

Most descriptions of economic reform in the former communist economies
describe the benefits of the various reform elements in a piecemeal way. Thus,
private ownership of a firm increases the incentive to produce highly valued
outputs, to economize on inputs, and to protect the value of assets; price
liberalization/rationalization and the elimination of subsidies encourage man-
agers to choose the right mix of inputs and outputs; free trade forces managers
to face international competition, drives them to activities where they have a
comparative advantage, and permits them to achieve greater economies of
scale; and competition policy prevents large state firms from using their scale
to distort market outcomes. From these descriptions, one might observe that
the various proposed reforms are all designed to enhance managerial perfor-
mance incentives and, from this, be tempted to conclude that they are substi-
tutes for one another, with diminishing returns to additional reforms. Not only
is this position wrong, but the reverse conclusion is actually more accurate.
There are significant complementarities among these various reforms. Corre-
spondingly, each individual reform makes undertaking the others more attrac-
tive.

The idea that there may be complementarities among the individual
reform elements within an economic reform package is not new. Indeed, the
idea has sometimes been offered as a logical underpinning for the “big bang”
strategy for economic reform, in contrast to any policy of partial or gradual
reform. As Lipton and Sachs put it:

The transition process is a seamless web. Structural reforms cannot work
without a working price system; a working price system cannot be put in
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18 Reforming Asian Socialism

place without ending excess demand and creating a convertible currency;
and a credit squeeze and tight macroeconomic policy cannot be sustained
unless prices are realistic, so that there is a rational basis for deciding
which firms should be allowed to close. At the same time, for real
structural adjustment to take place under the pressures of this demand,
the macroeconomic shock must be accompanied by other measures,
including selling off state assets, freeing up the private sector, establish-
ing procedures for bankruptcy, preparing a social safety net, and under-
taking tax reform. Clearly, the reform process must be comprehensive.
(1990b)

This idea has been repeated and made the basis of policy prescriptions.
For example, the Economist (1991) notes that “[blecause all the required
reforms are so interlinked, trying to identify the best sequence was always a
phony goal. No single measure can bring much benefit without at least some
progress towards the other reforms.” These arguments, however, are all infor-
mal ones. The relationships among the various reform elements are not well
defined, and the implications of those relationships are not rigorously ex-
plored. To what extent are all these economic reforms complementary? Does
such complementarity really imply that the “big-bang” reform strategy is
optimal, or does that argument entail some additional implicit assumptions?

The word complementarity has various uses and meanings within eco-
nomics, but we shall use it only in a particular, formal sense. A pair of
reforms or policies or activities is complementary if (1) adopting one does not
preclude adopting the other and (2) whenever it is possible to implement each
reform separately, the sum of the benefits to doing just one or the other is no
greater than the benefit of doing both together. An equivalent phrasing of the
second condition is that the incremental return to implementing any one of the
reforms is greater if the other has already been implemented. It is a theorem
(Topkis 1978) that if each pair of reforms in a package is complementary, then
implementing any subset of the reforms raises the incremental return to imple-
menting the remaining ones.

While the case for complementarity among the incentive-oriented re-
forms is not an unqualified one, some plausible sources of pairwise comple-
mentarities are easy to identify. First, a policy that strengthens management’s
incentive to generate profits may cause managers to devote more effort to low
value-added or even negative value-added activities when profits are mea-
sured using artificial, administered prices, but the very same policy may
inspire increased efforts for highly valued activities after prices have been
rationalized. Or, what is really just the flip side of the same effect, price
rationalization has a greater salutary effect on managers’ decisions if the
managers are first given incentives to maximize profits.
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The rise and fall of private Polish greenhouses demonstrates this phe-
nomenon. In the late 1980s, the Polish government relaxed restrictions on
cooperative and private enterprises. Enterpreneurs soon realized that they
could make large profits by building greenhouses, heating them with energy
that was heavily subsidized by the state, and growing tropical flowers to be
sold domestically at uncontrolled prices, or exported. With the price liberal-
ization of 1990 and the subsequent increase in energy prices, the entrepre-
neurs quickly fled the tropical flower business, presumably directing their
resources and efforts toward more socially valuable activities.

A second plausible complementarity is that between privatizing firms
and promoting competition, whether by breaking up oligopolies, encouraging
entry, or opening up markets to international competition. The reason is much
the same as that which makes price rationalization and privatization comple-
mentary: managerial incentives to increase output are based on marginal
revenues, rather than the competitive price of output, and policies to promote
competition in an industry reduce the gap between price and marginal reve-
nue. If the other prices in the economy are set competitively, this is an
unambiguous improvement.

A third complementarity may be found between privatization policies
implemented in different sectors or at different times. Setting different incen-
tives for different sectors encourages managers to shift effort and even capital
toward the high-incentive sector. Similarly, delayed implementation of a pri-
vatization policy encourages activities that shift profits forward in time, when
the managers’ shares are larger. In both cases, managers are encouraged to
reallocate resources without regard to the efficiency of the resulting alloca-
tion.

In Poland, these perverse incentives associated with piecemeal, delayed
privatization are evident in the wave of nomenklatura privatization that oc-
curred between 1987 and 1989. In 1987 and 1988, the communist government
of Poland legalized stock issue by state-owned firms to transform themselves
into joint stock companies. Slay (1992, 53) notes that “managers who had
links with the PUWP [Polish United Workers’ Party] nomenklatura could
legally transform state enterprises into private joint-stock companies. This
meant that party-state officials controlled the composition and price of issues
of stock during these transformations and used their positions as insiders to
become owners of the previously state-owned enterprises.” These firms came
to be known as nomenklatura companies. Staniszkis (1991) reports that in
1987, there were already 80 such companies in Poland, and by the beginning
of 1990, there were over 40,000. These nomenklatura companies generally
enjoyed success at the expense of the state enterprise. In many cases, the
managers would expropriate only the profitable elements of the state firm,
leaving the rest in state hands.
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This wave of nomenklatura privatization triggered outrage among the
population and debate among academics over both the ethics and efficiency of
such privatization. For our thesis, the important point of this episode is that it
illustrates the reason why increasing incentives for some activities makes it
important to increase the incentives for all. For while the plundering of state
assets inherent in nomenklatura privatization may actually have led to im-
proved efficiency at some of the newly created firms, it also resulted in both
resource misallocation among sectors and overtime and an unnecessary loss of
revenue for the government.

To analyze timing, it is helpful to take an abstract point of view, regard-
ing policy stances this year and next year as separate policy instruments. For
example, there may be private appropriability of returns this year and next, or
just next year; there may be price rationalization this year and next, or just
next year (or perhaps just this year); and so on. The arguments we have
already made then suggest that there is complementarity between privatization
and price rationalization within a given year, between privatization this year
and next, and between privatization in one sector and in another. The threat of
hoarding induces a complementarity between price rationalization this year
and next. To the extent that input price rationalization for a firm requires
effective antitrust policies to be applied to suppliers, those policies are com-
plementary as well. The whole reform package is rife with complementarities
at the level of the firm.

This chapter attempts a detailed theoretical study of the joint effect of
various policies on the behavior of a firm’s managers in order to formalize the
kinds of arguments made above. The general problem is, of course, quite
complex, and we need to abstract from some of its complexities to obtain a
tractable representation. Our formal approach to studying issues of comple-
mentarity follows Milgrom and Roberts 1990 while our modeling of incen-
tives draws mostly from Holmstrom and Milgrom 1987.! The formal analysis
tends to confirm that complementarities among reform policies of the sorts
just discussed are possible, but that the conclusions we derive depend on
certain assumptions about the conditions prevailing at the time of transition of
the former socialist economy. The analysis also identifies some likely cases of
substitute policies.

We emphasize that the mere finding of complementarities across reforms
(or other kinds of activities) does not by itself imply that the reforms (or
activities) should all be installed simultaneously. This is most clearly illus-

1. Holmstrom and Milgrom 1994 introduced the idea that different incentive instruments
used to regulate employees and agents are complements. The main differences between the two
analyses are ones of context, which determine the incentive instruments and the way they are
used.
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trated by taking the argument to a ridiculous extreme. Observe that work
experience and productive work are complementary, because working cer-
tainly does not preclude gaining experience and experience increases the
productivity of work. Yet, it would be absurd to argue from this alone that
inexperienced workers should not be permitted to work, for work must pre-
cede the accumulation of experience. It is similarly absurd to argue on the
basis of complementarities alone that it is unwise to rationalize prices without
privatization, or that one should prohibit the creation of new private enter-
prises until the government can create a suitable means of taxing them.

The logic that supports big-bang policies involves two elements besides
complementarity among reform instruments. The first is complementarity
over time. For example, the mere fact that price rationalization is expected for
tomorrow makes it valuable to implement it today, in order to prevent distor-
tions such as hoarding and dumping. Such complementarity of reforms over
time is a reason for speedy implementation. The second element is noncon-
vexities, which are endemic in incentive problems. These nonconvexities
make it quite possible that each reform individually has an adverse effect on
managerial performance, even though the whole package of reforms has a
decidedly salutary effect. We illustrate this possibility in an otherwise well-
behaved example in our later discussion of complementarity among incentive
instruments, using a concave production function and a convex cost function.
This possibility implies that piecemeal implementation of reforms can add to
the costs of transition and increase pressures to reverse reforms that are
already in place.

A second important caveat is that the analysis offered here is built on the
particular structure of the reforms. Generalization to other reform packages is
unwarranted and, indeed, we see no reason to suppose that all packages of
reforms must be characterized by extensive complementarities. China’s dra-
matic successes since the late 1970s with its partial reforms (McMillan and
Naughton 1992) indicate the extreme degree to which details determine the
conclusion of the analysis. Agricultural reforms in China, implemented in an
environment where capital and effort were not fungible across agricultural and
industrial activities, did not suffer the disadvantages we have described. Pro-
vided that the government is strong enough to enforce fulfillment of the plan,
we find no reason to suppose that price reforms allowing only output beyond
the plan to be traded at uncontrolled prices will be complementary to price
reform for the remaining planned units as well, even though the two parts
together constitute what might be called full price liberalization.

The following section gives an account of the incentives for managers in
Poland just before and during the recent transition. In addition, we discuss the
problem of monopoly power and look at the various ways in which the Polish
government tried to improve competitiveness. The Polish experience provides
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the motivation for several of our modeling decisions. The simplest version of
our formal model, which excludes trade and competition policies, is devel-
oped in the third section. Readers who wish to skip the technicalities can omit
this section and proceed directly to the next. Complementarities within the
formal model are developed and described in nontechnical language in the
fourth section. This section also includes an example showing the possibility
of a “policy-by-policy optimum” that is not a global optimum.? That is, we
illustrate a collection of policies that are coherent in the sense that any change
in one policy alone would be undesirable even though a package of changes is
desirable. The next section extends our analysis to include the effect of trade
and competitiveness policies, along with price reform, privatization, and
timing. We conclude with a discussion of the lessons of the model.

Managerial Incentives in Poland

A series of reforms were introduced in Poland during the communist era, in an
attempt to improve profit-making incentives for managers (Frydman and
Wellisz 1991). That attempt was generally regarded as a failure. The continua-
tion of price controls, enterprise subsidies, and reverse taxation rendered any
sort of profit-based “managerial incentive plan” ineffective as a means of
motivating managers. According to Fan and Schaffer (1991), the “profit”
upon which the profit tax and wage bonus were based was profit after the
subtraction of turnover taxes and the addition of subsidies. Such manipula-
tions of the final profit of firms were widespread and were normally used to
make sure that most (if not all) state firms were profitable on paper, no matter
how poor their actual performance.

These subsidies were quite extensive, suggesting that the government
spent a lot of money in order to maintain the “profitability” of various state
firms. Holzmann reports that in the 1980s Eastern European governments
spent about 15 percent of GDP on budgetary subsidies. Western countries, on
average, spend less than 5 percent on direct subsidies. Moreover, the sub-
sidies to Eastern European enterprises (through artificially low prices on in-
puts, negative turnover tax, etc.) were generally much larger than were direct
subsidies to consumers. The main reason for this disparity is that as the
Eastern European governments abandoned strict quantity-planning mecha-
nisms, tax preferences and other subsidies became a substitute method of
control. “Since most prices were initially administered, differences between

2. Similar messages can be found in Murphy, Shleifer, and Vishny 1992 and Shleifer and
Vishny 1992, who argue that partial price reform in the context of a planned economy can distort
the allocation between the public and private sectors, leading to worse overall economic perfor-
mance.
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prices and costs resulting from the distorted price structure had to be compen-
~ated for. Consequently, producer subsidies (and taxes) were generally used to
hong enterprise accounts into balance.” (Holzmann 1991, 158).

In a detailed study of subsidization in the 500 largest Polish firms for
1088, Schaffer (1990) notes that not a single firm was a loss maker after its
absidies were included. There were two major types of subsidy given to
I'olish enterprises. The first was a product-specific subsidy, which was sup-
posed to compensate enterprises for any unfavorable implications of price
cantrols. The second was an enterprise-specific subsidy, “which might be
paid, for example, to enterprises with old equipment and therefore high oper-
ing costs. . . . There is, however, anecdotal evidence that nearly all these
.ubsidies were allocated according to a number of informal, enterprise-spe-
ilie criteria, in particular profitability” (Schaffer 1990, 190). The discretion
the povernment exercised in determining subsidies to individual firms weak-
cned the link between managerial compensation and the real value of the
lrm’s activities.

The reform package of January 1990 included reforms releasing enter-
prises from central control and significantly reducing subsidies. The discre-
tonary tax subsidies were abolished. Although profits might now be a better
<tynal of managerial performance, the compensation system was not designed
to reward managers for such performance. In addition to these reforms, the
P'olish government introduced a tax on excessive wages in state enterprises.
I'his tax applied to both worker and managerial wages and bonuses. The
policy for 1990 called for the partial indexation of a firm’s total wage bill to
mflation. Each month, the government established a maximum allowable
wage bill increase, or wage norm. The norms provided for wage increases that
were smaller than the rate of inflation. Any firm whose wage bill exceeded
that norm was subject to a tax of between 100 percent and 500 percent on
those excesses (Coricelli and Revenga 1992). Although this policy was de-
wipned to force a decline in real wages and prevent the return of the wage-
price spiral that plagued Poland throughout 1989, it had the additional effect
of limiting incentive pay in state enterprises. Also, because the excessive
wage tax did not apply to private enterprises, many workers and managers
viewed the ability to increase wages as a great incentive to privatize.

In summary, the Polish government has been trying to improve manage-
1ial performance incentives since the early 1980s. Although the reforms of the
1980s linked managerial compensation to firm profits, the reforms did not
achieve the goal of increased production, for a variety of reasons. Impor-
tantly, firm profits were directly manipulated by the government through
turnover taxes and subsidies, and profits were measured by controlled, cen-
trally determined prices, so that measured profits bore little relation to real
value added. Although these distortions were largely removed in 1990, it
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appears that direct profit-based incentives for state managers were weakened
by policies that restricted wage payments (including bonuses for both workers
and managers) at state firms. Since wages at private firms are not regulated,
these managers do have higher-powered profit incentives. Many of those large
firms currently under state ownership are targeted for participation in the mass
privatization program.

Even if profit-based incentives are successfully instituted, however, the
resulting managerial behavior may not be in the social interest. Many econo-
mists, e.g., Slay 1990, suggest that because of the high degree of industrial
concentration in Eastern European countries, as well as trade restrictions that
shield firms from international competition, incentive-based economic re-
forms may induce monopolists and oligopolists to continue restricting output
while increasing prices to increase profits. Studies by Slay (1990) and Schaf-
fer (1990) indicate that the industrial structure of Poland immediately prior to
the “big-bang” reforms of January 1990 was oligopolistic, suffering from a
lack of small competitors. Slay suggests that the lack of competition in many
sectors (e.g., glass, printing, machine tools, and wood products) before 1990
was due in large part to government policies restricting the creation of private
enterprise, state administrative restrictions, and underdeveloped supply net-
works. One would assume that market reforms alone would significantly
improve competition in these sectors. However, Slay argues that other sec-
tors, such as coal, paper, and metallurgy, are so highly concentrated and
integrated that additional measures may be needed to introduce competitive
forces into those industries.

Lipton and Sachs (1990a), in an early blueprint for privatization in Po-
land, argue that monopoly power is not an urgent problem in a country like
Poland if trade restrictions are removed and domestic producers are subject to
stiff foreign competition. In their view, trade liberalization is a perfect substi-
tute for an active competitiveness policy. With the benefit of hindsight,
Blanchard et al. (1991) argue that trade liberalization was not strong enough
to prevent the exercise of market power by large state enterprises in Poland in
1990. Price liberalization gave state managers the ability to set prices at the
monopoly level, and most state-owned enterprises took advantage of this

opportunity.

Anecdotal evidence has it that some firms, having always operated under
excess demand conditions, thought it safe to choose a high price, only to
discover over time that the price far exceeded even the monopoly price
and that some price increases had to be rolled back. More quantitative
evidence is provided by the behavior of profits of firms since the stabiliz-
ation: profits have been unexpectedly high, especially so in the face of a
sharp decrease in domestic demand, to which we return below. The
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constraints on prices from convertibility and a fixed exchange rate do not
appear to have been powerful enough to have prevented monopoly pric-
ing in large segments of the economy, at least for the time being.
{Blanchard et al. 1991, 18)

f#anchard et al. go on to recommend an extensive restructuring program for
«tate industries that would, among other things, reduce monopoly power.
Studies of the behavior of Polish state enterprises after the “big bang”
szach conflicting conclusions as to the extent to which these firms have exer-
vised monopoly power. In a study of state-owned enterprises in Poland after
thie reforms, Schaffer (1992) examines aggregate trends in markup over cost
for Polish state-owned enterprises and concludes that there is no evidence to
support the notion that state enterprises restricted output in order to exercise
menopoly power. It is not clear, however, that such general conclusions about
the exercise of monopoly power in Poland follow from an analysis of aggre-
gate data. Slay’s 1992 study of industrial concentration in Poland suggests
that firms in different industries respond to price liberalization and market
reforms in different ways. Frydman and Wellisz (1991) argue that this is
¢xactly what happened. State enterprises in the consumer goods sector, which
faced strong competition from both domestic private firms and foreign firms,
reacted to the decline in consumer demand by reducing production as well as
markups. On the other hand, they note that, “the strongly monopolized pro-
ducer goods industries, insulated to a large extent from market shocks,
switched, under the impact of the stabilization measures, from a policy of
below-market clearing to monopolistic pricing” (Frydman and Wellisz 1991,
144). Kharas (1991) argues to the contrary that “at a broad sectoral level,
output changes correspond to what neoclassical theory would predict, rising
it response to higher prices, and falling in sectors faced with higher costs and
taxes” (1991,19). While noting that state-owned enterprises in Poland did not
appear to be exercising monopoly power in 1990, Kharas stresses that there is
a real danger of such power developing unless strong actions, in addition to
trade liberalization, are taken to promote competition. “[A]lthough openness
fo international trade provides a considerable spur to competition, it is a blunt
instrument whose effects are uneven across sectors. . . . Consumer goods
industries, especially food-based products and other light industry goods, may
be made competitive through trade, but in consumer durables, pharmaceuti-
vals, producer goods and of course nontradables, international trade is less
<ignificant” (Kharas 1991, 30-31). Kharas goes on to suggest that trade
liberalization policies should be supplemented with an active antimonopoly
policy that looks at each firm on an individual basis, considering the potential
economies of scale in the industry and the influence of foreign competition in
the sector, and the potential for abuse of monopoly power. In his view, trade
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liberalization and competitiveness policies are substitutes, but the relative
impact of each policy varies across sectors of the economy.

Whatever the actions of large state Polish firms in the immediate post-
reform period, the exercise of some degree of monopoly power was of signifi-
cant concern to the government, which responded with both trade liberaliza-
tion and competitiveness policies. Trade liberalization was a central feature of
the Polish “big bang.” In addition to lifting the quantity restrictions and the
restrictions on economic entities allowed to engage in foreign trade that ex-
isted in the communist era, the government also lowered tariff rates on most
products.? Trade liberalization was accompanied by the establishment of full
internal currency convertibility at a fixed rate. Given the hyperinflation that
was plaguing Poland in 1989, the monetary stabilization program was natu-
rally fraught with uncertainty. In hindsight, it appears that the fixed exchange
rate, set in January 1990 and maintained until May of 1991, undervalued the
Polish currency. This undervaluation served to dampen the competitive pres-
sures of trade liberalization in 1990.

The Polish government has also focused attention on industrial concen-
tration and monopoly in domestic production.* Apparently, there is good
reason for such concern, as 80 percent of goods markets at a detailed product
level are dominated by producers whose market share exceeds 30 percent
(OECD 1992b, 60), The Antimonopoly Law of February 1990 renders var-
ious monopolistic and anticompetitive acts illegal, and provides for the cre-
ation of the Antimonopoly Office. This office is empowered to break up
monopolistic enterprises and intervene actively in the pricing decisions of
firms that have a dominant position in the market.>

Of course, the other aspect of competition policy, requiring little govern-
ment intervention, is the development of the private sector through privatiza-
tion of existing state enterprises and the entry of new businesses. The Polish
mass privatization program continues to suffer delays due to political crisis.

3. Whereas the average tariff rate in January of 1989 was 18.3 percent, the average tariff
rate in 1990 fell to 5.5 percent. In August of 1991, the Polish government raised tariffs once
again, especially on agricultural goods and animal products, so that the average tariff rate on all
goods rose to 18.4 percent, and the average tariff rate on nonagricultural goods is 16.3 percent
(OECD 1992b, 134).

4. For detailed information on industrial concentration, see OECD 1992a.

5. The Antimonopoly Office appears to be taking its mandate quite seriously. In 1990
alone, 188 enterprises were broken up into 771 individual units. Most of these divisions occurred
among enterprises under the control of the ministries of industry, transportation, and agriculture.
(Kharas 1991, 8). In the first half of 1991, 84 firms were broken up into 190 units. In addition, the
Antimonopoly Office blocked about 10 percent of the 1,100 proposals submitted by state enter-
prise attempting transformation (incorporation or liquidation). “In particular, 60 out of 200
requests for change of status to joint stock company were delayed in 1991 pending divestiture or
reorganization of the company concerned” (OECD 1992b, 60).
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Comprehensive mass privatization legislation finally passed the Sejm (parlia-
ment) in April of 1993 and was approved by President Walesa.® The legisla-
tion calls for the rapid commercialization and subsequent privatization of 400
large firms, including 170 manufacturing firms that account for 13.8 percent
of manufacturing production. Meanwhile, the privatization of small shops and
businesses and the entry of new small businesses proceeded rather rapidly. By
the end of 1991, there were almost 1.5 million registered private businesses in
Poland and by September of that year, 75 percent of trading firms, 45 percent
of construction firms, and 80 percent of trucking firms were under private
ownership. (OECD 1992a, 38). Even in the area of industrial production,
where privatization has not proceeded as rapidly as expected, the private
sector accounted for 24.1 percent of total industrial production in 1991, up
from 16.2 percent in 1989.

In contrast to the piecemeal economic reform strategies of the communist
era, reforms in postcommunist Poland have been more comprehensive, focus-
ing not only on improved managerial incentives in state-owned enterprises,
but also on privatization, price liberalization, and policies to promote compe-
tition. In order to investigate timing, as well as direct complementarities
among policies, the formal model that is the basis of most of our analysis
incorporates three policy instruments: current privatization, future privatiza-
tion, and price rationalization. We will later expand the model in order to
study how these policies relate to trade liberalization and competitiveness
policies.

The Model

We consider a model in which the firm transforms a single marketed input and
employee efforts into a single output, using a variety of production processes.
For concreteness and simplicity, we represent all employees involved in run-
ning the firm by a single agent, whom we call “the manager.”” The manager
makes four choices in running the firm. He selects the levels, x, and x,_of the
input to use in the firm’s two production processes and supplies two kinds of
efforts, e, and e,. The first kind of effort is used with the marketed input x, to
produce current output according to the “effort intensive” production function
min(e,,x,). The second kind of effort may represent an investment in intangi-
bles or other assets that are not currently easily measured but that add output
of value e, in a future period. Alternatively, e, can be used to represent effort

6. The implementation of this program has been delayed due to the collapse of the
parliamentary government in May 1993. Further delays are expected under the new left-leaning
governing parliamentary coalition, which took over in October 1993.

7. This reduced form approach is fully justified if the inside agents can monitor one
another and contract perfectly among themselves (Holmstrom and Milgrom 1990).
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expended in another sector of the economy, though we shall suppress that
interpretation during the analysis of the model. In addition, there is a second
production process using the marketed input that produces g(x,) units of
output and that requires no managerial effort. Output of the two processes are
indistinguishable. For compactness of notation, we sometimes represent out-
put as a function of the effort, e, and the total input purchases, x = x; + x, as
fley,x) = e, + g(x —e,), with the convention that g(z) = z for z = 0.

The motivation of this formulation is as follows. As we shall see, includ-
ing output that is a joint function of effort and marketed inputs, where the two
kinds of inputs are complementary, allows the state to use a low input price to
promote managerial effort.®8 The min operator creates an especially tractable
complementarity (between x; and e,) when managerial effort is used in pro-
duction. It is also reasonable to suppose that manipulating the input price, p,,
will affect the firm’s input mix; including the g(x,) term accomplishes that.
The two kinds of effort allow the possibility of a similar distortion in effort
provision. For example, an increase in the incentive for current output may
cause effort to be shifted away from its other valuable use, namely, investing
in intangibles that create future output.

The central planner is assumed to provide incentives to managers for
current output by sharing a fraction, a,;, of current net earnings with the
manager.? This may be done through an explicit performance contract, or the
planner might blink when some fraction of the firm’s net resources is diverted
by managers to their personal use. Sharing profits is an alternative to privat-
ization, but not a perfect substitute. One possible difference is political or
ideological constraints that limit state managers’ incomes more than those of
private managers, making it easier to set a, higher in privately owned firms
than in state-owned ones. A second difference lies in the possibilities for
opportunistic behavior. Even a planner that can commit to sharing current
income in excess of some target may still be unable to commit to future
targets, and that makes sharing the future returns arising from current effort
investments problematical. We suppose that there is a separate constant, a,
reflecting the share of returns on such investments that accrue to the firm’s
manager. We allow that o, may be zero.

The manager has quasi-linear preferences and constant absolute risk
aversion, that is, utility is given by U(w,e) = —exp[—r(w — C(e))]. In this

P b6

expression, C(e) is the “cost of effort,” w is the manager’s “wage,” and r is the

8. Litwack and Qian (1993) have similarly observed that subsidizing complementary
inputs—in their case public inputs—can supply an incentive for increased effort by a firm's
managers.

9. In this reduced form model, we simply assume that the compensation contract is linear
in form. This linearity can be justified as the form of the optimal contract in a certain fully
specified dynamic model. See Holmstrom and Milgrom 1987.
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coefficient of absolute risk aversion. This utility specification has two main
advantages. First, it implies that transfers made to or from the manager affect
neither his willingness to bear a given risk nor his willingness to expend a given
level of effort for a given level of pay. These properties add tractability to the
analysis of incentives. Equally importantly, when combined with a similar
assumption about other agents in the economy, the specification means that cash
transfers among agents do not affect the total certainty equivalent of the parties.
This achieves a complete separation of distributional issues from efficiency
issues within the model. The total certainty equivalent in this context is an
unambiguous neoclassical index of efficiency: Given any two productive ar-
rangements with different values of this index, there is a potential Pareto
improvement to be achieved by moving from the low index arrangement to the
higher index arrangement and making appropriate transfers, but no potential
Pareto improvement by moving in the other direction. The index for the overall
economy is the sum of the firm-level efficiency indexes. This separation of
distributional from efficiency issues is very useful analytically: it allows us to
isolate and study the issues of how various reform policies combine to affect the
efficiency of firms’ operations. Atthe same time, one must remember that what is
being analyzed is just one important aspect of the actual reform problem.

We also assume that the cost of effort function is convex quadratic, as
follows: C(e,e;) = Yacie? + ‘20,63 + cp,e0€,. The significance of the
quadratic form has been discussed at length by Holmstrom and Milgrom
(1994). Essentially, the linearity of production in effort combined with the
quadratic effort-cost function results in a separable effort-supply function, so
that the level of incentives for one activity does not affect the slope of effort
supply for the other activity. This simplifies the analysis by eliminating an
effect of ambiguous sign, and thus also limits the generality of the conclusions
we obtain. We further assume that ¢,, ¢, ¢1,, A > 0, where A = ¢,¢, — ¢i,.
That ¢, is positive means that the two kinds of efforts are substitutes in cost
for the agent: a higher level of effort in one activity raises the marginal cost of
effort in the other. That the determinant A is positive means that the cost
function is convex.

The firm’s profits are m = p, f(e,,x) — p,x + €, where p, is the output
price, p, < p, is the input price, and € is a normally distributed error term with
variance o2. The requirement that p, < p, means that the production process
requiring managerial inputs is potentially viable. The manager thus chooses x,
e, and e, to maximize his certainty equivalent, which is:

al[ny(ex,x) — p.x) + e, — Cley,ey) — Verajo? .

If we further specify that the function g is smooth and concave on R, and
satisfies lim, | ¢ g'(z) = 1 and lim, ; ., g'(z) — 0, then clearly x will be chosen
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to be strictly larger than e;. The firm’s demand for the input is then e, + x,,
where x, is determined by:

g'(x) = pip, . (H
It is not difficult to show that the effort supply functions are then:

e, = el(al(py = Pohay) = CzA“l(Py = poey — ¢ A, (2)

e, = ex)(ay(py, — poar) = “Cle"(Py = pooy t A7l . (3)

Notice from equation 2 that incentives for current effort can be provided
either by increasing «, or by increasing the spread between input and output
prices, p, — p,. Since we are not modeling the uses of output, the distortions
from manipulating p, are omitted from our model. For that reason, we shall
regard p,, but not p,, as an incentive instrument for the planner and assume
that p, = pJ.

Although reducing p, is a substitute for increasing «, in providing in-
centives, it can be an infertor substitute. For suppose the actual shadow
price of the input in the economy is p;. Then providing incentives by setting
P. < p: does tend to encourage more use of effort ¢; and a correspondingly
higher level of input x, in the first production process, but it also leads the
firm to use too much of the input x, in the second production process. In
mathematical terms, for any fixed level of e, the firm chooses x to maxi-
mize pyg(x — e;) — p.x, but the social optimum involves choosing x to
maximize pyg(x —e;) — pyx. With p, < p;, the optimal level of x is no
smaller in the second problem, and is strictly larger whenever equation 3
applies. Thus, manipulating incentives using input prices induces an extra
distortion in the economy. (Notice, though, that we have not yet described
the cost of using «;.)

The low price of certain basic inputs, such as energy, in the socialist
economies is consistent with a policy of encouraging effort devoted to the
production of final goods when those who control a firm are not residual
claimants. Later, for our formal comparisons of policies, we will assume that
pretransition input prices were set optimally given the institutionally imposed
restrictions on &, and a,. In particular, this implies that the actual input price
is set below the corresponding economy-wide shadow price or the price at
which the input might be sold in the world market, if that is the relevant
opportunity cost: p, < pr.

The social objective in our model is to maximize the total certainty
equivalent of the manager and the rest of society. This total consists of the
social value of the present and future outputs produced, minus the value of
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inputs used, and minus the cost of managerial effort and any risk premium that
the manager bears. Thus, the social objective is:

pyflex) — pix + ey — Cley,ey) — ‘Vorajo? . 4)

This is to be controlled choosing the input price p, and the incentive coeffi-
cients a, and a,, subject to the constraints of effort and inputs and chosen
consistently with equations 1-3. Later, we shall also introduce competition
policy, consisting of antitrust policy and trade policy, into the model.

Complementarity Among Incentive Instruments

The analysis of the model is conducted by substituting the constraints (1)—(3)
into the objective function (4). We first consider complementarities among
incentives for the two activities. Let a; = a(p, — p,), a, = &, and a =
(a,,ay). Obviously, the manager’s optimum entails x;, = e;. So, we may
rewrite the social objective as:

Q= (p; - p:)el(a) + P;g(xz(Px/Py)) - P;xz(Px/Py) + eZ(a)
— Cley(a),ex(@)) — 'f2rato?/(p} — pi)? . 8)

Here, we regard Q) as {(a,,a,,p,): performance depends on the control instru-
ments.

PROPOSITION 1. Incentives for current and future output are complemen-
tary, that is, 0%(}/da,da, > 0.

ProOF. The linearity of the effort supply functions, ef(a) = (¢;a; —
c1,4;)/A implies that 62Q)/8a,da, = 32C(e,(a).e,(a))/3a,da,. Substituting the
effort supplies into the quadratic cost function and evaluating the cross partial
yields 32Q2/3a,da, = —dey/da; = ¢ ;A7 > 0. O

If we imagine that privatization amounts to increasing «; and a, toward
unity (with unity representing the firm’s manager and employees being full
residual claimants), then the implication of this is that from the point of view
of managerial incentives, announcing a privatization reform for the future
makes it more worthwhile to take steps that increase current incentives. Such
steps may include making privatization immediate. In the alternate interpreta-
tion, the proposition also implies that if there are no restrictions on the flow of
resources (such as capital and effort) out of state firms, it is imperative to
match increased incentives in the private sector with increased incentives in
the state sector.
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The intuitive explanation for this result is as follows. If the two different
kinds of agent efforts are substitutes in the agent’s cost function, as we have
assumed, then increases in the incentive a, for investment tend to divert effort
away from current production. The marginal opportunity cost of this diversion
is zero if the effort devoted to current output is efficient (that is, if the marginal
value of additional effort in producing current output equals the marginal
cost), but is positive if the efforts devoted to current output are inefficiently
low. The stronger the incentives for current output, the lower the opportunity
cost of the diverted effort. Notice that the magnitude of this effect hinges on
the strength of the substitution effect, for d2(}/da,0a, = —de,/da;.

PROPOSITION 2. Starting from a “socialist equilibrium” defined by the
condition that the current input price, p,, is already optimized for the pre-
transition values of a; < I and a, = 1, privatization (setting o, = 1) and
price rationalization (setting p, = p;) are complementary reforms.

ProoF. By definition, at the socialist equilibrium, increasing p, to p;
has a negative payoff. However, if privatization has occurred in the current
period, so that @; = 1 while @, = 1, then the three effects of increasing p, to
p; in equation 5 are all positive. The increase eliminates excess use of the
marketed input (reduces x,); reduces a, to its optimal value, p; — p;, leading
to value increasing changes in both e, (which is reduced) and e, (which is
increased); and reduces the risk premium (which is proportional to a?). [

PROPOSITION 3. It is possible in this formulation for there to be a policy-
by-policy optimum at the socialist equilibrium. In that case, changes in any
one of the policy instruments a,, a, or p, can only reduce value, yet simul-
taneous increases in all three instruments would increase value.

- PrOOF. Possibility is proved by giving an example. Let ¢, = Vs, ¢, = Vs,
and ¢,; = '/s. Let the social values of the input and output be p; = 10 and p;
= 8.5, the coefficient of absolute risk aversion r = /2 and the variance o2 =
16. Finally, let g(-) be a piecewise linear concave production function with
slope 1 on [0,3], %4 on [3,5], Y4 on [5,7], and O for x, = 7. In that case, one
can show that (a,,a,,p,) = (.106,0,2.5) is a policy-by-policy optimum, lead-
ing to choices (e,e,,x,,x,) = (7.5,0,7.5,5) and social payoff } = 8.125. In
contrast, setting p, = p; = 8.5 and a; = a, = 1, leading to (e,,e,,x1,%;) =
(7.06,.71,7.06,3) and 2 = 10.13. 0O

Notice, first, that the existence of an interior policy-by-policy optimum
requires that the social welfare maximization problem be nonconvex. For
otherwise, the first-order conditions of policy-by-policy optimization would
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also entail global maximization. This means that although C is quadratic and g
is concave, the principal-agent incentive problem is not concave. Indeed, in
our example, the agent’s choice of x, is actually a discontinuous function of
the price p,, so the objective function is not even continuous in the policy
variables. There is nothing unusual or strange about this. Nonconvexities of
this sort are quite normal in principal-agent problems in general and in this
sort of model in particular (Holmstrom and Milgrom 1991). There is no
plausible reason to rule out, a priori, the possibility of such policy-by-policy
optima.

Competition Policy

Thus far, we have assumed that firms operate in perfectly competitive mar-
kets, so that the marginal return to output from the point of view of the firm
coincides with both the output price and marginal social value of that output
(MR, = p, = p;) both before and after price liberalization. However, our
discussion of trade and competitiveness policy in Poland suggests that price
liberalization can create opportunities for the exercise of monopoly power by
domestic enterprises. Before price liberalization occurs, the government con-
trols the price of output as well as the price of input, and sets the price of
output so that it is equal to the marginal social value of that output. After price
liberalization, the government no longer sets the price of output; instead, price
is determined by what are usually imperfectly competitive market forces. To
the extent that firms in a given industry are able to exercise such monopoly
power, our assumption that MR = pj no longer holds. The purpose of this
section is to examine the implications of monopoly power for our model, and
to study the role of competitiveness policies in the overall reform package.

As the discussion in the second section indicates, there may be some
sectors of the economy that are made effectively competitive by import com-
petition, others that already consist of many small firms, others where the
breakup of large firms to reduce market power is desirable, and still others
where the emergence of new domestic competitors makes any government
policy intervention unnecessary. There is little to be gained for our purposes
by modeling all these possibilities in detail. Instead, we make a simple exten-
sion of our model, allowing that there may be a difference between the
marginal return, MR,, received by a firm for units of output and the social
value of output, which is pj. A firm with market power has a tendency to
restrict output, which we may represent by the condition MR, < p;. A small
firm in an industry where other firms are restricting output may find its
marginal revenue is MR, > p;. In terms of the mathematical model, these
possibilities are captured by replacing p; by MR, in the manager’s first-order
condition.
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Within the formal model, competition policies are just policies to reduce or
eliminate the difference between MR, and pj. In this formal sense, competition
policy is an element of price rationalization. Price rationalization requires that
the marginal return to intermediate and final goods (x and y) reflect the social
value of that product. In the model of the previous section, the market for good y
was perfectly competitive, so price liberalization was just the same as price
rationalization. Then proposition 2, which states that price rationalization and
privatization are complementary policies, also implies that price liberalization
and privatization are complementary. When firms are able to exercise market
power, the direct effect of price liberalization is more complicated. On one hand,
it allows p, to move to its optimal level, p;; at the same time, it results in a
divergence between pj and MR,. Thus, while price liberalization induces the
manager to use inputs more efficiently, it can also distort the manager’s output
choice away from the socially optimal level. Therefore, while Proposition 2
assures that price rationalization is complementary to privatization, the relation
between price liberalization and privatization is less clear. When firms have
considerable market power, an effective competition policy may be necessary in
order to obtain beneficial effects from price liberalization.

Conclusion

The main thrust of this chapter has been to examine how certain reforms that
have been proposed and implemented in the transition from socialism interact,
whether complementarities among policy instruments can be found at the
level of the firm, and what the implications of those complementarities may
be. Our analysis does indeed find likely complementarities at work between
price rationalization and ownership reforms (privatization), a temporal com-
plementarity that makes speedup of reforms desirable, and a complementarity
between the package of ownership and price reforms and competitiveness
policies of various kinds.

As its very definition indicates, complementarity is an attribute of the
interaction among different policy instruments. Our conclusions about com-
plementarities would remain unchanged if one were to enrich the analysis by
introducing extra effects that alter the separate benefits or costs of using price
controls, privatization, or competitiveness policy. This stability lends some
robustness to our analysis, since quite large alterations of the model could be
made without affecting the complementarity conclusion. This observation,
however, is a two-sided coin. The fact that complementarity continues to hold
even when one makes large changes in the costs and benefits of a certain
policy implies that arguments about complementarity cannot alone determine
the form of the optimal policy.
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As we emphasized in the introduction, when reform is desirable, com-
plementarity over time tends to reinforce the argument in favor of fast, com-
prehensive reform. But this is only a tendency. Contrary to the arguments
sometimes made, complementarity among instruments does not by itself im-
ply that fast, comprehensive reform—the “big bang”—is necessary or desir-
able, because there are also costs to implementing such a strategy. !9 Contrary
to arguments that are sometimes made in favor of a more gradual approach to
implementing reforms, we have shown that a policy-by-policy socialist equi-
librium is possible. That is, regardless of scale economies, there may not exist
any gradual reform path from the socialist equilibrium to the first-best policy
that involves improved performance at each step of the way. Indeed, there
may not even exist a first step involving a single policy that does not involve
some temporary loss of output. The presence of complementarities alone does
not determine the optimal path of reform.
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