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Abstract
We present a model of wage contract violation that implies a possibility of multiple equilibria in

the level of arrears.  Positive feedback arises because each employer's arrears affect the costs of late
payment faced by other employers operating in the same labor market, resulting in a network externality
or strategic complementarity in the adoption of the practice.  We study the case of three equilibria,
distinguishing two that are stable:  the "punctual payment equilibrium" and the "late payment
equilibrium."  Our econometric analysis of linked employer-employee data for Russia supports the
model's contention that the firm's costs of wage arrears – as embodied in worker effort, quit and strike
behavior, and the probability of legal penalties – are attenuated by arrears in the local labor market.  We
estimate the arrears reaction function implied by the model, showing that it exhibits strongly positive
feedback, and that the theoretical conditions for multiple equilibria under symmetric local labor market
competition are satisfied in 1995 and 1998.  Simulation results imply a late payment equilibrium
characterized by six monthly overdue wages for a typical worker in 1995 and nine in 1998.
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1.  Introduction

Enforceability of payment timeliness in wage contracts is both a standard feature of most

employment relationships and a virtually universal assumption of economists studying labor markets.  In

the setting of developed market economies, the rule of wage payment in-full and on-time is proven by

the rare exceptions appearing in small start-up companies facing severe liquidity-constraints, in bankrupt

firms about to be shut down, or in situations of fraud.  The routine practice among employers of honoring

their compensation promises is presumably guaranteed both by legal institutions and by self-enforcing

considerations such as the firm’s interest in protecting its reputation as a reliable contractor when hiring

and motivating other workers (for reasons surveyed by, e.g., Malcomson, 1997).

In post-Soviet Russia and a few other formerly socialist economies, by contrast, wage arrears

have grown quickly to become large, widespread, and persistent.  According to estimates from the

Russian State Committee for Statistics (Goskomstat), the cumulative overdue wage debt in Russia grew

from a negligible level in 1991 to 77 bln rubles by the end of 1998, about 3 percent of GDP for that

year.1  As we show in our empirical analysis below, approximately two-thirds of Russian workers

reported overdue wages in late 1998, with an average debt of 4.8 monthly salaries per affected worker.

The practice of late payments has not been confined to isolated cases of start-up, bankruptcy, or fraud,

but rather has been widespread in many sectors and types of firms; indeed, the incidence and magnitude

of arrears appear to be greater in large firms and state-owned organizations.  At the same time, they

display strong regional variation, such that some regions are deeply affected and others hardly at all.2

Finally, Russian wage arrears have been far from a temporary phenomenon, instead persisting and

accumulating for several years.

This paper attempts to explain the puzzle of how high and persistent wage arrears in a few

economies could co-exist with only negligible, transitory arrears in most others.  Our empirical work

focuses on Russia, both because of data availability and because the substantial variation of arrears

within Russia provides a fruitful testing ground for our theory.  But our theoretical model is general,

                                                          
1 Figures are reported in Russian Economic Trends (1999).  It should be noted that these official estimates do not
cover all sectors of the economy, particularly some services, but in general the uncovered sectors are believed to
have relatively low arrears.
2 Desai and Idson (1998), Earle and Rose (1996), Earle and Sabirianova (1998), Gimpelson (1998), and Lehmann,
Wadsworth, and Acquisti (1999) document some of the empirical patterns of Russian wage arrears.
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applying to wage arrears determination in other transition economies as well as providing an explanation

why wage arrears are such an uncommon practice in most economies.

Our theoretical argument begins with the observation that a combination of peculiar conditions

may have tended to raise the attractiveness of wage arrears in some of the transition countries, including

Russia.  The conditions include the general decline of output and employment in large enterprises, the

broader liquidity crisis, the poor monitoring of managerial behavior, the general lack of contract

enforcement, and the crowding out by government borrowing of many financial flows.3  These

conditions may have increased firms' and managers’ benefits in delaying wages, but we argue that they

alone cannot account for the persistence of substantial arrears over several years.  Even if managers

would prefer not to pay their workers on time, persistence requires that workers accept late payment, at

least over some time horizon, and we point to a number of factors that have limited the responsiveness of

labor supply to arrears.

The key argument that we develop in this paper is that self-propagation of the wage-arrear

practice may come about because a decision to pay wages late has externalities for other firms

considering a late payment strategy, particularly those operating in the same local labor market.  The

externality arises because employees of a late-paying firm are less likely to engage in several costly

actions – to quit, to reduce effort, or to strike – in response to their own arrears when other firms in the

region also pay late.  Legal congestion may also contribute to a positive feedback loop, as the probability

of punishment may decline with the incidence of arrears in the local jurisdiction (as in Sah, 1991).  In

these ways, a manager’s costs of using arrears are functions of the wage arrear decisions taken by other

firms, and the payment practice is a strategic complement for firms operating in the same labor market.

We present this argument in the form of a model of the managerial choice of the level of wage

arrears, where a critical factor in the decision is the prevalence of arrears in the firm's labor market.  The

model implies positive feedback from the wage arrear practices of other firms through the several ways

in which they influence costs, and under some specific conditions it generates multiple equilibria in the

level of wage arrears.  For a particular functional form of the manager’s net benefits from arrears, we

calculate a possible set of three symmetric Nash equilibria:  a stable "punctual payment equilibrium," an

unstable "critical mass equilibrium," and a stable "late payment equilibrium."  The stable equilibria can

                                                          
3 Some of these conditions, particularly the first two, are discussed in other studies of Russian arrears and labor
markets, including Layard and Richter (1995) in addition to those cited in the previous footnote.
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be interpreted as reflecting institutional lock-in, in the case of the late payment equilibrium implying that

massive coordination may be required to move the economy back to the institution of punctual payment.4

The model explains not only why arrears may tend to persist, but also some other empirical

regularities of arrears:  the strong regional variation and the tendency for arrears to be greater in older

and larger employers.  Although focussing attention on the interaction effects among employers in

spurring and sustaining arrears, the model also permits roles for other factors that may have affected firm

and worker behavior, as outlined above, and thus it suggests important variables that should be controlled

for in the empirical analysis.

Motivated by the model's implication that both worker and firm characteristics are relevant to the

determination of wage arrears, our empirical work analyzes a linked employee-employer panel database.

The data are drawn from a national probability sample of employees and industrial firms all over Russia,

including surveys we have carried out for this purpose, and they contain rich information on both sides of

the labor market from 1994 to 1998.  In addition to documenting some of the key regularities of wage

arrears, the analysis contains three parts:  first, an empirical examination of some of the assumptions of

the model, involving restrictions we place on some elements of the wage arrears cost function implying

strategic complementarity; second, an explicit test of the principal hypothesis of the model – positive

feedback in the firm’s reaction function – as well as its higher-order shape; and third, a simulation of the

set of symmetric Nash equilibria implied by the empirical estimates of the theoretical model.

We show that the data support the model’s assumptions on the cost function, in particular the

attenuating effect of local labor market arrears on workers’ quit, effort, and strike responses to their own

arrears and on the probability of legal penalties.  Our empirical estimates of the reaction function display

strong positive feedback and a shape implying the possibility of multiple equilibria in two years of our

sample:  1995 and 1998.  Assuming symmetric competition in the local labor market and Nash behavior

by managers, we calculate the three equilibria implied by our empirical estimates.

The analysis in this paper contributes to several distinct strands of economic research.  To start

with, recent research on the historical foundations of successful modern economies has emphasized the

importance of contract enforcement institutions and property rights (Greif, 1993; Greif, Milgrom, and

Weingast, 1994; Milgrom, North, and Weingast, 1990; North, 1990).  While providing explanations for

                                                          
4 Our use of the term "institution" as the set of equilibrium strategies in a game is consistent with Aoki's (2000)
"third view" of the definition of an institution.



4

the function and origins of such institutions as the merchant guild and the law merchant, the literature has

paid less attention to institutional arrangements when contracts are not enforced nor to the mechanisms

that may lead such arrangements, even if inferior, to be self-sustaining.  A second strand of literature

concerns coordination failures, particularly in developing economies, where the possibility of an

"underdevelopment trap" due to investment spillovers has been studied by Rosenstein-Rodan (1943) and

Murphy, Shleifer, and Vishny (1989), and extended to issues such as human capital investment

(Azariadis and Drazen, 1990) and training (Acemoglu, 1997); Hoff (2000) contains an overview of this

work.

More generally, the notion that spillovers create positive feedback and possibly multiple

equilibria in outcomes appears to have explanatory power in a number of fields.  For instance,

externalities may help to explain persistent regional variation in crime rates, whether due to legal

congestion (Sah, 1991) or social interactions and learning (Glaeser, Sacerdote and Scheinkman, 1996).

Informational cascades, arising where others' actions but not their signals are observable, may account

for a variety of types of behavioral convergence (Bikchandani, Hirshleifer and Welch, 1998).  The desire

to conform because of some punishment on nonconformity or preference for similarity may account for

the existence of clusters of customs and conventions (Akerlof, 1980; or Young, 1993), explaining

phenomena as varied as rules of the road (Young, 1996) and social norms in the welfare state (Lindbeck,

Nyberg, and Weibull, 1999).  Network externalities may create multiple equilibria and path dependence

in technology adoption (David, 1985; Katz and Shapiro, 1986; Arthur, 1989).  Spillovers in investment,

market participation, or technology may produce the possibility of multiple  levels of equilibrium

aggregate output and employment (Cooper and John, 1988; Kiyotaki, 1988), providing an alternative

explanation for business cycles as "regime switches" (Chamley, 1999).  Some efficiency wage models

(e.g., Stiglitz, 1985) also rely on an externality generated for other firms when an employer chooses to

pay a wage premium either to lower quits or to increase effort, and it has been argued that employers'

layoff and training decisions contain similar externalities as well (Levine and Parkin, 1994).  The general

class of games with strategic complementarities has been extensively analyzed by Milgrom and Roberts

(1990), among others.  Relatedly, sociologists have spent much effort investigating collective behavior

and "institutional isomorphisms" in a variety of fields (e.g., Granovetter, 1978; DiMaggio and Powell,

1983; Fligstein, 1985).
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In all of these examples, a broadly similar interaction mechanism works to promote convergent

practices, and, depending on parameters, the positive feedback may generate multiple equilibria.  Most of

the research has been purely theoretical, however, and empirical analyses of the phenomena are

comparatively undeveloped, perhaps because appropriate data are frequently not available and because

testing has been hampered by the difficulty of observing the interaction and feedback processes directly.

In the absence of such observations, evidence on the strength of the interaction effect must rest on the

possibility of disentangling it from the impact of unobserved heterogeneity, as in the decomposition of

regional variation in crime rates by Glaeser, Sacerdote and Scheinkman (1996).  With respect to wage

arrears, our argument in this paper is that analysis of interaction in the local labor market is critical for

understanding their persistence, and we are able to measure many of the relevant characteristics of the

local labor market environment, of firms and of workers using our linked data across regions.  Moreover,

we are able to estimate individual firm reaction functions and to measure several mechanisms – based on

the quit, effort, and strike behavior of employees and on the functioning of the legal system – that we

argue provide feedback loops that may generate multiple equilibria in the degree of late payment.

Finally, the paper contributes to the literature on the role of institutional change in economic

development and in the transition from a socialist system to a market economy.  One strand of research

on transition economies has focussed on the inertia in some types of economic behavior, that is the

tendency for routines to continue to be followed even when they may be dysfunctional in the new

environment (Murrell, 1992), while a major theme in the literature is the importance of new institutions

that should be created for markets to function well (e.g., Dewatripont and Roland, 1996; Greif and

Kandel, 1995).  But there is a comparative dearth of detailed empirical work examining the actual

practices emerging in the transition economies, with the partial exception of studies of corporate

governance.5  Furthermore, there has been rather little attention to the possibility that some recently

evolved institutions may actually serve to undermine the functioning of markets.6  Although a complete

welfare analysis is beyond the scope of the paper, we argue that pervasive, institutionalized wage arrear

practices represent contractual failure on a large scale and have perverse consequences for the more

                                                          
5 But see McMillan and Woodruff (1999) and Hendley et al (1997) for detailed empirical studies of informal credit
in Vietnam and of legality in Russia, respectively.
6 Gaddy and Ickes (1998) discuss the role of barter deals in reducing incentives for restructuring in Russia's "virtual
economy," and Frye and Shleifer (1997) analyze the impact of local government policies on small business
operation in Poland and Russia.
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general development of enforceable contracts and secure property rights, arguably among the most

important institutions of a market economy (North, 1990).

2.  A Model of Equilibrium Wage Arrears

In this section, we present a highly stylized model of managerial decisions concerning wage

arrears.  The model is designed to focus attention on the possibility of positive feedback through the

influence of wage arrears in the employer's labor market (taken in the empirical work to be the local

labor market) on the costs of using the practice.  Because we would like to test several of the model’s

assumptions and implications, however, it also includes a number of other factors that are important to

control for and that we test as well.  Although arrears decisions have an important dynamic component,

including the expectations of managers and workers concerning each other’s behavior and the evolution

of exogenous determinants, our static model captures the essential features of arrears that we would like

to describe.7

We begin by laying out the model’s assumptions, then we solve it and present comparative static

results including the shape of the best-response function of a manager to the local labor market

environment.  Assuming symmetry in the local labor market (identical reaction functions across firms),

we solve for the Nash equilibria and show the conditions under which multiple solutions exist.  We

demonstrate the model’s properties taking as an example a particular functional form, which we also use

as the basis for estimation in the next section.  The final part of this section summarizes the model's

testable assumptions and implications, which we investigate empirically in Section 3.  Discussions of

issues outside the model, including equilibrium selection, robustness and welfare, are postponed until the

concluding Section 4 of the paper.

2.1.  Assumptions

Consider a firm with a single manager who maximizes his/her private net benefits by choosing

the level of back wages owed a particular employee.8  This level, ω, can be thought of as a loan from the

worker to the firm, and we assume it earns the manager a gross return of net present value R with

marginal return Rω(X) = r(X) assumed to be constant in ω but varying according to some characteristics

                                                          
7 In addition, it is problematic to estimate a dynamic model due to the shortness of the time series available.
8 The model would be little affected were we to assume profit maximization instead, but our assumption of
managerial utility maximization is less restrictive, and we are uncomfortable with characterizing Russian firms, in
particular, as profit maximizers.
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of the firm, X.  The relevant characteristics may include the liquidity needs of the firm, the effective

interest rate that it faces in borrowing from other sources, and the ability of the manager to appropriate

the returns by diverting the funds to projects earning private benefits.  In Russia until the August 1998

crash, for example, poorly monitored managers could invest spare funds in short-term Government

Treasury bills (“GKOs”), earning rates up to 150 percent.  In this situation, wage arrears are likely to be

more attractive to managers who can relatively easily and secretly channel the extra cash flow to their

own purposes.

While it is not difficult to appreciate the potential benefits that might be obtained from

postponing wage payments, the manager naturally faces costs of wage arrears as well.  The model

permits worker response to arrears leading to four types of costs:  lowered worker effort, and increased

turnover, strikes, and lawsuits.9  Our argument with respect to each of these is that the associated costs

are positive functions of ω, but that this positive relationship is attenuated by the magnitude of arrears in

the rest of the firm's local labor market, Ω.  The rationale for each type of cost is fairly straightforward,

and we provide evidence on the model’s assumptions about the forms of these costs in the empirical

analysis below.

A first cost arises because delaying wages is likely to reduce worker morale, and if effort is not

perfectly observable then workers may be more likely to shirk or even, in extreme cases, to sabotage the

firm.  Where workers have some discretion over their hours of work, they may reduce the amount of time

on the job.  We do not model this agency problem, but instead assume that the manager expects that

higher arrears raise effort costs, E, by reducing the worker’s effort and productivity through mechanisms

similar to those discussed in the efficiency wage literature (Akerlof, 1982; Shapiro and Stiglitz, 1984).

Such costs are likely to be greater for some types of workers than for others; we parameterize this

heterogeneity as a set of worker characteristics, ZE, which could include factors such as the importance of

morale for productivity, the difficulty of monitoring, and the degree of independence the worker has in

decision-making.  We hypothesize that the negative effort effect is attenuated by the level of wage

arrears in the rest of the firm's local labor market, Ω, as workers’ effort decisions are influenced by their

outside alternatives (for instance, if they are caught shirking and fired) and perhaps by their perceptions

                                                          
9 Although we do not assume profit maximization, these costs to the firm reduce the rents that the manager can take
out of the firm, implying that they should matter to the manager as well.
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of the practice's fairness or legitimacy.  The effort costs may thus be written as E(ω, Ω, ZE), with Eω > 0,

EΩ < 0, and EωΩ < 0.

Arrears may also increase quits, if the worker responds by leaving for other employments or

exiting the labor force altogether.10  Quits impose costs Q of replacement, associated with the need for

hiring, screening, and training new employees (as in, e.g., Oi, 1962; or Stiglitz, 1974).  Again, the quit

decision is not modeled explicitly, but we assume that the manager knows the probability of the worker

quitting as a function of ω and Ω; here, we hypothesize a negative impact of the wage arrears

environment Ω on quits, on the worker’s quit response to arrears and thus on the firm’s marginal cost of

arrears.  Ω is argued to affect the quit responsiveness to ω negatively because it reduces the

attractiveness of mobility to other firms. Because workers differ in their mobility costs and outside

opportunities, we permit the quit function to vary with a set of characteristics such as firm-specificity of

skills, mobility costs, local labor market conditions, etc, included in the ZQ vector, so that Q(ω, Ω, ZQ),

with Qω > 0, QΩ < 0, and QωΩ < 0.

Arrears may increase strikes and other forms of protest behavior, resulting in costs summarized

by S(ω, Ω, ZS).  Again, we assume a positive relationship that is attenuated by arrears in the local labor

market, such that Sω > 0, SΩ < 0, and SωΩ < 0.  The argument here is that, similar to bargaining patterns

frequently observed in unionized firms in market economies, workers view their own arrears in the

context of what is “normal” in their environment, and they are less likely to protest their firm paying

them late when their friends and neighbors are also being paid late by their employers.  The probability

of such behavior is likely to be a function of other characteristics of the firm and worker, particularly the

extent of unionization, included in a set of exogenous variables ZS.11

Finally, wage arrears are violations of legal contracts, resulting in possible legal penalties and

associated costs L(ω, Ω, ZL).12  Again, we hypothesize that the probability of these events is positively
                                                          
10 Earle and Sabirianova (1998) point out that quitting workers may be less able to enforce back wage payments,
which creates a bonding effect that may reduce the propensity of workers to quit in response to arrears.  Our model
assumes only that quits are costly on the margin, and it permits the quit response to vary with Ω, while our
empirical work includes estimates of the relationship.
11 Our choice of these variables and our analysis of Russian strike behavior more generally are motivated by the
broader literature on strikes; see, e.g., Kennan (1986).  Our hypothesis that strike behavior in response to arrears is
partially a function of arrears in the local labor market is related to the standard notion that employees may guage
their wage and benefit demands to those in some reference firm or sector, as in "pattern bargaining" and use of "pay
comparabilities;" see Levinson (1960) for an early discussion, and Lee and Pesaran (1993) for a more recent
empirical analysis.
12 The Russian Labor Code explicitly requires on-time payment of wages, and firms may be called to account either
by the civil courts (when workers file a lawsuit) or the Ministry of Labor’s Inspection Service.  The latter has been
known to fine managers as well as firms, and, more rarely, to order managerial dismissal.
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related to the level of arrears in the firm, but that the strength of the relationship is lower in jurisdictions

with higher arrears.  Our main argument is that the legal system in a region may become congested with

arrears cases, reducing the probability of punishment, similar to Sah's (1991) analysis of the probability

of punishment falling with the incidence of crime.  An additional factor could be a reduced tendency for

workers to file lawsuits in an environment of high arrears, both because they would be more likely to

perceive arrears as normal and legitimate and because they may be more pessimistic about the chances of

resolving the problem through legal channels.  When analyzing the impact of local labor market arrears

on the relationship between legal penalties and wage arrears of a firm, it is also important to take into

account regional variation in the effectiveness of the legal system stemming from factors other than the

congestion and lawsuit filing effects, ZL.13

To summarize, managers face four costs of wage arrears:  E, Q, S, and L, each of which is a

function of ω, Ω, and some shift variables, the vector Z.  Although the costs are not directly observable,

some proxies for the underlying behavior can be measured, which we exploit in our empirical work.  For

convenience in the exposition of the rest of the model, we consider the sum of the four costs C(ω, Ω, Z)

= E(ω, Ω, ZE) + Q(ω, Ω, ZQ) + S(ω, Ω, ZS) + L(ω, Ω, ZL), where Z = (ZE, ZQ, ZS, ZL).  Thus, we assume

that the manager chooses ω  to maximize the expected net return to wage arrears:

),,(),(max ZCXR Ω−= ωωπ
ω  (1)

where ω is the amount of back wages owed the worker and Ω is the average amount of wage arrears in

the local labor market outside the firm.  π is the manager’s private net return; clearly some benefits and

costs of the practice accrue to the firm, and the manager may not be able to appropriate all the benefits

nor bear all the costs.  A special case would be where the manager maximizes firm profits.  This has little

impact on the model, however, and we find the characterization that managers choose ω to maximize

their own returns more realistic, particularly in the poor corporate governance environment in Russia.

In (1), R(ω, X) is the manager’s gross returns to wage arrears.  Rω = r (X) = rate of return to

additional payment delay; and X = vector of factors affecting returns (defined so that rx > 0), including

illiquidity (effective interest rate faced by the firm) and the ability of managers to appropriate the return.

                                                          
13 Variation in the effectiveness of legal institutions at the level of whole countries has been argued to affect
economic growth and performance (e.g., Mauro, 1995; LaPorta et al, 1998); here we are interested in inter-regional
variation in legality.
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 ),,( ZC Ωω is the cost of wage arrears, where Cω = marginal cost of wage arrears – resulting from

worker effort, quit, strike behavior and from legal penalties – with Cω > 0, and ΩωC  < 0 so that the

marginal cost is declining with local labor market arrears.  Z = vector of other factors affecting Cω

(difficulty of monitoring, strength of worker organization, functioning of the legal system and upward

shifters of the quit function, including high alternative relative wages, good local labor market conditions

such as a high hiring rate and a low unemployment rate, low specificity of human capital, low worker

compensation and fringe benefits, and low search costs), defined so that CωZ > 0.

As discussed above, there are four types of costs:  effort and morale, quits, protest behavior and

strikes, and legal penalties.  We hypothesize that each type of cost has the same general functional

relationship with ω and Ω:  most importantly, that each type of marginal cost of ω is decreasing in Ω.

Using proxies for each type of cost, these assumptions may be directly tested:  a worker’s arrears should

negatively affect her morale and effort and positively affect the probability she quits, strikes, and brings

lawsuits; while these effects should be attenuated by the level of arrears in the local labor market.

2.2.  The Reaction Function: ϖϖϖϖ = f (ΩΩΩΩ, X, Z )

The first and second order conditions for the manager’s problem (1) are as follows:

0),,()( =−=
∂
∂ ZCXr Ωω
ω
π

ω (2)

02

2

<−=
∂
∂

ωωω
π C , (3)

implying the following optimality condition:

),,()( ZCXr Ωϖω= . (4)

The reaction function can be derived as

ϖ = f (Ω, X, Z ).14 (5)

Total differentiation of the first order condition yields:

0=−−− dZCdCdCdXr ZX ωΩωωω Ωω (6)

Taking each of the exogenous variables X, and Z in turn, and making use of the assumptions and the

result in equation (3), we can derive the following comparative static results for the impact on ω:

                                                          
14 Nothing in our assumptions so far actually constrains this to be a function rather than a correspondence.  In our
example of a functional form (Section 2.3, below), which is the form we use for estimation, the best-reply
correspondence will be univalued however.
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Thus, wage arrears should be positively related to the firm’s cost of capital and to the ability of managers

to appropriate cash flow and earn private benefits.  They should be negatively related to the difficulty of

monitoring the worker, to the value of the worker’s outside alternatives, to the strength of worker

organization, and to the effectiveness of the legal system.  Finally, factors that reduce quit rate increase

the probability of having wage arrears (specific human capital, employee ownership, fringe benefits, high

search and mobility costs, etc.).

Differentiating the reaction function (5) with respect to Ω (while holding constant the variables

in X and Z) yields:

0
)(

>−=
−

ωω

Ωω

Ω
ω

C
C

d
d

. (8)

Thus, our theory implies that the reaction function displays positive feedback.  We obtain the second

derivative of the reaction function:

02

)()(

2

2

<
>−

=

+−

ωω

ωωΩΩωΩωΩωω

Ω
ω

C
CCCC

d
d

. (9)

The second derivative may be positive as well as negative.  Multiple equilibria are more likely, of course,

if the sign switches.  Such a case, where the second derivative is initially positive and then turns negative

after Ω exceeds the inflection point Ωι, is shown in Figure 1.

To motivate this case more fully, we next consider a particular functional form for the cost

function, one which permits us to derive a structural reaction function that can be estimated and which

we can use to test the hypothesis of positive feedback and the higher-order shape, including the

possibility of multiple equilibria.

2.3. A Particular Functional Form for Estimation

Consider the following special form of the cost function:

( )eZdcbaC ++−−⋅= 32 ΩΩΩωω , (10)

which is the simplest that permits the possibility of multiple symmetric Nash equilibria, as we show

below.  We will again assume that the cost function satisfies the following features:



12

( )

0

032

002
032

02

)(

2

2

32

>=

<=Ω+Ω−−=

>⇒>=
<Ω+Ω−−=

>+=+Ω+Ω−Ω−=

−

Ω
Ω

Ω

eC

CdcbC

aaC
dcbC

CaeZdcbaC

Zω

ω

ωω

ω

ω

ω
ω

ωω

(11)

Parameters a and e are positive by virtue of our earlier assumptions, but we also hypothesize that c and d

are positive, while the sign of b is ambiguous, for reasons that we discuss shortly.  The first-order

condition of maximizing the objective function implies the equality of marginal return and marginal cost

associated with wage arrears:
( )eZdcbar ++−−−= 32  max ΩΩΩωωωπ

ω
(1’)

eZdcbar ++−−= 322 ΩΩΩω (4’)

From the first order condition we can derive an estimable reaction function:

a
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where ϖ is a cubic function of Ω.

The reaction function exhibits positive feedback:
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But the sign of the second derivative is ambiguous:
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depending on c, d, and Ω .  For fixed c and d > 0, the reaction function exhibits a cubic S-shape with

inflection point at Ωi = c/3d.  At lower levels of local labor market arrears (Ω<c/3d) the response

function is convex, while at higher levels it is concave.  We test these implications on the shape of the

reaction function in our empirical analysis below.

2.4.  Equilibrium Wage Arrears

In symmetric Nash equilibrium, where all firm managers in a local labor market are assumed to

face identical return and cost functions and where they take each other’s actions as given, the level of

firm wage arrears must be equal to the level of regional wage arrears (ω*=Ω*), which implies

0*)2(** 23 =−+−++− eZrabcd ωωω . (12)
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It is possible to solve this equation analytically for three equilibria in terms of a, b, c, d, e, r, and

Z, but the equations describing the solutions are very long (several pages each).  To simplify for

illustrative purposes, we note that r–eZ > 0 implies that even if no other firms in the region have wage

arrears (Ω=0), the net return to wage arrears is still positive, implying ω > 0.  Since most economies are

characterized by punctual payment of wage obligations, we will normalize the results, assuming r=eZ,

which also permits us to write out analytical solutions for wage arrears equilibria in this special case.

Under this assumption, the three symmetric Nash equilibria are:

0*
1 =ω

d
abdcc

2
)2(42

*
2

−+−
=ω (13)

d
abdcc

2
)2(42

*
3

−++
=ω

One equilibrium involves zero firm wage arrears at zero regional wage arrears, while if the other two are

to be positive then 4d(b-2a)<0, implying restrictions on a and b such that b/2a<1.15  The parameter b may

be positive or negative, although our hypotheses imply a generally positive slope of the reaction function.

We may characterize ω1
* as the “punctual payment equilibrium,” ω2

* as the “critical mass” or “threshold

equilibrium,” and ω3
* as the “late payment” or “wage arrear equilibrium.”

To check these equilibria for stability, we may calculate the slope of the reaction function at the

equilibrium points.  Stable equilibria should have a reaction function slope less than one:

1
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, (14)

which implies

0*3*22 2 <−+− ωω dcab . (15)

We may check this condition for each equilibrium in turn.  ω1* is clearly stable:

1
2*1

<=
∂
∂

a
b

ωΩ
ϖ . (16)

The second equilibrium is unstable: 1
*2

>
∂
∂

ωΩ
ϖ , since upon substitution of ω2

* into (15) we obtain

                                                          
15 Wage arrears could in principle be negative, i.e. involving advances.  But we have not observed economies or
even single firms where workers are systematically paid in advance of the contractual date.
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Finally, the third equilibrium is stable:  1
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Thus, we have found three equilibria and showed that two of them are stable and one is not stable.

Figure 2 shows the symmetric Nash equilibria and the dynamics implied by the model.  In the range

where ω1
* < Ω  < ω2

*, a self-interested manager will choose ω < Ω, so optimizing behavior by all

managers will tend to drive down Ω.  Beyond ω2
*, managerial behavior will tend to push up Ω until it

reaches ω3
*, the stable late payment equilibrium.

2.5.  Summary of Testable Hypotheses

The model contains a number of hypotheses that are testable.  First, we can test our hypotheses

about the relationship between several types of costs, on the one hand, and the firm and regional wage

arrears and their interaction, on the other; most importantly:  EωΩ , QωΩ , SωΩ  and LωΩ < 0.  Although

these relationships function as assumptions in the theoretical model above, they are the observable

aspects of the feedback loops that we argue create increasing returns to the use of wage arrears (over

some range).  The types of costs we examine include worker quit, effort, and protest (strike) behavior

and legal penalties.  That the probability or magnitude of each of these responses to arrears should

decline in the level of regional arrears, Ω, is a particularly striking feature of the model.

Furthermore, the model implies that the response function is positively sloped (∂ω/∂Ω > 0), that

proxies for X raise ω, and that proxies for Z lower ω.  Multiple equilibria may arise when the reaction

function has an S-shape, so that at low levels of Ω, ∂2ω/∂Ω2 > 0, while at higher levels ∂2ω/∂Ω2 < 0.  The

functional form of the manager’s objective that we have employed as an example (equation (1’) above)

suggests a cubic form for the reaction function, with alternating signs on the coefficients in the
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polynomial on Ω.  More specifically, we can test that the critical parameters c and d are both positive,

while b/2a<1.

Finally, whether even an S-shaped reaction function would produce multiple equilibria depends

on the magnitudes of the parameters.  We can use the estimated parameters of the empirical reaction

function to simulate symmetric Nash equilibria and calculate the level of arrears consistent with the two

stable equilibria and with the unstable critical mass threshold.  We report on our empirical efforts in the

next section.

3.  Empirical Analysis

We begin by describing our data sources and using them to analyze the incidence and persistence

of wage arrears over the period 1991-98.  We then bring the data to bear on the testable assumptions and

predictions of our theoretical model of wage arrears, first concerning the several hypothesized costs of

arrears and next concerning the shape of the response function.  Finally, we use the estimated response

function to simulate the symmetric Nash equilibria implied by the data for firms operating in an average

Russian local labor market.

3.1.  Data Sources

Our model analyzes the wage arrears in a particular employment relationship, that is for a

particular firm and worker.  The data requirements for testing the model, therefore, are quite strenuous,

including detailed information on both the firm and the worker.  To meet these requirements, this paper

analyzes a database combined from several different sources.  The principal source, used in most

analyses below, consists of the 1994, 1995, 1996, and 1998 waves of a household panel survey, the

Russian Longitudinal Monitoring Survey (RLMS), based on the first national probability sample drawn

in the Russian Federation.16  The panel structure permits us to examine the persistence and intertemporal

effects of wage arrears.

Unfortunately the original RLMS data suffer from a number of crucial limitations for the purpose

of examining the determinants of wage arrears.  To start with, no RLMS was carried out in 1997, which

makes several of our analyses awkward:  for instance, when we test the probability of quitting as a

function of wage arrears we examine job change from one year to the next, but we are therefore restricted
                                                          
16 See Swafford et al (1997). The RLMS data contain results of two longitudinal surveys of more than 10,000
individuals during 1992-1993 (Rounds 1-4) and 1994, 1995, 1996, and 1998 (Rounds 5-8).  No information on
wage arrears is available from Rounds 1-4, and we restrict our attention in this paper to Rounds 5-8.
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to using only the years 1994, 1995, and 1996 for this analysis.  Second, the RLMS contains rather little

information on firm-specific and region-specific characteristics that may be important for wage arrears:

only crude measures of the size of the enterprise, the year when the enterprise was established, and a few

regional indicators are available.  No information on the industry of the firm employing the worker-

respondent is included in the original, published data.  Unionization status, strikes and other forms of

protest behavior, penalties for wage arrears, and the regional legal climate are all unmeasured.  Finally,

quits from the firm are difficult to measure in the original data because of inconsistencies in the job

tenure variable (a common problem in household surveys) and ambiguity in the explicit question on job-

changing.17

To be able to carry out our analysis satisfactorily, we have extended the original data in a number

of ways.  First, we have used information provided by most working respondents on their employers (but

not included in the published data set) to identify individual firms and the industries in which they

operate.  An important side-benefit of this was the discovery that respondents working at the same

enterprise sometimes provided different answers to questions about their firm.  We have cleaned all the

original firm variables to make them consistent within firms and across years, and, for most cases, we

were also able to code the industry in which the respondent works, a variable that was mostly unavailable

to previous researchers.18

Another important benefit of our ability to identify the specific employer for most observations

was that it enabled us to construct reliable measures of job mobility.  We can distinguish job quits

reliability from intrafirm mobility, and we can measure job tenure accurately.  These are critical variables

in our theoretical model.

We extended our information on the characteristics of firms by matching information on

industrial firms from the 1993-97 Goskomstat Registries to employees working for industrial firms in

that year.  These matched data sets enable us to analyze wage arrears as a function of some firm-specific

characteristics, most importantly by detailed industry.  We also have matched data from the Russian

Labor Ministry Inspection Service on the patterns of violations of the Russian Labor Code and how the

                                                          
17 In 1994 to 1996, a single question permits a “yes” answer both for job changes within firms and for movements
across employers.  Topel [1991], Brown and Light [1992], and McCue [1996] discuss inconsistencies in tenure and
mobility in the PSID in the US, the household survey equivalent of the RLMS.
18 Some ambiguities of classification prevented us from coding industry for all jobs, but we were able to code the
following number of cases: 4826 respondents of 4896 employed in 1994, 4526 of 4575 employed in 1995, and
4348 of 4383 employed in 1996, and 4207 of 4250 employed in 1998.
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cases were treated.  These data are useful in constructing measures of the effectiveness of the legal

enforcement regime in the region.

Finally, we have organized a detailed survey of the employers in the matched data set, collecting

information on wage arrears and other aspects of firms for the period 1991-98.  Of a total of 530 firms in

the Goskomstat Industrial Registry employing RLMS respondents, we have conducted detailed

interviews of 380.  In this paper, we draw upon the survey information only as a supplement to our other

analyses in order to provide alternative estimates of wage arrears over a longer time period (relative to

the RLMS data) and to measure the costs of wage arrears in terms of strikes and other worker protest

behavior and legal penalties assessed on firms with wage arrears.

3.2.  Measures of Arrears

Measuring wage arrears faces several problems.  In practice, arrears generally accumulate

irregularly, with occasional repayments of back wages, and in theory, one would like to measure the

present discounted loss due to wage delays taking into account the risk premium associated with the

uncertainty of the timing (and probability) of future payment.  Such a measure would require detailed

information on the salary history of each worker and on his/her discount rate and expectations

concerning future payment.

Accounting practice in Russia – both at the individual firm level and by Goskomstat – instead

emphasizes the cumulative debt of the firm to its workers, without regard to the timing of the late

payments.  Workers appear to think of the value of arrears in the same way:  the number of monthly

salaries that have not yet been paid.  This concept has the advantage of being relatively easy to calculate,

although workers might forget or make mistakes.  We therefore employ two measures drawn from the

answers to questions in the RLMS.  The first, ARRDUM, is simply a dummy indicating whether the

respondent is owed money by his or her employer, which has not “for various reasons” been paid on time

(1=yes, 0=no).  Table 1 shows that about 40 percent of employed respondents reported they were owed

wages at the survey dates in 1994 and 1995, with a rise to about 60 percent in 1996 and 64 percent in

1998.19

Individual worker-respondents were also asked to report a second variable in answer to the

question, “How many months has this money not been paid to you?”  To a Russian worker,  the

                                                          
19 These results are consistent with Goskomstat’s aggregate figures (based on enterprise reports).
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interpretation of this variable, which we call ARRMOS, is clearly the number of unpaid monthly wages,

independent of the timing of the nonpayments, or, in other words, the cumulative overdue wage debt

owed by the firm to the worker.  Because the stock measure is somewhat imperfect, as discussed above,

and also because of some possibility of ambiguity or slip of memory with ARRMOS, we report some

estimates using both ARRDUM and ARRMOS.20  In general the cross-time and cross-industry patterns

in the intensity of arrears are consistent with those in their incidence.

The unconditional mean of ARRMOS rose slightly in 1995, then jumped in 1996 and again in

1998; the distribution of the variable shows pronounced rightward shifts in 1996 and 1998.  If the

proportion of workers with two or more months of arrears was only  about 25 percent in 1994 and 1995,

it had increased to nearly 44 percent by 1996 and 50 percent by late 1998.  Conditional on having arrears,

the expected magnitude rose from 2.75 to more than 4.8 months.  Clearly the overall increase in arrears

reflects both a spreading of the contagion to previously unaffected workers and a worsened condition for

those already affected.

Table 1 also provides strong evidence of persistence in arrears, here defined simply as the

conditional probability that an individual will be owed money in a particular year, conditional that is on

having reported arrears in prior years.  For instance, the probability of having arrears in 1995 was more

than twice as great for individuals experiencing arrears in 1994 as for those who did not.  The probability

of having arrears in 1996 conditional on having arrears in both 1994 and 1995, was nearly 90 percent, as

was that of having arrears in 1998 conditional on having arrears in all three of the earlier years (shown in

the last row in the top panel of the table).

The table also shows the conditional mean of ARRMOS, conditional on the prior year’s

ARRMOS.  Among respondents with over 6 months of arrears in 1995, the mean number of months was

7.7 in 1996; the analogous figure for 1998 conditional on 1996 was 9.4.  Again, the data appear to reflect

both a widening and a deepening of the arrears crisis over this period.

Table 2 shows similar information based on the survey of industrial firms.  One advantage of

these data is the longer time series:  1991 to 1998.  Starting from a negligible level in 1991, the fraction

                                                          
20 One potential source of ambiguity could arise from the practice of paying workers in-kind, either using goods
produced by the company or those received by the company in some barter arrangement with another one.  The
standard practice, however, is for workers to formally accept (by signature) such in-kind payments in lieu of cash,
thus neither the firm nor the workers should confuse them with arrears.  This practice is also an interesting method
of labor adjustment in Russia, but we defer its analysis for future research.
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of firms reporting arrears and the magnitude of the unpaid debts grew steadily over the whole period.

The distribution of the magnitude, ARRMOS, here defined as the average number of monthly wage bills

owed by the firm in each year, shows a steady rightward shift.

In our empirical tests of the model’s hypotheses, below, our measure of individual wage arrears,

ωi, is ARRMOS for the individual i from the RLMS.  We also construct Ωi from the RLMS by

aggregating ARRMOS up to the rayon level, each time omitting the particular firm for which the

individual worker is employed.  While analyses of Russian regions are frequently conducted at the oblast

level, we feel that the rayon much better reflects the scope of the local labor market.21

3.3.  Sample Characteristics

Table 3 examines the firm and employee characteristics of the employed sample in the final

RLMS round, autumn 1998, divided into those owed back wages by their employers and those not.

Substantial regional variation existed at the rayon (county) level:  some parts of the Moscow Oblast had

trivial levels of arrears, while in other regions arrears were almost universal.  Although not shown in the

table, results calculated for the City of Moscow show that 28.7 percent of employees were owed money

and the mean (ARRMOS) was .9 months; these mostly reflect arrears of the Federal Government.

Variation across industries was also large, although somewhat muted by comparison with that for

regions.  Wage arrears had higher incidence and magnitude in agriculture and heavy industrial sectors

(particularly the Military-Industrial Complex), as well as in services financed through the state budget

(education and health).  In a new and rapidly developing sector like banking and finance, however,

arrears were very small.

The variable “non-public sector” is defined on the basis of industries that are part of the

budgetary sphere in Russia (ministries and federal agencies).  We suspect that these arrears may be

driven by a different process from the one that our model attempts to capture, thus the sample for our

empirical tests on the shape of the reaction function, below, is restricted to non-public sector workers.

(The tests of costs use the entire sample because the hypothesized behavior – changes in effort, quits, and

strikes – should apply in all firms.)  In Section 4.1, we will briefly return to the subject of arrears in the

federal sector.
                                                          
21 There are 89 oblasts or “subjects” (including autonomous republics, etc.) of the Russian Federation, some of
which are larger than Texas, others of which are rather small.  The next lower administrative level is the rayon, of
which there are an average of 22 per oblast, thus approximately the same size as a county in the U.S. or U.K.  There
are 52 rayons, thus 52 different values of Ω in each year of the RLMS sample.
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The table also displays the composition of the arrears and nonarrears samples in 1998 across a

number of personal characteristics.  Workers with arrears tend to have lower hourly wages and family

incomes.22  Wage arrears are also more commonly found among men and are negatively associated with

schooling.  Arrears are negatively associated with schooling, and positively with age and job tenure;

these may reflect considerations of mobility costs and outside opportunities.23  Concerning variation

across occupations, craft workers and operators and assemblers tend to experience the highest rates,

while managers have the lowest, although the rate is high even for this occupation.

Table 4 draws on the enterprise survey to show some characteristics of firms with and without

wage arrears in 1998.  While the industry patterns are similar to those in the individual data, the

relationship of arrears with union density is striking:  arrears are relatively less common in firms with

very low and with 100 percent union density, while they are more common at intermediate levels.  At the

bottom end, this is likely a reflection of the presence of new firms, or of substantial restructuring leading

to the dissolving of the formerly dominant unions, but the top end is less clear.  Perhaps the ability of

some unions to maintain complete membership of all employees in their firms reflects organizing

strength that would also be useful in resisting wage arrears.  In any event, the descriptive statistics

suggest that we should permit the effect of union density to enter in non-linear fashion.

The table also shows some measures of the functioning of the legal environment in which

managers make their wage arrear decisions.  These are drawn from data of the Russian Ministry of

Labor’s Inspection Service.  They pertain to the oblast, or subject of the Russian Federation, in which the

firm is located in the year 1997.  The first variable reports the ratio of the uncollected fines to the total

number of fines assessed on managers due to labor violations.  We interpret this variable as reflecting

(inversely) the strength of the legal system in carrying out at least those punishments it does assess:

managers would need to fear relatively little in regions in which this ratio is high.  Although the mean of

the variable is low, the standard deviation is substantial.  The second variable is the ratio of the number
                                                          
22 The hourly wage rate is computed as the ratio of the contractual wage in the previous month to the usual hours of
work in the previous month.  The contractual wage is available in the RLMS only in 1998, while the earlier RLMS
questionnaires only requested actual earnings in the previous month.  This is a problem for workers with wage
arrears, however, as monthly earnings may be quite volatile:  lower than the contractual wage when new wage debts
are incurred and higher than the contractual wage when they are paid off.  For the earlier years, therefore, we have
followed Earle and Sabirianova (1998), imputing the contractual wage based on the ratio of the total wage debt
owed the worker to the number of monthly wages owed (ARRMOS).
23 The implied arrears-tenure relationship (also obtained in Earle and Sabirianova, 1998; and Lehmann, Wadsworth,
and Acquisti, 1998) could be spurious if an employer has incurred arrears in the past but more recently has tended
to pay regular monthly wages.  Unfortunately, the data (particularly on the timing of arrears) are insufficient to
permit us to assess the quantitative importance of this possibility.



21

of cases where wage arrears were paid off to the number of violations found by the Inspection Service.

This variable we interpret as directly related to the enforcement regime, and its low level indicates that

even when the policing agency has discovered a violation it is rather unlikely to be remedied.  The lower

level for firms reporting wage arrears, relative to those reporting none, is consistent with legal congestion

preventing the Inspection Service from enforcing the Labor Law and contracts.  These two variables are

included in the Z vector of controls when we estimate the cost function for legal penalties.

Tables 5 and 6 show proxy variables for the four types of costs of arrears discussed in the model.

The variables for “hours of work,” “desire to switch jobs,” and “quits,” are measured from the RLMS,

while “strikes and other forms of protest” and “legal penalties” are drawn from the enterprise survey.

The first two variables proxy effort decisions by workers:  work hours are actual hours on the job, and

“desire to switch jobs” is a dummy variable in response to the direct question.  We argue that these proxy

for morale and job satisfaction, variables likely to influence effort; in addition, it is sometimes argued

that Russian workers reduce their hours in response to arrears (Aslund, 1997), so we wish to estimate this

relationship, including its variation with Ω.  The table shows that, while hours show little systematic

variation across respondents reporting arrears and those reporting none, a substantially larger fraction of

those with arrears are more likely to say they desire a different job.

Quits are defined as leaving the employer in the next year; the measure is based on our extensive

cleaning of the variable representing the current employer each year, as discussed above, and not on the

unreliable tenure variable.  The table shows the figures conditional on wage arrears in the previous year,

with the overall rate of the one-year probability at about 20 percent and little difference across workers

with and without arrears.

Both strikes and penalties, shown in Table 6, are negligible in the early 1990s and then rise

gradually throughout the period.  The low levels in the years 1991-95 lead us to aggregate these years in

the estimations below.  Strikes are much more common in firms reporting wage arrears than those not,

and wage arrears were by far the most commonly cited reason for strikes by firms reporting them in

response to a direct question.

3.4.  Testing Hypotheses on the Costs of Arrears

Our first tests of the model concern our assumptions on the nature of the relationship between

costs to the manager of using wage arrears and the level of arrears in the firm and in the local labor
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market environment.  Recall from Section 2.1 that Cω > 0, CΩ < 0, and CωΩ < 0.  Our argument here is

that there are a number of potential costs to using wage arrears, and that each exhibits positive feedback

in that the sense that the cost of arrears are reduced on the margin when other firms in the local labor

market tend to have higher arrears.  If this is correct, then each of these types of costs represents a

feedback loop that has contributes to self-propagation of wage arrears.

Table 7 shows estimates for the functions using our proxies for effort and morale costs as

dependent variables.  The key results are that the impact of ω on a worker's hours of work and desire to

switch jobs is reduced by Ω (so that EωΩ < 0).  Computing ∂(Hours)/∂ω at alternative levels of Ω, we

find that workers in low-Ω regions reduce their hours in response to their own arrears, so that if Ω = 0,

hours fall 1.88 hours per month for each one month increase in ω.  But ∂(Hours)/∂ω falls as Ω rises, and

at  Ω = 7.7 months, the effect vanishes entirely (indeed the simple linear estimates suggest a positive

response for higher levels of Ω).  Similarly, the probability that an individual reports a desire to switch

jobs, our proxy for job satisfaction, increases by 3.1 percent for each month of ω in regions where Ω = 0.

Given an overall average probability of 36 percent (Table 5), this effect implies that an individual in a

low arrears region with six months arrears would be 50 percent more likely to desire a job change

compared to an otherwise identical neighbor with no wage arrears.  But the effect declines with Ω such

that the point estimates suggest it becomes negligible at about Ω = 10.

Table 7 results concerning the vector of Z controls in the regressions are fairly standard:  The

hours equations shows a slight tendency towards backward-bending in the hourly wage rate (the

magnitude suggests that a 1000 ruble increase in the wage, about 11 percent, would decrease hours by

1.25 hours per month), while non-labor (family) income has a negative sign, and male gender, schooling,

and age are all positively associated with hours.  The regression for desire to switch jobs shows that the

probability declines with the contractual wage and with job tenure.

Table 8 shows the estimated quit function.  Again, the results imply Qω > 0, QΩ < 0, and QωΩ < 0

for this component of costs.  The estimated derivative of the quit probability with respect to ω implies

that workers quit in response to their own arrears when Ω is less than about three months, but when Ω is

greater, the quit response to ω becomes negative.  We take this clear finding in the data as strong

evidence for our hypothesis that wage arrears are strategic complements for managers of firms operating
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in the same local labor market.  Results for the Z controls show that male gender is positively associated

while schooling and tenure are negatively associated with the quit probability.

The results from estimation with dependent variables equal to the last two types of costs – strikes

and legal penalties – are shown in Table 9.  In these regressions, we use the firm data and specify the Z

vector to include unionization in the former and proxies for the legal environment in the latter.  Again the

data show that Ω tends to lessen the impact of ω on worker response:  SωΩ < 0 and LωΩ < 0.  With respect

to strikes, the probability of protesting wage arrears declines to zero when Ω = 5; with respect to legal

penalties the probability reaches zero at Ω = 4.  The effect of unions on the strike probability has an

inverse U-shape, being lowest for union density less than 10 percent and equal to 100 percent.  In the

former case, worker organization is simply weak, while we interpret the latter as reflecting old unions,

inherited from the communist period, that do little to advance their members’ interests.

With respect to the legal environment measures, the fraction of cases when managers failed to

pay assessed fines on time is estimated to have a negative impact on the probability of legal penalties,

which we interpret as a reflection of the relationship of wage arrear penalties with the effectiveness of

local legal institutions.  The negative impact of the second variable, the fraction of cases when arrears

were paid off after the violation was discovered, is a bit more puzzling:  it may simply reflect the fact

that penalties are less likely to be assessed when managers quickly pay after they are found out.  In any

case, the results for all four components of costs strongly support the hypothesis of a positive feedback

loop in each case, suggesting there may be increasing returns to the use of wage arrears.

3.5.  Estimating the Reaction Function

Next we turn to a direct estimation of the reaction function (5’), where the Z vector of other

characteristics of workers and firms affecting wage arrears is decomposed into observable and

unobservable components.  This leads directly to our estimating equation:

ωi = β0 + β1Ωi + β2Ωi
2 + β3Ωi

3 + β4Xi +  β5Zi
’ + ξi , (5”)

where we use the subscript i to index individual workers, and where β1 = b/2a, β2 = c/2a, and β3 = -d/2a,

β4 = r’(Xi)/2a and β5 = -e/2a.  We have decomposed the vector of Z controls to include a constant, β0, a

vector of observable characteristics, Zi
’, and a residual reflecting an unobserved component in the cost

function, εi; thus, Zi = β0 + Zi’ + εi, and ξi = εi/2a.24  Clearly the model is under-identified in that we
                                                          
24 This assumes no constant term in the r(X) function; if there is such a term, then our estimated intercept would
have a slightly different meaning, but the key model results would still have the same interpretation.
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cannot recover the values of the theoretical reaction function (5’) from these estimates.  We can infer

their signs, however.

Because the Russian economy was hit by many shocks during this period (as we discuss further

below), we estimate the function year by year.25  The results are shown in Table 10.  In all years, the

derivative ∂ω/∂Ω is estimated to be positive, implying an upward-sloping reaction function over the

relevant range, except for some slight initial declines.  From the estimated function, we calculate the

initial decline as .32 months in 1994, .65 in 1995, and 1.4 in 1998, although the estimated β1 is hardly

statistically significantly different from zero in the first two years.  Thus, the data provide strong

evidence of positive feedback in the reaction function, and thus of the strategic complementarity of wage

arrears within a local labor market.

One of the less obvious predictions of the theoretical model, emerging from the discussion

around equations (13), was that b/2a = β1 < 1.  This implication is satisfied by the estimates in all four

years, and in all years except 1996 we can reject the hypothesis that β1 = 1 at the one percent level.  This

is also a necessary condition for stability of the extreme equilibria.

The point estimates of c and d are also consistent with the theoretical model in all four years,

although they are not always statistically significant.  In 1995 and 1998, the relationship between ω and

Ω also shows an S-shape, suggesting the possibility of multiple equilibria, which we return to below.26

Apart from these most important implications of the model, the finding of the positive impact of

job tenure is notable in all four years, and the estimated magnitude increases over the period.  This result,

which was also noted by Lehmann, Wadsworth, and Acquisti (1998) and Earle and Sabirianova (1998),

is consistent with the results from the quit and effort functions:  workers with higher firm-specific human

capital are less likely to quit and reduce effort in response to arrears, and managers appear to take this

behavior into account when setting their wage arrears policies.

3.6.  Simulating Symmetric Nash Equilibria

Figure 3 graphs the estimated reaction function for each year, taking the average of β0 + β4Xi' +

β5Zi
’ across all individuals in the sample, which then becomes the intercept for the plotted relationship.

Under the assumption of symmetric Nash behavior in local labor markets, it is straightforward in

                                                          
25 As mentioned above, we restrict the sample for the reaction function estimation to the non-public sector, as
public agencies, schools and hospitals are unlikely to have much discretion over their wage payments.
26 We also estimated higher-order polynomials in Ω, but the higher order-terms were statistically insignificant.
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principle to solve the estimated reaction functions for the set of average equilibria across regions.  Figure

3 does this in the simplest way, by finding the intersection between the reaction function and a 45° ray

from the origin.

As is evident from the figure, the results suggest that there were multiple equilibria in 1995 and

1998.  In 1995, the average punctual payment equilibrium in Russian regions involved one monthly wage

debt, the critical mass was 2.7 months, and the late payment equilibrium 6.6 months.  In 1998, the

situation worsened, and the average punctual payment equilibrium moved out to just under two months,

the critical mass to 5.8 months, and the late payment equilibrium to 9.6 months.

In the years with the clear S-shaped functions, the estimates imply stability of the extreme

equilibria ω1* and ω3* and instability of the threshold ω2*.  Thus, the data not only provide support for

the model’s most important predictions of positive feedback and multiple equilibria, but also for some of

the model’s crucial details.

In 1994 and 1996, however, the reaction function does not display a clear S-shape (although it is

strongly positive).  We interpret this as a reflection of instability, making it difficult to observe the

reaction function as it was shifting.  Concerning 1994, this was early in the process, when wage arrears

were rising rapidly.  By contrast, the RLMS data in Table 1 show rather little change from 1994 to 1995,

which may explain our ability to get more precise estimates for the latter year.

The 1996 figures also reflect substantial turmoil; recall that the RLMS figures, again in Table 1,

show a nearly 50 percent increase in the fraction of the employed respondents reporting wage arrears

from 1995 to 1996.  The fall of 1996 (the RLMS is conducted during October-November) was a

particularly unstable period for wage arrears:  it came just a few months after the July election, prior to

which President Yeltsin had made a big effort to pay late wages of government employees as part of his

electoral campaign, and after which payment arrears immediately soared as budgetary considerations

again took a higher priority in the Kremlin.  We return to the subject of budgetary arrears in the next sub-

section.

4. Discussion

In this section, we discuss some remaining issues involving equilibrium selection, robustness and

the welfare impact of wage arrears, and we conclude with a brief summary pointing to the broader

relevance of our work for understanding economic institutions.
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4.1  Equilibrium Selection and Robustness

Two natural questions arise concerning our analysis of equilibrium wage arrears.   The first

pertains to equilibrium selection:  how do countries or regions get into the punctual payment or the late

payment equilibrium?  More concretely, what spurred the wage arrears problem in Russia to begin with?

Given our argument that the persistence of the practice requires a critical mass of participating

employers, it seems to us that a single large employer may have helped to set a standard of late-payment,

making the practice more acceptable and thus moving the entire economy towards the late-payment

regime.  The only employer that we can think of that might be large enough to bring about this shift is

the largest Russian employer, and indeed one that was growing during this period:  the government

itself.27

The mechanism that we believe brought this about was a massive sequestration of budgetary

funds by the Ministry of Finance.  After the burst of inflation following price liberalization in 1992, the

Russian Government was under heavy pressure to reduce the budget deficit; this also featured strongly in

IMF loan conditionality at the time.  Although comprehensive accounting of the extent of sequestration

have not been made available, according to the Institute for the Economy in Transition (1994, p. 35)

every expenditure line in the fourth quarter of the 1993 federal budget was sequestered by 20 percent.

Rather than shutting the government down, as occasionally happens in the U.S. during budgetary

disputes between the President and the Congress, the Russian government continued to operate,

government contractors continued to supply government orders, and state employees continued coming

to work even when they began to be paid irregularly.  We believe that this was the ”small event” that set

the path-dependent development of wage arrears in motion:  when such a big labor market player as the

government ceases to pay its workers on time, this sets a new standard for other employers, decreasing

their costs of using wage arrears and helping to legitimize and raise the perceived “normalcy” of this

otherwise peculiar practice.

Unfortunately, detailed data on the early stages of wage arrears in 1992-93 are unavailable to

substantiate fully our allegation that the state played the role of leader, and in our analysis we are able

only to examine the incidence and magnitude of arrears by industry.  By the time of the surveys from

                                                          
27 According to OECD (1997), employment in public administration grew steadily from 663,000 in 1990 to 1.087
mln in 1995, or from .88 to 1.64 percent as a fraction of total employment.
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which we draw our individual data (late 1994), wage arrears were already widespread, and our firm-level

data cover only the industrial sector.  Furthermore, although our analysis shows the forces leading to

persistence of arrears once they have been established, from the existing data it is not apparent why

arrears became established in some regions but not others, whether due to larger shares of government

and government suppliers, greater shocks, other regional conditions, or random factors.  These are issues

deserving further research and data collection.

A second question concerns the robustness of the equilibria we have described.  Two aspects are

potentially relevant:  defection by firms, and migration by workers.  Taking these in order, our analysis

has focused on symmetric Nash equilibria, but what prevents some firm, say a new entrant, from

violating the late-payment norm, for instance by offering workers a lower wage, but paid regularly on-

time?  Our model shows that identical firms will not defect from the late payment equilibrium, but in

practice there is likely to be heterogeneity, particularly in the case of new start-ups.  Firms with

profitable opportunities seeking to hire new employees may try to build a reputation for punctual

payment, if workers care about this characteristic of their jobs.

While such a process appears to be occurring in a number of regions of Russia, in order to

explain why it does not unravel the late payment equilibrium in regions with persistently high arrears we

must call upon other aspects of the Russian environment, including the severe recession and the

continual instability and illiquidity.  The large fall in output and consumption has reduced the

profitability of entry, and the continual instability has made it difficult for firms to establish reputations.

We can imagine a signaling game in which there are two types of firms:  in one type, where prospects are

poor, managers simply try to steal wages; while in the others, which have profitable projects, they try to

pay them and to build a reputation to increase effort and reduce turnover.  But the type of firm is

unobservable to workers, and all managers announce (as they do in reality) their most sincere intentions

to pay wages as soon "as soon as the firm has money."  In this situation, the ability of the second type of

managers to distinguish themselves from the first type amounts to the possibility for existence of a

separating equilibrium.  If economic instability is so great that occasional shocks hit every firm with

some probability, rendering them temporarily unable to pay, then firms cannot build a reputation and

workers may not be able to distinguish the firms in practice.  This analysis is outside our formal model,
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and it is very difficult to verify empirically, but it does explain why a late payment equilibrium may be

robust even when new entry and firm heterogeneity are permitted.

A second robustness issue concerns the possibility for inter-regional migration by workers.  If

indeed some regions are in the punctual payment, while others are stuck in the late payment equilibrium,

why do workers not move from the latter to the former?  To some extent, this may happen, of course, but

an oft-noted feature of Russian labor markets is the low geographic mobility of labor.  To some extent,

the low levels of migration to cities may be explained by the continued functioning of the propiska

system, whereby new residents must pay large fees to register. But it is also likely associated with

information problems and with poorly functioning housing markets, as well as liquidity problems of

Russian workers.28  Thus, it would appear that Russian regions are poorly integrated, and worker

mobility across regions acts only slowly to break down regional differences.

4.2  Welfare Considerations

Given our argument that the wage payment practice may exhibit multiple equilibria, what are the

welfare characteristics of the late versus the punctual payment equilibrium?  Layard and Richter (1995)

and OECD (1997) have praised the use of wage arrears as a way of achieving wage flexibility and low

unemployment in Russia.  Leaving aside the question of the social desirability of wage flexibility,

however, it seems to us that wage arrears are far from being a socially efficient mechanism for bringing

about a given effective change in the real wage.

As a first welfare consideration, it should be noted that wage arrears are unevenly spread across

regions and households, for reasons we have argued, and thus their social consequences tend to be

concentrated in certain groups.  Secondly, wage arrears reduce utility more than equivalent wage cuts,

because of the associated uncertainty concerning the timing and probability of eventual payment.

Thirdly, we have argued that arrears may sometimes actually impede mobility, particularly where arrears

are widespread in the local labor market; these areas are also likely to be those where mobility –

geographic and industrial – is most needed.  Thus, wage arrears may actually retard the reallocation of

labor that is critical to the transition process.

It seems to us, however, that the major consideration in a normative evaluation of arrears stems

from the fact that labor contracts are the most important contracts for most individuals.  When those

                                                          
28 See Mitchneck and Plane (1995) or Heleniak (1997) for discussions of internal migration in Russia.
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contracts are not respected and enforced, this reduces confidence in other labor and nonlabor contracts

into which the individual might enter.  In short, wage arrears may undermine the development of contract

enforcement and rule of law.  North (1990) has argued that these are critical institutions in promoting

impersonal exchange, which in turn explains much of differences in economic growth and performance.

Our analysis provides a case study of the lock-in of an institution that we believe, for similar reasons to

North’s, to be inimical to the healthy development of a market economy in Russia – in which case it is

truly paradoxical if the Russian government’s attempt to balance the budget was a critical spark igniting

the wage arrear explosion in the first place.

4.3  Conclusion

This paper has developed and tested some key features of a model of institutional lock-in.  The

model provided a number of testable hypotheses, including the functional relationship between several

types of costs of arrears and the impact of arrears in the local labor market environment, the positive

feedback in the reaction function, and the possibility under certain circumstances of multiple equilibria.

With the assumption of a particular functional form for the manager’s costs of wage arrears, we derived

an estimable reaction function.

Our empirical analysis provides clear evidence for the key hypotheses in our theory.  To start

with, higher wage arrears in the local labor market attenuate the negative impact of a worker’s arrears on

his/her morale and effort (as proxied by hours of work and reported desire to change jobs), the positive

impact on the quit probability, and the positive impact on the strike probability; in addition, they reduce

the impact of the level of a firm’s arrears on the probability that a legal penalty will be assessed.

Furthermore, the analysis demonstrates strong evidence of positive feedback in the manager’s choice of

wage arrears from the behavior of other firms operating in the same local labor market.  Rational

managers do indeed appear to take into account the wage arrears behavior of neighboring employers

when choosing their own strategies.  The evidence is also highly suggestive of multiple equilibria in

wage arrears.  For two of four years in our sample, the reaction function displays a clear S-shape, and the

parameters are such as to imply that the average Russian region does indeed face multiple equilibria.  For

the other two years, it seems to us that the highly unstable situation could have led to rapidly shifting

reaction functions that would have obscured the true shape of the function.
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There are some important caveats to this work.  While we are able to measure several of the

feedback loops fairly directly (or at least examine some reasonable proxies for each), our results for the

reaction function reflect the average behavior across a diverse set of regions.  With a larger data set and

several years of stability it could become possible to estimate the different sets of equilibria in different

regions of Russia.  But the results we have presented are illustrative of the method that can be used for

addressing this issue, and we believe they go a considerable distance toward demonstrating the existence

of multiple equilibria in the peculiar institution of wage arrears.

Finally, our analysis of wage arrears in Russia is relevant for understanding economic

institutions more generally.  The feedback mechanisms that we highlight in our model may apply to a

wide variety of other economic practices, for example labor market practices such as forms of

compensation (stock options, fringe benefits), promotional schemes (up-or-out, internal labor markets),

and unionization.  Sociological research on organizations has taken the tendency for such types of

behavior to converge on a uniform practice, or "institutional isomorphism," as a primary research

question, but it has not explained how the convergence takes place within a framework of individual

optimization, nor has it provided empirical estimates of the feedback loops and reaction functions that

underly the "macro-micro interactions."  Moreover, the transition economies show us the possibility of

alternative institutional paths, different from those found in developed market systems.  In our example,

the practice of paying wages on time has received little attention in standard models of the employment

relationship, but Russia shows that under some conditions late payment may rather become the norm.

We would argue that the timeliness of wage payments can be usefully analyzed as an institution, and we

have provided evidence for a specific set of self-reinforcing mechanisms that could tend to make arrears

in wage payments persist.  That punctual wage payment is the norm in market economies may be

attributed to the strength of court enforcement (including well-functioning bankruptcy procedures) and

the importance of reputational considerations for firms operating in relatively stable labor markets and

economic environments.  We believe that studying Russian wage arrears contributes to raising awareness

of the many dimensions of employment contracts in a wide variety of economic contexts, and that it

heightens appreciation of the web of institutions that support – or undermine – contracting in the labor

market.
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 Table I: Incidence, Magnitude and Persistence of Wage Arrears
(Household Survey, RLMS)

Expected Probability and Magnitude
of Wage Arrears

1994 1995 1996 1998
Panel A:  ARRDUM (dummy = 1 if worker has wage arrears)
E(ARRDUM t) 0.405

(N=4716)
0.419

(N=4389)
0.599

(N=4166)
0.637

(N=3928)

E(ARRDUMt  ARRDUMt-1 = 1) 0.683
(N=3292)

0.838
(N=3153)

E(ARRDUMt  ARRDUMt-2 = 1) 0.788
(N=2827)

0.796
(N=2646)

E(ARRDUMt ∏ i ARRDUMt-i = 1) 0.683
(N=3292)

0.887
(N=2570)

0.882
(N=1836)

Panel B:  ARRMOS (number of overdue monthly wages)
E(ARRMOS t) 1.10

(N=4668)
1.11

(N=4312)
1.92

(N=4050)
3.00

(N=3784)

Unconditional Distribution (ARRMOSt)
                  ARRMOS =  0 0.603 0.594 0.415 0.379

   1 month 0.149 0.156 0.149 0.122
   2-3 months 0.164 0.170 0.250 0.219
   4-6 months 0.055 0.054 0.134 0.162
   >6 months 0.029 0.026 0.053 0.119

E(ARRMOSt  ARRMOSt > 0) 2.75
(N=1861)

2.73
(N=1760)

3.27
(N=2381)

4.82
(N=2358)

E(ARRMOSt  ARRMOSt-i), (N=3199) (N=3017) (N=2480)
   where ARRMOSt-i= 0 0.49 1.07 1.16

  1 month 1.27 2.11 2.14
  2-3 months 2.13 3.30 3.71
  4-6 months 3.27 4.94 6.03
  >6 months      4.51      7.69 9.41

Notes:  ARRDUMt = 1 if an employed respondent reports overdue wages on his/her primary job, 0 if no wages are overdue in year t.
ARRMOSt = number of monthly wages reported overdue by an employed respondent in year t.  Sample consists of all employed
respondents in the respective files of the RLMS. Sample sizes are shown in parentheses for number of valid responses for
ARRDUM and ARRMOS, respectively; sample sizes vary primarily due to attrition and replacement in the RLMS panel, and
secondarily because of missing values for some respondents.  RLMS = Russian Longitudinal Monitoring Survey.



Table 2: Incidence, Magnitude and State Dependence of Wage Arrears
(Survey of Industrial Firms)

Expected Probability and Magnitude of Wage Arrears
1991 1992 1993 1994 1995 1996 1997 1998

Panel A:  ARRDUM (dummy = 1 if firm has wage arrears)
E(ARRDUM t) 0.050

(N=321)
0.071

(N=323)
0.105

(N=325)
0.196

(N=326)
0.350

(N=334)
0.481

(N=337)
0.620

(N=350)
0.606

(N=358)
E(ARRDUMt  ARRDUMt-1 = 1) 1.000

(N=320)
1.000

(N=321)
0.912

(N=321)
0.952

(N=322)
0.983

(N=329)
0.981

(N=336)
0.873

(N=346)
Panel B:  ARRMOS (number of overdue monthly wages)
E(ARRMOS t) 0.073

(N=321)
0.140

(N=323)
0.272

(N=325)
0.552

(N=326)
0.992

(N=334)
1.585

(N=337)
2.239

(N=350)
2.313

(N=358)
Unconditional Distribution (ARRMOSt)
                  ARRMOS =  0 0.950 0.932 0.899 0.804 0.650 0.519 0.380 0.394

   1 month 0.034 0.028 0.022 0.058 0.075 0.065 0.094 0.101
   2-3 months 0.013 0.028 0.049 0.098 0.198 0.273 0.311 0.263
   4-6 months 0.003 0.012 0.028 0.028 0.057 0.110 0.140 0.154
   >6 months 0.000 0.000 0.003 0.012 0.021 0.033 0.074 0.089

E(ARRMOSt  ARRMOSt > 0) 1.463
(N=16)

1.970
(N=23)

2.604
(N=34)

2.814
(N=64)

2.833
(N=117)

3.297
(N=162)

3.612
(N=217)

3.817
(N=217)

E(ARRMOSt  ARRMOSt-1), (N=320) (N=321) (N=321) (N=322) (N=329) (N=336) (N=346)
     where ARRMOSt-1= 0 0.030 0.089 0.280 0.345 0.533 0.611 0.383

  1 month 1.300 1.222 1.114 1.444 2.024 1.518 1.539
  2-3 months 2.625 2.500 2.688 2.816 2.997 2.867 2.329
  4-6 months 6.000 3.750 3.889 4.556 4.500 5.403 4.794
  >6 months – – 6.500 11.375 9.500 12.627 8.023

Notes:  ARRDUMt = 1 if manager of the firm reports overdue wages, 0 if no wages are overdue in year t.  ARRMOSt = average number of monthly wages reported overdue by a manager in year
t.  Sample consists of industrial firms. Sample sizes are shown in parentheses for number of valid responses for ARRDUM and ARRMOS, respectively.



Table 3: Characteristics of the Individual Sample, 1998

Respondents
Reporting

Wage
Arrears

Respondents
Reporting
No Wage
Arrears

Respondents
Reporting

Wage
Arrears

Respondents
Reporting
No Wage
Arrears

Regions Non-Public Sector 0.607 0.740
Moscow and St. Petersburg 0.043 0.151 Hourly Wage Rate (rub.) 5.651 7.190
Northern West 0.097 0.055 (8.303) (8.441)
Central Region 0.186 0.243 Total Family Income (rub.) 580.669 659.012
Volga 0.205 0.134 (1026.256) (929.320)
North Caucasus 0.119 0.114 Male 0.476 0.446
Urals 0.155 0.135 Schooling (years) 11.905 12.149
Siberia 0.195 0.169 (2.428) (2.392)

Industry Age (years) 39.610 38.551
Energy 0.016 0.011 (11.625) (12.039)
Fuel 0.020 0.033 Tenure (years) 8.579 6.860
Metallurgy 0.026 0.027 (9.364) (8.397)
Chemicals 0.008 0.019 Occupation
Machine Building 0.091 0.053 Managers 0.030 0.052
Military Complex 0.036 0.016 Professionals 0.141 0.148
Wood and Building Materials 0.045 0.020 Technicians 0.197 0.182
Light and Food 0.039 0.074 Clerks 0.067 0.084
Agriculture 0.102 0.047 Service Workers 0.084 0.129
Transportation 0.071 0.092 Craft Workers 0.170 0.155
Construction 0.072 0.043 Operators and Assemblers 0.181 0.148
Trade 0.037 0.171 Unskilled Workers 0.110 0.100
Finance and Commerce 0.007 0.069 Army 0.019 0.002
Housing 0.061 0.047
Health 0.114 0.058
Social Services 0.159 0.127
Government 0.080 0.061
Other 0.017 0.031 N = 2138 N = 1321

Note: Standard deviations are in parentheses. Sample consists of all employed respondents in the 1998 RLMS.



Table 4: Characteristics of the Firm Sample, 1998

Firms Reporting
Wage Arrears

Firms Reporting
No Wage Arrears

Industry
Energy & Fuel 0.115 0.075
Metallurgy & Chemicals 0.101 0.105
Machine Building 0.466 0.299
Wood and Building Materials 0.101 0.082
Light 0.091 0.127
Food 0.115 0.239
Other 0.010 0.075

Union Density
0-9% 0.101 0.157
10-39% 0.072 0.037
40-69% 0.130 0.097
70-99% 0.428 0.388
100% 0.269 0.321

Legal Environment
0.093 0.098Fraction of cases when

managers failed to pay assessed
fines on time

(0.085) (0.089)

0.195 0.231Fraction of cases when arrears
were paid off after violation was
discovered

(0.125) (0.171)

N = 208 N = 134
Note: Standard deviations are in parentheses. Sample consists of industrial firms.

Table 5: Measures of Worker Behavior, 1994-1998

Respondents Reporting Wage
Arrears

Respondents Reporting
No Wage Arrears

Mean N Mean N
Hours of Work

1994 141.428
(78.564)

1793 144.345
(72.374)

2686

1995 150.588
(77.309)

1645 146.507
(76.193)

2365

1996 152.173
(73.934)

2182 148.360
(72.782)

1511

1998 144.082
(68.380)

2037 151.867
(74.787)

1261

Desire to Switch Jobs
1994 0.453 1796 0.340 2670
1995 0.459 1658 0.322 2392
1996 0.426 2197 0.303 1537
1998 0.411 2080 0.324 1294

Quits
1994/1995 0.186 1525 0.185 2094
1995/1996 0.197 1486 0.201 1970

Note: Standard deviations are in parentheses. Sample consists of all employed respondents.



Table 6: Measures of Cost of Wage Arrears, 1991-1998

Firms Reporting Wage Arrears Firms Reporting
No Wage Arrears

Mean N Mean N
Strikes

1991 0.000 15 0.003 287
1992 0.000 22 0.000 282
1993 0.031 32 0.000 275
1994 0.034 59 0.004 251
1995 0.037 108 0.000 208
1996 0.039 153 0.006 166
1997 0.074 204 0.000 127
1998 0.111 208 0.015 134

Legal Penalties for Wage Arrears
1991 0.000 16 – 258
1992 0.000 22 – 254
1993 0.033 30 – 250
1994 0.018 56 – 225
1995 0.020 98 – 188
1996 0.029 140 – 150
1997 0.022 184 – 115
1998 0.038 186 – 123

Note: Sample consists of industrial firms.



Table 7: Costs of Wages Arrears: Proxies for Effort and Morale

Hours of Work
(Tobit)

Desire to Switch Jobs
(Probit)Independent Variables

Coeff. t df/dX t
Mean

ω (number of monthly wages
overdue)

–1.883*** –5.588 0.031*** 14.594 1.700

Ω (regional arrears environment) –0.453 –0.697 –0.013*** –3.136 1.694
ω*Ω 0.245*** 3.510 –0.003*** –7.211 4.627
Regions (Siberia is omitted)

Moscow and St. Petersburg –0.447 –0.174 0.067*** 3.967 0.097
Northern West –3.646 –1.388 0.055*** 3.253 0.079
Central Region –7.379*** –3.517 0.007 0.488 0.192
Volga –5.271** –2.524 0.018 1.324 0.170
North Caucasus –3.909* –1.687 –0.007 –0.441 0.121
Urals –7.151*** –3.258 –0.029** –2.096 0.148

Hourly Wage Rate (rub.) /10 –12.530*** –25.605 –0.022*** –6.314 0.894
Family Income (rub.) / 1000 –2.462*** –5.120 –0.001 –0.336 0.880
Individual Characteristics

Male 35.231*** 23.647 –0.036*** –3.737 0.477
Schooling (years) 1.233*** 3.819 0.012*** 5.690 11.784
Age (years) 0.646*** 10.458 –0.008*** –19.350 39.229
Tenure (years) –0.296*** –3.728 –0.006*** –10.917 8.458

Occupation (craft workers are
omitted)

Managers 47.871*** 12.795 –0.172*** –7.724 0.037
Professionals 4.711* 1.765 –0.117*** –7.138 0.145
Technicians 8.488*** 3.649 –0.111*** –7.787 0.173
Clerks 14.528*** 4.882 –0.092*** –5.043 0.070
Service Workers 26.490*** 10.148 –0.041** –2.535 0.095
Operators and Assemblers 15.195*** 7.279 –0.021 –1.620 0.172
Unskilled Workers 8.392*** 3.341 0.103*** 6.256 0.110
Army 52.831*** 8.879 –0.096*** –2.717 0.012

Year95 2.382 1.419 –0.007 –0.679 0.259
Year96 7.205*** 4.031 –0.016 –1.363 0.239
Year98 –0.513 –0.247 –0.022 –1.627 0.216
Intercept 96.592*** 18.646

N = 15480
LR chi2(26) = 1770.69

N = 15624
LR chi2(26) = 1507.89

Notes: *** – significant at the 1% level, ** – significant at the 5% level; *–significant at the 10% level. Sample consists
of all employed respondents.



Table 8: Quit Function, 1994-1996
(Probit Estimates)

Independent Variables dF/dX t Mean
ω (number of monthly wages overdue) 0.010*** 2.945 1.189
Ω (regional arrears environment) –0.013* –1.837 1.134
ω*Ω –0.003** –2.364 2.051
Regions (Siberia is omitted)

Moscow and St. Petersburg 0.016 0.787 0.085
Northern West –0.032* –1.693 0.079
Central Region –0.006 –0.394 0.191
Volga –0.041*** –2.715 0.180
North Caucasus 0.003 0.176 0.121
Urals –0.010 –0.640 0.154

Hourly Wage Rate (rub.) / 10 –0.001 –0.200 0.948
Total Family Income (rub.) / 1000 0.004 1.330 0.947
Male 0.035*** 3.143 0.472
Schooling (years) –0.007*** –2.855 11.651
Age (years) –0.000 –0.204 39.579
Tenure (years) –0.006*** –9.458 8.956
Occupation (craft workers are omitted)

Managers –0.045* –1.644 0.033
Professionals –0.059*** –3.137 0.142
Technicians –0.029* –1.745 0.172
Clerks –0.031 –1.468 0.071
Service Workers –0.010 –0.519 0.085
Operators and Assemblers –0.038*** –2.651 0.183
Unskilled Workers 0.022 1.221 0.112
Army –0.091** –2.217 0.011

Year94 –0.012 –1.305 0.512
N = 7108

LR chi2(24)   = 254.93
Notes: t-statistics are reported in parentheses; *** – significant at the 1% level, ** – significant at the 5% level; *–
significant at the 10% level. Sample consists of all employed respondents.



Table 9: Costs of Wages Arrears: Strikes and Legal Penalties

Strikes
(Probit)

Legal Penalties
(Probit)Independent Variables

dF/dX t dF/dX t
Mean

ω (number of monthly wages overdue) 0.005*** 5.803 0.0004*** 3.817 1.046
Ω (regional arrears environment) 0.003 1.625 0.0003 1.528 1.049
ω*Ω –0.001*** –3.501 –0.0001** –2.352 2.520
Industry (Food Industry is omitted)

Energy & Fuel 0.019* 1.828 – – 0.093
Metallurgy & Chemicals 0.010 1.121 0.0018 1.371 0.109
Machine Building 0.004 0.650 0.0006 1.082 0.389
Wood and Building Materials 0.005 0.603 0.0052** 2.555 0.091
Light 0.009 1.041 – – 0.113
Other 0.013 1.053 – – 0.040

Union Density
10-39% 0.035 1.485 – – 0.042
40-69% 0.045* 1.883 – – 0.094
70-99% 0.021* 1.796 – – 0.430
100% 0.015 1.251 – – 0.384

Legal Environment
Fraction of cases when
managers failed to pay assessed
fines on time

– – –0.0124*** –3.046 0.093

Fraction of cases when arrears
were paid off after violation was
discovered

– – –0.0032** –2.108 0.217

Year96 0.004 0.769 0.0006 0.849 0.126
Year97 0.016** 2.195 0.0007 0.799 0.131
Year98 0.034*** 3.792 0.0015 1.450 0.135

N = 2531
 LR chi2(16) = 131.44

N =  2295
 LR chi2(11) = 69.39

Notes: t-statistics are reported in parentheses; *** – significant at the 1% level, ** – significant at the 5% level; *–
significant at the 10% level. Sample consists of industrial firms.



Table 10: Wage Arrear Reaction Function 1994-1998, OLS

Dependent Variable – ωωωω (number of
overdue monthly wages) 1994 1995 1996 1998

Ω  (regional arrears environment) –0.311
(–0.720)

–0.806***
(–2.751)

0.473
(1.085)

–0.984*
(–1.937)

Ω2 0.525**
(1.974)

0.683***
(4.887)

0.073
(0.426)

0.400***
(3.690)

Ω3 –0.073
(–1.643)

–0.066***
(–4.228)

–0.003
(–0.146)

–0.023***
(–3.603)

Legal Environment
Fraction of cases when managers
failed to pay assessed fines on
time

–0.932
(–1.372)

–2.127***
(–3.084)

–1.829*
(–1.903)

–5.269***
(–2.711)

Fraction of cases when arrears
were paid off after violation was
discovered

–0.253
(–0.911)

–0.618**
(–2.195)

–0.369
(–0.920)

–1.369
(–1.610)

Individual Characteristics
Male –0.012

(–0.136)
0.144

(1.613)
0.213*

(1.748)
0.858***

(3.361)
Schooling (years) 0.013

(0.703)
0.000

(0.023)
0.003

(0.103)
0.040

(0.682)
Age (years) –0.004

(–0.960)
0.004

(1.177)
–0.001

(–0.289)
0.010

(0.970)
Tenure (years) 0.022***

(4.560)
0.019***

(4.167)
0.032***

(5.019)
0.047***

(3.494)
Occupations (craft workers are omitted)

Managers 0.100
(0.474)

–0.487**
(–2.440)

–0.198
(–0.681)

0.360
(0.610)

Professionals –0.048
(–0.281)

0.080
(0.472)

–0.058
(–0.244)

0.156
(0.309)

Technicians 0.069
(0.475)

–0.088
(–0.613)

–0.254
(–1.261)

0.295
(0.718)

Clerks –0.208
(–1.167)

–0.131
(–0.764)

–0.145
(–0.605)

1.001**
(2.013)

Service Workers –0.349*
(–1.913)

–0.347**
(–1.984)

–0.188
(–0.814)

1.029**
(2.067)

Operators and Assemblers 0.202*
(1.815)

–0.114
(–1.033)

0.098
(0.631)

0.751**
(2.301)

Unskilled Workers –0.106
(–0.738)

0.036
(0.249)

–0.040
(–0.206)

0.632
(1.502)

Army –1.090
(–0.516)

0.842
(0.423)

1.712
(0.917)

–1.827
(–0.508)

Intercept 0.817*
(1.948)

1.103***
(2.785)

–0.054
(–0.090)

0.046
(0.036)

N = 3271
F(39, 3231) =

16.76
R2 = 0.168

N = 2980
F(39,  2940) =

34.46
R2 = 0.314

N = 2665
F(39, 2625) =

21.22
R2 = 0.240

N = 2275
F(39, 2235) =

15.69
R2 = 0.215

Notes: t-statistics are reported in parentheses; *** – significant at the 1% level, ** – significant at the 5% level; *–
significant at the 10% level. Other controls included (but not shown here) are regional dummies (7 categories) and
industry dummies (17 categories). Sample is restricted to respondents employed in non-public sector.
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Figure 3. Wage Arrears Equilibrium: Empirical Estimates, 1994-1998
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