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ABSTRACT

This paper focuses on the endogenous determination of effort
as a source of productivity growth. In the model, workers may
be self-employed or hired in an “industrial sector” characterized
by double-moral hazard. On one side, workers’ effort is not ob-
servable, but generates contractible signals. On the other side,
detecting signals requires costly monitoring with inputs only ob-
servable by firms. Resulting labor contracts are bonus schemes.
In addition, firms employ capital. As capital accumulates, la-
bor demand increases, forcing firms to raise bonuses. Economic
growth increases the “industrial sector” and employees’ effort and
is thus associated with increased labor productivity.
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1 Introduction

Understanding the large differences among countries in total factor produc-
tivity (hereafter TFP) is a challenge of great importance to the economics

! The striking fact is that at the aggregate level, TFP is closely

profession.
correlated with income (see, for example, Jones [1998]). As a matter of fact,
the observation that TFP differences are “responsible” for almost the entire
differences in income, has motivated Prescott to impress upon the economics
profession the “need” for “a theory of total factor productivity” (Prescott
[1998]).

Some economists associate the differences in TFP with differences in the
access to technology (Romer, [1993]). Others have pointed to differences in
factor endowments (in particular of skilled workers) as a source of differ-
ences in TFP (Mankiw, Romer and Weil [1992]). Acemoglu and Zilibotti
[1999] take the impact of the factor endowment a step further. According to
their view, economies which are well endowed with skilled workers are also
those that develop new technologies. However, these technologies are suited
to skilled workers and not to the less-skilled workers found in LDCs, and
therefore the free flow of ideas is insufficient to close the TFP gap.

Prescott [1998] argues that TFP differences are not necessarily due to
differences in the stock of knowledge. Prescott cites several studies that
demonstrate that TFP differences are associated with differences in work
practices and organization. In his conclusion Prescott focuses on “the re-
sistance to the use of better technologies” and “the policy arrangement a
society employs” that affects this resistance. Hall and Jones [1999] identify
social obstacles that hinder some economies from adopting high-productivity
production technologies. They concentrate on “social infrastructure” as an
explanatory variable. According to this explanation, countries whose poli-

cies are “favorable to productive activities - rather than diversion - produce

1Significant TFP differences among OECD countries have also been measured at the

industry level (Harrigan [1997]).
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much more output per worker”. Parente and Prescott [1999] argue that poor
economies remain poor because monopolists that control factor supply pre-
vent the adoption of superior technologies. Kocherlakota [2001] concentrates
on the technology adoption issue formally. In his paper, it is the ability to
enforce a social contract that makes the difference. Economies in which such
an enforcement is not possible, do not adopt a superior production technol-
ogy (which is available at some cost), while economies in which the social
contract is enforceable, do.

We take a somewhat different line of explanation. In our paper, total
factor productivity reflects neither the knowledge of how to produce, nor
the factor endowment or the composition of the labor force. Rather, total
factor productivity reflects the effort that workers exert in the production
process.? Moreover, we show that the amount of effort grows endogenously
together with output and therefore total factor productivity also increases as
the economy grows.

These results are generated in a framework that combines a standard
growth model with models of optimal incentive contracts. Specifically, we
consider an economy in which two technologies may be used to produce the
same good. The first technology uses only labor as input and workers are
"self employed”. However, not all workers are identical in their productivity
if they choose to be self employed. The second technology uses capital and
labor and is operated by “firms”.? In this technology all workers are ex-ante
identical. The productivity of the workers depends on the amount of effort

they exert. Workers dislike exerting effort, and their effort level is not directly

2Schmitz [2001] provides a very detailed analysis of labor productivity of the U.S. and
Canadian iron-ore industries. The study shows very clearly that great productivity gains
can be attributed to changes in effort per hour worked and in work rules. Schmitz argues
that his case study demonstrates that “productivity differences across other industries
may be also due in some substantial part to factors other than production technology,

physical capital and human capital.”
3For the sake of argument, one may think of the two “technologies” as representing

“agriculture” and “industry”.
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observable. This creates a moral hazard problem for the employers. On the
other hand, workers are assumed to emit some signals that are positively
related to their effort. These signals may be measured by the employers.
The precision of the measurement depends on the intensity with which these
signals are monitored by the employers. That intensity is generated at a
cost, a fact that creates another moral hazard problem between workers and
employers.

Demougin and Fluet [1998] have shown that in an environment like this,
with risk-neutral workers, the equilibrium is characterized by a bonus con-
tract. This contract stipulates that a bonus is paid if the signal emitted by
the worker is favorable. The workers choose the effort level taking as given
the monitoring intensity and knowing the impact of effort on the probability
that the signal they emit will be detected. The employers choose the mon-
itoring intensity taking into account the effect of their choice on the effort
level it induces.

In a dynamic setting, workers are assumed to maximize their infinite-
horizon discounted expected utility. The workers are assumed to be risk-
neutral with respect to consumption. We show that workers choose every
period their employment status (self-employed or employee) and their effort
level (if relevant), so as to maximize their periodic expected labor income,
given the structure of the employment contract. After the monitoring results
are realized (if relevant), workers determine how much to consume and how
much to save. Savings turn into next-period capital which is rented to firms
in a perfectly competitive capital market.

Firms hire capital and decide on the monitoring intensity every period
so as to maximize profits. The particular structure of the bonus contract
that is chosen, namely the level of the bonus and the probability with which
it is paid, turn out to depend on the amount of capital hired by the firm.
This implies that the equilibrium effort level and the number of employ-
ees also depend on that amount of capital. In fact, the dynamic path we

generate is characterized by increases in capital that induce “better” labor



INCENTIVE CONTRACTS AND TFP 5

contracts (higher bonus and more monitoring) and higher effort. In addition,
more workers become employees, leaving the more efficient workers as self-
employed. As a result, productivity in the economy increases without any
technical progress or change in human capital.

The paper starts with a formal presentation of the model. In this section
we discuss the static problem of the workers and of the firms and derive the
optimal bonus contract. We also show that the contract is consistent with
the dynamic optimization problem of the workers. Next we parameterize
some key functions in our economy and derive the equilibrium conditions
for that specific case. We conduct some comparative static experiments on
the steady-state of the economy. Finally, we numerically evaluate a dynamic
equilibrium path and discuss its properties. In the last section of the paper,

we offer some concluding remarks.

2 The model

We consider a single good, discrete time economy with a constant population
of infinitely lived households indexed on the unit interval by z. We describe
the households in some detail, before we specify the two technologies with

which the good can be produced

2.1 Households

Each household z consists of a continuum of identical members over the unit
interval. The household owns k;(z) units of capital at the beginning of period
t that are inelastically supplied to the capital market at the rental rate r;.
In addition, each member h of the household is endowed with 1 unit of labor
per period that is inelastically supplied. Every member of the household
may exert effort af(z). Effort has a potential effect on that member’s labor
productivity in a way to be specified below. However, household members

are not decision-making units. They are agents of the household and carry



INCENTIVE CONTRACTS AND TFP 6

out its decisions, in particular those concerning effort.*

All households in the economy are identical. At every period, they are
assumed to care (positively) about their aggregate consumption, x;, and
(negatively) about the amount of effort exerted by their members, a;. °
Households are assumed to be maximizing the discounted stream of momen-

tary utility:
> n'ulzy, ar) (1)
t=0

For the momentary utility, we specify

u(wy, ap) = xp — c(ay) (2)

where the function ¢(a) measures the disutility of effort. The function c¢(a) is
assumed to be increasing and convex with ¢(0) = 0. In addition, we impose
a minimum subsistence level per member denoted by z.%

Labor can be used in either one of two technologies. In one of them,
the workers will be referred to as being “self-employed” and in the other as
“employees”. If self-employed, a member of household z produces output
y(z) at no effort cost. Without loss of generality, households are ordered in
such a way that y'(z) > 0.

Alternatively, a household may decide to send its members to the la-

bor market as employees. Once employed, each member exerts the house-

4The goal of this structure is to remove any idiosyncratic uncertainty at the household
level (see Shi [1998] for a similarly motivated specification). Specifically, one may think
of the household members as "machines” that are ”programmed” by the household and
have no will of their own. Alternatively, one may think of the household as an institution

that can fully and costlessly monitor its members.
®Clearly, one may also think of the household preferences as the aggregate over indi-

vidual member preferences, defined over their consumption and effort, i.e.

/u(x,}f,a?)dh .

However (1) follows since 2 = z; and a} = a; for all members h € [0, 1] of the household.
6The linear specification of the utility function is used for parsimony to keep the subse-

quent employement contract simple. The subsistence level is introduced to generate more

realistic dynamics in the face of that linearity.



INCENTIVE CONTRACTS AND TFP 7

hold determined effort level a, and obtains a corresponding compensation in
terms of output. Despite the fact that members of households have different
productivity if self-employed, they are assumed to be equally productive as
employees.

The budget constraint of the household depends on the employment sta-
tus of its members. We discuss the specifics after the introduction of the
optimal bonus scheme. To keep the language simple, we refer to the rep-
resentative household member as “worker”, “employee” or “self-employed”

according to the corresponding status.

2.2 Firms

Firms are employing capital and labor. The effectiveness of labor provided
by an employee depends on the effort exerted by that employee. Specifically,
a worker who exerts effort a, supplies e = g(a) effective units of labor, where
the function g(-) is assumed to be strictly increasing. Anticipating that it will
be to the firms’ advantage to provide equal effort incentive across workers,
we write the production function of firms as F'(K,eL) where K and L denote
the per-firm capital and labor employment.” We make standard assumptions
on the production function. In particular, it is assumed that the production

function is homogeneous of degree 1 in both arguments.

2.3 The double moral hazard problem

In this subsection, we solely focus on the contractual game between a worker
and a firm. We assume that the game has to be played every period inde-
pendently of the past. In doing so, we rule out long term contracts and any
reputation effect either on the part of firms or employees.

Our key assumption is that workers’ effort is not directly contractible. As

a result, workers’ behavior is affected by problems of moral hazard. On the

"Assuming effective labor is additive across workers, production can be written as

F(K, [, g(a(h))dh) where L is the set of employees of the firm.
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other hand, it is assumed that firms can generate contractible information
on effort. This introduces the ability to mitigate the moral hazard prob-
lem through the use of proper incentives. More concretely, we assume that
workers are emitting noisy signals related to their effort level. At some costs,
these signals can be measured and made verifiable. Accordingly, these signals
become contractible. However, the fact that these measurements are costly
to the firm introduces a further moral hazard problem, this time on the part
of employers. Our assumption here is that though information is verifiable,
the precision of that information is not.® This double moral-hazard problem
is resolved through a game which determines the precision at which the sig-
nals will be measured and the extent to which they will be used in the labor
contract.

In order to derive the optimal decision of the firm in the appropriate game,
we assume here that in each period workers maximize their income net of
effort costs. In the next subsection, we show that under the derived contract,
this presumed behavior is consistent with the preference specification as given
in (1) and (2). Because the same game is repeated every period, we omit the
time index whenever confusion not possible.

The firm faces the problem of how much effort to induce. This deci-
sion entails a choice of an employment contract and of the amount of re-
sources it allocates to the process of measuring the emitted signals. The
latter determines the precision at which these signals are measured, which is
parametrized by 6.

At this point, we can draw from existing results in the literature. In
particular, it is known that in the current setting — due to the risk-neutrality

of both parties — optimal incentive contracts are of the bonus type where a

8To give a concrete example, suppose that university contract promises a positive tenure
decision whenever a tenure commission presents two ‘good’ reports from external qualified
academics. The precision of such a scheme is obviously manipulable since a tenure com-
mission could always ask for more that two reports and only present those reports that

are found advantageous.
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worker receives a fixed payment A, and depending on the realization of the
measured signal, a bonus B.° These results depend on the aforementioned
assumption that the distribution of the signals is affected by the worker’s
effort. Moreover, consistent with the moral hazard problem of the firm, it is
assumed that this distribution also depends on the precision of measurement.

Since the optimal contract is of the bonus type, the measured signals can
be aggregated to a binary random variable, x € {0,1}, where the worker

receives the bonus if x = 1. We denote
p(a,6) = Prly =1]a,0] . (3)

We assume that p, > 0 and p,, < 0. Heuristically the first requirement
means that x = 1 constitutes a ‘favorable’ information with respect to the
agent’s action in the sense of Milgrom (1981). The concavity requirement
guarantees that the agent’s problem is well behaved. The conditions are
necessary and sufficient for any action to be implementable with the binary
signal y. The requirements are implicit conditions on the initial information
structure. Demougin and Fluet [1998] have shown that assuming the under-
lying information system satisfies MLRC and CDFC is sufficient to guarantee
Pe > 0 and pg, < 0.

Finally, we let ¢(0) denote the resource cost of precision per worker. Re-
garding precision, we assume py < 0,pge < 0 and ¢g > 0,099 < 0. The
conditions on the first derivative are not real restrictions. They would natu-
rally follow if one were to fully model the information acquisition problem of
firms. The concavity requirements guarantee that first order conditions are
sufficient.

The timing of the game between firms and workers (within a period) is
as follows. Firms offer a bonus contract {A, B} where A denotes the fixed
payment and B the bonus part of the contract. In addition, firms announce
a precision level by which they intend to measure the signals. We assume

that 0 is not contractible, which creates the double moral hazard problem and

9See Park [1995], Kim [1997] and Demougin and Fluet [1998].



INCENTIVE CONTRACTS AND TFP 10

requires the firm to make a credible announcement. Workers either decide
to work for firms or to remain self-employed. Those who become employees
select their level of effort, given the announced precision. The firms select the
precision, which, in equilibrium, is the same they have announced. Finally,

signals are observed and payments are made.

2.4 The bonus contract

For the subgame where firms select precision and workers make a choice of
effort, we use the Nash equilibrium concept. Starting with the problem of the
employee, suppose a worker has chosen to work for a firm. That worker faces
a bonus contract (A, B) and expects the firm to implement a precision level 6.
The worker chooses effort to maximize utility derived from the employment

contract. Analytically, he solves
max A+ Bp(a,0) —c(a) . (4)

From the foregoing, the first-order condition is sufficient. Rewriting that
condition yields the bonus which the firm must pay to induce effort a, given

the precision level 0:
d(a)
B = . 5
PRER) ®)

Given that a worker works for a firm according to the bonus scheme

{A, B} and given that the firm expects the worker to produce the effort a,
the firm will choose precision, #, to minimize its expected costs — i.e. the
sum of precision costs plus expected bonus and fixed payments to the worker.

Hence, a firm will solve
min A+ Bp(a,0) + ¢(0) . (6)
Again, the first-order condition is sufficient, yielding:

Bp(a,0) + ¢'(6) = 0. (7)
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Given a contract {4, B}, the solution to the Nash game is a pair (a,0) that
solves (5) and (7). 1

2.5 The overall problem of the firm

In this subsection, we embed the contractual game in the larger context of
the firm’s overall decision problem. At this stage, in addition to determining
the bonus contract — thereby inducing the desired effort — the firm must also
select precision, capital and employment. The firm takes as given the rental
rate of capital. In addition the firm faces a reservation utility for employees.
Altogether, the firm’s problem can be written as:

max F(K,eL) —[A+ Bp(a,0) +¢(0)]L —rK + (1 —0)K  (8)

a,e,0,A,B,K,L

Bpa(a,0) = d(a) = 0 (9)
A+ Bp(a,0) — c(a) > 7 (9b)
Bpo(a,0) + ¢'(6) =0 (9¢)
gla) =e (9d)

where 0 is the depreciation rate, and 7 denotes the reservation utility of
workers. The constraints (9a) and (9b) are the agent’s incentive and par-
ticipation conditions and (9c) is the credibility requirement for the firm’s
announcement of precision. Equation (9d) relates the induced effort level a
to the labor productivity factor e.

In the remaining, it is advantageous to use the homogeneity of the pro-
duction function to rewrite the objective function of the firm in per worker

terms. Specifically denote

Lf(k,e) = F(kL,eL) ,

ONote that the solution may not be unique. This, however, is not a problem since by

announcing the contract the firm can select the best equilibrium for itself.
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where k measures the capital labor ratio. Substituting this definition in
the firm’s problem and abstracting from the employment decision, we can
rewrite problem (8). Since the firm takes ¥ as given, it is easily seen that
(9b) will be just binding. Therefore A can be eliminated from the firm’s
problem. Similarly, B can be eliminated by using the constraints (9a) and
(9¢c). Altogether the optimization problem of the firm can be reduced to a

Lagrange problem:
max L = f(k,g(a)) = [c(a) + T+ ¢(0)] + (1 =6 —r)k

) (qs'(e) - ZEZZ Z; c’<a>) (10)

2.6 The household’s problem revisited

When deriving the optimal bonus contract above, C = {A, B,0} we have
assumed that households care about the expected income net of effort costs
of each of their members (see (4)). Here we show that under the derived
bonus contract this assumption is consistent with the dynamic optimization
problem of households.

In general, every household decides each period on the employment status
of its members, possibly on effort, and on saving and consumption. Saved
income turns into capital next period and will be rented out in the capital

market. The resulting optimization problem of households becomes:

{at,xe, k41352,

max S 'l — cla)] (11)

A+ B .0 if loyed
T+ hoys — reky = t tp(at t) | 1 employe (12)
y(z) if self-employed

where households are assumed to have perfect foresight over future rental

rates and employment contracts and kg is given. From the optimization

problem it should be evident that the following holds.
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Lemma 1 Given a contract C; = {A;, By, 60;} in period t, the effort level

chosen by a household of employees is
a; = argmax A; + Byp(a,0;) — c(a) . (14)

Moreover, the fraction of population which is employed is given every period

by z where z solves:
y(z) = max A, + Byp(a,b;) — c(a). (15)

Thus despite the dynamic structure, due to the linearity of the utility

function, households maximize every period income net of effort costs.

3 A specification

In this section we introduce specific functional forms. In particular, we as-

sume
p(a,0) =d’ ac|0,1] (16a)

¢(0) = o+ ¢1- 0%, a>1 (16b)

cla)=c-da’, =1 (16¢)

o(a) = - fyay,y - 0. (16d)

The exponential specifications of the cost functions (16b) and (16¢) are
done purely for convenience. The restriction on a (which is a choice vari-
able) in (16a) is needed because p(a,#) is a probability. The conversion of
effort into labor effectiveness as specified in (16d) transforms the effort level
which is represented by a probability-related variable a into an unbounded
labor-effectiveness variable e = g(a). The parameter v is a measure of the
sensitivity of e to a: higher values of v convert a given level of effort into
lower levels of labor-effectiveness.

The particular specification of p(a,f) chosen in (16a) is useful because
of the relationship implied by the model between the elasticity of that func-
tion and the expected bonus. Specifically, notice that (5) implies that the
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expected bonus needed to induce a given level of effort, a, takes the form:

/
Bp(a,0) = ac (a)) where ¢, = @Pa (17)

Epa p

As a result, one may use ¢, as a natural measure of the informational use-

fulness of signals: the more useful a signal becomes, the lower is the expected
bonus required to induce a given level of effort. In general, €,, depends both
on # and on a. For the functional form of p(a,#) in (16a) however we get
€p. = 0. In this case the informational usefulness of the signal depends on
the precision of measurement, 6, but not on the worker’s effort, a.!*

Under these assumptions, the first-order conditions of the firm’s problem

in (10) become:

k. €)g/(a) — fea™ + 2Gea® L+ Bln(@] =0 (188)
felk,e) +(1=6—-r)=0 (18b)
ot + 2 [prafa - e - FERET o g
ap 0! + w =0 (18d)

Furthermore, the worker’s incentive and participation constraints yield:

B’ — Bea® 1 =0 (19a)
A+ Bd® —cd® =7 (19b)

Finally, we also have three market clearing conditions:

f(k,e) — [A+ Ba’ + (¢o + ¢10*)] + (1 =6 —r)k =0 (20a)
1
y(z) =7 (20¢c)

Equation (20a) is the zero profit condition for the marginal entrant in the

firm sector. Due to the linear homogeneity, it also implies that the economic

" The specific functional form p(a,d) = a? obtains if the underlying information struc-
ture of signals follows a Poisson process. For a derivation of the example, see Demougin

and Fluet [2001].
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profit is zero for all firms. The condition (20b) requires that in the steady
state the market clearing interest rate be given by the worker discount factor.
Finally, (20c) determines the opportunity cost of the marginal employee in
the firm sector.

The overall system is block recursive and can be easily simplified. First,
we eliminate r and 7 from (20b) and (20c). Second, equations (18c) and
(18d) imply that A/0 = 1/«a. Using the above results in (18a) and in (18b),

the system reduces to:

. Bead® !
fo(k,e)d (a) — Bea® ' + — 1+ Bln(a)] =0 (21a)
fulk.g(a)) = (= (1= ) =0 (211)

where e = g(a), and we obtain a and k. Using these results, 6 follows from

(18d). Finally, A, B and 6 obtain from (19a)-(20a).

4 Comparing steady-states

In this section, we perform some steady state comparisons with respect to
changes in the time preference and the effort disutility of workers. We also
examine the implications of changes in the production and in the monitoring
technology as well as in the outside opportunities for the self-employed sector.
Moreover, we discuss dynamic adjustments by examining the implication of
a surprise change in the respective parameters at the beginning of a period,
i.e. at a point in time where capital is already given. Finally, throughout the
section, we only consider the case fi, > 0 which means that we restrict the

analysis to situations where capital and labor are complements.

4.1 Changes in the time preference

Here we compare economies which differ in the subjective discount factor of

their population measured by the variable 7. Specifically, in one economy
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workers are less patient, so that in steady state the rental rate of capital,
r = 1/n, is higher.

In order to simplify notation, we rewrite the firms’ problem. We solve for
the precision variable from (18d), thus eliminating both 6 and the constraint.
The firms’ problem then becomes:

max 7 = f(k,g(a)) — ca® — y(z) — (—gcaﬁ ln(a)) ’ +(1-0—-r)k. (22)

a,k

Writing the first-order conditions in a and k, we obtain from implicit differ-

entiation:

(23)

where H is the relevant Hessian. The signs follow from the local concavity
at the maximum — which yields det H > 0 and m, < 0 — and because capital
and labor have been assumed to be complements, i.e. m,; > 0. We summarize

our conclusion in the following result:

Result 1: In an economy in which workers are less patient, in steady state

employees apply less effort and the capital-labor ratio is lower.

The result is very intuitive. Less patient workers want to consume more
in the current period. Their saving is lower, which induces a higher interest
rate and lower equilibrium capital labor ratio. The reduction in effort follows
from the complementarity assumption. Thus, other things being equal, we
conclude that a highly capitalized economy (namely, an economy with a high
capital-labor ratio) should also be characterized by high effort of employees.
The latter implies a high total factor productivity.

Next, we turn to the labor contract, C, required to induce the desired
effort, a. The ingredients of C follows from (18d)-(19b) in a block recur-
sive way; (18d) yields 6, then given 6 (19a) yields B and, finally, A results
from (19b) given 6 and B. Noting that sign(6,) = —sign|a + B1n(a)], we

introduce the following terminology:

Definition: An economy is a high (low) effort economy when [a + F1n(a)] >
(<) 0.
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According to this definition, in a high effort economy, a and 6 move in
opposite directions. The opposite directions of these changes imply that to
induce a higher effort, the contract’s power, as measured by Bp(a, ), must be
increased to provide more incentives. In a low effort economy, firms increase
monitoring when they want to induce more effort, but they may or may not

raise power.

Result 2: Comparing two high-effort economies, steady-state labor contracts
in the economy populated by the less patient population are characterized
by more monitoring and less power. In contrast, comparing two low-effort
economies, the steady-state labor contract in the economy populated by the

less patient population are characterized by less monitoring.

Finally, in order to obtain the effect of a change in 7 on the fraction of
workers employed in the firm sector, we just set firms’ profit in the steady

state equal to zero. Implicit differentiating the equation yields

- k
=t T g, (24)
Ty y'(2)
Result 3: In an economy with less patient population the steady-state fraction

of the labor force employed in the firm sector is smaller.

Altogether, differences in the worker discount factor (or, equivalently, in
the interest rate), induce co-movements in the capital-labor ratio, in em-
ployment and effort. Total factor productivity is changing in the firm sector

independently of any technical change in that sector.

4.2 Changes in the productivity of self-employment

For this section, we rewrite (20c) as y(z,u) = ¥ where p acts as a shift
parameter. Without loss of generality, we assume y,, > 0 which means that a
raise of y improves productivity in the self-employed sector. It is easy to see
from the equilibrium conditions (18a)-(20c) that in the steady state variations
in p only affect z. Specifically, y(z, ) must stay constant. This observation

implies that in an economy with a higher u, the steady state fraction of the
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labor force who choose to become employees, z, is lower. Since in the steady
state the capital labor ratio remains unchanged, other things being equal,
such an economy has less capital.

The comparison of the steady-state leads to an analysis of the adjustment
path which results from such an unexpected change in p. Initially, total
capital is fixed and the outflow of workers from the firm-sector causes the
rental rate of capital to fall. From the foregoing section, we know that this
induces an increase in the capital labor ratio and in effort (relative to the

original steady-state). We summarize our conclusion in the following result:

Result 4: A surprise reduction in the productivity of self-employment causes
a temporary reduction in the capital labor ratio and effort and an increase
in employment in the firm sector. Along the adjustment path, employment
in the firm sector increases towards a new, higher level and the capital-labor

ratio and effort increase to their initial levels.

Assuming a slow adjustment in capital, result 4 suggests sharp jumps
in a,k and z at the time of the surprise increase in p followed by a period
where society is decumulating capital. At some point the interest rate starts
raising which will bring the system back to steady state at a higher level of
self-employed.

Obviously, since in steady-state a and k remain unchanged the incentive
contract also remain unaffected. However, this is not true along the adjust-
ment path as firms find it optimal to induce higher effort levels. Whether
these higher effort levels are induced through more monitoring or more power

depends again on whether or not we are in a high or low level economy.

4.3 Changes in the monitoring costs

In this section, we consider a decrease in monitoring costs. In principal,
we could examine either changes in the fix or the variable monitoring costs.
However, it turns out that due to the specification of the model variations

in ¢ are fully compensated by adjustments in ¢ — see (18d) — such that
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total monitoring costs remain unchanged. Not surprisingly a and £ also
remain unchanged as can be verified in (21a) and (21b). Nevertheless, the
structure of the incentive contract must adjust to account for the variation
in monitoring. For example, a reduction in ¢; increases 6 thereby reducing
the required power of the contract as can be derived from (19a).

Of more interest are variations in ¢q.'? Suppose, we consider a reduc-
tion in the fix costs of monitoring. Again in steady state a and k£ remain
unchanged as monitoring costs do not influence either (21a) or (21b). More-
over, monitoring and power are also unaffected in the long run. However,
participation in the firm sector goes up due to the zero profit condition. Just
as in the foregoing section, we can think of the adjustment process. Initially,
a reduction in ¢y induces firms to hire more workers. Since capital is tem-
porarily fixed, this generates a reduction in the capital labor ratio. Therefore
induces an increase in r and a reduction in a. Over time the economy ac-
cumulates capital, the firm sector continues to grow while the interest rate

falls and effort increases to its steady state level.

4.4 Changes in contract enforcement

Until now, we have assumed that the legal environment, in which firms and
workers interact, is such that agreed upon contracts will be enforced. For ex-
ample, in the case underlying the specification, we found that if no errors are
detected the principal should pay the agent a bonus. This in turn produced
the incentive for firms to undertake monitoring in order to detect mistakes.
Credible monitoring then allowed to align incentives between employers and
employees. In this section, we briefly explore the possibility of weakening the
legal environment. Specifically, we assume that for an exogenous proportion
1 — g of employment contracts between a firm and its worker, the agreement

is not honored. In that case, we assume that the firm knows it will not pay

12Note that the fix cost of monitoring have been defined in per capita terms. As a result

a reduction in ¢g can also be thought of as lowering hiring costs.
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the bonus and, thus, decides not monitor at all. Nevertheless, we do assume
that offers are all the same across workers, since otherwise offers would work
as signals.

Obviously, this is a very crude and add hoc way of introducing variations
in the credibility of the legal structures. On the other hand it is very intuitive
and, more importantly, does not require large changes in the foregoing model.
In particular, the foregoing model is nested for ¢ = 1. In contrast, with ¢ = 0
the legal environment fully breaks down and no contract is credible.

Introducing these changes affect the constraint of (10) which becomes:

p9(a7 0) ’

$0) + T a)

Applying the change to the specification of section 3 marginally changes
equation (21a):

fa(k, g(a)) — Bea”" + [1+ Fn(a)] =0 (25)

Beal!
qo
with the two equation being equivalent at ¢ = 1. Together with (21b) the

two equations allow us analyze the effect of a change in ¢. We obtain from

the implicit function theorem the following result.

Result 5: The effects of variations in the legal system depends on whether
the economy is in a low or high effort economy. In the case of a low effort
case, ay*, ky* > 0. Effects are reversed in the high effort environment.

The result implies that weakening the credibility of the legal environment
is always bad. In a low effort economy a**(¢) < a*, the result implies that
effort is even further reduced. In contrast, in a high effort economy workers

are driven to work even harder. Of course, in the latter case, workers are

already working too much as compared with the efficient solution.
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5 Numerical Experiments

5.1 Monitoring Cost

We conduct a numerical experiment to assess the impact of the monitoring
cost on the steady-state behavior of the economy. In particular, we look at
two economies that are identical in all respects, except the monitoring-cost
elasticity, a (see (16b)). This elasticity represents the effectiveness of the
monitoring device: The higher a becomes, the lower the monitoring cost for
a given level of precision 6.

Except for the value of a, both economies are characterized by the same
parameters. In the monitoring cost function (16¢) we set: ¢g = 0 and ¢ = 3.
For the effort disutility, (16¢), we set: ¢ = 6 and 8 = 10. We specify the

production function as:
F(K,eL) =T -K(eL)"™, (26)

with 7' = 1.4 and v = 0.35. We set the value of v in (16d) to 4. The

self-employed produce according to:
y(2) = ug - 2°, (27)

with ug = 0.5 and § = 2.'® The depreciation rate, dep, is set at 0.08. The

discount factor, 7, is 0.95. Finally, we set z (the subsistence level) to 0.
The following table compares an economy with a highly effective moni-

toring technology (o = 4) to one in which the monitoring technology is much

inferior (o = 1.02). We also include an intermediate case (a = 2).

13The parameter § seems to be very large in terms of its implication for the average
productivity of self-employed workers as a function of their fraction in the labor force.
The choice is made, at this stage, so as to make the dynamic effects sufficiently big to be

seen easily.
14 These parameters are chosen so as to obtain a reasoanble-looking charaterization of the

steady-state of the intermediate-monitoring-cost economy. In addition, these parameters

generate pronounced differences between the low- and high-monitoring cost economies.
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Table 1: Steady-States With Different «
Variable

Monitoring-cost elasticity (o) 4.00 2.00 1.02
Per-capita Total Output () 0.92 0.35 0.23

Saving Rate 0.23 0.17 0.09
Effort (a) 0.75 0.63 0.54
0 0.54 0.21 0.03
z 0.73 0.54 0.40
p(a,0) 0.86 0.91 0.98
k/y 289 2.11 1.18
wz /Yt 0.62 0.72 0.84
m/y? 0.20 0.20 0.13
v/v° 0.89 0.60 0.32
TFP;1 0.62 0.33 0.21
TFP? 0.38 0.31 0.26
Notes:

'Expected wage-bill relative to total output

2Expected monitoring cost relative to total output!®

3Share of ”industrial” sector in total output

4Total factor productivity in "industrial” sector

> Output per worker in ”self-employed” sector.

Table 1 reveals that the economy that has the most effective monitoring
technology has a per-capita output value that is 4 times higher than that of
the economy with the worst monitoring technology. The fraction of the labor-
force that is employed in the ”industrial sector” in the first economy is close
to double that of the third. Effort is measured with a much higher precision
in the first, and total monitoring costs amount to a much higher fraction of
output. The capital/output ratio in the first economy is about as high as that
of the US, while that of the third economy is more in the range of a typical

LDC. The wage bill in the first economy is lower relative to output because

5Notice that the monitoring costs are not counted as part of the economy’s total output.
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of the high importance of capital in that economy. Finally, the productivity
measures in the first economy are significantly higher. Specifically, the total
factor productivity in the ”industrial sector” that amounts to almost 90% of
total output in the first economy, is about 3 times as larger than it is in the

other economy.!6

5.2 Dynamics

We turn to the growth path of the economy with the intermediate monitoring
cost technology (o = 2). The economy is started with a quarter of its capital,
and with a subsistence 0.22. The economy reaches the steady-state after 22

periods. We describe first the economy’s growth performance.

35
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Figure 1: Growth Rates

16While this example cannot match the 7.7 factor Hall and Jones [1999] find for the
difference between the U.S. productivity and that of Niger, our model gets the slope of
Figure I in their paper (on page 90) about right. There, a factor of 4 in output per worker

is associated with a factor of 2.5 in total factor productivity.
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Figure 1 depicts the growth rates of output as well as of the total factor
productivity in the “industrial” sector and of the output per worker in the
“self-employed” sector. As can be seen from the figure, the growth rates are
all accelerating until one period before growth stops (at the steady-state).
Total factor productivity growth amounts to approximately a half of the out-
put growth. The result is due to the fact that as the economy is accumulating

¢

capital, more workers are needed for the “industrial sector”. These workers
have to be enticed away from self-employment. As the productivity of the
marginal self-employed worker increases, a better contract has to be offered
to the industrial workers. This, in turn, entails more monitoring and higher

productivity.
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Figure 2: Output and Productivity Levels

This effect can also be seen when one looks at levels, rather than growth
rates. Figure 2 shows that as output increases, so do the productivity mea-
sures. In fact, the relationship between the endogenously driven productivity

in the “industrial” sector and output is even more pronounced than that of
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the productivity gain in the self-employed sector.
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Figure 3: Monitoring and Employment

Finally, in Figure 3 we show the evolution of the fraction of workers em-
ployed in the “industrial sector” and the monitoring costs relative to output.

The figure clearly shows that the need to entice more workers into the “in-

dustrial sector” is indeed associated with higher monitoring costs.

6 Conclusion

This paper generates total factor productivity gains that are unrelated to
ant technological progress. In fact, production technologies are kept con-
stant throughout the analysis. However, out of steady-state the economy is
accumulating capital. The workers who use this capital need to be enticed
away by the ”industrial sector” from an alternative occupation. The produc-
tivity of the marginal worker in that alternative occupation is assumed to

increase when the number of workers who are not yet employed in ”industry”
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decreases. This requires a higher wage. To justify that higher wage, work-
ers need to exert more effort. To induce that higher effort, employers must
increase their investment in monitoring, and the result is higher productivity.

Thus, the mechanism we have shows how the increased pressure from
an alternative sector (in our case - the ”self employed” sector) induces in-
creased productivity in the ”industrial sector”. Clearly, one may think of
other sources of pressure that may trigger the same mechanism. Competi-
tion from other countries generated by trade-liberalization can clearly be one

such factor.
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