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Abstract

We develop a model in which a firm makes a sequence of production decisions and has to
motivate each of its employees to exert effort. The firm motivates its employees through incentive
pay and promotion opportunities, which may differ across different cohorts of workers. We show
that the firm benefits from reallocating promotion opportunities across cohorts, resulting in an
optimal personnel policy that is seniority-based. We also highlight a novel time-inconsistent
motive for firm growth: when the firm adopts an optimal personnel policy, it may pursue future
growth precisely to create promotion opportunities for existing employees.
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1 Introduction

To meet the increased demand for explosives brought about by World War I, DuPont expanded
its work force from 5,000 in 1914 to 85,000 in 1918. But its executives were keenly aware that the
war would not last forever, and they formed plans for post-war diversification in part to ensure
their employees would continue to have jobs. In addition to entering into related chemical-based
industries, they made investments in other industries to have “a place to locate some managerial
personnel who might not be absorbed by the expansion into chemical-based industries.” (Chandler,
1962, p. 90)

This example illustrates that management requires planning ahead: it requires planning future
production both to adapt to future business conditions and to set up future career opportunities
for current employees. Such opportunities are abundant in fast-growing firms and can be used to
great effect in motivating employees. In declining firms, they may be scarce or nonexistent (Bianchi
et al., 2018). And when a firm’s growth rate fluctuates, they may vary across different cohorts of
employees who were hired at different times. Since firms need to keep all their employees motivated,
production plans affect the kinds of personnel policies they should adopt.

At the same time, the firm’s personnel policies influence its future production plans, as scholars
of management and strategy have long argued. Barnard (1938), for example, points out that there
is an “innate propensity for all organizations to expand... to grow seems to offer opportunity for
the realization of all kinds of active incentives.” (p. 159). Similarly, Jensen (1986) claims that using
promotions to motivate employees “creates a strong organizational bias toward growth to supply
the new positions that such promotion-based reward systems require.” (p. 2)

Such growth is often criticized as “growth for growth’s sake” or “empire building.”! Yet, this
type of “growth for opportunity’s sake” may serve an important purpose. Bennett and Levinthal
(2017), for example, argues that firm growth “can have implications for the firm’s competitive
advantage as a result of the impact of firm growth on the firm’s ability to motivate and incentivize
its employees.” (p. 2006) Production plans influence and are influenced by personnel policies, and
they should therefore be designed together.

This paper provides an attempt to understand how a firm’s production plans interact with its
promotion-based personnel policies. Existing economic theories are not well suited to explore this

interaction, since they either focus on the forward-looking determinants of firm growth without

!Porter (1998), for example, notes that, “the challenge for general management is to find new ways to motivate
and reward personnel,” when firm growth begins to slow but cautions that it can be a “serious error” for firms “to
diversify to provide the growth and advancement possibilities.” (p. 251)



accounting for long-term employee incentives,? or they focus on long-term incentives for individual
employees without exploring their implications for the size of the firm’s workforce.?

Our contributions are twofold. First, we highlight how fluctuations in growth opportunities can
lead firms to optimally adopt seniority-based promotion policies. Second, we demonstrate how the
use of promotion-based incentives leads to a time-inconsistent opportunity-creation motive for firm

growth. In doing so, we are able to assess when and how firms should pursue seemingly unprofitable

growth strategies.

Model In order to study the interplay between firms’ personnel policies and production plans,
we develop a model with two key features. First, employees are motivated by their career prospects
in the firm, and these career prospects depend on the firm’s choice of pay and promotion policies.
Second, the firm’s ability to promote employees depends on how many employees it needs, which
in turn depends on the demand for the products or services it produces.

In our model, a single principal interacts repeatedly with a pool of employees. The interaction
between the principal and each employee is a dynamic moral hazard problem with a limited-liability
constraint. The principal assigns each employee, in each period, to one of two jobs: a bottom job
and a top job. In each job, the employee faces a moral hazard problem and must be provided
incentives to exert effort. In the top job, the firm motivates the employee by paying a bonus for
good performance. In the bottom job, the firm motivates the employee through a combination of
bonuses for good performance and the prospect of being promoted to the top job.

Employees’ promotion prospects depend both on how many new top positions there will be in
the next period—which is determined by the firm’s growth prospects—and on how many people are
in line for these positions today—which is determined both by firm’s production decisions today
and by the personnel policies it has in place. The firm’s problem is therefore to make its production

plans and design its personnel policies jointly to maximize its profits.

Results and Implications Our first set of results shows how the firm optimally designs its
personnel policies given its production plan. The firm’s production plan determines how many
promotion opportunities will arise and when, and the firm’s problem is to figure out how to allocate
these opportunities across different cohorts of employees who began employment at different times.

Under an optimal promotion policy, promotion opportunities are not wasted, in the sense that they

*Lucas (1978), Jovanovic (1982), Hopenhayn (1992), Ericson and Pakes (1995).
#See Rogerson (1985) and Spear and Srivastava (1987) for early contributions and Biais, Mariotti, and Rochet
(2013) for a recent survey with a focus on financial contracts.



are allocated in a way that minimizes the firm’s wage bill.

The first main result is that firms optimally allocate promotion opportunities across cohorts
according to a modified first-in-first-out rule that favors employees with more seniority. Under such
a promotion policy, employees’ promotion probabilities are weakly increasing in their seniority, and
in each period ¢, employees in the bottom job can be divided into three categories depending on the
period in which they were hired. Senior employees hired prior to some 71 (¢) are all promoted with
the highest probability; junior employees hired after some 79 (¢) will be promoted with probability
0; employees hired in between 71 (¢t) and 72 (¢) will be promoted with positive probability that is
increasing in their seniority.

Our second set of results shows that optimal personnel policies lead firms to make time-
inconsistent production plans: higher demand for the firm’s product today can cause the firm
to become “inefficiently large” in the future. Specifically, if we compare two firms that face the
same future demand conditions, a firm facing better demand conditions today will have more em-
ployees both today and in the future. This path-dependence reflects an intertemporal trade-off:
while the firm may be inefficiently large going forward, the firm can pay today’s new hires with the

opportunities this additional growth entails, therefore reducing the firm’s overall wage bill.

Extensions The tools we develop to analyze optimal personnel policies also allow us to explore
how firms should manage employees’ careers when business conditions require the firm to downsize.
An optimal personnel policy for a firm that has to make permanent cuts involves a first-in-last-out
layoff policy and seniority-based severance payments: all laid-off employees are paid a severance
payment upon dismissal, and less-senior employees are dismissed first and receive a smaller sev-
erance payment. If the cuts the firm has to make are only temporary, then an optimal personnel
policy entails seniority-based temporary layoffs: less-senior employees are laid off, but once the firm
begins hiring again, it rehires them before it hires new employees. The analysis also shows that
optimal personnel policies might occasionally encourage employees to take time off, even when the

firm is not downsizing.

Literature Review This paper contributes to the literature on internal labor markets.* An
important set of features our model highlights is that optimal personnel policies involve seniority-
based promotions. The existing literature argues that seniority-based promotion policies may be

beneficial, since they can motivate efficient turnover (Carmichael, 1983), curtail rent seeking (Mil-

*See Gibbons (1997), Gibbons and Waldman (1999b), Lazear (1999), Lazear and Oyer (2013), and Waldman
(2013) for reviews of the theory on and evidence regarding internal labor markets.



grom and Roberts, 1988; Prendergast and Topel, 1996), and allow firms to better capture em-
ployees’ information rents (Waldman, 1990). While these papers establish benefits associated with
seniority-based promotion policies, they do not establish that such policies are optimal ways to
allocate scarce opportunities.

Our paper also contributes to the literature on the determinants of firm growth.> The idea that
firms might grow in order to create promotion opportunities has been only informally articulated
in the management, strategy, and finance literatures.> A paper that shares a similar motivation
to ours is Bennett and Levinthal (2017). In their model, however, growth is not driven by the
promotion opportunities it creates, which is central in our model.

Finally, our paper contributes to the literature on dynamic moral hazard problems. In dynamic
moral hazard settings, nontrivial dynamics can arise in many different settings.” The closest papers
are Board (2011) and Ke, Li, and Powell (2018). In Board’s (2011) model, firms hire one supplier
in each period, and its focus is on which supplier to utilize. Our model focuses on the number
of employees to hire in each period, which can change from period to period. Ke, Li, and Powell
(2018) examines how organizational constraints affect firms’ personnel policies in a stationary en-
vironment in which the size of the firm is constant. In this case, there are no gains to reallocating
promotion opportunities across cohorts, and optimal personnel policies are seniority blind. In our
model, uneven growth leads to seniority-based personnel policies, and the need to provide long-term

incentives leads the firm to adopt time-inconsistent production plans.

2 The Model

A firm interacts with a pool of risk-neutral workers in periods t = 1,...,7T, where T may be infinite,
and all players share a common discount factor 6 € (0,1). The firm’s labor pool consists of a large
mass of identical workers, and the firm chooses a personnel policy, which we will describe below,
to maximize its discounted profits.

Production requires two types of activities to be performed, and each worker can perform a

? Jovanovic (1982), Hopenhayn (1992), Ericson and Pakes (1995), Albuquerque and Hopenhayn (2004), Clementi
and Hopenhayn (2006).

SBarnard (1938), Chandler (1962), Drucker (1977), Jensen (1986), Baker, Jensen, and Murphy (1988), Porter
(1998).

"Such dynamics are highlighted by DeMarzo and Fishman (2007) and Clementi and Hopenhayn (2006) in a
financial contracting setting (see Biais, Mariotti, and Rochet (2013) for a survey), by Manove (1997), Halac (2012),
Zhu (2012), Li and Matouschek (2013), Fong and Li (2017), Moroni (2017), Barron and Powell (2018), and Fudenberg
and Rayo (2018) in an employment setting, by Boleslavsky and Kelly (2014) in a regulatory setting, by Padro i Miquel
and Yared (2012) in a political economy setting, by Board (2011), Andrews and Barron (2016), and Urgun (2017) in
a supplier allocation setting, and by Bird and Frug (2017), Li, Matouschek, and Powell (2017), Lipnowski and Ramos
(2017), Fershtman (2018), Forand and Zédpal (2018), and Guo and Horner (2018) in a delegation setting.



single activity in each period. A worker performing activity ¢ € {1,2} in period ¢ chooses an effort
level e, € {0,1} at cost cje;. A worker who chooses e; = 0 is said to shirk, and a worker who
chooses e; = 1 is said to exert effort. We refer to a worker who exerts effort as productive. A
worker’s effort is his private information, but it generates a publicly observable signal y; ; € {0,1}
with Pr{y;; = 1| e/ = et + (1 — i) (1 — e;), that is, shirking in activity i is contemporaneously
detected with probability ¢;. If the firm employs masses Ni; and Na; of productive workers in
the two activities, revenues are 0 f (N1, No¢), where 6, is the firm’s period-t demand parameter,
and f is continuously differentiable, concave, and satisfies limy;, , .o Of (N14t, Nayt) /ON; = oo and
limpy, , oo Of (N1, Najt) /ON; ¢y = 0 for i = 1,2. We will refer to 0 = (61, ...,07) as a demand path.

In each period, the firm assigns each worker to an activity A; € A ={0, 1,2}, where activity 0
is a non-productive activity. The worker either accepts the assignment or rejects the assignment
and exits the firm’s labor pool, receiving an outside option that yields utility 0. If A, # 0, and
the worker accepts the assignment, he then exerts effort e;, his signal y4,; is realized, and then
the firm pays the worker an amount W; > 0. That is, the worker is protected by a limited-liability
constraint. At the end of each period, each worker exogenously exits the firm’s labor pool with
probability d and receives 0 in all future periods, and a group of new workers enters the firm’s labor
pool.

Define a worker’s employment history to be a sequence ht = (0,...,0,A,,..., A;) € H!, where
A, € A specifies the activity he was assigned to in period s, and 7 is the time at which he first
enters the firm’s labor pool. By convention, we say that a worker is assigned to activity 0 in each
period before he is in the firm’s labor pool. We will say that a worker who is assigned to activity 1
or 2 for the first time in period t is a new hire in period t and that he is a cohort-t worker. Define
L (ht) to be the mass of workers with employment history hl.

Before we define a contract between the firm and a worker, we pause to make two observations
that will simplify notation. First, if a worker is assigned to activity 1 or 2 and is not asked to
exert effort this period, we can instead assign him to activity O this period. Second, if a worker is
assigned to activity 1 or 2 and is asked to exert effort, it is without loss of generality to pay him
0 in this period and in all future periods if his signal is equal to 0. This follows because when a
worker’s signal is 0, the worker must have shirked, and this is the harshest punishment possible.

Given these two observations, we can now define a contract between the firm and a worker. A
contract is a sequence of assignment policies P, : H' — [0, 1] specifying the probability the worker
is assigned to activity 4 in period ¢+ 1 given employment history h! and a sequence of wage policies

W, : H! — [0, 00) specifying the wage the worker receives at the end of period ¢ given his history.



A personnel policy is a set of contracts the firm has with each worker in its labor pool.

The firm’s period-t profits are

Ouf (N1g, Nog) — > Wi (R') L (hf),

htcH?

and each worker’s period t utility is W; (ht) — cieg. The firm’s problem is to choose (Wt)g;l and
(Pit) i to maximize its expected discounted profits, and given the contract he faces, each worker
chooses his acceptance decisions and effort decisions to maximize his expected discounted utility.
Throughout most of the analysis, we will be focusing on contracts for which if a worker is ever
assigned to activity 0 after he has been assigned to activity 1 or 2, he is assigned to activity 0 and
receives a wage of 0 in all future periods. We will refer to such contracts as full-effort contracts
because they motivate the worker to exert effort in every period they have been employed by the
firm. In Section 7.2, we discuss situations where it may be optimal to permit workers to shirk in
some periods.

Finally, we define a production plan to be a sequence N = (N4, Ng}t)z;l that specifies the mass
of productive workers in each activity in each period. We will say that a production plan is steady
if Noyi1 < (1 —d) (N1t + Nayg) and N1 > Niy (1 —d) for i = 1,2. The first condition says that
the number of top positions in the firm does not grow too fast—it ensures that, in each period,
there are enough incumbent workers to fill all the activity 2 positions. The second condition says
that the firm does not shrink too fast.

To facilitate the exposition, we discuss the role of several of the model’s assumptions after we
state the main results. In particular, in section 6, we discuss the role of worker homogeneity, the

monitoring structure, and deterministic demand paths.

3 Preliminaries

Our analysis solves the firm’s problem in two steps. First, given any production plan N, we derive
properties of optimal personnel policies that induce a mass N;; of workers assigned to activity ¢ to
exert effort in period ¢. The second step of the firm’s problem is to choose an optimal production

plan N* given a demand path 6. Section 5 analyzes the second step of the firm’s problem.

3.1 Cost-Minimization Problem

Recall that a personnel policy is a set of contracts the firm has with each worker in its labor pool,
where each contract describes the assignment policy and the wage policy the worker is subject

to. Given a production plan N, we will say that a personnel policy implements N if, given the



personnel policy, a mass Ni; and Na; of workers exerts effort in activities 1 and 2 in period ¢.
Denote a worker’s initial-hire history by n' = (0,...,0,n;), where n; € {1,2}. The first lemma
shows that the problem of characterizing cost-minimizing personnel policies can be simplified by
focusing on a smaller class of personnel policies that do not depend on the identity of the individual

worker. All the proofs are in the appendix.

Lemma 1. Given N, if there is an optimal personnel policy, there is an optimal personnel policy

in which workers with the same employment history face the same wage and assignment policies.

In order to specify the firm’s problem, define ¢ (ht) = cy, if Ay € {1,2} and 0 otherwise, and
q (ht) = qq, if A; € {1,2}. Denote by w (ht) the wage the worker receives if y4, ; = 1 and by p; (ht)
the probability the worker is assigned to activity ¢ in the next period, conditional on remaining
in the labor pool. Denote by htA; 1 = (A1,..., Air1) the concatenation of h! with A;,;. For all

workers in the labor pool, we have
L(h4) = (1 - d)pi (W) L ().

Given a production plan N, the firm’s problem is to minimize its wage bill

min DY L (W) w (b

w(-),pi( t=1 hteHt

subject to the following constraints.
Promise-Keeping Constraints. If we denote by v (ht) the worker’s expected discounted payoffs at
time ¢ given employment history h?, then workers’ payoffs have to be equal to the sum of their
current payoffs and their continuation payoffs:

v(h)=w @) —c(h)+61-d) > pi(h)v(n'). (1)

ic{1,2}

Incentive-Compatibility Constraints. Workers prefer to exert effort in activity ¢ if they cannot gain

by shirking:

v (h) = (L= q(h) {0 (B) + 50 —d) 3 pi ()0 (A1)

i€{1,2}
If we substitute (1) into this inequality, it becomes:
1 —qa
v(h') > ——"tca, = Ra,, (2)
qA;

where we refer to the quantity R; as the incentive rent for activity i. Note that these incentive-

compatibility constraints imply that workers receive positive surplus in equilibrium, and they imply



that workers’ participation constraints are also satisfied. We therefore do not explicitly include
workers’ participation constraints in the firm’s problem.

Flow Constraints. In each period, the firm employs a mass N;; workers in activity 4

> L(A') =Ny, forie {1,2}. (3)

ht|Ag=i
Given these constraints, the firm maximizes its profits. For a given production plan, the firm’s
discounted profits are equal to the total discounted surplus net of the rents it pays to workers.
Given a production plan, therefore, the firm’s problem is to minimize these rents. Recall that a

worker with employment history n! is a worker who is first employed by the firm in period t.

Lemma 2. Cost-minimizing personnel policies minimize the rents paid to new hires:

min i Z §L (nt) v (nt)

t=1 hteH?t

subject to (1), (2), and (3).

Lemma 2 shows that for a given production plan, the firm’s cost-minimization problem is
equivalent to minimizing the present discounted value of the rents that are paid to new hires. It
will be conceptually convenient to decompose the rents paid to new hires into three components: the
number of new hires, their necessary rents, and their excess rents. For the incentive-compatibility
constraint to hold, the necessary rents that a new hire in period ¢ must receive is R,,. We will
refer to the quantity v (nt) — R, as the excess rents paid to cohort-f workers. To reduce the rents
that are paid to new hires, the firm therefore wants to reduce the number of new hires, as well as
both the necessary and excess rents paid to new hires. We will now draw out the implications of

this observation.

3.2 Internal Labor Markets

This section shows that internal labor markets are personnel policies that serve to minimize the
number of new hires as well as the necessary rents for a given production plan. The firm’s cost-
minimization problem involves choosing an assignment probability and a wage payment for each
worker at each history. For ease of exposition, we will first focus our analysis on steady production
plans, returning to “unsteady” production plans in Section 7.1. Recall that a production plan N is
steady if Noyi1 < (1 —d) (N1t + Nay) and N;p1 > N;i (1 —d) for ¢ = 1,2. In the lemma below,

we show that we can focus on a narrower class of personnel policies without loss of generality.



Lemma 3. Given a steady production plan N, if there is a cost-minimizing personnel policy, there
is a cost-minimizing personnel policy with the following three properties:

(i.) v (k') <Ry if Ay=1and v (h') =Ry if Ay =2.

(7i.) All new workers are assigned to activity 1, except at t = 1.

(ii.) p2 (B') =1 if Ay =2 and p1 (h') +p2 (h') =1 if A =1.

The first part of Lemma 3 shows that in a cost-minimizing personnel policy, the firm does not
gain by rewarding workers with rents exceeding Ry. Part (7i.) of the lemma shows that new hires
are always assigned to activity 1—our restriction to steady production plans rules out situations
where the firm has grown so rapidly that it must necessarily hire new workers directly into activity
2. The exception to this is period 1, where the firm must hire N ; workers into activity 2. The
final part of the lemma shows that workers assigned to activity 2 will continue to be assigned to
activity 2, and workers assigned to activity 1 will either continue to be assigned to activity 1 in the
next period or will be “promoted” to activity 2. The restriction to steady production plans ensures
that such an assignment policy is consistent with the firm’s flow constraints.

Lemma 3 highlights several features that are consistent with Doeringer and Piore’s (1971)
description of internal labor markets: (1) there is a port of entry, (2) there is a well-defined career
path, and (3) wages increase upon promotion. We will say that a personnel policy satisfying
these three properties is an internal labor market. Lemma 3 immediately implies the following

proposition.

Proposition 1. Given a steady production plan N, if there is a cost-minimizing personnel policy,

it can take the form of an internal labor market.

Proposition 1 shows that in a relatively stable environment, a cost-minimizing personnel policy
can be implemented as an internal labor market. This result generalizes Proposition 3 in Ke, Li,
and Powell (2018). To develop some intuition for why an internal labor market is cost-minimizing,
first notice that by setting py (k') + p2 (k') = 1 on the equilibrium path for all workers assigned
to activity 1 or 2, the firm does not introduce unnecessary turnover, which in turn minimizes the
total number of new hires. Next, to see why the firm optimally assigns new hires to activity 1,
suppose the firm has an opening in activity 2. If it assigns a new hire to that opening, it would have
to pay him at least Ry in terms of first-period rents. If the firm instead assigns that new hire to
activity 1, it can pay him weakly less in terms of first-period rents. Moreover, the firm can fill the
opening with someone who is currently assigned to activity 1 by promoting him. This would make
him value his future in the firm more, and the firm may be able to reduce his wages. Promotion

opportunities therefore serve as a free incentive instrument the firm should allocate optimally.

10



4 Allocating Promotion Opportunities Across Cohorts

As we argued in the previous section, internal labor markets minimize the number of new hires and
their necessary rents by using promotion opportunities as a free incentive instrument to motivate
workers assigned to activity 1. The firm’s objective therefore boils down to minimizing excess rents
paid to new hires. To do so, the firm’s problem is to allocate promotion opportunities, which arrive
at different times, to different cohorts of workers.

Recall that in an internal labor market, workers assigned to activity 2 remain assigned to activity
2, and their wages are independent of when they began employment. An internal labor market can
therefore be summarized by the pre-promotion wages, promotion probabilities, and values, wi 4,
pi, and v, for cohort-7 workers assigned to activity 1 in period ¢ for each 7 and t. We begin by
defining a class of promotion policies that will turn out to include an optimal promotion policy.
Definition 1. A promotion policy is a modified first-in-first-out (modified FIFO) policy if, for
every t, there exist two thresholds 71 (t) and 79 (t) with 0 < 71 (¢t) < 79 () < t such that:

(i.) pI = p¢ for all 7 < 71 (¢) for some p; € (0,1],

(i3.) pf is weakly decreasing in 7 for 71 (t) < 7 < 72 (t), and

(13t.) pf = 0 for all 7 for 79 (t) < 7 < t.

In a modified FIFO policy, sufficiently recent hires may not be promoted with positive proba-
bility, more senior workers are promoted with higher probability than less senior workers, and the
promotion probability as a function of seniority is capped at some level p;. Two special cases of
modified FIFO policies warrant special attention. The first are FIFO policies in which more-senior
workers are always promoted first. The second special case are seniority-blind policies in which
promotion opportunities are allocated evenly across cohorts. The following proposition describes

cost-minimizing personnel policies.

Proposition 2. Given a steady production plan N, if there is a cost-minimizing personnel pol-
icy, an internal labor market with the following properties is cost-minimizing: (i.) wi, s weakly
increasing in t, (ii.) if T < 7', wi, > w{:t and vi; > v{jt, and (iii.) the promotion policy is a
modified FIFO policy.

The first part of Proposition 2 describes wage dynamics for a single cohort within the firm and
shows that wages in activity 1 exhibit returns to tenure. This feature that wages are backloaded

8

in a worker’s career is familiar from models of optimal long-term contracts.® The second part of

the proposition compares wage and value dynamics across cohorts: wages and values are higher for

8Becker and Stigler (1974), Lazear (1979), Ray (2002).

11



earlier cohorts than for later cohorts. The last part of the proposition describes promotion dynamics
and shows that promotion opportunities can be optimally allocated according to a modified FIFO
policy. This implies that workers’ promotion prospects are optimally weakly seniority based.

To understand why promotion prospects may be strictly seniority based, suppose the firm grows
slowly between periods 1 and 2 but quickly between periods 2 and 3. If the firm follows a seniority-
blind promotion policy, it may allocate too many opportunities to cohort-2 workers, in the sense
that their first-period incentive constraints are slack, and they are receiving excess rents, while the
first-period incentive constraints for cohort-1 workers may be binding. In this case, the firm would
gain by reducing the promotion rate of newer workers in order to increase the promotion rate for
more-senior workers, allowing it to reduce their wages.

Next, to understand why workers in a later cohort may optimally be promoted before a worker
in an earlier cohort, suppose the firm follows a FIFO policy. The logic is the flip side of the
logic above. Such a policy may allocate too many opportunities to early cohorts, so that they are
receiving excess rents, while later cohorts are not. The firm would gain by reducing the promotion
rate for early cohorts in order to increase the promotion rate for later cohorts, allowing it to reduce
their wages. A modified FIFO policy, which bases promotions on an “interior” degree of seniority
minimizes the excess rents that are paid to new hires by allocating promotion opportunities to
transfer slack across cohorts’ first-period incentive constraints.

An important constraint on the firm’s problem is that, while it can allocate period-t promotion
opportunities to workers who started working at the firm prior to period ¢, it cannot allocate
period-t promotion opportunities to workers who have yet to begin working at the firm. This
“irreversibility of time” constraint (Grenadier, Malenko, and Malenko, 2016) ensures that excess
rents for cohort-t workers are weakly decreasing in ¢: slack from later cohorts’ first-period incentive
constraints can be allocated to earlier cohorts but not vice versa.

We now discuss several implications of these results. First, the proposition shows that optimal
promotion schemes are seniority based. Seniority-based promotion schemes have been historically
common—according to Waldman (1990), “Doeringer and Piore (1971), Mincer (1974) and Edwards
(1979) all suggest that seniority enters into the promotion process even after controlling for the
effect which seniority may have on productivity.” (p. 4) And they are still prevalent in many
settings, including the U.S. manufacturing sector where Bloom et al. (2018) finds that a sizeable
share of firms base promotions at least in part on seniority.

Next, the proposition shows that firms may make use of bonuses and promotions to motivate

workers, even when workers do not differ in their abilities. Ekinci, Kauhanen, and Waldman’s

12



(forthcoming) model shows how firms’ use of bonuses and promotions depends on worker-level
characteristics, while our results show that it can also depend on firm-level characteristics such as
its growth rate.

Finally, in the worker’s incentive constraint, promotions and bonus payments serve as substi-
tute instruments to motivate workers, yet in the personnel policies described in Proposition 2,
promotions and bonus payments are positively related across workers: in a given period, workers
hired earlier both receive higher wages and have greater promotion prospects than workers hired
later. Like with many dynamic contracting problems,’ optimal values are uniquely pinned down,
although there are often many optimal solutions. We focus on optimal solutions with increasing
wage profiles because they are consistent with evidence on tenure-wage profiles (Baker, Gibbs, and

Holmstréom, 1994) but with the caveat that they are not uniquely optimal.

5 Personnel Policies and Production Plans

The previous section explored how differences in the firm’s production plan shape the characteristics
of the personnel policies it puts in place. We now turn to the firm’s full problem in order to
understand how dynamic incentive provision shapes the firm’s optimal production plan. We will
show that incentive considerations may lead the firm to adopt time-inconsistent production plans.
We first describe the firm’s full problem and we establish a lemma that shows that new workers
never receive excess rents. This lemma allows us to reformulate the firm’s problem. We take
advantage of this formulation to completely characterize optimal production plans in a two-period

model and establish some general properties of optimal production plans.

5.1 Preliminaries

We will first describe the firm’s full problem of choosing an optimal production plan and a cost-
minimizing personnel policy that implements that production plan. To do so, let H; be the mass
of new hires who are assigned to activity 1 in period ¢, and define z; to be the fraction of cohort-s
workers who are still assigned to activity 1 in period t. Using the result of Lemma 3, it is without
loss of generality to set v5, = Ry for every ¢ and every cohort s, which pins down wages for activity
2 and ensures they are independent of when the worker was hired. Finally, recall that wy 4, v ;, and
p; are cohort-s workers’ activity-1 wages, activity-1 values, and promotion probabilities in period
t.
Lazear (1979), Board (2011).
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The firm’s full problem, which we will refer to as problem (P1), is to

T t
2 : t—1 § :
max ) Qtf (Nl,t7 Ngﬂg) — stitzf — 'U}27tN27t
s=1

T
) S 8 S oS
{Nz,t,Htvwlytzzt U1, 0Pt }t=1 t=1

subject to a flow constraint for /Ny ; ensuring that the new hires in period ¢ plus those new hires

prior to ¢ who remain in activity 1 in period ¢ sum up to Ny 4:

t—1
Hy+ Y Hyz = Ny

s=1
The firm must also satisfy a flow constraint for N,

-1
Noy_1(1—d)+ Z Hsz{ 1pj_1 = Nag,

s=1
ensuring that workers previously assigned to activity 2 and who remain, as well as other workers

who were promoted prior to t — 1, sum up to Na;. The fraction z; must evolve according to

=2 (1—pi)(1-d),

and the firm must also satisfy incentive compatibility for each worker in each period, that is, each

worker assigned to activity ¢ in period ¢ must receive a value weakly exceeding R;.

We now explore how dynamic incentives lead to time inconsistencies in the firm’s optimal
production plan. To do so, we first establish a lemma that imposes strong restrictions on optimal
production plans. We will say that workers receive no excess rents if v (nt) = R; for all new hires,

except those who are hired in the first period and assigned to activity 2.
Lemma 4. In an optimal production plan, workers receive no excess rents.

Lemma 4 shows that if the firm optimally chooses its production plan, all cohorts receive the
same first-period rents. To see why Lemma 4 is true, suppose to the contrary that there is some
period t at which new hires receive excess rents. Such workers are necessarily motivated solely by
future promotion prospects and receive zero wages in their first period of employment, or else the
firm could reduce their first-period wages. In this case, the firm could just hire more workers in
period t and pay them zero, increasing the firm’s period-t profits. The proof of Lemma 4 shows
how the firm can do so while satisfying the incentive constraints for these additional new hires as
well as the existing new hires in period ¢. Lemma 4 also allows us to rewrite the firm’s objective

function and therefore reformulate the firm’s problem of choosing an optimal production plan.
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Define A to be the set of production plans for which there exists a personnel policy that satisfies
incentive compatibility, the flow constraints described above, and gives new hires no excess rents.

Define the function

T
T (N) = Z5t_1 (0cf (N1t, Nog) — e1N1g — calNoy — HiR1) — Noj1 Ro
t=1

where Hy = N14+ Noy — (1 —d) (N14—1 + Nay—1) for t > 1 and H; = N;. Note that, by Lemma 4,
new hires receive no excess rents in an optimal production path N*, so 7 (N*) coincides with the
firm’s objective function at N* in problem (P1).

Next, define problem (P2) to be maxyep 7 (IV), let 7* be the maximized profits under problem
(P2), and let 7* be the maximized profits under the firm’s full problem (P1). The following lemma
shows that these two profit levels coincide.

Lemma 5. m* = 7*.

Lemma 5 shows that the optimal-production problem amounts to maximizing the objective
7 (N) subject to the constraint that new hires can be given no excess rents. While this constraint
is still complicated in general, the firm’s objective function is simple and depends only on N. This

feature makes it easier to find the solution to the full problem and understand its properties.

5.2 Two-Period Example

We will now illustrate how past and future production decisions can become interlinked when firms
motivate their workers with optimal personnel policies. Consider an example with 1" = 2 and with

additively separable production within each period:

Orf (N1t, Nat) =04 [f1 (N1,t) + f2 (Nay)]

for some strictly increasing and strictly concave functions f; and f. By Lemma 5, an optimal
production plan solves the following problem:

2
max Z S (0 [f1 (N1g) + f2 (Noy)] — e1N1y — caNoy — HyR1) — RaNo g

{N17t7N2,t}3:1 t=1
subject to the constraint that {INVy ., Ngjt}le can be implemented with a personnel policy that gives
new hires no excess rents. This condition is easy to check when 7' = 2. In particular, it requires
only that cohort-1 workers assigned to activity 1 do not have “too many” promotion opportunities,
so that it is feasible for the firm to motivate them without providing them excess rents.

The following proposition describes the main properties of the optimal production plan.
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Proposition 3. There is a continuous and increasing function 0o (01) such that the optimal pro-
duction plan N* satisfies the following:

(i.) Intertemporal independence: If 05 < 05 (01), then ON}1/005 = 0 and ON}/001 = 0
for i=1,2.

(ii.) Forward linkages: If 03 > 03 (01), then ON}1/003 >0 for i =1,2.

(iii.) Backward linkages: If 03 > 0 (01), then ON34/061 > 0.

Proposition 3 shows when and how optimal production decisions are linked across periods. Part
(i.) shows that when demand does not grow very quickly, optimal production decisions in a given
period depend only on the demand parameter for that period. In this case, small changes in past
or future demand conditions do not have intertemporal spillover effects. Parts (¢i.) and (7ii.) show
that when demand grows quickly, optimal production features intertemporal linkages. Part (ii.)
shows that when future demand increases, the firm responds by optimally increasing production
today. Part (i7i.) shows that stronger past demand conditions lead the firm to produce more today.

To see why intertemporal linkages can arise, first consider the forward linkages described in part
(7i.). Suppose tomorrow’s demand parameter increases, leading the firm to increase the number
of top positions tomorrow. All else equal, the rents of first-period new hires will increase because
promotion opportunities are more abundant. The firm can increase its profits by reducing these
rents and can do so either by reducing their bonuses in the first period or by reducing their
promotion probability. When promotion opportunities are sufficiently abundant, first-period new
hires already receive no bonus payments, so the firm can only reduce their promotion probability
by increasing the number of workers in both positions in the first period, leading to what we refer
to as forward linkages in production.

Part (iii.) of the proposition shows that there are lingering effects of past demand conditions.
When there are better demand conditions in the first period (i.e., higher values of 6;), the firm
increases its size in the first period. All else equal, the rents paid to new hires in the bottom job in
the first period will decrease, since promotion opportunities will be more scarce when there are more
workers vying for them. To see why the firm will also increase the number of top positions in the
second period, we now argue that the marginal returns to increasing the number of such position
will increase. By Lemma 2, the marginal returns to adding another top position in the second
period is 02 f} (N;Q) — c2 minus the rents that are paid to new hires in the first period. Notice
that this is the rents paid to new hires in the first period rather than the second period because
an optimal personnel policy takes the form of an internal labor market, and the incentive costs

originate from the bottom job in the first period. Since these rents have decreased, the firm will
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expand the number of top positions in the second period, leading to what we refer to as backward
linkages in production.

One implication of backward linkages in production is that two firms facing the same demand
conditions in the second period may operate at different sizes because they had different demand
conditions in the past. The firm that had better demand conditions in the past will be larger
precisely in order to provide promotion opportunities for the workers it hired in the past. This
implication formalizes the idea, present in the early works of Barnard (1938), Jensen (1986), and
Porter (1998) that organizations may be biased towards growth in order to provide more opportu-

nities for career advancement.

5.3 Forward and Backward Linkages

The example above provides precise conditions on the demand path 6§ = (01,602) under which
optimal production features intertemporal linkages when 7' = 2. Deriving necessary and sufficient
conditions for such linkages to arise when T > 2 is complicated in general. In this section, we will
instead establish results for T' > 2 that parallel those from the example and will continue to assume
that f (N1, Nog) = f1 (N1g) + f2 (N2). Our objective is to demonstrate that both forward and
backward linkages can, but need not necessarily, occur for general 7.

In order to state the analogue of our first result on intertemporal independence, denote N* (6)
to be an optimal production plan given demand path 6. We will say that N* () features local
intertemporal independence if, for each ¢, small changes in 0, do not affect N, for ¢ # 7, that is,
ON};/00; =0 for all t # 7.

Recall from above that the firm’s problem of choosing an optimal production plan is given by
problem (P2), which is to maxyen 7 (N) where A is the set of production plans under which
there is an incentive-compatible personnel policy that gives no excess rents to new hires. We
will show that when optimal production does not yield “too many” promotion opportunities, the
constraint that N € N is slack at the optimum, and optimal production features local intertemporal
independence.

To make this argument precise, we introduce the relaxed production problem (P3), which is to
maxy 7 (N), ignoring the constraint that N € A'. Let N* (§) denote a production plan that solves
the firm’s relaxed problem (P3) given demand path 6. Next, define the average period-t promotion
rate under a production plan N by pr = <N27t+1 —(1-4d) Ng,t> / ((1 —d) ]\71,15>, and define p to be

the solution to the following equation

R1:—01+(5(1—d)(ﬁR2+(1—ﬁ)R1>.
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This equation defines a critical promotion rate p such that if the worker is paid a wage of 0 in
each period he is assigned to activity 1, and he is promoted with probability p, then his value for
being assigned to activity 1 is exactly R;. The following proposition provides sufficient conditions
in terms of average promotion rates for the optimal production plan to feature local intertemporal

independence.

Proposition 4. Let N* be the solution to the relazed problem (P3) and pf be the corresponding
average period-t promotion rate. If p; < p for all t, then the optimal solution to problem (P2)

satisfies N* = N* and features local intertemporal independence.

Proposition 4 shows that when firms are limited in their promotion opportunities, their optimal
production plan is locally intertemporally independent. If we compare the optimal production plan
under two demand paths that differ only in period ¢, then the optimal production plans also only
differ in period ¢ if they both satisfy the conditions of Proposition 4. To see why this is the case,
note that a small increase in 0; will lead the firm to increase the number of positions it has in
period t. In turn, the firm can promote more workers who were hired prior to ¢ and reduce their
pre-promotion wages. The firm can therefore ensure new hires receive no excess rents simply by
adjusting its personnel policy rather than by altering its production levels in any other period. If
the demand parameter 6; increases significantly, the firm cannot reduce its pre-promotion wages
further and therefore has to adjust the number of positions in other periods in order to maintain
the no excess rents condition. This can lead to both forward linkages and backward linkages, which

the following proposition explores.

Proposition 5. The following are true:

(i.) Forward linkages: Fiz a demand path 6 and a t < T. There exists a demand path 0’ with
0 = 0 for all T #t and 0y > 0, under which N, (0) > Nj;_, (0") for some i.

(ii.) Backward linkages: Fiz 0; for some t > 1. There exist demand paths 6’ and 0" with
0, =0y = 0; and 0, < 07 for all 1 <71 <t under which N5, (") < N5, (6").

Proposition 5 shows that optimal production plans can feature forward and backward linkages
when T" > 2. The first part of the proposition shows that as demand conditions in period ¢ increase,
eventually, the number of positions in period ¢ — 1 will increase.'? This result does not rule out the
possibility that as 6; increases further, the number of positions in periods prior to t — 1 will also

increase.

0This argument for forward linkages in optimal production can also lead to the result that the firm is socially
inefficiently large in some periods, that is, 0, f/ (N{'it) < ¢; is possible. This result is related to Fudenberg and Rayo’s
(2018) result that firms might optimally extract rents from workers by asking them to exert inefficiently high effort
levels.
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The second part of the proposition shows that past demand conditions can affect the number
of positions in period ¢: two firms facing identical demand conditions in period ¢ may therefore
choose different production levels. In particular, the firm with better demand conditions in the
past will have more top positions in period ¢. This result reflects an opportunity-creation motive
for firm growth—firms might optimally expand the number of top positions in a period as a way

of providing its workers with career incentives.

6 Discussion of Model Assumptions

Our discussion so far makes use of several simplifying assumptions to streamline the exposition.
Specifically, we analyze a simple moral-hazard environment in which workers must receive rents in
order to be motivated to exert effort, and we assume the firm puts in place a deterministic produc-
tion plan. Below, we discuss how the paper’s results are affected by each of several assumptions.

Non-zero minimum wage: The model assumes that the minimum wage payment is w = 0.
Our main results continue to hold for an interval of minimum wage levels. If the minimum wage
is sufficiently negative, then workers’ participation constraints can be made binding in their first
period of employment, implying that workers need not receive rents (Carmichael, 1985). In this case,
there would be no need to back-load worker compensation across activities and therefore no need to
make use of promotion-based incentives. Moreover, optimal production would be intertemporally
independent. As long as the minimum wage is not too low, so that workers must be given rents,
seniority-based promotions and intertemporal linkages may still arise.

In terms of optimal production plans, as long as the minimum wage is not too high, our results
remain unchanged as long as 6:0f (N1, Nat) /ON14 > w for all (N4, Noy). If this inequality fails
to hold, then the optimal production plan will satisfy 6.0f (N1¢, Noyt) /ON1: = w. In general,
either new hires into activity 1 will receive rents R or their marginal productivity will be equal to
the minimum wage.

Worker heterogeneity: The model assumes that all workers are identical. One interpretation
of our model is that the analysis applies to workers who are qualified to be promoted: even for
qualified workers, promotion opportunities may be constrained by a firm’s production plan, and
they may be allocated according to seniority. The logic of our analysis can be extended to allow
for heterogeneity in the degree to which workers are qualified to perform activity 2, and it suggests
that even if an older worker is less talented than a recently hired worker, he may nevertheless get
promoted before the more talented worker.

Specifically, consider a three-period model in which the optimal personnel policy features
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seniority-based promotions when workers are homogeneous. In other words, cohort-1 workers are
promoted at a higher rate than cohort-2 workers at the end of the second period. Now suppose
that each cohort-2 worker is as productive as £ > 1 cohort-1 workers when assigned to activity
2. If promotion decisions depend entirely on worker ability, then all cohort-2 workers will need to
be promoted before cohort-1 workers. Under such a promotion policy, cohort-1 workers promotion
opportunities are significantly reduced, and the firm must pay them more in terms of wages to keep
them motivated. These extra wage payments may exceed the productivity gains associated with
promoting cohort-2 workers when & is close to 1. Promotion policies that depend only on worker
ability may therefore be dominated by policies that take seniority into account.

Monitoring technology: The main model considers a monitoring technology in which a signal
of y;+ = 0 is perfectly indicative that the worker shirked. Another commonly studied monitoring
technology is one in which a signal of y;; = 1 is perfectly indicative that the worker worked. For
example, suppose Pr[y;; = 1|e;] = gje;. Under such a monitoring technology, there is no need
to pay workers incentive rents: the firm can pay the worker 0 if y;; = 0 and a bonus of ¢/g; if
Yit = 1.'' Since no incentive rents are required to motivate workers, optimal personnel policies are
static, and optimal production plans would be intertemporally independent.

Stochastic production plans: Our main results for cost-minimizing personnel policies can
be modified to allow (N7, Na¢) to be a stochastic process. In particular, suppose that (Ny ¢, Noy)
is a Markov process that takes on a countable number of values for each t and is steady along each
path realization, in the sense that the firm never grows so fast that it needs to hire directly into
activity 2, and the firm never shrinks so fast that it cannot assign all its incumbent workers to a
productive activity. Because each worker is risk neutral, his continuation payoffs in period ¢ depend
on his expected promotion probability, taking expectations over the continuation process for the
production plan beginning in period ¢ + 1. In this case, optimal personnel policies again resemble
an internal labor market, and it can still be strictly optimal to base promotions on seniority.

Other factors: Finally, we assume away many other important factors. For instance, we
assume employees are risk neutral and make binary effort choices, and the firm has full commitment
power. In addition, workers do not acquire human capital, and there is no uncertainty about

their productivity.!?> Incorporating these factors can potentially improve our understanding of the

1 Of course, if the minimum wage is sufficiently high, then this monitoring technology will also require workers to
be given rents. In this case, as long as activity 2 requires more rents than activity 1, then many of the features of
internal labor markets will arise. Additional features such as up-or-out promotions or firing on the equilibrium path
might also be part of an optimal personnel policy even in a single-worker setting (Fong and Li, 2017).

12Many papers examine how these different features affect personnel and supplier dynamics and hence firm-level
productivity dynamics but do not speak directly to the dynamics of firm size. For papers emphasizing the role of
supplier and employee heterogeneity, see Board (2011), DeVaro and Waldman (2012), DeVaro and Morita (2013),
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personnel policies firms adopt in richer environments and how they interact with firm growth, but
doing so would obscure the main economic mechanisms we aim to highlight and is beyond the scope

of this paper.

7 Unsteady Production and Partial-Effort Contracts

Our main analysis restricted attention to steady production plans and full-effort contracts to stream-
line the exposition. In this section, we relax these restrictions and show how doing so introduces ad-
ditional nuances to optimal personnel policies. We first characterize properties of cost-minimizing
personnel policies in environments in which the production plan is unsteady. We next explore
whether and why a firm might want to adopt a partial-effort contract: a contract in which some

workers are not expected to exert effort in some periods.

7.1 Unsteady Environments

We now explore the properties of cost-minimizing personnel policies for a wider class of production
plans. Our analysis above shows that if the firm can choose both the production plan and the
personnel policy at the same time, some of the cases we discuss below will not occur. Nevertheless,
in some settings, the production plan is either partially or completely inflexible (for example, in a
bureaucracy).

The analysis in Section 4 presumed that the firm’s production plan N was a steady production
plan. That is, we assumed that for each ¢, Nay11 < (1 —d) (N1, + Nayt) and, for each i, N; 41 >
(1 —d)N;z. In this section, we explore characteristics of optimal personnel policies when N is
not a steady production plan. We will say that IV involves breakneck growth at t + 1 if No;y1 >
(I =d) (N1t + Nay), and we will say that N involves deep downsizing in activity i at ¢t + 1 if
Nit+1 < (1 —d) N;y, and deep downsizing at t + 1 if Ni4pq + Nogp1 < (1 —d) (N1t + Nay).

Breakneck Growth Suppose N involves breakneck growth for the first time at ¢t 4+ 1, that is,
even if the firm promotes all workers assigned to activity 1 in period ¢, it must assign some new
hires at ¢ 4+ 1 to activity 2. This implies that all workers hired prior to £ 4+ 1 must earn a payoff of
Ry at the beginning of period t 4+ 1. We can then break the optimal personnel policy problem up

into two problems.

Andrews and Barron (2016), Board, Meyer-ter-Vehn, and Sadzik (2017), and Foarta and Sugaya (2018); for papers
emphasizing human capital acquisition, see Gibbons and Waldman (1999a, 2006); for papers emphasizing risk aversion
and continuous effort, see Harris and Holmstréom (1982) and Holmstrom and Ricart i Costa (1986), Chiappori, Salanie,
and Valentin (1999); for papers emphasizing lack of commitment, see Malcomson (1984), MacLeod and Malcomson
(1988)
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We first solve for optimal personnel policies for periods 1,...,t, treating ¢t as effectively the
last period of production but with the requirement that all incumbent workers at period t receive
Ry in continuation payoffs. For the second problem, we solve for optimal personnel policies for
periods after ¢t 4+ 1, and we take as given that all workers in cohorts prior to ¢ + 1 will initially be
assigned to activity 2 and will therefore receive rents equal to Ry. In other words, the analysis can
be carried out chunk-by-chunk, where each chunk starts with a period in which breakneck growth
occurs and ends with the next period in which breakneck growth occurs. Within each chunk, the
optimal personnel policy minimizes the rents that are paid to new hires assigned to activity 1, and

the same type of analysis as in Section 4 can be applied, so the main results continue to hold.

Deep Downsizing In this section, we explore some features of personnel policies that might arise
when firms go through periods of deep downsizing. Managing workers’ careers is more complicated
in this case because the firm will have to lay workers off, that is, it will have to assign some
incumbent workers to activity 0 in the next period even if they have performed well in the past.
Denote by pg, the probability that a cohort-7 worker will be assigned to activity 0 in period ¢ + 1.

Proposition 6 describes optimal personnel policies when deep downsizing is permanent, in the
sense that once there is deep downsizing in one period, there is deep downsizing in all future periods,
the firm will never hire new workers, and it will shrink faster than by attrition alone. When this
is the case, in order to motivate workers in their last period of employment, the firm has to pay

severance pay to workers that it will not employ in the future.

Proposition 6. Suppose N satisfies Ni441 < (1 —d) N1y, Nog+1 > (1 —d) Noyy1, and Nigi1 +
Naii1 < (1 —d) (N1t + Naoy) for all t. There is an optimal personnel policy that implements N in
which:

(i.) laid-off workers receive severance pay,

(4.) if T <7, then pg, < pa’t, and

(7i3.) conditional on being laid off, workers with more seniority receive greater severance pay.

This proposition describes an optimal personnel policy for a firm that experiences deep down-
sizing in every future period. The first part shows that when workers are laid off, they are given
severance pay in their last period of employment. Severance pay is necessary to maintain workers’
incentives to exert effort in their last period of employment. The second part of the proposition
shows that an optimal personnel policy exhibits a last-in-first-out pattern for layoffs: workers with
more seniority are less likely to be laid off in each period. The final part shows that if workers of

different cohorts are laid off in the same period, their severance payments are higher the longer
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they have been employed by the firm.

We now discuss some features of optimal personnel policies for a firm that experiences temporary
deep downsizing, that is, the firm must downsize in one period, and there is a future period at
which it will need to hire again. To do so, we enable the firm to assign workers to any activity
Ay € {0,1,2}, including the null activity A; = 0, in any period.!> We will say that a worker is
permanently laid off in period t if he is assigned to activity 0 in all future periods with probability
1. We say that a worker is temporarily laid off in period t if he is assigned to activity 0 in period
t + 1 and is assigned to activity 1 or 2 in a future period with positive probability. The next
proposition partially characterizes optimal personnel policies when a firm experiences temporary

deep downsizing.

Proposition 7. Suppose there is a t; at which Nyg41 < (1 —d) Ny, and Nig41 + Nogpr <
(1 —d) (N1, + Nag,), and there is a ta > t1 at which Ny y41 + Naggr1 > (1 —d) (Nigy, + Nog,)-
Then:

(i.) no workers are permanently laid off in period t1, and

(13.) V] ke = vizgik for all T <ty and for all k > 1.

The conditions for Proposition 7 imply that the firm must downsize at ¢1, and at time t3 + 1, it
recovers and must hire workers into one of the two positions. This proposition shows that whenever
this is the case, the firm favors rehiring laid-off workers. If, instead, the firm hired new workers, it
would have to pay them rents in their first period of employment. By rehiring laid-off workers, the
firm can allocate these rents to these workers and reduce the overall rents it has to pay. The second
part of the proposition shows that temporarily laid off workers will be rehired before the firm hires
a worker who has never worked for the firm in the past, and moreover, these workers receive higher
continuation payoffs than new hires. The rationale for this result is similar to the logic underlying

why seniority-based promotions can be optimal.

7.2 Partial-Effort Contracts

Throughout our analysis, we have focused on full-effort contracts. In this subsection, we will show
how and why it may be optimal to put in place a partial-effort contract—that is, to ask workers
to exert no effort in a given period—even when the firm does not go through a period of deep
downsizing. When promotion prospects in the future look more promising than they do today, one

way to relax a worker’s incentive constraint today is to allow them to shirk. Doing so, of course,

13Recall that in Section 2, we assumed that if a worker is ever assigned to activity 0 after he has been assigned to
activity 1 or 2, he is assigned to activity 0 in all future periods.
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comes at the cost that the firm will need to hire other workers in the next period who will exert
effort. If future promotion prospects are sufficient to guarantee those workers can be motivated at

zero cost, then such a policy will reduce the firm’s overall wage bill.

Proposition 8. Suppose there is an optimal full-effort contract in which ps =1, vil =Ry, pi <1,

and ”%72 > Ry. Then there is a partial-effort contract that has a lower wage bill.

Proposition 8 shows that partial-effort contracts may be optimal when there are a lot of pro-
motion opportunities in a period, and the firm has already exhausted its ability to transfer slack
to earlier cohorts’ first-period incentive constraints by increasing their promotion probabilities. At
that point, the only further instrument the firm has to transfer slack is to reduce the earlier cohort’s
effort costs and increase the effort costs of the later cohort that is receiving excess rents. Doing so
is feasible as long as some of the earlier cohort was exerting effort in this period, and as long as the
firm can reduce hiring in the next period.

In contrast to the existing work on hiring and sourcing decisions,'* which highlights the benefit
of biasing such decisions towards insiders, the optimality of partial-effort contracts suggests that
the firm’s personnel policies can also exhibit a temporary “outsider bias.” These results, therefore,

show that future production plans can impact current hiring and sourcing decisions.

8 Conclusion and Discussion

This paper develops a model in which firms jointly optimize their personnel policies and production
plans. We first show that optimal personnel policies resemble internal labor markets in which
seniority plays an important role in promotion and wage decisions. We also show that optimal
production plans may feature forward and backward linkages in the sense that today’s optimal
production level might depend on demand conditions both in the future and in the past.

One implication of our model is that firms may pursue inefficient growth in order to provide
incentives at a lower cost, consistent with Baker, Jensen, and Murphy’s (1988) observation that
an “important problem with promotion-based reward systems is that they require organizational
growth to feed the reward system.” (p. 600) Of course, another important reason for inefficient firm
growth is the empire-building motives on the part of the executive team. Finance scholars suggest
that firms should leverage up in order to commit their executives not to pursue inefficient growth
strategies (Jensen, 1986). Our results caution that organizational solutions aimed at curtailing

empire building by forcing management to make sequentially optimal production decisions might

"Board (2011), Ke, Li, and Powell (2018).
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throw out the baby with the bathwater, since they undermine the firm’s ability to make efficient
use of long-term incentives for its workforce.

The opportunity-creation motive for inefficient growth we highlight abstracts from, but has
implications for, the important strategic choices firms have to make when they decide to expand.
Anecdotal evidence suggests such motives underlie firm diversification plans. Interwar DuPont, as
we mentioned in the introduction, pursued growth through diversification, expanding into other
lines of business rather than expanding its existing business. Drucker (1977), in discussing why

Callahan Associates diversified beyond their core capabilities, wrote:

“Callahan deeply believed that the company had to expand to give people promotion
opportunities. And since he also believed that no one chain should grow beyond the
point where one person could easily manage it and know every nook and cranny of it,

this meant going purposefully into new businesses every six or seven years.” (p. 13)

When a firm decides to diversify, an important issue it faces is whether to do so organically or
through acquisition. Our model suggests that organic growth may create additional career oppor-
tunities for existing employees that growth through acquisition might not. Future work examining
the personnel implications of different ways of expanding can help improve our understanding of

the dynamics of corporate strategy.
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Appendix A: Cost-Minimizing Personnel Policies
Lemma 1. Given N if there is an optimal personnel policy, there is an optimal personnel policy
in which workers with the same employment history face the same wage and assignment policies.

Proof of Lemma 1. If there is an optimal personnel policy in which two workers with the same
employment history receive different wage and/or assignment policies, then we can consider an
alternative assignment and wage policy that is a public randomization between these policies, and
if both players are subject to this same alternative policy, their incentive constraints and the firm’s
flow constraints remain satisfied.ll

Lemma 2. Cost-minimizing personnel policies minimize the rents paid to new hires:

minz Z §L (nt) v (nt)

t=1 htcH?t
subject to (1), (2), and (3).
Proof of Lemma 2. The PDV of the firm’s wage bill, times 9 is

SN STL (W) w (R,

t=1 htcH?t

For all workers who currently work in the firm in period ¢, that is for those for which A; # 0, the
flow constraint gives us

L(r'1) = (1—d)pi(n")L(K)

L(2) = (1—dyp (W) L ().
In addition, for ¢ € {1,2}, we can write N;; = thAt:i L (ht). We can write the period-t wages
paid to workers with employment history h! as L (ht) w (ht), which equals

L(r")v (k) + L (k") c(h') =6 (1 —d) L (h') (p1 (h") v (A1) + pa (') v (R'2))
= L(W)o (W) + L (h) e (W) — 6L (h'1) v (W1) — 6L (h'2) v (', 2).

where the first equality plugs in the promise-keeping constraint for workers with employment history

ht, and the second equality plugs in the flow constraint.
The total wage bill is the sum of these expressions over time and over employment histories and
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is therefore

z L (1) w (1)
= X ) ) £ ) 1) =51 ) 01 =51 2 2
— XS )+ 3 S (L) 0 <5 00 (0) =602 (0)
— tz:&t_l (N1c1 + Nageo) + tz:ét_lL (n*) v (n'),

where recall that L (nt) are the new workers hired into the firm in period ¢. It follows that the
firm’s objective is simply to minimize

T

DL (v (n),

t=1
which establishes the lemma.ll

Lemma 3. Given a steady production plan N, if there is an optimal personnel policy, there is an
optimal personnel policy with the following three properties:

(i) v (ht) <Ryif Ay=1and v (ht) =Ry if Ay =2.

(13.) All new workers are assigned to activity 1, except at t = 1.

(i1i.) p2 (h') =1 if Ay =2 and p1 (h') +p2 (h) =1 if Ay =1.

Proof of Lemma 3. To establish part (i.), we will first show that for all h?, we do not need to
have both w (hf) > 0 and v (k') > R (A). To establish this intermediate result, there are two cases
to consider. First, suppose the worker is a new hire in period ¢. In this case, if both w (ht) >0
and v (ht) > R (A), the firm can reduce the wage bill by reducing w (ht) without violating the
incentive constraint. Second, if the worker was a new hire prior to period ¢, the firm can reduce
w (ht) and increase w (ht_l) to maintain v (ht_l). This establishes the intermediate result and
shows that it is without loss of generality to focus on personnel policies in which in each period,
either the minimum wage constraint is binding or the IC constraint is binding. We will use this
result to establish part (i.), but we do not make use of it in our other results.

For part (i.), there are two cases to consider. First, suppose w (ht) > 0. Then by the previous
result, we have v (ht) =R (ht) < Ry. Next, suppose w (ht) = 0. We can then consider all histories
that follow h!. With probability 1, the workers must eventually receive a strictly positive wage,
or else there must be some employment history following h! at which his incentive constraint is
violated. If w (ht) = 0, we can write v (ht) as

T—1—1
v (k') = Pr[n7|h] ( > 8 (—a1) +5Ttv(h7)> ,
h™ s=0
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where h” is the first history following h! such that w (h7) > 0. We can again use the previous result
to get

T—t—1
v (n) = ZPr[iﬂht] ( Z 53(—01)+57_tR(hT)>
hT s=0

< Y _Pr[nT|W]R(IT) < Ry,
hT

which establishes part (i.).

For part (ii.), note that part (i.) implies that v (k') < Ry if A; = 1. As a result, if a new worker
is assigned to activity 2, it is better instead to assign them to activity 1 and promote an existing
worker assigned to activity 1 to instead be assigned to activity 2. This would relax the existing
workers’ incentive constraints and reduce the wage bill.

Finally, for part (i7i.), suppose p1 (ht) + po (ht) < 1. Because Nj11 > (1 —d) Ny for i =1,2,
we must have that L (ntH) > 0, so there must be positive hiring into either position 1 or position
2. We will construct a perturbation to the personnel policy in which any rents that would be
paid out to new hires are paid out, instead, to currently employed workers. This perturbation
will introduce slack into some current workers’ incentive constraints, and it will not increase the

total wage bill. If a positive mass of new workers is hired and assigned to activity 1, L (61), let

p1 (h*1) = p1 (R'1) + e, and let L (61) =1L (61) —e(1—d) L (h'). This perturbation preserves
the flow constraint, and it relaxes workers’ incentive constraints in periods s <t for those workers
with history ht. This perturbation therefore weakly decreases the firm’s overall wage bill. A similar
perturbation can be constructed if L (62) > 0. Result (i) of this lemma implies that v (h') = R,

if Ay = 2, which implies that po (ht) =1if 4, =21

Proposition 1. If N is a steady production plan, an internal labor market is an optimal personnel
policy.

Proof of Proposition 1. Follows directly from Lemma 3 and the definition of an internal labor
market.ll

Proposition 2. Given a steady production plan N, if there is a cost-minimizing personnel pol-
icy, an internal labor market with the following properties is cost-minimizing: (i.) wi, s weakly
increasing in t, (i.) if T < 7', wi, > w{:t and vi, > Uf,lw and (iii.) the promotion policy is a
modified FIFO policy.

Proof of Proposition 2. We will establish properties (i.), (4i.), and what we will refer to as
property (i4i’.) which is that if p{,p[/ € (0,1), then vf,y = Uilt+1'

First, note that for any ¢, in any optimal personnel policy, it must be the case that v (ht) >
v (nt), that is, new hires receive lower rents than incumbent workers. Suppose to the contrary that
v (ht) <wv (nt) We can then “switch” the future history of a worker with employment history h*
with a new worker. This switch preserves the total wage bill and relaxes the incentive constraints
of workers whose employment histories are consistent with h’.

Now, suppose 71 < T9. We can write the rents workers that each cohort receives in period ¢ if
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they are assigned to activity 1 as follows:

oy = wli—a+8(1-d) (B Ry + (1= ) o]y
o = wli—a+6(1-d) (5P R+ (1-p[) 03 ).

Take a rent vi}. We can always reduce wi} by € and increase vy}, by /[ (1 —d) (1 —p;*)],
maintaining rents vy}, unless either wiy = 0 or v{; ; = R2. We can do this similar for the 75
cohort. Let wit and w%’t denote the resulting activity-1 wages at which this procedure terminates
and 73,4 and 073, the resulting continuation payoffs. There are four cases to consider: (a)
wi, =0, wy, =0; (b) wi, >0, w}, >0; (c) wy, =0, w;, > 0; and (d) wj, >0, @}, = 0.

The first observation is that case (d) is impossible, because it would imply that vi} > v73.

If wit > 0, this implies that v7} ; = R, and as a result, it must be the case that cohort-71’s
continuation payoff weakly exceeds cohort-79’s continuation payoff, and so do the wages.

Next, in case (b), EIIt 1= ﬂﬁ/ 41 = R2, so both cohorts have the same continuation payoffs.
Moreover, if vilt < vft, it must be the case that w{}t < u‘;ﬁ Define py = (L1,p;* + Loap;?) / (L1t + Lay),
where L;; is the mass of cohort-7; workers assigned to activity 1 in period ¢. Promoting both co-
horts at rate p; maintains the flow constraints, and it does not affect v?t or vft, so such a personnel
policy is optimal if the original personnel policy is optimal, and it satisfies property (ii.) of the
proposition. It also satisfies property (i.), which means that after period ¢, both cohorts earn wages
w = c1+(1 — (1 —d)) Ry, which must weakly exceed w7}, and w73, or else v} or v13 would exceed
Ry. Moreover, property (iii'.) is satisfied because 07}, = Vi = R». 7 7

In case (c), v1%,; = R, which necessarily exceeds v7} ;. If pi' < pi®, then properties (i.) and
(t3.) are automatically satisfied. We can then decrease p/' by ¢, increase p;> by Lie/Lay. This
perturbation does not affect v7?%, since 73 ; = Rp, and in order to maintain v7}, we increase 97}, ;.

We can keep doing this until either p;* = 0 or p;> = 0. Now, suppose p;* > p;2. Then choose
it =02 = (L1pi' + Lapi?) / (L1t + Layt). This construction maintains cohort-72’s continuation
payoff. Increase 77?15 41 to f)?t 41 which maintains the same continuation payoff for cohort-r1. This
construction satisfies properties (i.) and (i:.). Further, we can alter this construction just as we
did in the proof of case 2 in order to construct an optimal personnel policy that satisfies property

Finally, consider case (a). Set p;' = p;* = (L14p;' + Lopi®) / (L1t + Lat), and choose 97}, 4
and f)ﬁ 41 to maintain the same continuation payoffs for both cohorts. Since v;lt < vizt, it must
be the case that 97}, ; <913, ;. This establishes properties (i.) and (ii.), and we can use a similar
argument as above to construct an optimal personnel policy that satisfies property (iii’.). Properties
(74.) and (44¢.) imply that the promotion policy is a modified FIFO policy.l

Appendix B: Optimal Production

This appendix characterizes the firm’s problem of choosing an optimal production plan. The first
lemma establishes the result that under an optimal production plan, new hires receive no excess
rents.

Lemma 4. In an optimal production plan, workers receive no excess rents.
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Proof of Lemma 4. In order to get a contradiction, suppose that v (nt) > Ry for some n! with
ny = 1. Then it must be the case that wf ; = 0 or else the firm could reduce wi ; while still satisfying
the incentive constraint for new hires in period t. We will construct a perturbation that holds fixed
the firm’s profits for all periods 7 > ¢ and under which the firm produces more in period ¢ without
paying any additional wages.

Suppose the firm hires € additional workers into the bottom job in period ¢. Let the firm
promote these workers with probability 1 in period 7, where 7 is the first period in which existing
new hires in period ¢t are promoted with positive probability, and let the firm pay these workers
u?’it, = 0 for all t < ¢ < 7. Notice that these workers’ incentive constraints are satisfied. To see
this, note that by Lemma 3, existing new hires can be paid w}, = 0 for all ¢ < ¢ < 7 and have
their incentive constraints satisfied in periods ¢ to 7. The additional new workers are promoted
with probability 1 in period 7, so their continuation payoffs in each period prior to 7 are weakly
higher than it is for existing new hires.

For the existing new hires, in period 7, reduce their promotion probability in period T by /H;
and fire these workers with the same probability. This perturbation preserves the flow constraints
and continues to satisfy the incentive constraints for existing new hires. Notice that it increases
production in period ¢ by 0;f (N1 + ¢, Nat) — 0 f (N14, Nay) > 0, and it preserves the firm’s wage
bill, which contradicts the claim that v (nt) > R;.1

The next lemma shows that the solution to the firm’s reformulated production problem is a
solution to its full problem.

Lemma 5. 7* = 7*.
Proof of Lemma 5. For all N, we have that 7 (N) > 7w (N), because the optimal personnel
policy under an exogenously given N may pay excess rents to new hires. First, we will show that
7* > 7*. To see why this is the case, note that by Lemma 4, 7 (N*) = 7 (N*) and that at N*,
there exists a feasible personnel policy that gives new hires no excess rents. This means that
7> 7 (N*) =n(N*) =7

Next, we will show that 7* > 7*. To see this, let N* maximize 7 (]\7 ) subject to the constraint
that N € . At this N*, there exists a feasible personnel policy that generates profits 7 (]\7 *) and

gives no excess rents to new hires. We therefore have 7* = 7 (]\7 *) =7 (N*) < 7*, completing the

proof.l
The following proposition characterizes the solution to the T' = 2 example.

Proposition 3. There is a continuous and increasing function 6o (01) such that the optimal pro-
duction plan N* satisfies the following:

(i.) Intertemporal independence: If 03 < 05 (61), then ON}1/003 = 0 and ON}5/001 = 0
for i=1,2.

(ii.) Forward linkages: If 03 > 02 (01), then ON}1/002 >0 for i =1,2.

(iii.) Backward linkages: If 05 > 05 (1), then ON3 /061 > 0.
Proof of Proposition 3. First, note that because T' = 2, there is no need to give excess rents to
new hires in period 2 because there are no future promotion opportunities for them. Moreover, any
worker hired at t = 1 directly into activity 2 will also not receive excess rents. The only additional
constraint that needs to be checked, therefore, is that the firm can give cohort-1 workers assigned
to activity 1 no excess rents. This constraint can be written as Noo < (1 —d)pNy 1 + (1 —d) Naj.
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To see why this additional constraint is necessary, note that if it is not satisfied, cohort-1 workers
must be promoted at a rate exceeding p, which means that even if they receive wil = 0, their rents
will exceed Ry. This constraint is also sufficient, since if it is satisfied, cohort-1 workers assigned to
activity 1 will be promoted at rate (No2 — (1 —d) No1) /((1 —d) N1,1) < p, and their first-period
incentive constraints can be satisfied with a positive wage wil > 0.

The firm’s problem is

max _ 01f (N1, Nojp) — (c1 + Ri) Niji — (e + Ra) N
{N1,0, N2, 2,

+0 [02f (N1,2, Noo) — c1N12 — caNao — HoRy],

subject to the constraint that Noo < (1 —d) N11p+ (1 —d) Nai. Let p be the Lagrange multiplier
on this constraint. The Kuhn-Tucker conditions for the firm’s problem are

01f1(Nf1) = a+Ri—6(1—d)Ri—p*(1—d)p
91f2(N21) = CQ+R2—5(1—d)R1—u*(1—d)
O2fi (N72) = a+Ri

(

0215 Nikz) = c2+ Ry +p*/d,

)

as well as p* > 0, N3y < (1 —d) Ny 1p+ (1 —d) N3, and complementary slackness.
Suppose the constraint is slack. Then the associated solution, N*, in fact solves the constrained
maximization problem if N3, < (1 —d) Ny 1p+ (1 —d) N3, or

- <C2ZZR1> 0 dyprt <cl+(1—5051—d))R1>+(1_d) = <CQ+R2 —951(1—d)R1>'

Since f1 and fo are strictly concave, the left-hand side of this inequality is increasing in 62, and
the right-hand side is increasing in 6;. Given 61, define 65 (1) so that this inequality holds with
equality. This function is increasing in 1, and it is continuous. Moreover, for all ; < 65 (61), the
inequality is satisfied, and therefore N* solves the firm’s relaxed and full problems and is locally
intertemporally independent.

Next, suppose 03 > 02 (61). Then it must be the case that Ny, = (1 —d) Nj p+ (1 —d) N3 ;.
The firm’s optimality conditions can be combined to give us

O1fi (NT1) +0(1—d)pb2fy (N3p) =c1+ (1 =01 —d) Ri+0(1—d)p(ca+R1) (1)

and
01fy (N51) +6(1—d)02f5 (N3y) =co+ Ry —0(1—d)R1+6(1—d)(c2+ Ry). (2)

Note that the right-hand sides of these equations do not depend on 6 or 6s.
We will first show that ON;; /002 > 0. Differentiating (1) with respect to 02, we get

ONY ons
Ol (Ni2) g = =0 (1= )b | fa (N5o) + 0213 (N2) 50

In order to get a contradiction, suppose f5 (N3,) + Oa2ff (N35) ON5o/002 < 0. Since f! < 0
this implies that N7 /00, < 0. A similar argument establishes that ON3,/002 < 0. But since
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N3y = (1 —d) Ny1p+ (1 —d) N3y, it must be the case that IN3 /005 < 0, but this contradicts
the assumption that f} (N2*72) + 02 f3 (N2*72) ON3 /005 < 0. It must therefore be the case that
aN;fl/@Hg > 0.

Next, we will snow that N3 ,/00;1 > 0. Differentiating (1) with respect to 61, we get

ON* ON3
fLNEL) +61f7 (V7)) 6911’1 = —0(1—d)pb2f; (N3,) 8921’2,

and differentiating (2) with respect to 01, we get

ON; ON;
FL(NG ) 005 (N51) =5 = =0 (1= d)pha i (N35) 52

In order to get a contradiction, suppose ON3,/901 < 0. Then it must be the case that fl (N;fl) +

01f! (Ni’fl) 8Nif1/801 < 0 for i = 1,2. But then we must have 8N:1/891 > (0 for ¢ =1,2, and since
N3y = (1 —d) Ny p+ (1 —d) N3y, ON35/001 > 0, which is a contradiction. It must therefore be
the case that IN3,/001 > 0.0

Propositions 4 and 5 partially characterize optimal production plans when 7" > 2.

Proposition 4. Let N* be the solution to the relazed problem and Dy be the corresponding average
period-t promotion rate. If p; < p for all t, then the optimal solution N* = N* and features local
intertemporal independence.

Proof of Proposition 4. Suppose N* is a solution to the relaxed problem and that py < p for
all t. Consider the following personnel policy. In each period t, all workers who have not yet been
promoted are promoted with probability p;, and they receive a wage 1 satisfying

Ry :12)1’15—61—{—5(1—61) (ﬁ:RQ—F(l—ﬁt)Rl).

Since p; < p for each ¢, the wage wi; > 0. This personnel policy satisfies incentive compatibility
in each period and provides new hires with no excess rents, so N* solves the full problem.

Fix ¢ and increase 0, to 0, + ¢ for € > 0 small. Denote the perturbed demand path by 6’ (¢),
and let N* (¢ (¢)) be the solution to the relaxed problem under demand path ¢’ (¢). We can again
construct an incentive-compatible personnel policy under N* (0' (5)) in which new hires receive no
excess rents. To do so, consider a seniority-blind promotion policy with promotion rates p;* (¢) in
period t and with wages satisfying

Ri=w;—c1+6(1—d) (p(e) Ra+ (1 —pr) Ra) .

Since w1, > 0 for all ¢, it must be the case that for ¢ sufficiently small, @} , > 0 for all ¢ as well.
Such a policy therefore satisfies incentive compatibility in each period and also provides new hires
with no excess rents, establishing that N* (9' (5)) is a solution to the full problem. Moreover, since
the relaxed problem has no intertemporal linkages, it must be the case that N{ft (¢ () = N{’:t 9)
for all t # 7, so the optimal production plan features local intertemporal independence.ll

Proposition 5. The following are true:
(i.) Forward linkages: Fiz a demand path 6 and a t < T. There exists a demand path 6" with
0 =0, for all T #t and 0y > 0; under which N}, | (0) > Nj,_, () for some i.

(2
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(i1.) Backward linkages: Fiz 0; for some t > 1. There exist demand paths 0' and 0" with
0y =0y = 0; and 0, < 07 for all 1 <71 <t under which N5, (") < N5, (6").

Proof of Proposition 5. For the first part of the proposition, suppose 6 is a constant demand
path. Then the solution to the relaxed problem is a solution to the full problem, and it will be the
case that in each period, H;} ; > 0. Consider a family of demand paths ' (k) that satisfy 6, = 6,
for all 7 # t, and 0} = 6; + r for x > 0. We want to show that either Ny, (¢ (k) > NY, (¢ (0)) or
N3, (0" (r)) > N3, (6" (0)) for some £ > 0.

Suppose to the contrary that N7, (6’ (x)) < Ni, (¢ (0)) and N3, (¢ (x)) < N3, (6’ (0)) for all
k > 0. Let Hf (9’ (Iﬁ))) denote the mass of new hires in period ¢ under the optimal production
plan under demand path ¢’ (k). Workers hired in period ¢ — 1 under 6’ (k) must be promoted with
probability exceeding

N;,t (9/ ("1)) —(1-4d) N2*,t71 (0/ ("‘3)) - (1—-4d) (Nl*,tfl (0, ("ﬂ)) - Hi, (9, (’i)))
Hiy (60" () ’

where notice that N3, (6’ (x)) — (1 —d) N5, ; (¢ (x)) is the mass of vacancies available in the top
job at the end of period ¢t — 1, and (1 — d) (th_1 (0 (r)) — Hf_1 (¢ (k))) is the mass of workers
assigned to activity 1 in period ¢ — 1 who were hired prior to period ¢ — 1. The numerator therefore
represents the smallest mass of these vacancies that must be allocated to period-t — 1 new hires. It
must be the case that this probability is less than p, or else new hires in period ¢ — 1 would have
to be paid excess rents. This observation implies that we must have

N3, (0'(v)) < PHi 1 (6" (k) + (1 —d) [N5,_q (0 (8)) + N7y (6' (r)) — Hi_1 (6" ()]
(1—d) [N34—1 (0" (k) + Niyy (6/ (W))] + (p+d — 1) H (6 (%))
< (U=d) [Ny (0 () + Ny (0 ()] + max {0, (54 d— 1) Ny (¢ ()}
< (1= d) [Ny (6 (0)) + Ny (6 (0))] +max {0, (p+d — 1) Nf,y (¢ (0)}

where the last inequality holds by our assumption that N, ; (6 (x)) < N}, (¢’ (0)) for all £ > 0.
Next, notice that
(9,5 + :‘i) fé (N2*,t (0/ (/ﬂ:))) < ¢+ R,

or else the firm would increase its profits by hiring an additional worker in period ¢, assign him to
activity 2, and then assign him to activity O in all future periods. This implies that

c2 + Ry
0 + K ’

N3, (0 (0) = 1! (

which in turn implies that N3, (9’ (m)) — 00 as Kk — 00, since fs satisfies f5 (Na¢) — 0 as Nay — o0.
This is a contradiction, so we must have that Ny, ; (¢ (k)) > N;,_; (¢’ (0)) for some x > 0 and
some 7. This establishes the first part of the proposition.

We prove part (ii.) by construction. Let 6” be the demand path that satisfies 0 = 6; for
all 7. By the previous proposition, the solution to the relaxed problem, N* (0" ), is a solution
to the firm’s full problem: N* (0” ) = N* (0" ) However, notice that under the relaxed problem,
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N3, (0") < N3, (0"), since they satisfy
e (N;,l (0")) = c2 + Ry

and for 1 <t < T,
Ggfé (Nék,t (9”)) =cCco + (1 -0 (1 — d)) Ri<co+ Rg,

and
7f2 (Nor (0")) = ca + R1 < c2 + Ry,

and f5 is concave.

Now consider a demand path ¢ under which 6/ = 0, for all 7 > t and ¢, = ¢ for 7 < ¢
and € > 0 small. Notice that as ¢ — 0, the firm’s optimal production plan converges to the
optimal production plan for a problem in which period ¢ is the first period. We therefore have that
N5, (0') — N3, (0"), which is strictly smaller than Ny, (6”). For e sufficiently small, it must be

the case that Ny, (9') < N3y (9”), establishing the first part of the proposition.ll

Appendix C: Unsteady Production and Partial-Effort Contracts

Proposition 6. Suppose N satisfies Nit1 < (1 —d) Nit, Nogp1 > (1 —d) Noyyr, and Nigy1 +
Noty1 < (1 —d) (N1t + Naoy) for all t. There is an optimal personnel policy that implements N in
which:

(i.) laid-off workers receive severance pay,

(@.) if <7, then pf, < pa/t, and

(7i1.) conditional on being laid off, workers with more seniority receive greater severance pay.

Proof of Proposition 6. Using a similar argument as in the proof of Proposition 2, we may assume
that o], is decreasing in 7. That is, later-cohort workers value being assigned to activity 1 in period
t more than newer-cohort workers. Given an optimal personnel policy, we now construct an optimal
personnel policy with the desired properties by specifying w7, pg ¢, 345 07 441, and vg,, 4. To do
this, we proceed in three steps.

First, we will assign promotion opportunities in each period to workers so that workers with
positive promotion probabilities all receive the same continuation payoff if they are not promoted,
and the average rate of promotion for workers satisfies the flow constraint for activity 2, that is,
p2t = [Nogt1 — (1 —d) Nayl /(1 —d) Niy]. In particular, it can be shown that there exists a k
such that for all 7 > k, we have p3; =0, and for all 7,7" < k, promotion probabilities will satisfy
the following two sets of equations. First, for all 7,7/ < k

1-p3, vi;ta—6(1—d)Ry
1—p5, o, +ca—0(1—d)Ry’

which ensures that, if they receive a wage of 0 this period, workers promoted with positive proba-
bility receive the same continuation conditional on not being promoted. Second, the flow constraint
for activity 2 is satisfied Zﬁ:l N{p5 ¢ = p24N1,t- These two sets of equations pin down k and pj ,
for all 7. Given the associated promotion probabilities, we can write, for each 7,

Uf,t =-—c1+d(1—ad) (pg,tR2 + (1 - pg,t) 2~11tT-|r1) .
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Notice that our construction ensures that of, ; = ﬁtﬁlrl for all 7,7" < k, and o7 ; > ﬁtﬂlrl for all
E<r<7.

In the second step, we construct wages w7y, and continuation payoffs o, for each cohort to
guarantee that each cohort is promoted with the same probability as in the previous step, they
receive the same payoffs v] ;, and 0{,; < Ry for all 7. That is,

wi; = max {UI,t +c1—(1—=6(1-4d))Ro, O} )
This implies that we can write
UI,t = wit —ca+46(1-d) (pg,tRQ + (1 - p;t) 77tT+1) .

Notice that this construction implies there is some &’ such that wi, =0 for all 7 > K.

Finally, we construct severance probabilities pg, so that workers with the least seniority are
laid off first, and we construct severance values vg,, so that the incentive constraints for laid-off
workers remain satisfied. To this end, let vj, . ; = 041 = v{,;,, and write pj, = (1- pg’t) pi s
where p] is the probability of being laid off conditional on not being promoted. The flow constraint
for activity 1 requires that the number of workers who are laid off is equal to the number of workers
the firm has to get rid of, or

t
Zpg,th,t =(1—d)(Nit+ Noy) — (Nig41+ Nogyr).
=1

This constraint implies there exists a k” such that p] =1 for all 7 > k", and p] = 0 for all 7 < £”.
This constructed policy satisfies all the conditions in the statement of the proposition.H

Proposition 7. Suppose there is a t; at which Nig44+1 < (1 —d) N1y, and Nig41 + Nogpq <
(1 —d)(Nit, + Nay,), and there is a ta > t1 at which Nity41 + Nogyy1 > (1 —d) (Nigy + Nog,).
Then:

(i.) no workers are permanently laid off in period t1, and

(7i.) vitﬁk > v?;gf_k for all T < ts and for all k > 1.
Proof of Proposition 7. Suppose L (nt2+1) > 0 and there is a positive mass of workers who
worked for the firm by {3 but are assigned to activity 0 in period {3 and receive payoff v, for

some T < t3. Suppose such workers are permanently laid off. There are then two cases: either
ta+1 to+1
O,tat1 = Vit 41 OF Uotp 41 < Vigyi1:

In the first case, consider an alternative personnel policy in which the firm does not hire the
new worker and instead rehires the old worker and treats him the way the firm would have treated
the new worker but pays him an additional v§,, 1 — vfzt;ﬁl in period t2 + 1. This new personnel
policy still satisfies the flow constraint for activity 4, and it satisfies the promise-keeping constraint
and the incentive constraints for the re-hired worker, and it pays out less in rents to new hires, so
it reduces the overall wage bill.

In the second case in which vg,, ; < vl,t:il’ similarly consider an alternative personnel policy
in which the firm does not hire the new worker and instead rehires the old worker and treats him
exactly the same ways as the firm would have treated the new worker. This new personnel policy
is again feasible and reduces the overall wage bill because it pays out less in rents to new hires.

This establishes part (i.).

to

35



DN ey . - totk . .
For part (7i.), if it is ever the case that V] ik < Uty ks then we can instead give the new worker

initial rents of v{, ., and give the cohort-7 worker period ¢; + k rents of v?g ﬁk The associated

personnel policy relaxes the cohort-7 worker’s incentive constraint for all periods t < to + k, and it
reduces the initial rents of the cohort-t9 + k worker while maintaining their incentive constraint. It
therefore reduces the firm’s overall wage bill.ll

Proposition 8. Suppose there is an optimal full-effort contract in which p =1, vil =Ry, pi <1,
and v%z > Ry. Then there is a partial-effort contract that has a lower wage bill.

Proof of Proposition 8. Consider the following perturbation. Take a small mass € of cohort-1
workers who have not yet been promoted by period 2, and ask them not to exert effort. Instead, hire

an additional € cohort-2 workers, and promote all cohort-2 workers with probability ﬁ% = pg levz’ia

instead of with probability p2. These workers will still receive excess rents for ¢ sufficiently small.
Finally, hire (1 — d) ¢ fewer workers in period 3. Under this perturbation, the total rents for cohort-
1 workers remains N1 1 R1. The total rents for cohort-2 workers also remains the same, even though
each cohort-2 worker receives slightly lower rents. And the total rents for cohort-3 workers falls
because there are fewer of them. We argue that the total rents paid to new hires therefore falls.
Fach cohort-2 worker’s value in period 2 under the original personnel policy is

va=—c1+6(1—d) [p3Re + (1 —p3) Ri],
and their value in period 2 under the perturbed policy is

Ty = —c1+6(1—d) [RRy + (1 — p3) Ri] ,

where 15% = le\flg’ie p%. The total rents paid to cohort 2 are therefore:
(Nig+¢e)ta = —(Nig+e)a+6(1—d) [(NLQ +e) ﬁ%RQ + (Ni2+¢) (1 — ﬁ%) R1]

= —(Nig+e)er+6(1—d) [Nigp3Re + (N1 +€) — N1ap3) Ry

= —ec1+6(1—d)eRy — Nigey + 6 (1 —d) [N12p3Ro + (N12 — N1.2p3) Ry

= e(—c1+0(1—d)Ry)+ Niavs.
Thus, this perturbation increases cohort 2’s total rents by € (—c; 4+ 6 (1 — d) R1). From period 2’s
perspective, this perturbation also reduces cohort-3’s rents by de (1 — d) R; since there are ¢ (1 — d)

fewer cohort-3 workers. It therefore reduces the total rents of cohorts 2 and 3 by ec;, while leaving
the total rents of cohort 1 the same.ll

36



References

1]

2]

ALBUQUERQUE, Rul AND HUuGO HOPENHAYN. 2004. Optimal Lending Contracts and Firm
Dynamics. Review of Economic Studies, 71(2): 285-315.

ANDREWS, ISATAH AND DANIEL BARRON. 2016. The Allocation of Future Business: Dynamic
Relational Contracts with Multiple Agents. American Economic Review, 106(9): 2742-2759.

BAKER, GEORGE, MICHAEL GIBBS, AND BENGT HOLMSTROM. 1994. The Internal Economics
of the Firm: Evidence from Personnel Data. Quarterly Journal of Economics, 109(4): 881-919.

BAKER, GEORCGE, MICHAEL JENSEN, AND KEVIN J. MURPHY. 1988. Compensation and
Incentives: Practice vs. Theory. Journal of Finance, 43(3): 593-616.

BARNARD, CHESTER. 1938. The Functions of the Ezxecutive. Cambridge, MA: Harvard Uni-
versity Press.

BARRON, DANIEL AND MICHAEL POWELL. 2018. Policies in Relational Contracts. Working
Paper, Northwestern University.

BECKER, GARY AND GEORGE STIGLER. 1974. Law Enforcement, Malfeasance, and Compen-
sation of Enforcers. Journal of Legal Studies, 3(1): 1-18.

BENNETT, VICTOR AND DANIEL LEVINTHAL. 2017. Firm Lifecycles: Linking Employee Incen-
tives and Firm Growth Dynamics. Strategic Management Journal, 38(10): 2005-2018.

Broowm, NicHOLAS, ERIK BRYNJOLFSSON, LUCIA FOSTER, RON JARMIN, MEGHA PATNAIK,
ITAY SAPORTA-EKSTEN, AND JOHN VAN REENEN. 2018. What Drives Differences in Manage-
ment Practices? Working Paper, Stanford University.

Biais, BRUNO, THOMAS MARIOTTI, AND JEAN-CHARLES ROCHET. 2013. Dynamic Finan-
cial Contracting. In Advances in Economics and Econometrics, Tenth World Congress, eds.

Daron Acemoglu, Manuel Arellano, Eddie Dekel. Vol 1, 125-171. Cambridge, UK: Cambridge
University Press.

BrancHai, Nicora, GiuLiA Bovini, JIN L1, MATTEO PARADISI, AND MICHAEL POWELL.
2018. Chains of Opportunity, Revisited. Working Paper, Northwestern University.

BIrRD, DANIEL AND ALEXANDER FRUG. 2017. Dynamic Nonmonetary Incentives. Working
Paper, Tel-Aviv University.

BoarD, SIMON. 2011. Relational Contracts and the Value of Loyalty. American Economic
Review, 101(7): 3349-3367.

BoOARD, SIMON, MORITZ MEYER-TER-VEHN, AND TOMASZ SADZIK. 2017. Recruiting Talent.
Working Paper, UCLA.

BoLESLAVSKY, RAPHAEL AND DaviD KELLY. 2014. Dynamic Regulation Design Without
Payments: The Importance of Timing. Journal of Public Economics, 120: 169-180.

37



CARMICHAEL, LORNE. 1983. Firm-Specific Human Capital and Promotion Ladders. Bell Jour-
nal of Economics, 14(1): 251-258.

CARMICHAEL, LORNE. 1985. Can Unemployment be Involuntary? Comment. American Eco-
nomic Review, 75(5): 1213-1214.

CHANDLER, ALFRED. 1962. Strategy and Structure: Chapters in the History of the American
Industrial Enterprise. Cambridge, MA: MIT Press.

CHIAPPORI, PIERRE-ANDRE, BERNARD SALANIE, AND JULIE VALENTIN. 1999. Journal of
Political Economy, 107(4): 731-760.

CLEMENTI, GIAN LucA AND Huco HOPENHAYN. 2006. A Theory of Financing Constraints
and Firm Dynamics. Quarterly Journal of Economics, 121(1): 229-265.

DEMARZO, PETER AND MICHAEL FisHMAN. 2007. Optimal Long-Term Financial Contract-
ing. Review of Financial Studies, 20(6): 2079-2128.

DEVARO, JED AND MICHAEL WALDMAN. The Signaling Role of Promotions: Further Theory
and Empirical Evidence. 2012. Journal of Labor Economics, 30(1): 91-147.

DEVARO, JED AND HODAKA MORITA. 2013. Internal Promotion and External Recruitment:
A Theoretical and Empirical Analysis. Journal of Labor Economics, 31(2): 227-269.

DOERINGER, PETER AND MICHAEL PIORE. 1971. Internal Labor Markets and Manpower
Analysis. Lexington, MA: Heath Lexington.

DRUCKER, PETER. 1977. Management Cases. New York, NY: Harper Business.

EDWARDS, RICHARD. 1979. Contested Terrain: The Transformation of the Work Place in the
Twentieth Century. New York, NY: Basic Books.

EKINcI, EMRE, ANTTI KAUHANEN, AND MICHAEL WALDMAN. Forthcoming. Bonuses and
Promotion Tournaments: Theory and Evidence. Fconomic Journal.

ERICSON, RICHARD AND ARIEL PAKES. 1995. Markov-Perfect Industry Dynamics: A Frame-
work for Empirical Work. Review of Economic Studies, 62(1): 53-82.

FERSHTMAN, DANIEL. 2018. Dynamic Delegation: Specialization and Favoritism. Working
Paper, Northwestern University.

FoarTA, DANA AND TAKUO SUGAYA. 2018. Making the Right Assignment: Optimal Con-
tracting for Post-Hire Selection. Working Paper, Stanford University.

FORAND, JEAN GUILLAUME AND JAN ZAPAL. 2018. Production Priorities in Dynamic Rela-
tionships. Working Paper, CERGE-EL

FonG, YUK-FAl AND JIN LI. 2017. Relational Contracts, Limited Liability, and Employment
Dynamics. Journal of Economic Theory, 169: 270-293.

FUDENBERG, DREW AND LUIS RAY0O. 2018. Training and Knowledge Dynamics in Appren-
ticeship. Working Paper, Northwestern University.

38



[34]

[35]

[36]

[46]

[47]

[48]

[49]

GIBBONS, ROBERT. 1997. Incentives and Careers in Organizations. In Advances in FEcono-
metrics: Theory and Applications, eds. David Kreps and Kenneth Wallis, Cambridge, UK:
Cambridge University Press.

GIBBONS, ROBERT AND MICHAEL WALDMAN. 1999a. A Theory of Wage and Promotion
Dynamics Inside Firms. Quarterly Journal of Economics, 114(4): 1321-1358.

GIBBONS, ROBERT AND MICHAEL WALDMAN. 1999b. Careers in Organizations: Theory and
Evidence. In Handbook of Labor FEconomics, vol 3, eds. Orley Ashenfelter and David Card,
Amsterdam, Netherlands: North Holland.

GIBBONS, ROBERT AND MICHAEL WALDMAN. 2006. Enriching a Theory of Wage and Promo-
tion Dynamics Inside Firms. Journal of Labor Economics, 24(1): 59-107.

GRENADIER, STEVEN, ANDREY MALENKO, AND NADYA MALENKO. 2016. Timing Decisions

in Organizations: Communication and Authority in a Dynamic Environment. American Eco-
nomic Review, 106(9): 2552-2581.

GUO, YINGNI AND JOHANNES HORNER. Dynamic Allocation without Money. 2018. Working
Paper, Northwestern University.

Harac, MARINA. 2012. Relational Contracts and the Value of Relationships. American Eco-
nomic Review, 102(2): 750-779.

HARRIS, MILTON AND BENGT HOLMSTROM. 1982. A Theory of Wage Dynamics. Review of
Economic Studies. 49(3): 315-333.

HormsTROM, BENGT AND JOAN RICART I COSTA. 1986. Managerial Incentives and Capital
Management. Quarterly Journal of Economics, 101(4): 835-860.

HoPENHAYN, HUGO. 1992. Entry, Exit, and Firm Dynamics in Long Run Equilibrium. Econo-
metrica, 60(5): 1127-1150.

JENSEN, MICHAEL. 1986. Agency Costs of Free Cash Flow, Corporate Finance and Takeovers.
American Economic Review, 76(2): 323-329.

JovaNovic, BOoYvAaN. 1982. Selection and the Evolution of Industry. Econometrica, 50(3): 649-
670.

KE, RoNGZzHU, JIN L1, AND MICHAEL POWELL. 2018. Managing Careers in Organizations.
Journal of Labor Economics, 36(1): 197-252.

LAZEAR, EDWARD. 1979. Why is there Mandatory Retirement? Journal of Political Economy,
87(6): 1261-1284.

LAZEAR, EDWARD. 1999. Personnel Economics: Past Lessons and Future Directions. NBER
Working Paper 6957.

LAZEAR, EDWARD AND PAUL OYER. 2013. Personnel Economics. In Handbook of Organiza-
tional Economics, eds. Robert Gibbons and John Roberts, Princeton, NJ: Princeton University
Press.

39



L1, JIN AND N1KO MATOUSCHEK. 2013. Managing Conflicts in Relational Contracts. American
Economic Review, 103(6): 2328-2351.

L1, JiN, NIKO MATOUSCHEK, AND MICHAEL POWELL. 2017. Power Dynamics in Organiza-
tions. American Economic Journal: Microeconomics, 9(1): 217-241.

LipNOWSKI, ELLIOT AND JOAO RAMOS. 2017. Repeated Delegation. Working Paper, Univer-
sity of Chicago.

Lucas, ROBERT. 1978. On the Size Distribution of Business Firms. Bell Journal of Economics,
9(2): 508-253.

MACLEOD, BENTLEY AND JAMES MALCOMSON. 1989. Implicit Contracts, Incentive Compat-
ibility, and Involuntary Unemployment. Econometrica, 57(2): 447-480.

MALCOMSON, JAMES. 1984. Work Incentives, Hierarchy, and Internal Labor Markets. Journal
of Political Economy, 92(3): 486-507.

MANOVE, MICHAEL. 1997. Job Responsibility, Pay and Promotion. Economic Journal, 107:
85-103.

MINCER, JACOB. 1974. Schooling, Ezxperience and Earnings. New York: Columbia University
Press.

MILGROM, PAUL AND JOHN ROBERTS. 1988. An Economic Approach to Influence Activities
in Organizations. American Journal of Sociology, 94: S154-S179.

MORONI, SOFIA. 2017. Experimentation in Organizations. Working Paper, University of Pitts-
burgh.

PADRO 1 MIQUEL, GERARD AND PIERRE YARED. 2012. The Political Economy of Indirect
Control. Quarterly Journal of Economics, 127(2): 947-1015.

PORTER, MICHAEL. 1998. Competitive Strategy: Techniques for Analyzing Industries and Com-
petitors. New York: Free Press.

PRENDERGAST, CANICE AND ROBERT TOPEL. 1996. Favoritism in Organizations. Journal of
Political Economy, 104(5): 958-978.

RAY, DEBRAJ. 2002. The Time Structure of Self-Enforcing Agreements. Econometrica, 70(2):
047-582.

ROGERSON, WILLIAM. 1985. Repeated Moral Hazard. Econometrica, 53: 69-76.

SPEAR, STEPHEN AND SANJAY SRIVASTAVA. 1987. On Repeated Moral Hazard with Discount-
ing. Review of Economic Studies, 54(4): 599-617.

URGUN, CAN. 2017. Contract Manufacturing Relationships. Working Paper, Princeton Uni-
versity.

WALDMAN, MICHAEL. 1990. A Signalling Explanation for Seniority Based Promotions and
Other Labor Market Puzzles. Working Paper, UCLA.

40



[68] WALDMAN, MICHAEL. 2013. Theory and Evidence in Internal Labor Markets. In Handbook of

Organizational FEconomics, eds. Robert Gibbons and John Roberts, Princeton, NJ: Princeton
University Press.

[69] ZHU, JOHN. 2012. Optimal Contracts with Shirking. Review of Economic Studies, 80(2): 812-
839.

41



