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Abstract

Despite the enduring appeal of fair trade activism, little evidence exists on

its effectiveness in improving producer welfare. This paper provides evidence

on the direct effects of a fair trade premium on its target beneficiaries, using the

case of the Penny-Per-Pound, a program that increased the piece-rate wages

received by tomato pickers in Florida. It highlights that in output-constraint

settings, common in agriculture, a piece-rate compensation scheme can result

in externalities among workers. By inadvertently incentivizing the workers to

increase their effort whereas the total output is fixed, the program amplified

the externality and generated unforeseen risks for worker displacement.
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1 Introduction

Fair trade for products such as coffee, tea, cocoa, sugar and bananas is widespread.

Although fair trade programs come in diverse packages and place varying degrees of

emphasis on their non-pecuniary benefits (Moore, 2004), what forms the core of most

fair trade programs is a price premium, which is essentially a transfer from caring

consumers to producers. The magnitude of such transfers has increased dramatically

over the last decade.1 Despite the growing size of the fair trade industry and the

enduring appeal of fair trade activism, empirical evidence on the impact of fair trade

on their intended beneficiaries has been scant in the economics literature. The fact

that price premiums paid by consumers often dissipate before reaching their intended

recipients (Chau et al., 2009; De Janvry et al. 2014) has contributed to the difficulty

in assessing the impact of a fair trade premium. In addition, while there exists work

looking at the impact of fair trade on producers (e.g., Ronchi, 2002; Bacon, 2005;

and Becchetti and Costantino, 2008), their lack of research design renders causal

interpretation tenuous.

This paper investigates whether or not fair trade premiums lead to an improvement

in the welfare of their target beneficiaries, using the case of the Penny-Per-Pound

(PPP), a unique fair trade program that increased the effective earnings of piece-rate

tomato pickers in Florida. To my knowledge, this is the first study that identifies

the direct effect of a fair trade premium on worker earnings and welfare, based on a

quasi-experimental research design. Although I focus here on a particular program

affecting agricultural laborers in the U.S. and one that attracted much media attention

(see, e.g., The New York Times, 2010 and 2011; The Wall Street Journal, 2010), this

paper speaks to the broader issue of the efficacy and efficiency of organized consumer

activism and fair trade programs in general (Brown, 2006; Baland and Duprez, 2009;

Basu and Zarghamee, 2009; and Harrison and Scorse, 2010).

Being the product of a long-standing campaign organized by the Coalition of

1In 2012, the price premium paid to producers via Fair Trade USA amounted to $37 million, up
from $518,000 in 2002 (Fair Trade USA, 2012). In the same year, Fairtrade Foundation, a UK-based
fair trade organization, generated £23 million fair trade premium through sales in the UK (Fairtrade
Foundation, 2013).
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Immokalee Workers (CIW), a grassroot labor rights group based in Immokalee, Florida,

the Penny-Per-Pound program entails participating buyers (such as McDonald’s and

Burger King) paying one cent extra per pound of tomatoes purchased from Florida-

based growers (farms), and the growers passing this fair trade premium on to the

workers who harvested the tomatoes.2 This paper begins by looking at the under-

lying incentive structure at the farm prior to the introduction of the PPP, paying

particular attention to the piece rate compensation scheme and several other impor-

tant features characterizing the production environment facing harvesters. Next, I

analyze what impact an exogenous increase in the piece rate would have on worker

incentives in such an environment. I then examine the data on whether and how

workers actually responded to the PPP, and determine whether or not the program

increased the welfare of the workers, as was intended by the consumers who financed

the program.

This study highlights that in output-constrained settings, even a piece-rate com-

pensation scheme, which is well known to be efficient, can give rise to externalities

among workers.3 When the aggregate output is fixed, one worker’s higher effort and

higher productivity (pieces per hour) crowds out the amount of crops (or field hours)

available for all workers. Unless workers fully internalize the externality that their

effort exerts on others, their competitive choices of effort may be inefficiently high

from a collective standpoint.4 This paper then argues that due to the capacity con-

2The going piece rate for tomato pickers is 50 cents per 32-pound bucket of Round tomatoes.
Therefore, if all buyers participated in the program (in other words, if 100 percent of tomatoes
picked were covered by the program), the effective piece rate for workers would go up to 82 cents
per bucket, a 64 percent pay increase. In 2010, the retail price of field-grown tomatoes ranged
from $1.405 to $2.132 per pound (Source: U.S. Bureau of Labor Statistics). Thus, $0.01 extra per
pound would have corresponded to a less than one percent increase in the price that consumers pay.
While seemingly insignificant from the perspective of the consumers, therefore, the penny per pound
premium can lead to a significant boost in the wages of low-income farmworkers.

3It is well understood that a piece-rate incentive scheme, in which the compensation for each
worker is based on his or her own output and only that, is efficient. In the absence of any com-
plementarities in production or asymmetric information, workers’ competitive choice of effort that
maximizes their individual earnings, minus the costs of effort, should coincide with what will be
collectively optimal for the workers as a whole (Stiglitz, 1975; Nalebuff and Stiglitz, 1983; Lazear,
1986; and Gibbons, 1987). Thus, a piece-rate scheme is often used for low-skilled repetitive tasks
in which the output can be easily quantified, costs of monitoring are low, and overall costs are easy
to calculate (Lazear, 1986). My key point of departure is that I focus on particular production
environments in which the total amount of output is pre-determined.

4This echoes the theoretical prediction in Sen (1966).
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straint, the introduction of the PPP may not necessarily lead to an improvement in

the welfare of workers. On the one hand, a higher piece rate means a higher reward on

the same unit of output as before. Therefore, in the absence of any changes in their

work effort, existing workers would gain from the wage increase. On the other hand,

if each worker reacts rationally to the increased pecuniary incentive and increases his

or her effort whereas the field capacity (hence the aggregate compensation) remains

fixed, this widens the pre-existing gap between the competitive and the collectively

optimal choices of effort. In addition, as workers become more productive (or reach

the capacity in a shorter amount of time) after the introduction of the PPP, the farm

might adjust downward the number of workers assigned to picking a given capacity.5

To identify the incentive effect of the PPP, I use a difference-in-differences ap-

proach exploiting the natural experiment that arises from the different sizes of toma-

toes. Specifically, I compare workers’ productivity in picking different varieties of

tomatoes (Round vs. Grape) between seasons with and without the PPP program in

place. The rationale for this identification strategy is that the PPP-related bonus was

determined based solely on the relative volume of tomatoes each worker harvested

regardless of variety, whereas there is a wide variation in the speed of harvesting dif-

ferent varieties due to the difference in their crop sizes. Since the piece rate that the

two varieties pay differs widely ($3.75 for Grape and $0.50 for Round), the current

distribution scheme renders the impact of the PPP bonus on Grape almost negligible

vis-à-vis that on Round.6 Data show that the productivity of the tomato pickers went

up substantially in response to the Penny-Per-Pound program, whereas no changes

in effort would have been the collectively optimal choice. In addition, with the PPP

in place, fewer workers are observed to pick a given capacity than otherwise.

Due to the increased effort of workers as well as the downward adjustment in the

size of the workforce, both of which were unforeseen by the well-meaning consumers

5Since the total output is fixed—at least in the short-run—such adjustments imply increased
chances of displacement for existing workers. Displacement should take its toll on the welfare of
workers unless the workers have access to outside options that provide as much utility as what they
currently obtain by working at the farm.

6Output is measured in 32-pound buckets. The Penny Per Pound bonus would amount to a
8.5 percent increase in the piece rate for Grape (0.32/3.75) and a 64 percent increase for Round
(0.32/0.5) if all consumers participated in the program.

3



who financed the program, there was some loss in welfare. My analysis shows that

in the absence of any displacement effects, or conditional on working post-PPP, the

welfare impact of the program on existing workers was positive. However, the pro-

gram’s impact on the unconditional welfare of existing workers (i.e., when the chance

of displacement is taken into account), was no longer unambiguously positive. This

paper thus demonstrates how, due to an unusual source of externalities underlying the

piece-rate environment—namely, the capacity constraint—a well-intended policy can

have unintended and even negative consequences on those who are meant to benefit

from it.

Given the usual notion of efficiency associated with a piece-rate incentive scheme,

the possibility of externalities among the harvesters is quite striking. However, a

closer look at the nature of the problem reveals that this issue is applicable to many

other settings, e.g., survey enumerators, telemarketers, or online travel agents (as in

Bloom et al., 2013) who are paid on a piece-rate while the pool of potential survey

respondents or the volume of customer traffic per hour is fixed. Moreover, the fact

that workers’ greater efforts in response to a higher piece-rate reduce their welfare

gain due to a fixed total output can be related to the classic common pool resource

problem, though the contexts of the two problems are entirely different (see, e.g.,

Hsieh and Moretti, 2003, for a particular application).7

This study is most closely related to the work of Harrison and Scorse (2004, 2010),

who empirically investigate the impact of anti-sweatshop campaigns on the wages

and working conditions of low-income production workers in Indonesia by exploiting

7In studying the problem of the socially inefficient entry of real estate agents into the US housing
market, Hsieh and Moretti (2003) argue that when there are only so many houses to be sold in
a given city, the fact that the commission is fixed at 6 percent everywhere means that the total
amount of commission available for a given city is pre-determined. Therefore, even if the number
of houses were the same everywhere, in those cities in which houses are more expensive the reward
for selling each house is greater, inducing the entry of more real estate agents and thereby lowering
the productivity (houses sold per agent). The “effort” by tomato pickers in the present study is
analogous to the “entry” of real estate agents in Hsieh and Moretti (2003). On tomato farms,
the total amount of crops (hence the total compensation) is pre-determined. When the effective
piece rate increases, each tomato picked becomes more lucrative, and thus workers put out greater
effort, which is a rational thing to do from an individual perspective. However, since their higher
productivity does not expand the size of the field, the workers’ competitive choice of effort or work
intensity per hour can be “too high” from a collective standpoint.
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differences between affected and unaffected plants before and after the initiation of

these campaigns. In addition, this paper also speaks to the literature on worker effort

responses to changes in incentives (see, e.g., Paarsch and Shearer, 1999; Lazear, 2000;

Shearer, 2004; Bandiera et al., 2005; Fehr and Goette, 2007; and Jayaraman et al.,

2014). Unlike in existing work in the literature, there is no explicit change in wage

contracts here. However, the introduction of the PPP works as if it is an exogenous

increase in the piece rate received by workers, allowing me to evaluate its impact on

worker effort in a natural workplace setting.

The remainder of this paper is organized as follows. The next section presents the

theory. Section Three describes the data. Section Four presents the empirical results

and discusses the welfare impact of the PPP. Concluding comments are in section

Five.

2 Theory

2.1 Setup

This section provides a simple framework for understanding the incentive structure at

the farm prior to the introduction of the PPP. It illustrates the fact that in production

environments in which the aggregate output is pre-determined, even a piece-rate

compensation scheme can give rise to externalities among workers. The mechanism

is that when the capacity of the field is exogenously fixed and workers share common

field hours, an individual worker’s higher effort and higher productivity crowds out

the amount of crops or field hours available to all workers, including himself.

2.1.1 Environment

Planting decisions precede harvesting by one season. Therefore, decisions regarding

the acreage and variety of crops are sunk from a harvesting standpoint. Conditional

on the acreage, nature then determines the yields. At the beginning of the season, har-

vesters are recruited and registered. Let N denote the number of workers registered.
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No prior experience is required. The harvesting task is mechanical and low-skilled

labor. The size of the pool of workers, N , varies from season to season.8

On any given day, the harvest manager decides, based on weather conditions and

the maturity of crops, which field or which area within the field to pick. Therefore,

the total amount to be harvested is exogenously fixed by the capacity of the field.

The goal of the farm is to harvest to the capacity of the specified field. Otherwise, the

unharvested crops that are mature will go to waste. Denote the capacity of a given

field on a given day by Y > 0. Let N (≤ N) denote the number of workers who are

assigned to picking that field on that day. From an individual worker’s perspective,

both Y and N are exogenous.9

Tomato bushes grow in rows. Once the field clock starts, workers spread out

across different rows. Once a worker completely picks his row, he can move on to

another row. Workers keep moving to different rows throughout the day. Therefore,

individual workers are not “attached” to any particular row either within a day or

during a season. There is no team element involved in production, and compensation

is entirely based on the piece rate and the individual output.

Denote by h the total hours workers spend in the field. Once in the field, indi-

vidual workers do not choose their hours. The point at which the field is completely

picked to its capacity is when everyone stops. Workers, however, choose their work

intensity. For a given hour, for example, each worker exerts ei ≥ 0 units of effort,

which determines his or her productivity (pieces per hour). Let f(ei) be the hourly

productivity of worker i with f
′
> 0 and f

′′
< 0. The total output of worker i for the

field-day then is h× f(ei), which I denote by Yi. The harvest manager asks workers

to stay in the field and harvest until
∑N

j Yi = Y . Thus, the total field hours, h, that

8According to my personal communications with the manager of the farm, apparently the farm
cares little about the exact number as long as the workers can be accommodated.

9The harvest manager together with crew leaders decides on N conditional on Y , based on some
heuristic. Although I do not model the manager’s choice of N or discuss its optimality here, I
do examine the possible changes in N (conditional on Y ) in response to the PPP program in my
empirical analysis.
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workers work is determined by the following relation:

h =
Y∑N

j f(ej)
(1)

Notice that even though individual workers do not directly choose their field hours,

their work intensity can indirectly affect the hours for everyone.10

2.1.2 Worker Utility

Denote the prevailing piece-rate wage by p. Let C(ei, θi) be the cost of exerting

effort of intensity ei for a given hour, with Ce > 0, Cee > 0, and Ceθ > 0. The

parameter θi is the inverse of workers’ innate ability with θi > 0 for all workers. To

focus on the main theoretical argument—the externality arising from the presence of

a joint capacity constraint—I will consider the simplest case, in which the abilities of

workers are symmetric.11 Therefore, when there is no risk of confusion, I will drop

the subscript i.

The utility for each worker then is

u = h{pf(e)− C(e, θ)}, (2)

where h follows (1). Let B denote the per hour return on the best outside option

available to the workers currently working at the tomato farm. This could be a

monetized value of one hour’s leisure or the utility from earning an hourly wage of

w by working at a nearby strawberry farm, etc. Then, for existing workers currently

working at this farm, the following participation constraint should be satisfied by

10Note that it is not possible to expand the size of the field (with mature crops) in the short run,
and also that once the field is picked to its capacity, the day’s harvesting ends. In the case of the
tomato pickers in Florida whom I observed, once the field has been picked to its capacity, workers
get on the bus by which they were brought to the field in the morning and go back to their living
quarters.

11The main result, the externality issue, also obtains even if workers were heterogeneous in their
abilities: As long as two or more workers are subject to a joint capacity constraint, the externality
problem can arise even if all workers have identical abilities. By assuming heterogenous abilities,
what can be added are interesting distributional consequences related to the PPP. For simplicity, I
focus here on the welfare impact of the PPP on an average worker and the efficiency consequences
of the PPP.
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revealed preferences:

pf(e)− C(e, θ) ≥ B. (3)

2.2 The Externality Problem

Each worker’s competitive choice of effort e∗i is what satisfies

[
p− pf(e∗i )− C(e∗i , θi)∑N

j f(e∗j)

]
f
′
(e∗i )− Ce(e∗i , θi) = 0. (4)

Given p, Y , and N , the competitive equilibrium of this model is summarized in the

vector (e∗1, ..., e
∗
N).

In (4), the second term inside the brackets shows the private cost in terms of

reduced field hours (or crops available) caused by one’s increased effort. However,

workers do not fully internalize the cost associated with reduced field hours for other

workers.

To maximize the joint utility of all workers, a planner will solve:

max
(e1, e2, ..., eN )

N∑
j

uj = pY − Y
∑N

j C(ej, θj)∑N
j f(ej)

.

The choice of effort e0
i that maximizes the joint utility is what satisfies

∑N
j C(e0

j , θj)∑N
j f(e0

j)
f
′
(e0
i )− Ce(e0

i , θi) = 0. (5)

Lemma 1 The collectively optimal choice of effort does not depend on the piece rate

(∂e
0

∂p
= 0).

Since the aggregate amount to be harvested is fixed at Y , the aggregate compensation

to be received from the farm is also fixed, at pY . Therefore, the planner’s problem

really boils down to the question of “at what speed” or “how intensively” each worker

should labor to minimize the aggregate cost associated with harvesting Y .

While the pay scheme is piece-rate based and there is no direct complementarity in
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the productivity of workers, there is an externality problem that arises from the fact

that the capacity of the field is pre-determined and that the workers share common

field hours, which subjects them to a joint capacity constraint.

Proposition 1 The competitive choice of effort by individual workers is higher than

what will be collectively optimal (e∗ > e0).

To see this point, re-write (5) as:

[
p−

∑N
j {pf(e0

j)− C(e0
j , θj)}∑N

j f(e0
j)

]
f
′
(e0
i )− Ce(e0

i , θi) = 0. (6)

The difference between (4) and (6) is that while in the former the individual is in-

ternalizing only the private cost of reduced field hours (or crops) available due to

his effort, in the latter, the individual is fully internalizing the field-hour-reducing

effect of his effort on all workers. The cost from reduced field hours due to increased

intensity of effort functions as a “tax” on the piece rate. Since this tax is greater in

(6) than in (4), we can conjecture that the corresponding choice of effort in (6) should

be smaller than that in (4) such that e0 < e∗. A formal proof of this is provided in

the Appendix.

2.3 Implications of the Penny-Per-Pound

The PPP program entails participating buyers paying an extra cent per pound of

tomatoes purchased. The farm then passes on the extra money directly to the work-

ers who harvested those tomatoes. Let s > 0 represent the penny-per-pound price

premium to be transferred to harvesters. If all buyers participated in the program,

the effective piece rate for the harvesters would be p+s. In reality, however, not all of

the customers of this farm are participating in the program. Let φ ∈ [0, 1] denote the

percentage of sales covered by the program. Then, the program essentially increases

the piece rate in (2) by sφ.
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2.3.1 Worker Effort

The evaluation of the program boils down to the comparative statics with respect

to p in (2). I first examine what impact the PPP might have on workers’ choices of

effort.

A1: 1 < −N · f · f ′′/(f ′)2.

Lemma 2 If A1, the competitive choice of effort increases with the piece rate (∂e
∗

∂p
>

0).

A proof is provided in the Appendix. A1 is a sufficent condition for worker effort to

increase as the piece rate increases.12

Proposition 2 If A1, the PPP widens the gap between the competitive and the col-

lectively optimal choice of effort.

This is apparent from Lemmas 1 and 2. Since the PPP corresponds to an increase

in the effective piece rate, the competitive choice of effort goes up, whereas the piece

rate has no impact on the collectively optimal choice of effort. In the data, if workers’

level of effort (hence productivity) changes in response to the PPP, then this will be

evidence against workers fully colluding.

Proposition 2 shows that unless workers fully collude, the overpicking problem

stated in Proposition 1 should become more pronounced with the PPP in place than

before, creating some welfare loss.13

2.3.2 Welfare

Having discussed the possibility that the workers may not extract the maximum

possible surplus from the PPP, I next turn to the question of whether the workers are

12Consider f(e) = Aeb where A > 0 and b ∈ (0, 1) as an example. Then the condition A1 becomes:
b < N/(N + 1). When the size of the workforce, N , is larger, the required degree of concavity, b, to
induce a positive effort response becomes less stringent. Since the collectively optimal response in
the present context is no change in effort, a larger group size renders workers’ competitive choices
of effort more likely to deviate from the collectively optimal choices, which is intuitive.

13However, this does not imply that the PPP necessarily makes the workers worse off. Rather, it
means that while workers may still be better off with the PPP than without—recall that the PPP
raises the effective piece rates—the welfare gain in the competitive equilibrium is not as large as it
could have been had the workers implemented the collectively optimal strategy.
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better off with the program than without. From the perspective of individual workers,

the capacity, Y , and the size of the workforce assigned to picking that capacity, N , are

exogenous. Recall that their competitive choice of effort was summarized in the vector

(e∗1, ..., e
∗
N). Denote the utility that each worker enjoys in a competitive equilibrium

by

g(p, Y ,N) ≡ Y∑N
j f(e∗j)

{pf(e∗i )− C(e∗i , θi)}. (7)

Also, denote the field hours that each worker spends by

h(p, Y ,N) ≡ Y∑N
j f(e∗j)

. (8)

Holding constant N , the evaluation of the impact of the PPP on the welfare of workers

then boils down to determining the sign of the derivative of the indirect utility in (7)

with respect to the piece rate, p, i.e., whether ∂g(p, Y ,N))/∂p is positive or not.

Denote by σf the elasticity of productivity with respect to the piece rate such

that σf ≡ df/f
dp/p

.

Proposition 3 If σf < 1, then existing workers are better off with the program than

without (∂g(p,Y ,N)
∂p

> 0).

A proof is provided in the Appendix. This is a sufficient condition for the program

to increase the welfare of workers in the absence of any displacement effects. The

condition says that unless the effort (hence productivity) response of workers is not

too large, the program leads to an increase in the welfare of existing workers.

So far, I have treated the size of the workforce picking a given capacity as constant.

However, if the workers become more productive (or reach the capacity in a shorter

amount of time) after the introduction of the PPP, the farm might adjust downward

the number of workers, N , assigned to picking a given capacity, Y , in order to keep

the daily field hours relatively stable (or for any other reason).14 Suppose that with

the PPP in place, the number of workers went down to N
′
(≤ N). This means that

14Since the farm pays by the pieces, not by the hour, there is no obvious reason for why the farm
might want to adjust the number of workers. Whether they do adjust it or not is thus an empirical
question.
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the existing workers, while receiving a higher piece rate than before, are also facing

some probability of displacement. Let π denote the probability of displacement with

respect to the PPP such that

π ≡ 1− N
′

N
.

Prior to the PPP, N
′
= N , hence π = 0.

Taking into account the possible displacement effect, the expected utility of a

worker can be expressed as follows:

Ω ≡ (1− π)g(p, Y ,N) + πBh(p, Y ,N),

where B represents the hourly utility obtainable from the best outside option (see

Section 2.1.2). With probability 1 − π, the worker is retained and he or she obtains

the utility from harvesting. With probability π, the worker is displaced from this

farm and obtains hourly utility B multiplied by the number of hours that the worker

would have spent at the farm if he or she was retained.15

The derivative of Ω with respect to the piece rate p, evaluated in the pre-PPP

situation (N
′
= N , π = 0), is:

∂Ω

∂p

∣∣∣∣
N ′=N, π=0

=
∂g(p, Y ,N)

∂p
+ σN

[
g(p, Y ,N)

p
− Bh(p, Y ,N)

p

]
, (9)

where σN ≡ −∂π/(∂p/p) = (∂N/N)/(∂p/p), the elasticity of the size of the workforce

assigned to picking a given capacity with respect to the piece rate.

Proposition 4 If σf − σN < 1, then the PPP increases the welfare of existing work-

ers.

A proof is provided in the Appendix. Proposition 4 states a sufficient condition for

the welfare impact of the PPP to be positive. If σN = 0 (i.e., no adjustment in the

picking group size), this corresponds to the situation in Proposition 3. In contrast, if

there is a non-zero probability of displacement from the farm following the PPP such

15I am assuming here ex ante equal chance of displacement for all existing workers, consistent
with the earlier assumption of symmetric abilities between workers.
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that σN < 0, then the combined effects of σf and |σN | will have to be sufficiently

small to ensure that the welfare impact of the PPP for the workers is positive.

Essentially, Proposition 3 is concerned with the welfare impact of the PPP condi-

tional on working at the farm post-PPP whereas Proposition 4 considers the welfare

impact unconditionally and considering possible displacement effects. Below, I will

quantify σf and σN in the data in order to determine the impact of the PPP on the

welfare of workers.

2.3.3 Earnings

Welfare is a more complex issue than earnings, and the assumptions underlying the

welfare approach may not be agreeable to everyone. Therefore, I also consider the

impact of the PPP on worker earnings, setting aside the issue of utility. The relevant

question here is the impact on worker earnings (in piece-rate equivalence), for each

dollar of the PPP money transferred to workers. The expected earnings of each of

the N existing workers can be expressed as:

ω ≡ (1− π){h(p, Y ,N)pf(e)}+ π{h(p, Y ,N)w},

where w represents the hourly earnings from the best outside option available to

workers (see Section 2.1.2). To express the earnings in piece-rate equivalence, divide

it through by the output, h(p, Y ,N)f(ei). Then, we obtain

ω̂ ≡ (1− π)p+ π
w

f(e)
.

The derivative of ω̂ with respect to the piece rate, evaluated in the pre-PPP situation

(N
′
= N , π = 0), is:

∂ω̂

∂p

∣∣∣∣
N ′=N,π=0,

= 1 + σN{1−
w

pf(e∗)
}, (10)

where σN = −∂π/(∂p/p) = (∂N/N)/(∂p/p) as before. The first term is the direct

effect of a piece rate increase by $1. If σN = 0 and there is no risk of displacement, then
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the per-dollar impact of the PPP money on workers would be exactly $1. However,

if σN < 0 and the ratio, w
pf(e∗)

, is strictly less than unity (i.e., the outside option

does not pay as much as what the workers can make per hour at this farm), then the

per-dollar impact of the PPP money on workers would be diluted in proportion to

the magnitude of σN .

3 Setting and Data

My analysis is based on data collected at a large tomato farm in Florida that hires

hundreds of tomato pickers who hand-pick tomatoes in the field. The farm is the first

of its kind to implement the PPP program, before its expansion across the state in

subsequent years.16 The main dataset is obtained from the firm’s payroll records and

it covers three harvesting seasons spanning two years prior to the program (spring

2008 and 2009) and the year in which the program was in place (spring 2010). For

simplicity, I will from here on refer to these three harvesting seasons as Year 1, Year

2, and Year 3, respectively. The records show detailed harvesting activities at the

worker/field/variety levels for each day of the duration of each season. I have also

obtained rudimentary demographic information on the harvesters, including their

ages, genders, and the dates on which they were hired.17 In parts of my analysis, I

use climatic data for the relevant harvesting and growing periods. The data come from

the Global Surface Summary of Day Data produced by the National Climatic Data

Center (NCDC) and the Florida Climate Center, based at Florida State University.18

A harvesting season lasts for about two months; naturally, this varies from year

to year depending on the weather conditions and the field life-cycle. The farm grows

several different varieties of tomatoes. My analysis will focus on the two core varieties

16Although the PPP program was expanded to other farms in Florida in subsequent years, during
the period covered in the present paper the study farm was the first of its kind to actually implement
the program, leaving little room for general equilibrium effects to take effect. Moreover, throughout
the operation of the program, a third party auditor tightly monitored and ensured that the PPP
premium was indeed passed on to its intended recipients, the harvesters, and that there was no
compromise in the existing wage structures.

17Hire date is the point at which a worker first registered with this farm. However, this does not
mean that the worker has been continuously working with this farm since the point of hiring.

18http://www.ncdc.noaa.gov/ and http://climatecenter.fsu.edu/.
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Figure 1: Piece Rates, Pieces, and Earnings

at the farm, Round and Grape. These two varieties together represent over 70 percent

of the total field hours worked. My sample includes all workers who harvested either

Round or Grape tomatoes.

Output is measured in units of 32-pound buckets. The piece rate per 32-pound

bucket of Round (bigger) tomatoes is 50 cents, and the piece rate for Grape (smaller)

tomatoes is $3.75. Figure 1 shows the pre-program characteristics of the two core

crops. On average, workers pick 21.73 buckets of Round tomatoes per hour and 2.51

buckets of Grape tomatoes. Clearly, it is much easier to fill up a 32-pound bucket with

the big tomatoes than with small tomatoes. However, in terms of earnings per hour,

the two varieties more or less equalize as the higher piece rate for Grape compensates

for its slower production. On average, a worker can make $10.87 per hour on Round

and $9.42 per hour on Grape.

Some background statistics at the farm- and worker-levels are provided in Table

A.1. Panel A shows that a typical harvester during each season is approximately 29

years of age, is male, and joined the farm in that season or the year before (tenure

is computed as harvest year minus “hire year,” the year when the worker registered

with this farm for the first time). Panel B shows that, on average, 236 to 334 workers

harvest either Round or Grape tomatoes each day. In Year 1, for instance, 167
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harvesters pick Round, and 154 harvesters pick Grape each day. The size of the daily

workforce varies depending on the harvesting requirements for each day. There are

780, 1133, and 735 unique workers registered in Years 1, 2, and 3, respectively; these

figures represent the total number of workers who ever harvested during each season,

while the size of the daily workforce is much smaller, as mentioned above.

Panel C summarizes the transaction-level records. A transaction is the record of

when the field clock for each worker starts to when it stops. A worker can have multi-

ple transactions per day; e.g., a worker can work for 5 hours in the field, take a lunch

break, and work for another 4 hours in the afternoon. In this case, the worker has

two recorded transactions in the production data. On average, each transaction lasts

for 4-5 hours, during which time a worker picks 112-135 buckets of Round tomatoes

or 11-14 buckets of Grape tomatoes.

Beginning in Year 3, the PPP program was in place at the farm. The PPP-

related bonus was determined based on the relative volume of tomatoes each worker

harvested regardless of variety.19 Figure A.1 plots the PPP earnings for Year 3 of

individual workers against the total pieces that each worker harvested, based on data

from weeks in which there were positive PPP payments. Clearly, these variables are

closely correlated with each other, consistent with the distribution scheme described

above. The two variables are not completely aligned because in each week, the amount

of sales to participating buyers and the types of tomatoes sold differ, and not all

workers pick the same variety each week.

Table A.2 presents the magnitude of the PPP bonus that each worker received in

relation to his or her output and regular earnings. In Year 3, 735 unique workers were

counted. During the season, workers received, on average, $110 in PPP bonus. Since

each worker harvested, on average, 1720 buckets of tomatoes (across all varieties),

the piece-rate equivalence would amount to $0.07. This piece-rate equivalence is

what I computed ex post, based on the season-total PPP payment and season-total

pieces harvested. The workers themselves would not have had this information during

19That is, from the perspective of computing the PPP bonus, one 32-pound bucket of Round
tomatoes was counted as equivalent to one 32-pound bucket of Grape tomatoes.
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the season. There were some weeks in which no sales to participating buyers took

place, thus generating no PPP payment. If I focus on those weeks in which there

were positive PPP payments, workers who happened to harvest during those weeks

earned, on average, $116 in PPP bonus, which amounts to about $0.10 in piece rate

equivalence or 10 percent of their earnings.

4 Empirical Analysis

Based on the theoretical results, my empirical analysis will proceed as follows. First,

I will examine the data to establish that the production setting at the farm is indeed

characterized by capacity constraints as argued in the theory. Second, I will examine

whether and how the workers responded to the PPP program. Lemmas 1 and 2 have

testable implications: If the level of effort changes in response to the PPP, then this

is evidence against workers fully colluding. Third, I will estimate the impact of the

PPP on the productivity of workers and on the size of the workforce picking a given

capacity. Based on the estimates, I will quantify σf and σN , the elasticities, and

discuss the implications of the PPP program for worker earnings and welfare.

4.1 Capacity Constraints

In the theory (Section 2), Y represented the daily capacity of the farm, a quantity that

is exogenously determined and is independent of the actual productivity of workers.

In the data, I only observe the actual output, which depends on the productivity

of workers, and not the hypothetical output or the capacity Y . Therefore, I first

construct the empirical counterpart of Y based on factors exogenous to the actual

effort of workers.

Suppose that on day t, the farm harvested Yvft amount of tomatoes of variety

v ∈ {R(ound), G(rape)} in field f , where f ∈ {1, ..., F}. For each variety separately,

consider predicting the field-day level output based on two factors: daily climatic

17



conditions (Ct) and field fixed effects (ψf ):

Yvft = a0 + a1Ct + ψf + εvft, (11)

where the vector Ct includes a comprehensive list of climatic variables that could af-

fect the yield in a given field, including average temperature, maximum temperature,

minimum temperature, dew point, precipitation, visibility, wind speed, cumulative

lagged sunshine, and cumulative lagged rainfall. The cumulative lagged sunshine is

proxied by the sum of the average temperature on all days between day t− 30 and t.

The cumulative rainfall is the sum of the daily precipitation on all days between day

t− 30 and t. The rationale for using the cumulative lagged climate conditions is that

generally there is a one-month gap between the end of the planting season and the

beginning of the harvesting season, during which time the crops are maturing. The

field fixed effects ψf are intended to capture all characteristics inherent to the field

such as acreage, soil quality, etc. Denote the predicted value of Yvft by Ŷvft. Then,

the farm’s daily predicted output (in Round equivalence) across all fields it operates

is
F∑
f=1

(ŶRft + 8.66ŶGft) ≡ Ŷt, (12)

where the quantity for Grape is multipled by 8.66 (21.73/2.51 from Figure 1) to

express it in Round equivalence. The predicted capacity Ŷt in (12), which is exogenous

to the actual choice of effort by workers, will serve as an empirical counterpart to the

farm’s daily capacity Y in the theory.

Based on data from the pre-program period, Figure 2 plots the daily total field

hours at the farm-level against the predicted capacity. Obviously, if there are more

tomatoes to be harvested on that day, more field hours are needed to pick to the

capacity. There are two methods by which the farm can meet its need for more

field hours: increase the number of workers and/or increase the field hours that each

worker spends. Data show that both of these margins are operative.

Figure 3 shows that the size of the workforce on a given day, Nt, increases with

the predicted capacity. Moreover, Figure 4 shows that the average field hours that
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Figure 2: Aggregate field hours vs. Predicted Capacity

each worker spends also increases with the predicted capacity. This means that while

the farm adjusts the picking group size Nt depending on the daily capacity (Figure

3), that margin of adjustment does not fully exhaust the farm’s need for extra labor

hours. Therefore, workers get more field hours than otherwise when the daily capacity

goes up exogenously.

Figures 2 through 4 together are consistent with the idea that workers harvest

until their aggregate output reaches the capacity such as equation (1) in Section 2.

Suppose instead that the workers are not subject to the joint capacity constraint and

that each worker stops harvesting after fulfilling his or her desired field hours. If that

was true, then one wouldn’t find the relationship in Figure 4, as in that case the field

capacity shouldn’t dictate how many field hours individual workers actually spend

each day.20

The correlations shown in Figures 2, 3, and 4 are presented in a regression frame-

work in Table A.3. As we saw in the figures, the predicted daily capacity is positively

20Based on my interviews with workers, their usual concern is not with working for “too long.”
Given their limited outside options, workers often said that they would like “more” hours, not fewer.
As they are paid on a piece rate rather than a fixed wage, it is not surprising that they desire more
hours: more field hours translate into more earnings. In addition, the fact that the size of the worker
pool, N , is larger than the number of workers who actually get to work each day, Nt also validates
their concern since the farm always has access to more workers (i.e., more field hours) than are
needed on a typical day.
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Figure 3: Number of workers vs. Predicted Capacity

Figure 4: Field hours per worker vs. Predicted Capacity
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associated with the aggregate field hours at the farm-level as well as with the total

number of workers who harvest on that day. In addition, the average field hours that

each worker spends (conditional on working) are also positively associated with the

predicted capacity. All coefficients are statistically significant.

4.2 The Incentive Effect of the Penny-Per-Pound

Given that the tomato pickers are working in an environment characterized by ca-

pacity constraints, the theory predicts no change in effort as the collectively optimal

response to the PPP. If worker productivity increases after the introduction of the

PPP, this will be evidence against workers implementing the collectively optimal

strategy (Lemma 1), implying some efficiency losses for the workers as a whole. In

this section, I examine whether and to what extent the workers responded to the rise

in effective piece rates induced by the PPP. The estimated productivity responses

will serve as a basis for my welfare analysis in Section 4.4.

To identify the causal impact of the PPP program on worker effort, I compare

workers’ productivity in different varieties of tomatoes (Round vs. Grape) between

seasons with and without the program in place. The rationale for this identifica-

tion strategy is that (for administrative convenience) the PPP-related bonus was

determined based solely on the relative volume of tomatoes each worker harvested

regardless of variety, although there is a wide variation in the speed of harvesting the

two types of tomatoes. Since the piece rate that each variety pays differs so widely

($3.75 for Grape and $0.50 for Round), the current distribution scheme renders the

impact of the PPP bonus on Grape almost negligible vis-à-vis that on Round. Specif-

ically, the PPP-related bonus would amount to a 8.5 percent increase in the piece

rate for Grape (0.32/3.75) and a 64 percent increase for Round (0.32/0.5) if all con-

sumers participated in the program. Essentially, I use Grape as the control variety

and Round as the treatment variety with respect to the PPP, with the identifying

assumption that absent the PPP, season-specific shocks would not have differential

effects on the two types of tomatoes. That is, if a season is a bad crop year for

Grape, then it should be a bad crop year for Round as well, in the absence of the
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PPP program.

The advantage of this strategy is that I can effectively control for common shocks

affecting the productivity of both varieties, e.g., a generally good or bad crop year,

more pleasant harvesting conditions, etc. In a regression framework this translates

into:

yivft = c+ αt + βTv + γ(Postt × Tv) + δZvft + ψf + θ(Ct × Tv) + φi + uivft, (13)

in which yivft is the log of productivity (pieces/hour) of worker i for variety v, field

f , on day t; c is a constant; αt is the day fixed-effect; Tv is a dummy indicating

whether variety v is Round (vs. Grape); and Postt is a dummy indicating whether

day t belongs to the post-program period. Notice that the Postt dummy is subsumed

in the day fixed-effects αt. The vector Zvft includes variety-field specific life-cycle

(LCvft) and its squared, to account for the fact that, depending on how many days

have been picked, the density of the crops available for picking may be different.

Following Bandiera et al. (2005), I measure LCvft as the number of calendar days

the field has been picked for that variety at any moment in time, divided by the total

number of days the variety is picked in that field over the season.21 Also, ψf denotes

the field fixed effects that capture time-invariant field characteristics such as acreage,

soil quality, geographic location of the field, etc. My main coefficient of interest is γ.

One obvious concern about the identification strategy above is that some omitted

covariates of Postt may have a differential impact on the productivity of the two

varieties. Suppose, for instance, that Round tomatoes are more resistant to freeze

shocks than Grape, and that the farm was hit by a freeze shock in the season with

the PPP. In this situation, the estimate of γ may pick up the differential impact of

the freeze shock, which I could falsely attribute to the incentive effect of the PPP

program. To address this issue, I include Ct × Tv in equation (13) and allow for a

comprehensive list of climatic variables that could have differential impacts on the

two varieties (Ct is the vector of daily climatic conditions as described in Section 4.1).

21Since multiple varieties are grown in the same “field,” I measure the field life-cycle for each
variety separately.
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Notice that the “level” effect of Ct is subsumed in the day fixed-effects αt, and that

therefore the effect of any common shocks affecting the productivity of both varieties

is already accounted for.

Another plausible concern regards possible interaction between Postt and Tv

through unobserved changes in worker characteristics. First, in the post-PPP season,

workers who were more productive may have been assigned disproportionately to pick-

ing Round tomatoes. Second, in the post-PPP season, workers who were more pro-

ductive or more highly motivated may have been disproportionately hired/retained.

To address both types of concerns, I also include worker fixed-effects φi in some of

my specifications. I compare the same worker’s productivity between the two vari-

eties by exploiting the fact that during a given season, depending on the harvesting

schedule of the farm, workers are assigned to different varieties, and most of them

pick both varieties during the season. In this strategy, if workers who joined the

farm post-program are more or less “able” than before, this does not bias my results

unless it is the case that (i) workers are asymmetrically talented in picking different

varieties and that (ii) workers who are better in picking Round tomatoes were hired

disproportionately during the season with the program. However, as a rule, workers

are not pre-screened based on ability at the time of hiring. Moreover, data show that,

if anything, worker productivity in both varieties go hand in hand (see Figure A.2).

Therefore, it is highly unlikely that conditions (i) and (ii) would be simultaneously

satisfied. On the other hand, conditional on a worker’s ability, the possibility that

the same worker exerted more effort in Round than in Grape is precisely what my

argument is positing.22

22While the empirical analysis exploits the two varieties for a causal identification of the impact of
the PPP on productivity, my theoretical model currently has nothing to say about between-variety
substitution of effort for the same worker. However, one could come up with a model in which a
worker’s daily energy is fixed, and workers choose the optimal rate of effort substitution between
the two varieties because they had different piece rates preceding the PPP program (I do not build
such a model as the substitution between varieties is not the main point of the paper and would be
simply distracting). In such an environment, when the effective piece rate of Round goes up relative
to Grape, the optimal relative effort in Round should also go up. This is certainly an interesting
area of workers’ adjustment behavior to explore, and it does not refute the identification strategy
above: Note that the empirical strategy allows for the identification of the incentive effect in relative
terms only (Round vs. Grape), and that I do not make any causal interpretation about productivity
changes in the reference variety, namely Grape.
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Figure 5: Worker-level productivity: Round

4.2.1 Productivity in Round and Grape: Overview

Figure A.3 shows the farm-level productivity (aggregate pieces/aggregate hours) for

Round and Grape (the latter is multiplied by 8.66 so as to be comparable with the

scale for Round) before and after the introduction of the PPP program. In the year

the farm implemented the program, the farm-level productivity for Round went up

while that for Grape went down slightly.23 Figures 5 and 6 show, for each variety,

the kernel density estimates of worker-level productivity during the seasons with and

without the program. With the PPP program in place, the distribution of worker-

level productivity for Round shifted to the right whereas that for Grape remained

virtually the same.

In Table 1, I present a series of regressions comparing the difference in worker pro-

ductivity before and after the PPP, separately for Round and Grape tomatoes. The

results for Round are in Columns 1 through 4 and those for Grape are in Columns 5

through 8. Column 1 shows the baseline regression, controlling for field fixed-effects

only. It shows that with the PPP in place, the productivity in Round went up by

0.145 log points or 15.6 percent. Column 2 includes a comprehensive list of climatic

23The p-values corresponding to the t-test for equality of means between the pre- and post-PPP
periods are 0.0006 for Round and 0.0250 for Grape, respectively.
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Figure 6: Worker-level productivity: Grape

controls including average temperature, maximum temperature, minimum temper-

ature, dew point, precipitation, visibility, wind speed, cumulative lagged sunshine,

and cumulative lagged rainfall.24 The coefficient on Postt goes up to 0.192. Column

3 includes field-specific life-cycle (LC) and its squared. Lastly, Column 4 includes

worker demographic characteristics: age, age squared, female dummy, and tenure at

the farm (in years). The number of observations drops due to missing demographic

data for some individuals, but the coefficient on Postt remains positive and highly

significant.

Columns 5 through 8 in Table 1 show that in the case of Grape tomatoes, worker

productivity, if anything, went down slightly in the season with the PPP in place

although none of the coefficients are statistically significantly different from zero.

This is consistent with the fact that for Grape tomatoes, a 32 cent bonus translates

into a mere 8.5 percent increase in effective piece rates (as opposed to 64 percent

in the case of Round tomatoes). While the results in Table 1 are suggestive, the

observed change in productivity in Round may not be causal. Thus, I next turn to

the difference-in-differences estimates, to better isolate the impact of the PPP from

the omitted covariates of Postt.

24The number of observations drops slightly due to missing climatic data for some dates.

25



T
ab

le
1:

P
P

P
an

d
W

or
ke

r
p
ro

d
u
ct

iv
it

y

D
ep

en
d
en

t
va

r.
:

L
og

P
ro

d
u
ct

iv
it

y
(P

ie
ce

s/
H

ou
r)

R
ou

n
d

G
ra

p
e

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

P
os

t
0.

14
5*

**
0.

19
2*

**
0.

20
1*

**
0.

18
3*

**
-0

.0
18

-0
.0

63
-0

.0
64

-0
.0

96
(0

.0
44

)
(0

.0
49

)
(0

.0
50

)
(0

.0
49

)
(0

.0
85

)
(0

.0
72

)
(0

.0
74

)
(0

.0
76

)
O

b
se

rv
at

io
n
s

27
,8

74
27

,0
71

27
,0

71
21

,3
66

28
,2

24
27

,1
61

27
,1

61
21

,2
12

R
-s

q
u
ar

ed
0.

06
0

0.
08

9
0.

10
4

0.
15

9
0.

07
0

0.
10

7
0.

11
3

0.
13

9
F

ie
ld

F
E

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

C
li
m

at
e

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

F
ie

ld
li
fe

-c
y
cl

e
Y

es
Y

es
Y

es
Y

es
W

or
ke

r
ch

ar
ac

te
ri

st
ic

s
Y

es
Y

es

N
ot

es
:

R
ob

u
st

st
an

d
ar

d
er

ro
rs

cl
u

st
er

ed
b
y

d
ay

in
p

a
re

n
th

es
es

**
*

p
<

0.
01

,
**

p
<

0.
05

,
*

p
<

0.
1

C
li

m
at

e
in

cl
u

d
es

d
ai

ly
av

er
ag

e
te

m
p

er
a
tu

re
,

m
a
x

te
m

p
er

a
tu

re
,

m
in

te
m

p
er

a
tu

re
,

d
ew

p
o
in

t,
p

re
ci

p
it

a
ti

o
n

,
v
is

ib
il

it
y,

w
in

d
sp

ee
d

,
cu

m
u

la
ti

ve
la

gg
ed

su
n

sh
in

e,
a
n

d
cu

m
u

la
ti

ve
la

g
g
ed

ra
in

fa
ll

.

F
ie

ld
li

fe
-c

y
cl

e
in

cl
u

d
es

n
u

m
b

er
of

ca
le

n
d

a
r

d
ay

s
th

e
fi

el
d

h
a
s

b
ee

n
p

ic
ke

d
fo

r
th

a
t

va
ri

et
y

a
t

a
n
y

m
o
m

en
t

in
ti

m
e

d
iv

id
ed

b
y

th
e

to
ta

l
n
u

m
b

er
of

d
ay

s
th

e
fi

el
d

is
p

ic
ke

d
fo

r
th

a
t

va
ri

et
y

ov
er

th
e

se
a
so

n
(L

C
)

a
n

d
L

C
sq

u
a
re

d
.

W
or

ke
r

ch
ar

ac
te

ri
st

ic
s

in
cl

u
d

es
w

or
k
er

a
g
e,

a
g
e

sq
u

a
re

d
,

fe
m

a
le

d
u

m
m

y,
a
n

d
w

o
rk

er
te

n
u

re
a
t

th
e

fa
rm

.

26



4.2.2 Estimates of Productivity Responses

Table 2 presents the estimates of (13). Column 1 shows the baseline diff-in-diff esti-

mates, controlling for field fixed-effects. The positive coefficient on Round indicates

that due to the size difference between types, the baseline productivity (pieces/hour)

for Round is much higher than that for Grape. The coefficient on Post is negative

but is not statistically significantly different from zero, which is reassuring in that

no trend exists between pre- and post-program seasons in the absence of the PPP

program. My main coefficient of interest is Post×Round. The result shows that if I

take Grape as the reference variety, the productivity in Round went up, which is con-

sistent with the argument that the PPP program boosted the productivity of workers.

Column 2 controls for day fixed-effects (which subsumes the impact of Post), and the

coefficient here goes up to 0.340. In Column 3, I control for the field-variety life-cycle

(LC), and its squared. The coefficient remains stable. Column 4 controls for the pos-

sible differential effects of the concurrent and cumulative lagged weather conditions

on the two varieties (The effect of any common shocks affecting the productivity of

both varieties is already accounted for by the day fixed-effects). The coefficient on

Post × Round goes down slightly but is still highly statistically significant and the

sign remains positive.25

To put the magnitude of the effort response of workers into context, how should

we interpret the coefficient? What is the implied elasticity? The answer to these

questions depends on what we assume the workers are responding to. Did they believe

that the PPP program covered 100 percent of all sales? Or did they have adaptive

expectations such that after each paycheck, they mentally updated the amount of

the PPP bonus for the following week? I don’t know the definitive answer, but if I

assume that workers thought that the program coverage was 100 percent, this gives

me the lower bound of the elasticity of productivity with respect to the piece rate.

Suppose that the workers believed that the PPP program coverage was 100 per-

25The number of observations drops slightly due to missing climatic data. The estimates in
Columns 1 through 3 are not sensitive when I restrict the sample to those observations with full
climatic data (i.e., same as in Column 4).
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Table 2: Impact of the PPP on worker productivity: Diff-in-diff estimates

Dependent var.:
Log Productivity (Pieces/Hours)

(1) (2) (3) (4)
Post×Round 0.216*** 0.340*** 0.335*** 0.283***

(0.075) (0.077) (0.079) (0.075)
Post -0.036

(0.077)
Round 2.158*** 2.131*** 2.146*** 3.255***

(0.030) (0.033) (0.031) (0.763)
Field FE Yes Yes Yes Yes
Day FE Yes Yes Yes
Field life-cycle (LC) and LC-squared Yes Yes
Crew FE Yes
Climate×Round Yes
Observations 56,098 56,098 56,098 54,232
R-squared 0.900 0.920 0.920 0.920

Notes: Robust standard errors clustered by day in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Post is subsumed in Day FE for Columns 2 through 4.

cent, raising the effective piece rates by 32 cents. Then, the implied elasticity of pro-

ductivity with respect to piece rates, σf , ranges from 0.523 to 0.823.26 The estimated

elasticity is comparable to estimates in the existing studies. Paarsch and Shearer

(1999) estimate the elasticity of productivity with respect to piece rates among tree

planters to be 0.77 to 2.14; in a similar study, Haley (2003) estimates elasticities

between 0.41 and 1.51.

4.2.3 Robustness Checks

In Table 3, I examine whether the main results in Table 2 (column 4) are robust to the

inclusion of worker fixed-effects and to various sample restrictions. Column 1 shows

that when I include worker fixed-effects the coefficient becomes slightly smaller but

remains positive and highly statistically significant. This suggests that the results in

Table 2 are not driven by more productive workers selecting themselves into picking

26The diff-in-diff estimate of (log) of productivity is between 0.216 and 0.340. The corresponding
diff-in-diff in (log) of piece rate is 0.413 (= {ln(0.32 + 0.5))− ln(0.5)}−{ln(0.32 + 3.75)− ln(3.75)}).
Then, the elasticity is between 0.523 and 0.823 (0.216/0.413 and 0.340/0.413).
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Table 3: Robustness: Controlling for worker characteristics

Dependent var.: Log Productivity (Pieces/Hours)
All Male Age<40 Fresh hires Panel
(1) (2) (3) (4) (5)

Post×Round 0.306*** 0.321*** 0.339*** 0.325*** 0.342***
(0.086) (0.086) (0.086) (0.090) (0.084)

Worker FE Yes Yes Yes Yes Yes
Observations 54,232 39,141 38,542 15,860 11,053
R-squared 0.944 0.945 0.944 0.945 0.946

Notes: Robust standard errors clustered by day in parentheses

*** p<0.01, ** p<0.05, * p<0.1

All regressions include the full set of controls (Col 4 of Table 2).

Column 2 restricts the sample to male workers only.

Column 3 restricts the sample to workers under age 40.

Column 4 restricts the sample to workers who were hired within the past one year

from the harvesting season at hand.

Column 5 includes workers who worked in both pre- and post-PPP seasons.

Round tomatoes in the year with the PPP program. Columns 2 and 3 restrict the

sample to male workers and workers under 40 years of age, respectively. In these

homogenous samples, the results remain stable. In Column 4, I focus on workers

who were hired within the past year from the point of the harvesting season at hand.

Column 5 is based on the panel of workers who appear in both the pre- and post-

PPP seasons. Column 5 essentially compares the same worker’s productivity between

varieties and between seasons, and is the most restrictive specification considered so

far. This is intended to address concerns such as: “What if workers who are more

‘clever’ join the farm post-program, i.e., workers who may not be more talented in

picking Round, but have an intention to pick harder in Round?”. As Columns 4

and 5 show, the productivity response I observe is not driven by changes in worker

composition between seasons, or between varieties within the farm. Overall, my main

results are robust to various types of sample restrictions and do not seem to be driven

by workers’ selection into the Round variety in the post-program year.

In Table 4, I examine whether the positive productivity response is indeed due to

the PPP program rather than representing a secular trend. Column 1 is the result of

my preferred specification, Column 1 of Table 3, except that Post × Round is now
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Table 4: Robustness: Effects of Placebo treatment
Dependent var.: Log Productivity (Pieces/Hours)

All Years 1 & 2 Years 1 & 3 Years 2 & 3
(1) (2) (3) (4)

Year 2×Round 0.043 0.050
(0.092) (0.093)

Year 3×Round 0.330*** 0.289** 0.343***
(0.097) (0.116) (0.121)

Observations 54,232 41,194 33,757 33,513
R-squared 0.944 0.940 0.949 0.947

Notes: Robust standard errors clustered by day in parentheses

*** p<0.01, ** p<0.05, * p<0.1

All regressions include the full set of controls as in Column 1 of Table 3.

Year 2 and Year 3 are subsumed in Day FE.

Column 1 uses the full sample and uses Year 1 as a baseline.

Column 2 includes Years 1 and 2 only using Year 1 as a baseline.

Column 3 includes Years 1 and 3 only using Year 1 as a baseline.

Column 4 includes Years 2 and 3 only using Year 2 as a baseline.

replaced by Y ear 2×Round and Y ear 3×Round (the reference year is Year 1). As

expected, there is no productivity response in Year 2, and a positive effect is present

only in Year 3 (the year with the PPP program in place). Column 2 uses Year 1 as

the base year and checks whether there is any positive productivity effect in Year 2.

Clearly, there is no effect in Year 2. Column 3 uses data from Year 1 and Year 3

only, using Year 1 as the base year: The effect for Year 3 still obtains. In Column 4,

I use data from Year 2 and Year 3 only, using Year 2 as the base year: The effect for

Year 3 still obtains. The findings in Table 4 are reassuring in that I do find a positive

productivity response in Year 3 but not in the other years.

4.2.4 Comments

The diff-in-diff estimates show that there was a differential increase in the produc-

tivity of Round post-PPP, which I attribute to the incentive effect of the program.

Relating to my theory, the fact that worker effort and productivity went up after the

introduction of the program is evidence against workers implementing the collectively

optimal strategy.
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An interesting question that arises, given prior research findings on the presence

of social preferences among agricultural workers (Bandiera et al., 2005), is why the

tomato pickers studied here responded the way they did when no increase in pro-

ductivity would have been the collectively optimal response to the PPP. Notice that

Bandiera et al. (2005) compares worker productivity under two explicitly different

compensation schemes, namely relative pay vs. piece rate. Under a relative pay

scheme, there are clear and direct benefits to collusion among workers. The authors

show that workers’ productivity is indeed reduced under a relative pay regime (as

compared to the piece rate regime), consistent with workers’ exhibiting social prefer-

ences.

In the present paper, however, the compensation scheme in use is piece rate and

remains so throughout. The capacity constraint as a potential source of inefficiency, as

my theory points out, is so subtle that it is possible that the existence of such problems

never occurred to the tomato pickers, hence providing no motive for collusion on their

part. Alternately, it may well be that workers were fully aware of the nature of the

problem, but that the work environment they are in was simply not conducive to (full)

collusion. First, the number of workers in a given field is quite large, typically over

150, a group size substantially higher than that which will facilitate cooperation (Isaac

et al., 1988). Second, tomato bushes are quite thick and tall and that precludes both

active monitoring and mutual enforcement of collusion among workers (cf. Bandiera

et al., 2005 and 2010).27

27Given the observed productivity increase as a result of the PPP, another question that might
arise is why the farm was not paying a higher piece rate already (i.e., irrespective of the PPP).
Notice, however, that the PPP is financed by the consumers and not by the employer. Therefore,
the implications of a given productivity increase for the farm will be quite different depending on
who finance the piece-rate increase. More importantly, notice that when the total output is pre-
determined, maximizing the productivity (pieces per hour) of individual workers is not in the best
interest of the farm. Since the farm does not pay workers a set amount per hour, but instead pays per
bucket or per piece, this in effect pre-determines the total wage based on the constraint of field size
and the amount of ripe tomatoes. In such production environments, the farm has little incentive to
want to increase a worker’s productivity. The pre-existing piece rate, which is also the going market
rate, was therefore not set to maximize worker effort and productivity, but rather to ensure that
enough workers showed up every morning at the farm rather than going to work somewhere else. Of
course, in settings in which the production capacity is not fixed, a firm’s optimal choice of piece-rate
wages will look quite different from what I observe here.
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4.3 Intensive and Extensive Margins of Labor Hours

Holding constant the capacity of the farm (Y ), the PPP effect can manifest itself

in two different ways. First, now that workers are more productive (or reach the

capacity in a shorter amount of time), the farm might adjust downward the number

of workers, N , assigned to picking a given capacity, Y , in order to keep the daily

field hours relatively stable (or for any other reason). Second, the farm may keep

the size of the workforce (normalized by the field capacity) constant, but due to the

PPP effect, the workers get fewer field hours than otherwise because of everyone’s

increased productivity.

So far, I have focused on the second aspect of the PPP effect (although the capacity

is not constant in reality, the field-hour reducing effect is implied by the increased

productivity), but the first aspect is clearly possible. Since the farm pays by the

pieces, not by the hour, and the capacity is fixed, there is no obvious reason for why

the farm might want to adjust the number of workers. Whether they do adjust it

or not is thus an empirical question. To examine this issue, I estimate a variant of

equation (13) using the number of workers picking a given capacity, as the dependent

variable. Specifically, I estimate at the variety-field-day level:

ln
Nvft

Ŷvft
= c1 + α1t + β1Tv + γ1(Postt × Tv) + δ1Zvft + ψf + uvft, (14)

where Nvft is the number of workers who picked variety v in field f on day t, which

I normalize by the predicted capacity of that field on that day for that variety, Ŷvft

(which comes from (11); c1 is a constant; α1t is day fixed effects; Tv is a dummy

indicating whether variety v is Round (vs. Grape); Postt is a dummy indicating

whether day t belongs to the post-program period; Zvft includes variety-field specific

life-cycle (LCvft) and its squared; and ψf is the field fixed-effects. My coefficient of

interest is γ1.

Table 5 presents the estimates of (14). Column 1 shows the baseline diff-in-diff

estimate with field fixed-effects. The negative coefficient indicates that with the PPP

in place, the number of workers (normalized by field capacity) decreased by 0.266 log
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Table 5: Impact of the PPP on the size of the workforce

Dependent var.:
Log (Size of Workforce/Capacity)

(1) (2) (3)
Post×Round -0.266** -0.257* -0.201

(0.109) (0.145) (0.139)
Post -0.093

(0.106)
Round -2.259*** -2.257*** -2.299***

(0.064) (0.081) (0.086)
Field FE Yes Yes Yes
Day FE Yes Yes
Field life-cycle (LC) and LC-squared Yes
Observations 1,212 1,212 1,212
R-squared 0.747 0.835 0.843

Notes: Robust standard errors clustered by day in parentheses

*** p<0.01, ** p<0.05, * p<0.1

In Columns 2 and 3, Post is subsumed in Day FE.

points or 23.3 percent. This is consistent with the view that due to the increased

productivity of workers post-PPP, fewer workers were assigned to picking a given

capacity than otherwise. Column 2 controls for day fixed-effects (which subsumes the

impact of Post). In Column 3, I additionally control for field life-cycle and its square.

The coefficient on γ1 remains negative though it is no longer statistically significant.

While not always precisely estimated, I find some evidence for a decrease in the

number of workers picking a given capacity with the PPP program in place. The

magnitude of γ1 ranges between −0.201 and −0.266 log points. Suppose that the

PPP program coverage was 100 percent, thus raising the piece rates by 32 cents.

Then, the implied elasticity of the size of workforce with respect to piece rates, σN ,

will be between −0.486 and −0.644.28 In the next section, I explore the implications

of my empirical findings for the earnings and welfare of workers.

28The diff-in-diff estimate of (log) of the size of workforce is between −0.201 and −0.266. The
corresponding diff-in-diff in (log) of piece rate is 0.413 (= {ln(0.32+0.5))−ln(0.5)}−{ln(0.32+3.75)−
ln(3.75)}). Then, the elasticity is between −0.486 and −0.644 (−0.201/0.413 and −0.266/0.413).
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Table 6: Impact on existing workers per-dollar of the PPP money transferred

Outside option pays
75% 50% 0% (unemployed)

Displacement rate (σN) of current earnings
Same as elasticity of productivity (σf ) $0.79 $0.58 $0.17
Half as fast as σf $0.89 $0.79 $0.58
No adjustment in workforce $1.00 $1.00 $1.00

Note: This example is based on σf = 0.823.

4.4 Discussion

4.4.1 The Impact of the PPP on the Earnings of Workers

My empirical estimate of σN ranged between −0.486 and −0.644 when the estimate

of σf ranged between 0.523 and 0.823, under similar assumptions. One of the reasons

why the absolute magnitude of σN is smaller than the magnitude of σf may be

because this was the first year in which the program was in place, and the farm may

not yet have fully reacted to the increased productivity of workers. Suppose that

the rate of response σN is in proportion to σf . Based on the actual estimate of σf ,

which I argue is more reliable than the estimate of σN (since the adjustment in N is

a secondary effect induced by the productivity response), in Table 6, I tabulate the

per-dollar impact based on different assumptions about the displacement rate and

outside options (see Section 2.3.3 for details). I use σf = 0.823 to construct this

example.

The per-dollar impact is positive in all cases. As the last row of Table 6 shows,

if there is no risk of displacement and all of the existing workers will be retained

at the farm post-program, then the per-dollar effect of the PPP money on workers

will be exactly $1, which is probably what the NGO and the participating consumers

had in mind. However, empirical analysis showed that some downward adjustments

in the size of the workforce (normalized by the capacity) accompanied the increased

productivity of workers, both of which were unforeseen by the consumers. Therefore,

the effective benefits accruing to workers were most likely less than the whole dollar

amount considering the realistic outside options available to the workers.
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4.4.2 The Impact of the PPP on the Welfare of Workers

My estimate of σf ranged between 0.523 and 0.823 based on the assumption that

the workers believed that the PPP program coverage was 100 percent, raising the

effective piece rates by 32 cents. Since σf < 1 in this case, the sufficient condition in

Proposition 3 is satisfied. This means that for those workers who continue to work at

the farm post-PPP, the impact of the PPP on the conditional welfare was positive.

However, when it comes to the unconditional welfare (i.e., when the chance of

displacement is taken into account), the impact of the PPP is no longer unambigu-

ously positive. Under the same assumption regarding worker beliefs, my estimate

of σN ranged between −0.486 and −0.644. Then, the magnitude of σf − σN ranges

between 1.009 and 1.468. Even with the very conservative estimates of σf and σN ,

the magnitude of σf − σN exceeds 1. Moreover, if the observed workers’ productivity

response was in fact to a lower level of perceived program coverage than 100 percent,

e.g., workers thought that the effective piece rate rose by less than the full 32 cents,

then my estimated worker productivity increase will translate into a larger value of

σf (and |σN |), making it even more difficult to satisfy the condition in Proposition

4. Since what is stated in Proposition 4 is a sufficient condition, failure to satisfy the

condition does not imply that the workers are necessarily worse off with the program

than without. However, it does indicate that there was some loss in welfare due to

the effort response of workers, for the welfare gain from the PPP would have been

the largest and unambiguously positive had the workers implemented the collectively

optimal strategy and not increased their effort at all.

5 Concluding Comments

This paper highlights that in situations in which the aggregate output is predeter-

mined, even a piece-rate compensation scheme, which is well known to be efficient, can

give rise to externalities among workers. This shows that when capacity constraints

are important (at least in the short-run, e.g., due to large fixed costs of expanding

production capacity), the welfare gain from an exogenous increase in the piece rate
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may become smaller to the extent that the effort of workers responds to the changed

incentives.

These considerations should be particularly important for programs such as the

Penny-Per-Pound, which is targeted at low-income laborers whose choices of effort

may be especially responsive to changes in the piece rate. Data show that the tomato

pickers indeed responded to the piece-rate increases and that their productivity rose

substantially, amplifying the pre-existing externality problem. In addition, with the

PPP in place, fewer workers are observed to pick a given capacity than otherwise.

Due to the increased effort of workers as well as the downward adjustment in the size

of the workforce, both of which were unforeseen by the well-meaning consumers who

financed the program, there was some loss in welfare. This shows how a well-intended

policy can have unintended and even negative consequences on those who are meant

to benefit from it.

Despite the findings regarding welfare loss caused by the effort response of workers,

the conclusion of this paper is not that consumers should stop paying the PPP. The

welfare loss associated with the PPP is really due to the fact that currently the

PPP bonus is tied to the piece rate, which inadvertently incentivizes the workers

to increase their effort whereas the field capacity (hence the total compensation) is

fixed and is invariant to the productivity of workers. While the PPP, thanks to

its intuitiveness and simplicity, was a powerful campaign to attract the attention of

well-meaning consumers, in terms of implementation, it might be better to keep the

financial transfer as a pure transfer rather than to tie it to production activity or to

piece rates.

With the increasing popularity of fair trade programs in the U.S. and globally,

the findings of this paper are likely to affect a broader set of workers than those

studied here. There are several directions for future research. In assessing the welfare

impact of the program, I focus here on the efficiency consequences of the program

on workers at large—or on an average worker—while remaining agnostic about dis-

tributional consequences. However, to the extent that consumers who finance the

program care about the distributional impact of the program on workers, different
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approaches could be adopted for the policy’s evaluation. Another problem that is

of interest (independently from the PPP program) is the optimal choice of picking

group size. As discussed before, when the total output is fixed and the workers are

paid for pieces rather than for hours, the firm is indifferent regarding larger or smaller

number of workers picking the same capacity. However, the picking group’s size can

influence the welfare of workers through its interaction with the capacity constraint.

In this respect, the interests of the firm and the workers do not seem well aligned,

and as long as there are no negative consequences for their profits, the firm may be

open to the idea of optimal staffing.
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A Online Appendix: Additional Figures and Ta-

bles
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Figure A.1: Penny-Per-Pound vs. Pieces
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Figure A.2: Worker productivity in Grape vs. Round
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Figure A.3: Farm-level productivity
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Table A.1: Descriptive statistics

Year 1 Year 2 Year 3
A: Worker demographics

Age (in years) 28.15 29.74 29.81
(7.640) (8.626) (8.459)

Obs. 642 953 621

Female 0.125 0.117 0.109
(0.331) (0.321) (0.312)

Obs. 649 959 625

Tenure (in years) 0.751 0.606 1.242
(0.723) (0.815) (1.114)

Obs. 634 951 621
B: Size of workforce

Daily workforce (N): All 236.5 332.7 334.8
(125.2) (142.5) (129.7)

Daily workforce (N): Round 167.2 267.6 288.4
(104.4) (124.6) (91.22)

Daily workforce (N): Grape 154.3 224.5 251.7
(111.2) (137.3) (109.2)

Harvester pool (N) 780 1133 735
C: Transactions

Pieces: Round 112.9 113.5 135.3
(59.39) (64.93) (54.40)

Hours: Round 5.182 4.690 5.275
(2.044) (2.097) (1.585)

Obs. 10317 10597 6942

Pieces: Grape 14.09 11.56 12.57
(9.444) (8.512) (9.742)

Hours: Grape 5.277 4.223 4.847
(2.823) (2.386) (2.410)

Obs. 10505 9845 7859

Note: Mean with standard deviations in parentheses.
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Table A.2: Penny-Per-Pound and Worker Earnings

All PPP No PPP
Penny per pound 110.8 116.4 NA

(74.69) (72.20)

Total pieces (all varieties) 1720.7 1263.5 716.1
(1138.7) (762.9) (399.4)

Total earnings (all varieties) 1519.5 884.00 607.3
(853.1) (589.7) (261.4)

PPP/Total pieces 0.0734 0.0969 NA
(0.0509) (0.0455)

PPP/Total earnings 0.0743 0.104 NA
(0.0567) (0.0577)

Obs 735 703 599

Note: Mean with standard deviations in parentheses.

Data from Year 3 (the post-PPP season).

Column All covers the entire season.

Column PPP covers weeks in which PPP-relevant sales occurred.

Column No PPP covers weeks in which no PPP-relevant sales occurred.
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Table A.3: Daily predicted capacity, field hours worked, and number of workers

Dependent var.:
Aggregate field hours Number of workers Field hours

at farm-level at farm-level per worker
(1) (2) (3)

Predicted capacity 37.886*** 5.523*** 0.017**
(2.507) (0.325) (0.008)

Constant 239.226** 59.101*** 5.397***
(105.961) (14.197) (0.414)

Observations 92 92 92
R-squared 0.700 0.782 0.067

Notes: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

The coefficient on Predicted capacity is multiplied by 1000.
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B Online Appendix: Proofs

Proof of Proposition 1

The first order condition (4) for worker i can be re-written as

Q(e∗i ; e
∗
−i) ≡

∑N
j C(e∗j , θj)∑N
j f(e∗j)

f
′
(e∗i )− Ce(e∗i , θi) +

∑N
j 6=iC(e∗j , θj)∑N

j f(e∗j)
f
′
(e∗i ) = 0.

Know from (5) and from the symmetry between workers that

Q(e0
i ; e

0
−i) =

∑N
j C(e0

j , θj)∑N
j f(e0

j)
f
′
(e0
i )− Ce(e0

i , θi) +

∑N
j 6=iC(e0

j , θj)∑N
j f(e0

j)
f
′
(e0
i )

=
(N − 1)C(e0, θ)f

′
(e0)

Nf(e0)
> 0.

However, from f
′′
< 0 and Cee > 0, know that ∂Q

∂ei
(≡ ∂2u

∂e2i
) < 0. That is, Q is

a decreasing function of ei. The fact that Q(e∗i ; e
∗
−i) = 0 and Q(e0

i ; e
0
−i) > 0 thus

implies that

e0 < e∗.

Proof of Lemma 2

The first order condition for each i’s utility maximization problem is (4) or u
′

= 0,

where u
′ ≡ ∂u

∂ei
. Taking the derivative of the FOC with respect to p, we obtain

∂u
′

∂p
+ u

′′ ∂e∗i
∂p

+
N∑
j 6=i

∂u
′

∂ej

∂e∗j
∂p

= 0,

where u
′′ ≡ ∂2u

∂e2i
. By symmetry of θi for all i’s,

∂u
′

∂p
= −{u′′ + (N − 1)

∂u
′

∂ej
}∂e

∗
i

∂p
.

Then,

∂e∗i
∂p

=

∂u
′

∂p

(−u′′)− (N − 1)∂u
′

∂ej

=
(+)

(+)− (+)
(15)

since
∂u
′

∂p
= (1− 1

N
)f
′
> 0,
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u
′′

= {p− pf(e)− C(e, θ)

Nf(e)
}f ′′(e)− Cee = {p− u}f ′′(e)− Cee < 0, (16)

and
∂u
′

∂ej
= {pf(e)− C(e, θ)

Nf(e)
}{f

′
(e)}2

Nf(e)
= u
{f ′(e)}2

Nf(e)
> 0. (17)

For
∂e∗i
∂p

> 0 in (15) to be true, we require −u′′ > (N − 1)∂u
′

∂ej
, which can be written as

−{(p− pf(e)− C(e, θ)

Nf(e)
)f
′′
(e)− Cee} > (N − 1){pf(e)− C(e, θ)

Nf(e)
}{f

′
(e)}2

Nf(e)
, (18)

using (16) and (17). Factoring out p and re-arranging the terms, re-write the condition

(18) as:

p[
{f ′(e)}2

Nf(e)
+f

′′
(e)] <

N

N − 1
{−C(e, θ)

Nf(e)
f
′′
(e)+Cee+

N − 1

{Nf(e)}2
C(e, θ){f ′(e)}2]. (19)

In (19), the right-hand side is positive because f
′′
< 0 and Cee > 0. The inequality

in (19) will hold if
(f
′
)2

Nf
+ f

′′
< 0,

which is the condition stated in A1.

Proof of Proposition 3

When N is fixed, for the PPP to increase the welfare of existing workers, we require

∂g(p,Y ,N)
∂p

> 0 when evaluated at the initial situation. From (7), know that

∂g(p, Y ,N)

∂p
=

Y∑N
j f(e∗j)

f(e∗i ) +
∂g(p, Y ,N)

∂ei

∂e∗i
∂p

+
N∑
j 6=i

∂g(p, Y ,N)

∂ej

∂e∗j
∂p

,

=
Y

N
{1− (

N − 1

N
)
pf(e∗)− C(e∗, θ)

pf(e∗)
σf},

using symmetry between N workers; the fact that and that ∂g(p,Y ,N)
∂ei

= 0 from the

FOC in (4), and that σf ≡ df/f
dp/p

. For ∂g(p,Y ,N)
∂p

> 0, we require

σf <
N

N − 1

pf(e∗)

pf(e∗)− C(e∗, θ)
. (20)
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A sufficient condition for (20) to hold is

σf < 1

because

1 <
N

N − 1

pf(e∗)

pf(e∗)− C(e∗, θ)
(21)

from N
N−1

> 1 and pf(e∗) > pf(e∗)− C(e∗, θ).

Proof of Proposition 4

For the PPP to increase the welfare of existing workers, we require the derivative

of Ω evaluated in the pre-PPP situation in (9) to be positive. Since σN ≤ 0 and

Bh(p,Y ,N)
p

≥ 0, a sufficient condition for ∂Ω
∂p
> 0 is

∂g(p, Y ,N)

∂p
+ σN

g(p, Y ,N)

p
> 0. (22)

Know that
∂g(p, Y ,N)

∂p
=
Y

N
[1− (

N − 1

N
)
pf(e∗)− C(e∗)

pf(e∗)
σf ]. (23)

In addition, from g(p, Y ,N) > Y∑N
j f(e∗j )

pf(e∗i ), we also know that

g(p, Y ,N)

p
>
Y

N
. (24)

Applying (23) and (24) and based on the fact that σN ≤ 0, we can re-write the

sufficient condition in (22) as follows:

Y

N
[1− (

N − 1

N
)
pf(e∗)− C(e∗)

pf(e∗)
σf + σN ] > 0,

or

1− (
N − 1

N
)
pf(e∗)− C(e∗)

pf(e∗)
σf + σN > 0. (25)

A sufficient condition for (25) to hold is

σf − σN < 1

because of (21).
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