
Why Do Large Firms Pay Higher Wages in Developing

Countries�

Hongbin Cai y Miaojun Wang z Se Yan x

Abstract

Using a simple game-theoretical model, this paper develops a theory of the size of the informal

sector in a developing economy and uses it to study various policy issues. The model shows that

large �rms can strategically create barriers of entrance to the modern sector by high wage rates.

The model has three basic elements: (1) a relative wage theory in which some �rms paying high

wage rates cause other �rms to increase wage rates; (2) a predation theory in which incumbent

�rms use high wage rates to deter entrance to the modern sector; and (3) the commitment problem

of governments in allocating resources. The analysis yields the following implications: (1) the size

of the informal sector tends to be larger than the e�cient level; (2) �rms in the modern sector pay

higher wages than �rms in the rest of the economy for similar workers; (3) even when governments

have benevolent intentions, government policies are biased toward large businesses in the sense

that resources allocated by governments to an average �rm in the modern sector are more than

the e�cient level.
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1 Introduction

A central question of the development literature is why in so many developing economies many

workers are stuck in the so-called informal sector while wage rates in the modern sector are much

higher. For example, in 1970, average monthly income in the informal sector (including proprietors

and self-employed professionals) was less than half of that in the formal sector in Peru (Webb, 1975).

Peattie (1987) concludes that in general wage-earning employees in the informal sector \receive

wages below the legal minimum" (p.193), therefore below the average wages in the formal sector.

In a recent comprehensive study using data from the Peruvian Living Standards, Scha�ner (1994)

found that \individuals employed in larger establishments receive higher wages, even after controlling

for di�erences in education, experience and other worker characteristics".1 Since large �rms usually

belong to the formal sector while the informal sector largely consists of very small �rms, this �nding

indicates that there are substantial wage di�erentials for similar workers between the two sectors.

Why do large �rms pay higher wages in developing countries when there are abundant workers

seeking job opportunities in the formal sector? One possible explanation is e�ciency wage. For

example, Esfahani and Isfahani (1989) use a shirking-based e�ciency wage model to argue that

higher wage and productivity in the formal sector is due to lower observability of workers' e�ort

in that sector. However, since �ring workers is very costly for employers due to the labor regula-

tions in many developing countries, such e�ciency wage models do not likely have large impacts on

employment practice (Scha�ner, 1994). Another common explanation is government failures. As

on many other development issues, governments are often blamed for distortions that cause wage

di�erentials between the informal and formal sectors, for example, minimum wage regulations, other

regulations resulting in high entrance costs of becoming formal, and failure to collect taxes in the

informal sector (see, e.g., Meier 1995, p151). But that government distortions that make entry to the

formal sector more di�cult does not explain the wage di�erentials between the two sectors. Based

on the assumption that minimum wage regulation can only be enforced on �rms beyond a certain

size, Rauch (1991) shows that large �rms pay a higher wage rate than small �rms for homogeneous

workers. However, Rauch's theory does not explain why large �rms pay wage rates higher than the

legal minimum wage, and is at odds with empirical �ndings such as Scha�ner's.2

1Other studies found similar premiums exist in other developing countries, see Scha�ner 1994 for references.

2Among other related works, Gupta (1993) presents a rural-urban migration model in which \the government can
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In all the explanations o�ered by the existing literature, large �rms are somehow \forced" to

pay high wages. In this paper, we present a simple model in which large �rms willingly pay higher

wages than the market wage even when the government is purely benevolent. In the model, there

are two sectors: modern (or formal) and informal, de�ned by di�erent technologies used in these

sectors. There are a small number of large �rms that are the incumbents in the modern sector, and

a large number of small entrepreneurs who can enter either sector. However, a small entrepreneur

incurs some entrance cost to enter the modern sector, and the entrance cost di�ers among small

entrepreneurs. The sequence of move in the model is as follows. At date one, the incumbent �rms

set a wage standard in the modern sector. At date two, small entrepreneurs choose which sector to

enter and the government decides on resource allocation between the modern and informal sectors.

We assume that the government is purely benevolent and maximizes the total outputs of the economy

by allocating resources between the two sectors. Government resources in a sector are critical inputs

for �rms in the sector.

In this setting, we derive conditions under which the equilibrium outcome of the game has the

following properties: (i) the incumbent �rms in the modern sector set a wage standard which is higher

than the market wage rate; (ii) some small entrepreneurs will not enter the modern sector although

they should do so in the �rst-best solution (i.e., the informal sector is larger than the e�cient level);

and (iii) the benevolent government's policy is biased towards big businesses in the sense that the

average resources allocated to the modern sector are higher than the e�cient level. Thus, our model

provides a new explanation for the wage di�erentials between the modern and informal sectors and

the ine�ciently large informal sector, two phenomena commonly observed in developing economies.

The basic idea of our model is very simple. Even though paying higher wages to workers directly

reduce pro�t, doing so allows the incumbent �rms in the modern sector to reduce entry to the modern

sector by small entrepreneurs with relatively high entrance costs. Reducing the size of the modern

sector can be bene�cial to the incumbents because the relative sizes of the two sectors a�ect how

the benevolent government allocates resources. Even though the government will allocate less total

resources to a smaller modern sector, the average resources per �rm can be higher in the modern

sector under reasonable conditions. As long as the incumbent �rms care su�ciently about the average

control the size of urban labor force by controlling the amount of food available to the urban sector". Rural-urban

migration is not considered in this paper.
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resources they get, they will have strong incentives to raise wage rates in the modern sector to induce

the benevolent government to bias its resource allocation in favor of the modern sector.

In this model we make several important assumptions which clearly need justi�cations. The most

important one is that if some �rms pay wage rates higher than other �rms, it raises the labor costs

of other �rms above the wage rates they pay. In the strong form of this assumption (which we use in

the our analysis for simplicity), if some �rms pay high wage rates, other �rms are forced to match up

the same wage rates. Let us call this \wage equalization e�ect." There are two justi�cation for this

e�ect. First, there is a class of e�ciency wage theories the literature that have the feature of inter-�rm

relative wage equalization. For example, Summer (1988) argues that \increasing relative wage raises

productivity" because, for one reason, paying wage rates higher than workers' outside opportunities

reduces turnovers and thus saves on monitoring, recruiting and training costs.3 Another justi�cation

for the wage equalization e�ect is provided by a large number of fair wage theories. As an early well-

known example, Akerlof and Yellen (1988, 1990) proposed \the fair wage/e�ort hypothesis" which

argued that the perception of fairness by workers a�ected their e�ort.4 When workers compare wages

in di�erent �rms to determine what is the fair wage rate, high wage rates o�ered by some �rms will

raise other �rms' labor costs and force them to increase their wages as well. Recently a large body

of literature on behavior economics emphasizes the importance of fairness and other pyschological

factors in wage-setting and other organizational designing situations (see ..... for a survey).

Besides assuming that high wage rates by some �rms raise other �rms' labor costs, we also assume

that this wage-equalization e�ect is stronger among �rms adopting similar technology. This is not

unrealistic. One expects that worker turnovers tend to happen among similar �rms and people make

fairness comparisons with others in similar situations. Moreover, �rms with di�erent production

technologies and organizational structures may respond di�erently to high outside wage rates, and

thus will be less a�ected by high outside wage rates than similar �rms. For example, �rms in the

informal sector may not be a�ected by higher wages in the modern sector because they can monitor

3Speci�cally, Summers postulates the following equation: e = (w�x)a, where e is e�ort, w is wage, x is the outside

opportunities of workers, and a 2 [0; 1] measures the importance of relative wage comparison. Clearly, if some �rms

increase wage rates, the outside opportunities of workers in other �rms increase and thus the labor costs of those �rms

increase.

4Speci�cally, Akerlof and Yellen postulated the following equation: e = min(w=w�; 1), where normal e�ort is 1 and

w� is the fair wage perceived by workers.
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their workers much more e�ciently due to their small sizes and simple organizational structures.

Note that the wage equalization e�ect itself can be self-enforcing. With this e�ect, it is not

necessary for the incumbent �rms to explicitly coordinate their wage-setting behavior, because once

some of the incumbent �rms raise their wage rates, others feel the pressure to raise wage rates as well.

But explicit coordination (e.g., through industry associations) can certainly help enforce a uniform

wage standard. Other institutions, for example, reputations, unions, and minimal wage regulations,

may also provide additional enforcing functions.

The wage equalization e�ect makes it possible that �rms in the modern sector raise their own

wage rates in order to raise the labor costs of potential entrants.5 But why do the incumbent �rms

want to limit entrance to the broadly de�ned modern sector? One obvious motive is to limit market

competition if potential entrants produce competing products. In this paper, we identify another

motive for predation by the incumbent �rms in the modern sector even when potential entrants are

not in their industries. The motive is to distort the government's resource allocation decisions.

Governments in developing countries often have quite limited resources, but face tremendous tasks

to improve physical, social and economic infrastructures. Thus, government policies of allocating

scarce resources have large impacts on the e�ciency of �rms in the di�erent sectors, modern and

traditional. For example, for a �xed amount of total education expenditure, more expenditure on

higher education is likely to favor modern �rms, while more spending on elementary education favors

traditional �rms. As another example, given a �xed budget to spend on improving the transportation

system of the country, building an air transportation system that connects two large cities bene�ts

large �rms more, while improving the local transportation infrastructure of many medium- or small-

sized cities bene�ts small �rms more.

Since government resources are often very scarce in developing countries, we suppose there are

strong congestion e�ects in the use of governmental resources in each sector. That is, for a given

amount of government resources in a sector, each �rm in the sector bene�ts less from government

resources if the number of �rms in the sector increases. Therefore, incumbent �rms in the modern

sector are motivated to limit entrance to the modern sector by the small entrepreneurs. Of course,

they have to weigh the cost of doing so, which in our context is the increase in their own labor cost

5In a related work, Chu and Masson (1990) show that incumbent �rms may use high wage rates to signal their

strength to potential entrants. Salop and Sche�man (1983) analyze various strategies of \raising rivals' costs."
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by paying high wage rates. We show that in our model the bene�ts to the incumbent modern �rms

from limiting the entrance to the modern sector can indeed exceed the costs of paying high wage

rates under reasonable conditions.

In our model, the incumbent �rms in the modern sector can induce the benevolent government

to act in their interests because the government cannot commit to the e�cient resource allocation

ex ante. The government's resource allocation decision is ex post e�cient given the relative sizes of

the two sectors, but is ex ante ine�cient because the incumbent �rms distort the wage rate in the

modern sector to make the modern sector ine�ciently small. If the sequence of move in the model

is changed so that the government makes resource allocation decisions �rst, then it can commit to

the e�cient allocation rule. In this case, the incumbent modern �rms will not raise their wage rates

above the market rate since they have no incentives to limit entrance to the modern sector.

Governments in developing countries are often said to be \captured" by large �rms because

their policies are often biased in the favor of big businesses in allocating credits, export and import

quotas, licenses, etc. For another example, spending on higher education bene�ts big businesses

more than small businesses because most college graduates in developing countries are employed by

large �rms in large cities. In contrast, spending on elementary and intermediate education bene�ts

small businesses relatively more than large businesses. However, it has been an often heard criticism

that developing countries tend to emphasize higher education too much.6 Instead of direct capturing

through lobbying and bribery, our analysis shows that large businesses can indirectly capture the

government through distortional market behavior. This makes it a more daunting task to correct

ine�cient resource allocations by the government.

The central theme of our model is that the incumbent modern �rms use high wage rates to

limit entrance to the modern sector by small entrepreneurs. A natural question is why wage rates,

not prices or quantities, are used as the instrument to deter entrance. In the setting of our model,

potential entrants may not enter the same industries the incumbent �rms are in, so prices and

quantities cannot prevent entrance. In addition, if �rms can export to the world market, prices and

quantities will not be e�ective in deterring entrance either. Furthermore, prices, quantities and other

similar predatory instruments can be detected relatively easily, which may result in resentment and

6A standard textbook of development economics says \LDC governments have unwisely invested too much in higher

education." (Todaro, 1994, p.370)
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legal actions by the government. In contrast, a high wage standard is more likely to be welcomed by

the government since it increases income of workers in the modern sector.

Is there any evidence that wage rates are used to limit entrance? In fact, in the analysis of the

Pennington case which centered on exactly this issue, Williamson (1968) argued that this was not

merely a theoretical possibility but a real threat to fair competition. In this legal case, Pennington,

as one owner of a relatively small coal company, alleged that the United Mine Workers colluded with

large coal companies in imposing uniformly high wage rates in order to drive small coal producers

out of business. Williamson showed that with the help of unions to coordinate high wage standards,

indeed large businesses could limit entrance by small entrepreneurs. If this can happen in the United

States, one expects that it can take place in developing economies where the conditions are much

more suitable for such predatory behavior.

2 The Model and Some Preliminary Analysis

2.1 The Setup of the Model

We consider an developing economy. The economy has one �nal consumption good, which serves

as the numeraire. Labor is abundant so the labor supply is inelastic. Workers are identical. These

conditions imply that the market wage rate, denoted by w0, is set at the subsistence level.

The economy has two sectors, each consisting of �rms using one of the two technologies available

to produce the consumption good. Each technology is represented by a Cobb-Douglas production

function: for technology i = 1; 2:

Fi = Ail
�
i g
�
i

where Fi is the output of a representative �rm using the technology i: Ai > 0 is a positive constant

indicating the productivity. li is the number of workers employed by the �rm. gi is the amount

of government resources that are available to this �rm using technology i. Note that for simplicity,

capital is not explicitly shown in the production functions. It can be included in Ai. Thus, we should

have �+ � < 1.

We suppose A1 > A2, so technology 1 is more e�cient than technology 2. We refer to technology

1 as "modern technology" and �rms using technology 1 as "in the modern sector". Technology 2 is

called "informal technology" and �rms using technology 2 are called "in the informal sector". For

example, mass production is an modern technology and indigenous manufacturing is an informal
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technology.

At a wage rate w, a pro�t-maximizing �rm in sector i will have the following optimal employment

level and the corresponding revenue and pro�t:

li = (
Ai�

w
)

1
1�� (gi)

�
1��

Ri = A
1

1��
i (

�

w
)

�
1�� (gi)

�
1��

�i = (1� �)A
1

1��
i (

�

w
)

�
1�� (gi)

�
1�� (1)

Clearly, with the same g and parameters, because A1 > A2;we have l1 > l2, R1 > R2 and �1 > �2

for any w.

In the economy, there are a small number of large entrepreneurs and a large number of small

entrepreneurs. We assume that one entrepreneur only sets up one �rm One justi�cation of this

assumption is that the managerial e�ort is a critical input and each entrepreneur has just enough

attention to run one business. A large entrepreneur has a su�ciently large capital endowment, either

because she may have accumulated su�ciently large amounts of capital in the past or have access to

the international capital market.7 The measure of large entrepreneurs in the economy is normalized

to be one while the number of small entrepreneurs is M with M >> 1.

Since the modern technology is more e�cient, each large entrepreneur sets up a modern �rm and

becomes the incumbent of the modern sector. With an entrance cost k, a small entrepreneur can

also enter the modern sector and use the modern technology. We suppose that the entrance cost

k is uniformly distributed on [0;K] with the density m = M=K for small entrepreneurs and call a

small entrepreneur/�rm with k entrance cost a k-type entrepreneur/�rm. Note that here entrance

costs are best interpreted as costs of learning to use the modern technology or the costs of accessing

the modern technology that vary across small entrepreneurs with di�erent human capital and other

critical resources necessary to use modern technology. For simplicity, we assume zero �xed costs to

set up a modern �rm and zero �xed entrance costs to the modern sector (e.g., registration costs).

Let y1 and y2 = M � y1 be the numbers of the small enterpreneurs who choose to enter the

modern and the informal sectors, respectively. If a k-type entrepreneur �nds pro�table to enter the

modern sector, then all entrepreneurs with smaller entrance costs will do so as well. So there is a

cut-o� type k such that small entrepreneurs enter the modern sector if and only if their entrance

7Throughout this paper, we shall refer a large entrepreneur as \she", and a small entrepreneur as \he".
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costs are less than k. Then y1 = mk and y2 =M � y1 = m(K � k).

In developing economies, government investments are usually critical for economic growth, but

governments in those economies are often constrained with limited resources. Thus, governments

face the decision of how to allocate resources between the modern and the informal sectors. More

resources into the modern sector (e.g., more airports) improve the e�ciency of modern �rms; while

more resources into the informal sector (e.g., local roads) help informal �rms. In our model, we

suppose that the total amount of resources the government has is G, out of which G1 is allocated to

the modern sector andG2 to the informal sector, whereG1+G2 = G. Then the amount of government

resources a representative modern �rm gets is g1 = G1=(1 + y1), and similarly g2 = G2=y2.

Note that in our speci�cation of production functions, the average government resources in the

sector i, Gi, a�ects the e�ciency of �rms in sector i. This assumes that there is strong congestion

e�ect, or "exclusivity", about government resources: �rms' production e�ciencies are increasing in

the government resources allocated to their sector, but decreasing in the number of the �rms in their

sector. Many government expenditures have the features of public goods, but very few have the

feature of pure non-exclusivity. As long as there is some degree of exclusivity, our qualitative results

still hold.

In this paper, we consider a benevolent government which maximizes the total outputs of the

economy. Of course we do not argue that governments in developing countries are all benevolent, but

to show that even without misbehaving governments (such as those captured by large businesses),

labor market distortions can occur. Speci�cally, the government in our model maximizes the following

function:

U = (1 + y1)R1 + y2R2 � y21=(2m) (2)

where y21=(2m) is the total entrance costs incurred by the small entrepreneurs entering the modern

sector with entrance costs between [0; y1=m], and R1 and R2 are the revenues of representative �rms

in the modern and the informal sectors respectively.

We consider the following game. At date 1, the incumbent modern �rms, i.e., the �rms set up by

large entrepreneurs, choose a wage standard w1 for the modern sector. At date 2, small entrepreneurs

simultaneously choose to enter one of the two sectors: modern or informal. At the same time, the

government makes resource allocation decisions.8

8The key assumption regarding the timing of the model is that large entrepreneurs move before small entrepreneurs

8



Note that we assume that once the incumbent modern �rms set a wage standard w1, all new

entrants to the modern sector have to pay the same wage rate. This is of course a very strong

assumption. However, due to the reasons that we discussed before, a �rm in the modern sector that

pays its workers less than w1 su�ers e�ciency losses and raises its e�ective labor costs. Therefore,

any incumbent modern �rm would not �nd it pro�table to deviate from the wage standard w1 set

optimally by other incumbent modern �rms.

The wage standard w1 set by the incumbent modern �rms only applies to the modern sector.

The wage rate in the informal sector w0 is set at the subsistence level. Then the revenues of the

representative �rms in the two sectors, R1 and R2; in Equation (1), are given by

R1 = A
1

1��
1 (

�

w1
)

�
1�� (

G1
1 + y1

)
�

1�� (3)

R2 = A
1

1��
2 (

�

w0
)

�
1�� (

G2
y2
)

�
1��

2.2 The First Best Solution

As a benchmark, we solve the �rst best solution of our model. The �rst best solution is an object

(w�1; y
�
1; G

�
1) that yields the greatest social surplus. It is easy to see that the total revenue in the

modern sector is decreasing with w1, so in the �rst best solution it must be that w
�
1 = w0. Since

w�1 = w0, (y
�
1; G

�
1) solves the following problem:

max
y1;G1

U = (1 + y1)A
1

1��
1 (

�

w0
)

�
1�� (

G1
1 + y1

)
�

1�� + y2A
1

1��
2 (

�

w0
)

�
1�� (

G2
y2
)

�
1�� � y21

2m

Assuming interior solution and noting that y2 =M � y1, we obtain the �rst-order-condition with

respect to y1:

1� �� �
1� � A

1
1��
1 (

�

w0
)

�
1�� (

G1
1 + y1

)
�

1�� � y1
m
=
1� �� �
1� � A

1
1��
2 (

�

w0
)

�
1�� (

G2
y2
)

�
1�� (4)

The left hand side of the above equation is the marginal bene�t of y1, which consists of the marginal

revenue in the modern sector (net of the marginal congestion e�ect measured by �=(1��)) and the

and the government. The order of the moves by small entrepreneurs and the government is immaterial.
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marginal entrance cost (y1=m). The right hand side is the marginal cost of y1 measured by the loss

of marginal revenue to the informal sector as a result of a small increase in y1.

The �rst-order condition with respect to G1 is

A
1

1��
1 (

�

w0
)

�
1�� [

G1
1 + y1

]
�

1���1 = A
1

1��
2 (

�

w0
)

�
1�� [

G2
y2
]

�
1���1 (5)

Since the objective function U is concave in (y1; G1), the second order condition is satis�ed. Thus,

when the above two equations have an solution, it de�nes a unique interior solution for the total

surplus maximization problem, which gives rise to the optimal size of the modern sector and the �rst

best government resource allocation.

It can be checked that an interior solution exists under the following assumption:

Assumption (A1) K > 1����
1�� [A

1
1��
1 �A

1
1����
2 A

��
(1����)(1��)
1 ][ �w0 ]

�
1�� [ G

1+M ]
�

1��

Note that under Assumption (A1), not all the small entrepreneurs should enter the modern sector

with the �rst best solution, even though the modern technology is more e�cient than the informal

one. This is because: (i) the complementary production inputs, government resources, are limited;

too many entrants would reduce the e�ciency level of all modern �rms; and (ii) entry to the modern

sector is costly. The condition of Assumption (A1) means that (i) the entrance cost is substantial;

or (ii) the e�ciency gap of the two technologies is not too large; or (iii) government resources are

scarce and important. These tend to be true in many developing economies. In this paper we only

consider a static model. Dynamically, as the business conditions of the economy improve over time,

the optimal size of the modern sector becomes larger.

3 Equilibrium Analysis of the Model

Now we solve the equilibrium of the model by backward induction, and denote the equilibrium

outcome as ( �w1; �y1; �G1).

At date 1, after observing w1, the government chooses G1 and G2 to maximize U as given by

Equation (2). The �rst-order condition is given by

A
1

1��
1 (

�

w1
)

�
1�� [

G1
1 + y1

]
�

1���1 = A
1

1��
2 (

�

w0
)

�
1�� [

G2
y2
]

�
1���1 (6)
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At the same time, small entrepreneurs make their sector choices given w1. Since the number

of small entrepreneurs is large, we assume that a small entrepreneur ignores the e�ect of his own

sector choice on the government policy g1. Small entrepreneurs will enter the modern sector if their

entrance costs are less than a threshold level k1. A small entrepreneur must be indi�erent between

the two sectors if his entrance cost is exactly at k1. Since y1 = mk1, this indi�erence condition is:

(1� �)A
1

1��
1 (

�

w1
)

�
1�� (

G1
1 + y1

)
�

1�� � (1� �)A
1

1��
2 (

�

w0
)

�
1�� (

G2
y2
)

�
1�� =

y1
m

(7)

From (6) and (7), we �nd that if the incumbent modern �rm increases his wage rate, it will

generate two e�ect on the average government resources in the modern sector: deterring e�ect and

e�ciency e�ect. As for the deterring e�ect, the number of small entrepreneurs entering the modern

sector will decrease in w1 because of higher cost. The higher cost for small entrepreneurs come from

that the pro�t earning in modern sector is decreasing as well as it in inform sector is increasing

with w1 increasing. As for the e�ciency e�ect, because the marginal bene�t of g1 is decreasing in

w1, the scarce government resources allocated to the modern sector will also be cut down if w1 is

higher. Therefore, whether the average government resources for each modern �rm is decreasing or

increasing with the wage rate depends on which e�ect is dominant.

Before discussing this issue, we give a useful result about the predatory equilibrium. It can be

concluded that the solution for the predatory equilibrium ( �w1; �y1; �g1) exists because the wage rate of

the incumbent modern �rm is con�ned in close set.

Now we analyze the conditions when the deterring e�ect is dominant. To save space, we give the

following de�nitions.

��0 = [A
1

1����
1 A2

�1
1���� � 1](1� �)A

1
1��
2 [

�

w0
]
�

1�� [
G

M
]

�
1�� (8)

f(x) = [(A
1

1����
1 A2

�1
1���� � 1)x+ 1]

��
1��x�1 (9)

c =
1

2 + (1� �� �)(1� �)�1[A
1

1����
1 A2

�1
1���� � 1]

(10)

Proposition 1 Under the government's optimal policies and small entrepreneurs optimal entrance

decisions, the average resources allocated to each modern �rm increase with the wage standard in
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the modern sector if and only if: K < f(c)���0, where f(:); c and ��0 are de�ned in (8), (9) and

(10).

The central idea of this proposition is that the deterring e�ect dominates the e�ciency e�ect

if and only if there are enough small entrepreneurs entering the modern sector when w1 = w0. In

other words, the more the small entrepreneurs entering the modern sector, the more likely the average

resources to each modern �rm is increasing with the wage standard set in the modern sector. Another

more intuitive equivalent condition is that when w1 = w0; y1 > M � c, where the c is de�ned in (11).

If the average entrance cost for small entrepreneurs is less than some cut-o� point, then the entrance

number of small entrepreneurs is more than M � c when w1 = w0. Under this circumstances, it will

decrease more the entrance number of small entrepreneurs than the government resources with w1

increasing.

From expression of K < f(c)���0, we can easily get that the deterring e�ect is is more likely

to dominate the e�ciency e�ect when A1 is increasing or A2 and K is decreasing. The reason lies

in that the entrance number of small entrepreneurs is reduced if A1 is increasing or A2 and K is

decreasing, and then bene�t for large entrepreneurs to increase wage is declined. At the same time,

we also �nd f(c)���0 is increasing with 1
w0
; GM , which means that the deterring e�ect is more likely

to be dominated with 1
w0
; GM increasing. The mechanism for it is the bene�t for incumbent large

entrepreneurs to raise wage is largest when the entrance number of small entrepreneurs is largest.

Then from (10), we know the net pro�t for entrance is largest when w1 = w0, and it is decreasing

with w0. So the more w0 is, the more possible for the deterring e�ect to be dominated. Similar

mechanism work for G
M . All in all, the key point in proposition 3 is that whether or not the deterring

e�ect dominates the e�ciency e�ect depends on the entrance number of small entrepreneurs when

w1 = w0.

Finally we turn to the �rst stage of the game when the incumbent �rms choose a wage standard

w1. When large entrepreneurs choose w1, they take into account the actions of the small entrepreneurs

and the government. So the problem for the large entrepreneurs is:

max
w1

�1 = (1� �)A
1

1��
1 (

�

w1
)

�
1�� (

G1
1 + y1

)
�

1��

subject to:

w0 � w1
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According to proof of the proposition 1, we get the �rst order condition for w1:

sgn(
@�1
@w1

) = sgn[
�

1� �
�1
w1

+
�

1� �(
G1
1 + y1

)
�1
� @(G1=(1 + y1))

@w1
]

= sgn[(2y1 �M)�
g2
y2
� 1� �� �

�
�G] (11)

Then by proposition 1 and equation (12), we get another center result in this paper.

Proposition 2 Under the assumption (A1), the incumbent large entrepreneurs will set a wage

standard higher than the market wage rate in equilibrium in order to deter entrance into the modern

sector if K < f(d)���0, where f(:); d and ��0 are de�ned in (8), (9) and (10)..9

The central idea of this proposition is similar to the proposition 3. The incentives for incumbent

modern �rm to raise wage is increasing with entrance number, and it is largest when w1 = w0.

However when incumbent modern �rm sets wage higher than market level, it causes her pro�t to

directly decrease. So in order to make sure modern �rm to have incentives to raise wage, the entrance

number must be large enough to ensure that the deterring e�ect not only dominates the e�ciency

e�ect, but also covers the direct cost from wage increase. From (11), we �nd d > c when w1 = w0,

that is there must be more entrance number for the deterring e�ect to exceed the overall e�ect

of the e�ciency e�ect and the direct cost for raising wage. Similarly, we also �nd the incentive

for incumbent modern �rm to set wage higher than market level is increasing with A1;
G
M , and is

decreasing with A2;K;w0. According to (9),(10),(12) and g1 + g2 = G; y1 + y2 =M ,we get:

G =
�

1� �� � (2y1 �M)
g2
y2

G =
g2
y2
� [e(1 + y1) + (M � y1)]

9If the right hand of (12) is decreasing with w1, then this condition is necessary as well as su�cient. Even if the

right hand of (12) is not deceases with w1, then it must attain maximum for some value w0 < w1 < A
1
�
1 A

�1
�
2 w0. Then

necessary and su�cient condition for the proposition 3 is when the right hand of(12) gets maximum, it should be

positive.
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From preceding equations and lemma 2, we also get:

�y1 � M

2
+
1� �� �

2�
M

�y1 =
1� �

2� � (1� �� �)(e� 1)M (12)

Where e is de�ned in (11), and then we have:

Corollary 1 If the wage rate in the modern sector is higher than the market wage rate in equilibrium,

then (1 � � � �) < �, the entrance number of small entrepreneurs must be larger than M=2, and

the wage rate in the modern sector w1 in equilibrium must satisfy: [1����� ]
1����

� [A1A2 ]
1
�w0 � w1 �

[A1A2 ]
1
�w0.

Now we turn to analyze the entrance number of small entrepreneurs under the predation equi-

librium. From (7),(8),(9) and (10), we can easily that �nd if w1 = w0 in the predatory equilibrium,

then the solution in the predatory equilibrium must be coincided with that under the committing

equilibrium. So we can easily get: �y1 � ~y1. By the same token, we �nd that if (1����) > (1��)2,

then the entrance number of small entrepreneurs in the committing equilibrium must less than it in

the �rst best, that is: y�1 > ~y1; otherwise y
�
1 � ~y1. According to above analysis, we have:

Proposition 3 If (1 � � � �) > (1 � �)2, the entrance number of small entrepreneurs under three

cases must satisfy : �y1 � ~y1 < y
�
1.

Proof: According to above analysis, we directly get the �rst part of this proposition. In order

to prove the second part of the proposition, we only need prove if (1 � � � �) < (1 � �)2 and

K > (1 � � � �)(1 � �)�2 � f(d0) � ��0, then y�1 < M � (d0). From (5) and (6), we can easily

calculate if the condition r K is satis�ed, then the entrance number in the �rst best must be less

than M � d0.

The reason for excessive entrance is that small entrepreneurs do not take account into externality

for their entering the modern sector: negative externality for other incumbent entrepreneurs in the

modern sector and the positive externality for other small entrepreneurs in the informal sector.

Moreover when (1 � � � �) > (1 � �)2, the positive externality dominates the negative externality

and the conclusion is reverse otherwise. The following proposition summarizes the results of this

section.
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Proposition 4 Under assumption (A1), there exists unique solution ( �w1; �y1; �g1) under the predatory

equilibrium, and it is the solution to (9), (10), and the pro�t-maximization problem of the incumbent

�rms. For a wide range of parameter values, the incumbent �rms will choose to set a wage standard

higher than the market wage rate and the number of small entrepreneurs into the modern sector is

less than the e�cient levels.

Corollary 2 The total social surplus in the predation equilibrium and committing equilibrium is

less than it in the �rst best solution; if (1 � � � �) > (1 � �)2, then the total social surplus in the

predatory equilibrium is less than it under the committing equilibrium; otherwise it could be more

than the total social surplus under the committing equilibrium.

From g1 + g2 = G , y1 + y2 =M , we always have the following equation,

G =
g1

1 + y1
� [1 + y1 + e�1(M � y1)]

G =
g2
y2
� [e(1 + y1) + (M � y1)]

Then by the proposition 4, we know the number of small entrepreneurs entering the modern

sector less than it under the �rst best if (1����) > (1��)2 while it may be more than otherwise.

From Proposition 3, the average government resource of the modern sector must be increasing with

w1 if the wage rate in modern is higher than market level, and so does the average government

resources of the informal sector. So we can easily get:

Corollary 3 The benevolent government is induced to allocate more resources per �rm to the

modern sector and informal sector than it under the committing equilibrium; it is also inclined

to allocate more resources per �rm to the modern sector and informal sector than e�cient levels if

(1� �� �) > (1� �)2, and may be less to the modern sector and informal sector than the e�cient

levels otherwise.

From corollary 3, the revenue of per �rm in modern sector and informal sector is larger than

e�cient levels if (1 � � � �) > (1 � �)2, but the total social surplus is less than in the �rst best

from corollary 2. The ine�ciency under this circumstances comes from the number of small entre-

preneurs entering the modern sector less than e�cient levels, which lower the total revenue of small

entrepreneurs and the social surplus.
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Finally we turn to the size of the informal sector. The size of the informal sector can be measured

as,

L� (1 + y1)(
A1�

w1
)

1
1�� (

g1
1 + y1

)
�

1��

Where L(a very large number) is the measure of the total labor force in the economy. From above

equation, we �nd the size of informal sector is decreasing with w1 under the predatory equilibrium.

Then by proposition 4, we get the informal sector size in the predatory equilibrium is larger than it

under the committing equilibrium. Similarly, the informal size under the predatory equilibrium is

also larger than e�cient level if (1 � � � �) > (1 � �)2; otherwise it may be less than the e�cient

level. However from the proposition 3, we know if e! 1 and K < (1� �� �)(1� �)�2f(d00)���,

then �y1 ' M � d00 � y�1 must be satis�ed, where d00�1M . Therefore, for a wide range of parameter

values, the size of the informal sector in the equilibrium will be larger than the e�cient level.

Corollary 4 For a wide range of parameter values, the size of the informal sector will be larger than

the e�cient level.

Our model has generated a rich set of interesting predictions, many of which potentially can be

tested empirically. By the �rst order condition for g1; w1 as well as small entrepreneurs entering

condition in equilibrium, we get,

g2
y2

=
1� �� �

�
�G(2y1 �M)�1 (13)

g2
y2

= [
y1

m(1� �) ]
1��
� (A

1
1����
1 w

��
1����
1 �A

1
1����
2 w

��
1����
0 )

1��
�� �

��
� w

� �
1����

0 A
1

1����
2 (14)

y1 =
1� �

2� � (1� �� �)(e� 1)M (15)

The equation (14)-(16) de�ned a Stackelberg Game, in which w1 is chosen �rst, followed by y1; g1.

From (14) and (15), we can derive out the direct e�ect of parameters, such as M on the wage rate in

the modern sector w1. Meanwhile, these parameters also have indirectly e�ect on w1 by a�ecting y1.

The overall e�ect of these parameters on w1 is composition of these two e�ect. So is their e�ect on
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y1. In order to get comparative results about G;M;m, we �rst get log for the preceding equations

and then totally di�erentiate with w1; y1; G;M;m, we have,

(1� �) 1

�

�

1� �� �
1

w1

e

e� 1dw1 +
1� �
�

2� + (1� �� �)(e+ 1)
(1� �� �)(e+ 1)

1

y1
dy1

=
1

G
dG+

1

M

2� � (1� �� �)(e� 1)
(1� �� �)(e+ 1) dM +

1� �
�

1

m
dm

dy1 =
��y1

2� � (1� �� �)(e� 1)
e

w1
dw1 +

1� �
2� � (1� �� �)(e� 1)dM (16)

Because the wage rate in modern sector is higher than the market wage rate, the second condition

for w1 must be negative, that is:

�

1� �� � [
1� �
�

]
1

w1

2e

e� 1
2� � (1� �� �)(e2 � 1)
2� � (1� �� �)(e� 1) < 0

Then by the Crammer's rule, we can solve dw1 and dy1, and get the empirical implication of

G;M;m.

Implication 1 The wage rate in the modern sector w1 tends to decrease with the total government

resources G and the density of small entrepreneurs m increasing, increase with the total number of

small entrepreneurs M .

The mechanism of how these parameters a�ect w1 is also fully characterized by (17). For example,

the wage rate w1 increases with M . We �nd that w1 directly decreases with M by the �rst equation

of (17). However, y1 is increasing with M from the second equation of (17), which indirectly makes

w1 increasing. As from proposition 3 and 4, we know that the incentives for incumbent large �rm

to raise wage in mainly decided by the entrance number of the small entrepreneurs. So the wage w1

increases with M increasing. As for G;m, how they a�ect the wage rate is very similar to M , we

will not discuss in detail.

Implication 2 The entrance number into the modern sector y1 increases with the total government

resources G and the density of small entrepreneurs m, decreases with the total number of small

entrepreneurs M .
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Similarly, there are two e�ects of these parameter on the entrance number y1. They not only

directly in
uence small entrepreneurs' entrance decision, but also indirectly a�ect the entrance de-

cision by their e�ect on w1. Nevertheless, their indirect e�ect is di�erent from their indirect e�ect

on w1 because the entrance decision lags behind the wage rate decision. We can fully characterize

the mechanism of how these parameters a�ect y1, such as M . By the second equation of (17), we

know that y1 directly increases with M increasing; simultaneously y1 is indirectly decreasing with

M because w1 is increasing with M by implication 1. By proposition 3 and 4, the indirect e�ect

transcends the direct e�ect as the entrance number of small entrepreneurs play center role in large

entrepreneurs to raise wage, and so y1 is decreasing with M . As for G;m, how they a�ect the en-

trance number is very similar to M , and the indirect e�ect is always dominant. By log and totally

di�erentiating (14),(15) and (16) with w1; y1; A1; A2, we also have,

Implication 3 The wage rate in the modern sector w1 tends to increase with A1 and w0; the wage

rate w1 decreases with A2.

It is very intuitive the wage rate in modern sector increases with A1; w0, and decreases with A2.

As A1 is increasing, there are more small entrepreneurs enter modern sector, and then the deterring

e�ect is more likely to dominate the e�ciency e�ect and the bene�t of the deterring entrance is

increasing with A1. Similar mechanism is also applied in A2; w0. As the results of implication 2, the

e�ect of the parameters A1; A2; w0 on entrance number in the modern sector is also the composition

of direct and indirect e�ect, and the direct e�ect is always dominated by the indirect e�ect.

Implication 4 The entrance number into the modern sector y1 does not change with A1; the entrance

number increases with A2 and decreases with w0.

As for �; �, we can not get clear comparative statics because they not not only a�ect the deterring

e�ect and the e�ciency e�ect, but also in
uence the net pro�t for entrance.

4 Extensions and Discussions

4.1 Relative Wage Equalization

First, we want to relax the extreme relative wage rate assumption, that is:

w
0
1 = w0 + 
(w1 � w0); 0 < 
 < 1
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w
0
1 is the wage rate of entrance �rms in modern sector and w1 is the wage rate of the incumbent

modern �rms. The preceding equation entrance shows �rms must raise their wage rate if the in-

cumbent �rm does, but they should not raise as high as the incumbent �rm. As for M >> 1, then

government resource allocation decision and small entrepreneurs entering decision approximately is:

A
1

1��
1 [

�

w
0
1

]
�

1�� [
g1
y1
]

�
1���1 = A

1
1��
2 (

�

w0
)

�
1�� [

g2
y2
]

�
1���1

A
1

1��
1 [

�

w
0
1

]
�

1�� [
g1
y1
]

�
1�� � 1

1� �
y1
m
= A

1
1��
2 (

�

w0
)

�
1�� (

g2
y2
)

�
1��

By the similar approach in the proposition 3, we know that the average resources allocated to

the modern sector increase with the wage standard in that sector in equilibrium if and only if:

K < f(c)���0, where f(:); c and ��0 is de�ned in (11). Similarly, we get if the following condition

is satis�ed, then the incumbent large entrepreneurs will set a wage standard higher than the market

wage rate in equilibrium:

y1 [(
 � 1)1� �� �
1� � (

A1
A2
)

1
1���� + 
(1 +

�

1� �) +
1� �� �
1� � ]

g2
y2
�M >

1� �� �
�

G

g2
y2

= [
y1

m(1� �) ]
1��
� (A

1
1����
1 �A

1
1����
2 )

1��
�� �

��
� w

�
�

0 A
1

1����
2

From the above equations, we know if 
 = 1, then we get the same results of the proposition 4.

Therefore if 
 is large enough, then w1 > w0 in equilibrium when K < f(d)���0, where f(:); d;��0
is de�ned in (11).

A more ingenious story about the predatory wage rate is combining our story with the idea of

Milgrom and Roberts(1982). The incumbent modern �rms have two types: A1; A
0
1, and A

0
1 > A1.

At the same time, when the incumbent modern �rms are A1 type, then the entrance �rms will have

the following production technology:

A1l
�
1 (

g1
1 + y1

)�
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But if the incumbent modern �rm is A
0
1, then the entrance �rms will have the following production

technology:

�A1l
�
1 (

g1
1 + y1

)�; A1 > �A1 > A2

From the preceding two equations, we �nd if the incumbent modern �rms have more advanced

technology, then entrance �rms will have less advanced technology and pro�t. The center idea here

is that there is competition between the incumbent modern �rms and entrance �rms. So if the

incumbent modern �rm have more technology advantage, then entrance �rms will have less revenues

and pro�t. The timing of game is following: the incumbent modern �rm chooses the wage rate w1

�rst, then small entrepreneurs make sector choice, followed by the government resources allocation

decision. When small entrepreneurs make entrance decision, they do not know the type of the

incumbent modern �rm, but know that the probability of A1 type is p. After their entrance decision,

the type of the incumbent modern �rm becomes public information. In this model, if the incumbent

modern set higher wage rate, it will not only deterring small entrepreneurs by higher entering cost,

but also deterring small entrepreneurs by signaling that it could be more severe competition. Then

under this model, separating equilibrium and pooling equilibrium will also exists under minor regular

conditions.

4.2 Unbenevolent Government

In our model, the government has been assumed to maximize the total income of the economy.

We have shown that under this assumption, the �nal outcome of the government policies will tend

to be biased towards big businesses. If the government is not benevolent, one would expect the

outcome will be even more biased. Here we brie
y discuss the (perhaps more realistic) case that the

government maximizes its tax revenue. If the e�ective tax rate for all the �rms is the same, there is

no additional distortion from the imposition of taxes. The reason is that this amounts to multiplying

the objective function of the government in the problem (4) by a constant. Nothing will be changed

except that some �rm pro�ts are transferred to the government.

However, a more realistic scenario may be that the e�ective tax rate for large �rms is higher

than that for small �rms because governments in many developing countries have very limited tax

collecting ability. Suppose the e�ective tax rates for the modern sector and the traditional sector are
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�1 and �2 respectively, where �1 > �2. From (10), the left-hand side has to be multiplied by 1 � �1.

Hence w1 will be smaller. So the incumbent �rms will be less aggressive in setting a wage standard

because the modern sector is less attractive for small entrepreneurs. The net e�ect on the pro�t of

the incumbent �rms depends on the relative magnitude of the gain from lower wage rate against

the loss from taxes. Except this, the e�ects will be qualitatively exactly the same as those from the

imposition of registration fees.

As it is shown by many scholars that the government is biased to the modern sector, that is

the government more cares for the bene�t of the modern �rm than the informal sector �rm. If the

government only more cares for the incumbent modern �rm's bene�t while not the entrance �rm,

then everything is approximate to the basic model because the number of small entrepreneurs is very

large compared to the number of large entrepreneurs. If the government more cares for all �rm's

bene�t in the modern sector, then conclusions are similar to when the government maximizes its

total tax revenue in sector 6.

4.3 Regulatory Entry Barrier to the Modern Sector

First let us consider minimum wage regulations. Suppose the government imposes a minimal wage

wmin > w0 on the �rms in modern sector. Practically it is not likely that wmin will be greater than

w1 in the predation equilibrium. Recall that w1 is the wage rate that is high enough to make a small

entrepreneur just indi�erent between the modern sector and the informal sector when the average

resources allocated to the modern sector are maximized. Then no changes happen. But if minimal

wage wmin > w1, the predatory equilibrium will be disturbed by the minimal wage and the changes

are re
ected in equation (9) and (10). Since incumbent modern have to set wage higher than in

equilibrium, then her pro�t must decrease while average resources allocated to modern sector maybe

increase if the minimal wage is not much higher than it under the predatory equilibrium. At the

same time, the average resources allocated to the informal sector, the pro�t of small entrepreneurs

and number in it must be increasing with w1 increasing. To sum up, imposition of a minimal wage

will: (1) it has not any e�ect if it is not high enough; (2) likely increase the average government

resources to modern �rm and decrease her pro�tability; (3) likely increases the average government

resources to informal �rm and his pro�tability; (4) increases the size of the informal sector.

Now we consider the e�ects of high entrance costs imposed by the government. Analytically

this is equivalent to increasing K by some constant. From implication 1, the average resources
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allocated to the modern sector increases, but the necessary wage standard to achieve this is lowered.

The intuition is clear. The harder it is for small entrepreneurs to enter the modern sector, the less

aggressive the incumbent �rms are. As the wage rate in the formal sector is lowered, the incumbent

�rms make higher pro�t. From implication 2, �rms in informal sector earn higher pro�t as the

average resources allocated to the informal sector increases. So is the entrance number. To sum

up,the qualitative e�ects imposition of entrance fees is: (1) the incumbent �rms will set a lower

wage rate for the modern sector; (2)incumbent �rms make higher pro�t due to the more average

government resources and lower wage; (3) the pro�t of informal �rms and the average government

to this sector increase; (4) the size of the informal sector decreases.

5 Conclusion

The model shows that in addition to entrance barriers which are easily noticed, for example, ex-

ogenous adverse environment facing small entrepreneurs (lack of knowledge, information, capital

endowment, etc.) and misguided government policies, incumbent �rms can strategically create en-

trance barriers through high wage rates and induce the government to follow policies which are biased

towards their interests.

Interestingly, the aforementioned International Labor O�ce study characterizes the formal sector

as having a close relationship with the government. Firms in the formal sector enjoy the advantages

of directly receiving many government subsidies and supports and indirectly bene�ting from govern-

mental restrictions of competition. The study claims that \Partly because of its privileged access

to resources, the formal sector is characterized by large enterprisers, sophisticated technology, high

wage rates, high average pro�ts and foreign ownership."(Employment, Incomes and Equality, p504)

Our model shows the reverse cause-e�ect of the ILO study. If the two views are combined, then

the \collusion" of incumbent large �rms and the government gets reinforced. As a consequence,

entrance to the modern sector by other entrepreneurs is even more di�cult.

Our model does not support the view that direct subsidies to the informal sector will improve

e�ciency. If barriers of entrance to the modern sector are di�cult to overcome, subsidies to the

informal sector can only increase the size of this sector and slow down the modernization process.

However, this does not deny the positive e�ects of subsidy on equality and poverty.
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Appendix

Proof of Proposition 1 Because the total revenue in the modern sector is decreasing with w1, so the w
�
1 = w0

in the �rst best solution. By the equation (5) and (6) in the text, we get:

g1
1+y1

= [
A1
A2
]

1
1����

g2
y2

g2
y2

= [
y1(1� �)

m(1� �� �) ]
1��
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1����
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1����
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With g1 + g2 = G; y1 + y2 =M , we have:

g2
y2
[M � y1 + y1(

A1
A2
)

1
1���� ] = G

From the preceding equation and the expression g2
y2
, we can easily get the left hand of the preceding

equation is increasing with y1. The left hand is less than the right hand if y
�
1 = 0, and the left hand larger

than the right hand if y�1 =M . So by the Median Theorem, there is unique solution y
�
1 for the above equation,

and then we can prove the proposition 1. Q.E.D..

Proof of Proposition 3 We prove the proposition by the following three lemmas.

Lemma 1 Under small entrepreneurs optimal entrance decision and the government optimal policy, the

number of small entrepreneurs entering that sector and the total resources allocated to the modern sector

decrease with the wage standard in modern sector, and the e�ect of the wage rate w1 on the government

resources g1 the entrance number y1 is:

@g1
@w1

=
D1
D0

@y1
@w1

=
D2
D0

Where D0; D1; D2 is de�ned in the following.

Total di�erentiate (9) and (10) with (g1; y1; w1), we get:
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Then we get the determinant of the coe�cient dg1; dy1, that is:
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By Crammer's rule, we can prove this Lemma.

Lemma 2 Under small entrepreneurs optimal entrance decision and the government optimal policy, the

e�ect of incumbent �rm's wage rate on the average government resources in the modern sector is:

@ g1
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@w1
=
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Where R1, R2 and D0 is de�ned in the above equation.

From Lemma 3 and the following equitation,we can easily prove the Lemma 4.

@ g1
1+y1

@w1
=

@g1
@w1

� g1
1+y1

@y1
@w1

1 + y1

24



Lemma 3 Under small entrepreneurs optimal entrance decision and the government optimal policy, @(g1=(1 + y1))=@w1 >

0 in equilibrium if and only if @(g1=(1 + y1))=@w1 > 0 when w1 = w0.

By the Lemma 4, @(g1=(1 + y1))=@w1 > 0 in equilibrium if and only if in the equilibrium that following

equitation is satis�ed:

[R1 �R2][
1� �� �
1� � (

g1
1 + y1

)(
g2
y2
)�1 +

�

1� � ]�
y2

m(1� �) > 0

Then by (10), it is equivalent to:
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)(
g2
y2
)�1 +

�

1� � + 1]�
K

(1� �) > 0

From the Lemma 3, we know the preceding equation is decreasing with w1. So we can safely conclude that

if @(g1=(1 + y1))=@w1 > 0 is true for any w1, it must be true when w1 = w0. At the same time, the wage rate

of the modern �rm must be equal to or higher than the market wage rate in equilibrium. If the wage rate is

higher than the market wage rate, then @(g1=(1 + y1))=@w1 > 0. So Lemma 5 holds.

So by the preceding argument, @(g1=(1 + y1))=@w1 > 0 in equilibrium if and only if @(g1=(1 + y1))=@w1 > 0

when w1 = w0, that is:

y1 � f2 +
1� �� �
1� � [(

A1
A2
)

1
1���� � 1]g > M

Then with (9), (10) and the following equations, the proposition can easily be proved. Q.E.D.
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Proof of Proposition 4 Total di�erentiate incumbent modern �rm's pro�t function with w1, we get the �rst

order condition for w1:

@�1
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By the lemma 3-5, we get:

sgn(
@�1
@w1

) = sgn[
�

1� �
�1
w1

+
�

1� � (
g1

1 + y1
)
�1
� @(g1=(1 + y1))

@w1
]

= sgn[(2y1 �M)�
g2
y2
� 1� �� �

�
�G]

If K < f(d)�4�, the right hand of above equation is positive when w1 = w0, and then we have proved

the proposition 4. Q.E.D.
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