2. Traditional Theories of the Firm

The firm is a place where economic agents interact (transact) based on an agreed allocation of decision rights laid down in long‑term contracts
The allocation of decision rights constitutes hierarchical structures—the firm.

Markets, on the other hand, are places where economic agents …

… negotiate and agree on long‑term contracts

… exchange goods in spot transactions.

The theory of the firm tries to explain …

… why there are such long-term contracts

Why are some transactions intra-firm whereas others are inter-firm?

For instance, what explains the degree of vertical integration?

Note that the existence of the firm is by no means self‑evident.

… the characteristics of such contracts.

There are a variety of theories of the firm, each emphasizing different aspects of intra-firm and inter-firm relations

These theories complement each other, rather than contradict each other

They serve as means to answering questions

Their explanatory powers depend on the question asked.

2.1
The Neoclassical Model

References:

Hart, Oliver (1995) Firms, Contracts, and Financial Structure. Oxford (UK): Clarendon Press, Ch. 1 Sect. 1.

The neoclassical model is the oldest theory the firm

In the narrow sense, this model might not classify as a theory of the firm, because it does not explain the existence of the firm

The neoclassical model is useful when analyzing how firms interact in the markets (with each other and with their suppliers and customers)

Industrial organization

Derives market outcomes from the way firms interact

Model of perfect competition

Monopoly model

Oligopoly models.

The firm itself remains a “black box.”
In its pure form, the neoclassical model assumes perfect competition
The firm is static

There is no innovation.

The firm has no market power

There is a homogenous product and an infinite number of suppliers

The firm is a price‑taker in the markets where it purchases its inputs and sells its outputs.

The size of the firm is determined by its cost function

In a competitive equilibrium, the firm operates in the intersection point between the upward sloping marginal cost (MC) function and the average cost (AC) function
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Source: Varian (1992, p. 217).

The neoclassical model contributes little to questions of how firm organization contributes to the shape of the cost function

One reason for u-shaped average cost functions might be the non‑divisibility and non‑duplicability of management.

The neoclassical theory cannot explain whether a given firm should operate on a stand‑alone basis or should simply be a division of some other (bigger) firm.

2.2
The Transaction Cost Model
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The transaction cost theory of the firm was developed by Ronald Coase (“The Nature of the Firm,” 1937), earning him the Nobel Prize

Some transactions are carried out within the firm (intra‑firm transactions), which means that they are governed by hierarchies (long‑term contracts)

Other transactions are executed between firms (inter‑firm transactions)
These transactions are performed in markets

There are no long-term contracts (there is no time dimension) and, thus, there are no hierarchies.

Transacting is costly

It is the nature of the transaction that determines its transaction cost
Firms exist because some kinds of transactions entail lower costs if performed within hierarchies than when performed in the market

For instance, labor is rarely transacted in spot markets because …

… information about the productivity of the worker is asymmetrically distributed
… long‑term relations allow both sides to invest in relation‑specific assets (e.g., training).

In Hamburg, there is a spot market for unskilled labor (single‑day hires of longshoremen).

In a wider sense (and this is the way we will use the term), transaction costs do not refer to the cost of a single transaction but to the costs of running a system (e.g., the firm)
Note that the boundaries of the firm are not clear‑cut

For instance, there are long-term subcontracting relations between firms

Subcontractors are (by definition) not part of the firm; yet, they interact with the firm on the basis of long‑term contracts (instead of on the basis of spot transactions)
On subcontracting, see the case studies “Risk Sharing in Subcontracting Relations” and “Subcontracting and the Hold-up Problem.”
Generally, the transaction cost theory views the firm as a nexus of contracts
The firm is formed by parties entering long‑term commitments

The costs of running this system are lower than when going to the spot market for every single transaction.

This view of the firm is widely accepted, even by those scholars who otherwise do not adhere to the transaction cost approach of the firm.

Firms, by definition, are hierarchical organizations

It is the hierarchical structure that keeps the transaction costs low

“Someone needs to be the boss”
Frequently, hierarchy is a matter of degree, and excessively stringent hierarchical patterns may be sub‑optimal.

One party—the boss—holds the decision rights, while the other parties hold sets of well‑defined rights

These sets of well‑defined rights (are supposed to) insulate the non‑decision‑making parties from opportunistic behavior of the decision‑making party (the boss).

The boss’ decision rights are called residual control rights, because the boss holds all rights not allocated to any other party.

Who should be the boss?

Simply put, a firm combines human capital and financial capital into profit

Financial capital buys physical capital (fixed investment)

For simplicity, we assume that the firm is all‑equity financed, that is, there is no debt.

Thus, there are two parties, each of which could potentially be the boss:

The workers

The equity holders (shareholders).

Let the workers be the boss(the labor‑managed firm
Examples of labor‑managed firms are U.S. law firms

One of the problems with the labor‑managed firm is its low debt capacity
Outside equity (that is, equity that his not held by the workers) is not attainable, because the outside equity holders have no control rights

Equity, by definition, is a claim on residual income

Separating residual control rights (which, here, are with the workers) and residual income rights (which are with outside equity) leads to hold‑ups.

Workers cannot borrow against their human capital because slavery is illegal

The workers’ wealth constraints determine the firm’s debt capacity constraint

Labor‑managed firms grow (slowly) through retained earnings.

Let the equity holders (shareholders) be the boss

With the equity holders being the boss, residual income rights and residual control rights are bundled together

There is thus full internalization of decision-making (assuming that the workers’ rights are sufficiently protected)

Bundling residual income rights and residual control rights is generally efficient, which is why the legal system puts the equity holders in charge.

2.3
The Principal-Agent Model
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The transaction cost theory offers a rationale for hierarchical relations

The simplest hierarchy involves a principal (the boss) and an agent (the worker)

The principal‑agent theory analyzes the nature of such stylized hierarchical relations.

The basic principal‑agent problem is how to align the actions of the agent with the interests of the principal

“What does it take to get the worker out of bed in the morning?”
Contracts that align the worker’s actions to the principal’s interest are called incentive compatible
Generally, incentive compatibility is achieved by linking compensation to performance (performance pay or, synonymously, incentive pay).

The main problem in performance‑related compensation is asymmetric information about the agent’s effort(the problem of hidden action
There might be a difference between …

… the agent’s actual effort, 
[image: image2.wmf]e

, (as the agent perceives it) and …

… the agent’s performance, 
[image: image3.wmf]p

, as measured by the principal.

(We assume that the principal does not behave opportunistically by intentionally misjudging the agent’s performance.)

Reasons for possible measurement errors:

Measuring performance is costly

If measuring performance did not entail costs, the principal could directly observe the agent’s actions, which would eliminate the principal‑agent problem (assuming that misconduct is verifiable and sanctions are enforceable).

Performance may not be well defined

How do we define “treating customers in a friendly manner”?

There are errors in perception

Constructivism points at a difference between reality (what is) and Wirklichkeit (what we perceive)

See the movie The Matrix for the nihilistic, brain‑in‑vat version.

There are imperfections in identifying causes

In spite of exercising the same amount of effort, due to a slowing economy, a sales agent might sell less this year than she did last year.

Due to the measurement error, performance pay imposes income uncertainty on the agent

The measurement error introduces an element of ambiguity into the relation between effort and pay: 
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, where 
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 is an error term

The agent chooses her level of effort while being uncertain about the income into which this effort level will translate

Without loss of generality, we can assume that the expected value of the error term, 
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The principal’s performance measurement is unbiased, which means that it is correct on average.
Generally, individuals are risk‑averse

Income uncertainty generates disutility with risk‑averse agents

From the point of view of income uncertainty, performance‑related compensation contracts are always sub‑optimal.

A performance-sensitive compensation contract must balance …

… the incentives provided to the agent and
… the risk imposed on the agent.

Note that the investors can diversify away the firm’s idiosyncratic risk

Under the assumption that the measurement errors are not correlated with systematic risk, the firm (the principal) can be treated as risk‑neutral.

Insert:
Risk Aversion

We treat the terms risk and uncertainty synonymously

For some purposes, it is useful to distinguish between the (measurable) risk and the (unmeasurable) concept of (“Knightian,” named after Frank Knight, 1885‑1972) uncertainty.

How do we model people’s behavior when they face uncertainty?

In the case of certainty, we write down a set of axioms of consistent human behavior, from which we derive a utility function

Rational behavior is defined as maximizing this utility function subject to (wealth or income) constraints.

John von Neumann (1903-1957) and Oskar Morgenstern (1902-1976) proceeded in a similar vein when writing down a set of axioms of consistent human behavior under uncertainty in a 1944 publication

The utility function they derived from this set of axioms is called expected utility function.

Note that the postulate of utility maximization is not a moral statement
Utility maximization is simply a concept that tries to explain human behavior on the basis of consistent sets of preferences

Utility maximization does not preclude altruism, which, potentially, is an argument in people’s preference sets.

The expected utility function is typically written as a function of wealth, 
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, rather than income, 
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At the center of the expected utility function is the expected utility property
Let us assume that the individual faces a lottery with two possible outcomes:

Wealth 
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 with probability 
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[image: image12.wmf]1

-

p


The expected utility property reads:
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 is the lottery (
[image: image15.wmf]Å

 reads “and”)
The utility the individual draws from the lottery equals the expected value of the utilities of the outcomes.

Example

Let us assume you are offered the following deal:

$50 of wealth for certain (the “safe project”), or a lottery with equally likely outcomes of $25 and $75 of wealth (the “risky project”)

Note that both “projects” have the same expected value
According to the expected utility property, you draw the following utility from the lottery:
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We know that you draw the utility 
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 from having a wealth of $50 for certain

If you are indifferent about the certain payment and the lottery, your preferences are risk-neutral:
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If you prefer the certain payment (the “safe project”), you are risk‑averse:
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If you prefer the lottery, you are risk‑seeking (or, synonymously, risk‑loving):
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Graphical illustration of risk aversion
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Source: Varian (1992, p. 178).

The vertical difference between the utility of the safe outcome, 
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, is due to a risk premium
The risk premium equals the horizontal distance between the straight and the concave lines at 
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Degrees of risk aversion

As the above chart shows, risk aversion originates from the concavity of the expected utility function, 
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Based on this concavity, two measures of degrees of risk aversion have been suggested by Arrow (1970) and Pratt (1964):

Arrow-Pratt measure of absolute risk aversion:
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Arrow-Pratt measure of relative risk aversion:
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Constant relative risk aversion (which implies declining absolute risk aversion) is a reasonable assumption in many applications

It is known that risk aversion(as measured by the Arrow‑Pratt concept of absolute risk aversion(decreases with increasing wealth.

Frequently, the assumption of constant absolute risk aversion is made for simplicity (that is, to keep the math tractable)
For marginal changes in wealth, this assumption of constant absolute risk aversion may be sufficiently accurate.

Insert:
Certainty Equivalent

Definition and Measurement

The certainty equivalent is the amount of wealth generated by the safe outcome that the individual views as equally valuable as the lottery

For instance, in the above example, the individual might have the following preferences:
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The certainty equivalent is $30, because this is the amount of wealth of the safe outcome that affords the individual the same utility as the lottery.

Calculus offers a straightforward approximation to the certainty equivalent, which is helpful in many applications:
Let 
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 be an individual’s expected utility function; define 
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 as the certain wealth that affords the individual the same utility as the lottery:
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The wealth 
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 is the certain value (e.g., $30) that the individual regards as equivalent to the lottery—the lottery generates an uncertain (stochastic) wealth 
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 (e.g., $25 or $75, each with probability 1/2).

According to Taylor’s theorem, the value of the expected utility function at any point 
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Setting 
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 equal to zero leads to a second‑order Taylor‑series approximation:
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Applying the expected value operator yields
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because of 
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Similarly, we can employ Taylor’s theorem at the point 
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Applying a first‑order Taylor‑series approximation yields
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By definition, the following holds for the certain wealth, 
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Inserting Eq. (1) into the right-hand side, and Eq. (2) into the left-hand side of the above equality, yields
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The term 
[image: image50.wmf]r

x

u

x

u

x

(

)

(

)

(

)

=

-

¢

¢

¢

 is the Arrow‑Pratt measure of (absolute) risk aversion at the expected value of wealth, 
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The term 
[image: image54.wmf] 

x

x

-

$

 is the risk premium
The risk premium is the difference between the expected value of the lottery and the certainty equivalent.

Inserting the numbers of the aforementioned numerical example yields:
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Degree of (absolute) Arrow‑Pratt risk aversion:
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Degree of relative Arrow-Pratt risk aversion:
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Note that we used 
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2.3.1 Mechanism Design

We analyze the characteristics of an incentive‑compatible contract in a principal-agent relation

A necessary condition for incentive compatibility is a link between pay and performance

Without linking pay to performance, the agent will not perform

“Well then, says I, what’s the use you learning to do right when it’s troublesome to do right and ain’t no trouble to do wrong, and the wages is just the same?”
“The Adventures of Huckleberry Finn,” Mark Twain (1884)

When pay is not related to performance, the agent is fully insured against measurement errors.

In many employment contracts, pay is implicitly related to performance

Annual evaluation determines the following salary for the following year.

The standard, linear principal-agent contract

We assume the principal (the firm) to be risk‑neutral
Investors can eliminate idiosyncratic (firm‑specific) risk by diversifying.

We assume the agent (the employee, e.g., management) to be risk‑averse
Most of the agent’s wealth consists of her human capital, which she cannot diversify over a multitude of principal‑agent relations

For simplicity, we assume that the agent’s (absolute) degree of risk aversion is (locally) constant.

Agent’s income
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where 
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 stands for the agent’s performance as measured by the principal, and 
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 is the agent’s actual effort

Measured performance and actual effort differ by the error term 
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, for which we assume without loss of generality: 
[image: image67.wmf]E [

]

=

0

e


The function 
[image: image68.wmf]C

A

(.

)

 measures the agent’s cost of exercising effort

We assume that 
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 is twice continuously differentiable and strictly concave, which implies that 
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The agent faces positive and increasing marginal costs of effort at any level of effort, 
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.

Typically, 
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 (the part of income that is independent of the agent’s performance) is greater than zero

If 
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 is smaller than zero, then the agent has to pay an “entry fee” to the principal‑agent relation

The magnitude of 
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 matters for the agent’s reservation wage: For any given 
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 must be sufficiently high to meet the agent’s participation constraint.

The contract is linear, because pay increases linearly with performance

Linear performance‑pay contracts are generally efficient because they offer the same (marginal) compensation, 
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, for any marginal unit of effort, 
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The principal’s profit equals
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where 
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 is the principal’s profit function
The agent’s (approximate) certainty equivalent (of income), 
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where 
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 is the agent’s (locally) constant degree of absolute risk aversion, and 
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The agent’s optimization problem is given by
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incentive compatibility constraint
marginal benefit of effort
=
marginal cost of effort

(The second‑order condition for a maximum reads 
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The principal’s certainty equivalent (of profit), 
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(Remember that the principal is assumed risk-neutral.)

Optimal contract

The (socially) optimal contract maximizes the sum over the parties’ certainty equivalents
The (approximate) sum of the parties’ certainty equivalents, 
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We know that the agent will choose the effort level such that
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Hence, we can write the (approximate) total certainty equivalent as a function of the marginal performance-sensitivity, 
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The first-order condition for a maximum in 
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The second-order condition for a maximum in 
[image: image109.wmf]TCE

 demands:


[image: image110.wmf]d

(

)

d

 0

2

2

TCE

b

b

<

.
Comparative static analysis

1.
Which impact does the degree of absolute risk aversion, 
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The total differential of the first-order condition for a maximum in 
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Because the second-order condition for a maximum requires 
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, an increase in the agent’s degree of risk aversion, 
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2.
Which impact does the degree of uncertainty, 
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The total differential of the first-order condition for a maximum in 
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Because the second-order condition for a maximum requires 
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3.
Which impact does the degree of uncertainty, 
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Thus, it has been shown that the value of the firm decreases with an increase in the variance of the measurement error.

In conclusion, performance pay is a double‑edged sword:

Performance pay gets the agent out of bed (establishes incentive compatibility)

Performance pay imposes income (wealth) uncertainty on the agent

The more risk-averse an agent is, the less performance-sensitive the optimal contract should be

The greater the measurement error of the agent’s performance is (that is, the higher the degree of income uncertainty, 
[image: image134.wmf]s
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 is), the less performance-sensitive the optimal contract should be

In conclusion, be wary of high‑powered compensation contracts (that is, compensation contracts with high 
[image: image135.wmf]b

 values).

2.3.2
Case Study from the United States: The Origins of Management Incentive Schemes
References:

Holden, Richard T. (2005) “The Original Management Incentive Schemes,” Journal of Economic Perspectives 19 (4), 135‑144.

General remarks on executive compensation at the public corporation
The public corporation is characterized by a “separation of ownership and control” (Adolph Berle and Gardiner Means, 1932, The Modern Corporation and Private Property, New York: Macmillan)
Those that own the control rights (the shareholders) are not identical with those that effectively control the assets (management)
There is no such principal‑agent problem in the entrepreneurial firm, because the entrepreneurial firm has an “owner‑manager.”

Executive compensation tries to align the actions of management with the interests of the shareholders by means of linking executive compensation directly to increases in the market value of the firm (incentive pay)
Note that the market value of the firm is the market value of total claims (or, equivalently, total assets), that is, the sum of the market values of equity and debt

If the rights of the debt holders are sufficiently protected(for instance, through covenants(maximizing the value of equity will maximize the value of the firm.

In the United States, the original incentive schemes that linked executive compensation to stock prices were developed by Du Pont and General Motors in the 1920s
Du Pont (officially, E.I. du Pont de Nemours & Company) and General Motors had close ties in the early 20th century

Pierre S. du Pont, one of the cousins who then controlled Du Pont, was president of GM from 1920‑1923, and Du Pont owned around one‑third of the stock of GM at the time.
Du Pont and GM were two of the first companies to adopt the multidivisional organization form, thus delegating substantial authority to a significant number of executives

In stock incentive schemes, Du Pont and GM lent money to managers, enabling them to purchase company stock at market price
Managers paid market interest rates on such loans and, in the GM plan, they were required to repay the principal gradually
These stock incentive plans had a time horizon of seven to ten years, a term much longer than is common in modern stock option plans.
The dollar amounts involved in these incentive plans were large relative to the salaries and the wealth of the participating executives, and these amounts represented a nontrivial portion of the value of the firm
In 1930, following the 1929 stock market crash, managerial stock purchases were exceptionally high when, in 2004 dollars, 58 managers at Du Pont purchased $93 million worth of stock, and 246 managers at GM purchased $578 million worth of stock
This 1930 purchase at Du Pont was (in 1930 dollars) an average of more than $152,000 per participating executive—this happened at a time when the highest‑paid officer in the corporation earned less than $100,000 per annum

At GM, this 1930 purchase was an average of more than $223,000 per participating executive, which translates to $2.3 million per executive in 2004 dollars.
Said Alfred P. Sloan (1875‑1966), of many years president (1923‑1937, following Pierre S. du Pont) and chairman (1937‑1956, following Lammot du Pont) of General Motors:

“I believe [management] should be told frankly that there is an opportunity to go in business; they take the profit and they take the risk.”
The Du Pont incentive schemes in detail
Since 1909, Du Pont had two cash bonus plans in place—the following description was taken from the 1932 Annual Report
The “A” bonus was tied to the performance of the individual employees (instead of the performance of the firm) and was almost exclusively awarded to non‑executive employees

The bonus was granted for conspicuous service of any nature and is to be invested in common stock of the company.
The “B” bonus was tied to the performance of the firm and awarded to management
The bonus was granted to those who have contributed most, and in a general way, to the company’s success by their ability, efficiency, and loyalty—the bonus is to be invested in common stock
The incentive plan stipulated that the B bonus fund “shall not exceed 7½% of the surplus net receipts from manufacturing operations above 6% on the capital employed in such operations of this company and of certain subsidiary companies in which this company shall hold substantially all of the outstanding common stock.  The capital employed in manufacturing operations shall be calculated separately from the investment in non‑operative items.”
When the return on capita did not exceed 6 percent, no B bonus was paid

Only manufacturing operations and only subsidiaries in full control of Du Pont were included, the latter being consonant of the Sufficient Statistics Theorem in agency theory, which states that the payments to the agent should not depend on matters over which the agent has no control.
In addition to the B bonus, the three du Pont cousins who controlled the company made individual stock awards from their own holdings
For instance, each member of the 1915 executive committee was given 1,250 shares of the Du Point Securities Company (which was the family holding company); in 1991, these executives received 1,000 shares of Du Pont common stock and, in 1921, they were rewarded 400 shares in the holding company.

On January 1, 1927, at the behest of Walter Carpenter, the vice‑president of the finance committee (the equivalent to a modern day chief financial officer [CFO]), Du Pont integrated the B cash bonus plan into a more comprehensive and systematic executive incentive scheme—the Executives’ Trust Plan
Those employees who have proven themselves qualified to occupy important managerial posts and to succeed to higher positions might be afforded an opportunity to acquire substantial holdings in the common stock of the company, thereby ensuring a distinct mutuality of interest with other (that is, outside) stockholders in the continued progress of the company
Varying amounts of the common stock of the company have been sold from time to time to such eligible employees, the company receiving in payment interest‑bearing notes running from seven to ten years, with the stock so purchased deposited as security for the payment of the notes
The funds to provide for the bonuses under this plan are obtained from two sources:
The traditional B bonus fund, as detailed above

“Six per cent of the net earnings of the company from activities under the control of the Executive Committee, as included in the published annual report to the stockholders, in excess of 6% upon the company’s investment in those activities.  Said earnings and investment figures shall not include the earnings from, or investment in, those companies in which the company shall own less than 50% of the common stock, or those activities under the control of the Finance Committee, such as the company’s General Motors investment.” (Du Pont 1932 Annual Report).
The following figure from Holden (2005) illustrates the executive incentive scheme at Du Pont, effective as at 1927:
[image: image136.emf]
The upshot of the Executives’ Trust Plan:
Executives borrowed money from the company to purchase stock in Du Pont at market value
The notes bore a market rate of interest and had a maturity of 7 to 10 years
The notes were not cash‑pay—that is, the executives did not have to make cash payments, and the interest was allowed to compound
The interest could be paid down using dividends on the stock, awards under the B bonus plan, or additional bonuses provided under the Executives’ Trust Plan.

The table below (Holden, 2005) provides an overview on the extent of the Executives’ Trust Fund:

[image: image137.emf]
The Du Pont plan suffered from two major drawbacks, which are inherent in any executive incentive scheme:
A risk‑averse manager (who desires diversification) values the stock‑linked compensation below cost
The manager is penalized or rewarded for the absolute performance of the corporation instead of the relative performance (relative to the corporation’s competitors, that is)

The business cycle and stock market bubbles (or crashes) are not under the control of the executive, yet, the compensation varies with these risk factors.
2.3.3.
Case Study from Japan: Risk Sharing in Subcontracting Relations

References:

Kawasaki, Seiichi, and John McMillan (1987) “The Design of Contracts: Evidence from Japanese Subcontracting,” Journal of the Japanese and International Economies 1, 327-349.

In the above analysis of the principal‑agent problem, the uncertainty originated from the measurement error

The uncertainty was generated in the relation(that is, the uncertainty was endogenous.

In the subsequent analysis of subcontracting relations, uncertainty is generated outside the relation(it is exogenous to the subcontracting relation
Uncertainty may hit one or both parties in a bilateral subcontracting relation

In the subsequent subcontracting model, uncertainty hits only one party.
The question of interest is how the principal (the end‑product manufacturer) and the agent (the parts‑supplying subcontractor) should divide up the risk between each other.

Insert:
Optimal Risk Sharing

In the following, we study how risk is shared efficiently between two parties

The model, in its general form, assumes that both parties are subject to risk

In this model, risk manifests itself in income risk

We assume that the risks of the two parties are stochastically independent
If the risks of the two parties are perfectly correlated, risk‑sharing contracts cannot reduce total risk.

Assume there are two individuals, A and B, with stochastic incomes 
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 denotes the Arrow‑Pratt measure of (locally) constant absolute risk aversion.

An efficient risk-sharing contract maximizes the sum of the certainty equivalents over the two contracting parties

The sum of the certainty equivalents equals the total expected income minus the total of the risk premiums

Maximizing the sum of certainty equivalents is equivalent to minimizing the total of the risk premiums (because the nature of the contract does not affect the expected values of the incomes).

Remember that the risk premium is the monetary equivalent of the loss of utility due to income uncertainty.

Suppose the parties sign the following (enforceable) contract

Party A receives fraction 
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Party B receives fraction 
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 of A’s income

B makes a lump sum payment to A at the amount 
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 may take on negative values, in which case A actually makes a payment to B.

The parties’ incomes equal:

Party A: 
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Under the assumption of (locally) constant degrees of (absolute) risk aversion, we obtain for the (approximate) total risk premium, 
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Choose the vector of contract parameters 
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 such that 
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 takes on a minimum

Note that the level of the lump sum payment 
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 does not affect the total of the risk premiums

First, we choose the maximizing level of 
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Similarly, we obtain for the maximizing level of 
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The link between degree of risk aversion and income (risk) sharing:
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If (and only if) A is more risk-averse than B, party B absorbs a higher share of the risky income, which means that B absorbs a higher share of the total risk.

The contracting parties’ incomes read:

A’s income
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B’s income
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In the limiting case that B is risk-neutral (while A’s degree of risk aversion is positive), B absorbs all the risky income, and A’s income consists of B’s lump sum payment only

In this case then, party A is fully insured.

The contracting parties’ (approximate) risk premiums read as follows:
A’s risk premium
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B’s risk premium
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Adding up the (approximate) risk premiums over the two contracting parties delivers:
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We can show:
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Because of 
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 , the risk aversion of the contracting parties as a group is smaller than the risk aversion of either contracting party.

Conclusion

The party with the lower degree of risk aversion should absorb the higher fraction of the total risk

If one party is risk‑neutral (and the other party is risk‑averse), the risk‑neutral party should absorb all the risk and, by virtue of doing so, fully insure the risk‑averse party.

The Kawasaki‑McMillan (1987) model of subcontracting

Motivated by a theoretical model, the study presents empirical evidence for risk-sharing in subcontracting relations in manufacturing in Japan

Kawasaki‑McMillan is the classic study on subcontracting

The theoretical model is flawed, but some of the empirical evidence is nonetheless useful

The correct theoretical model is presented below.

The nature of the subcontracting relation


M2
M1
raw materials
widget
final product


subcontractor
(end‑product) “manufacturer”
Think of M2 as a firm that is owned by non-diversified investors, such as a family

Diversification allows investors to eliminate idiosyncratic risk
Typically, individuals are risk-averse, that is, they endure a loss from bearing risk(the risk premium.

Think of M1 as a traded firm (that is, a firm that is listed at the stock exchange)

By diversifying their asset portfolios, M1’s investors eliminate idiosyncratic risk.

In this model, risk enters the subcontracting relation via volatility in the price of M2’s inputs (e.g., dollar-denominated raw materials), which causes fluctuations in M2’s production cost of the widget.

Optimal risk‑sharing

Assume, for simplicity, that all the uncertainty that is associated with M2’s inputs is idiosyncratic (to the subcontracting relation), that is, can be eliminated by means of diversification

Consequently, the risk should be fully absorbed by M1’s investors(the full insurance case.

Assume that M1 can observe M2’s production costs, but not the input prices themselves nor M2’s effort to keep production costs low

Full insurance against fluctuation in production costs generates a moral hazard with M2
M2’s incentive to keep production costs low is weaker than it would be otherwise.

The formal model

Assume that M1 and M2 agree on the following pricing formula for the supplied widget:
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where 
[image: image182.wmf]b

 is the target price
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We define:
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 is M2’s cost of production
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 is the influence of M2’s cost-reducing effort.

M2’s effort cost function is given by 
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Reducing production costs is costly:
Resistance to labor unions’ demands for higher wages
A tough stance in input price negotiations

Unremitting lookout for input‑saving technologies.

The assumption 
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, which means that, at the margin, the cost of reducing production costs is increasing.

The parameter 
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, the risk-sharing parameter, determines the degree of risk-sharing between M2 and M1
For 
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, M1 does not share in M2’s risk
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, M1 absorbs part (but not all) of M2’s risk

For 
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, M1 provides M2 with full insurance for possible changes in production costs.

The subcontractor’s (M2’s) profit reads
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The variance of M2’s profits equals:
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We assume that M2’s degree of (absolute) risk aversion, denoted 
[image: image201.wmf]l

, is (locally) constant

Thus, we can approximate M2’s certainty equivalent by 
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M2 chooses the effort level that maximizes its certainty equivalent:
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(first-order condition for optimum)

M2’s marginal benefit of cost saving = M2’s marginal cost of cost saving

The efficient level of cost-saving efforts is where the social marginal benefit of production cost-saving efforts equals the social marginal cost of production cost-saving efforts:
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At the margin, $1 spent on cost-saving efforts saves $1 of production cost

Moral hazard

(Note that 
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For 
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, the case of (partial or full) risk-absorption by M1, M2 (the subcontractor) chooses a sub-optimal level of cost-reducing effort, because M2 benefits only at the fraction 
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 from a marginal reductions in production costs
M1 benefits from M2’s marginal reduction in production costs at the fraction 
[image: image212.wmf]a

, but this benefit does not enter M2’s optimization problem.

The degree of moral hazard can be measured by
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Social marginal cost of cost saving minus M2’s marginal cost of cost saving
By this measure, the degree of moral hazard equals the risk‑sharing parameter, 
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The more of M2’s risk M1 absorbs, the smaller is M2’s incentive of exercise effort on reducing production costs.

The flaw in the Kawasaki‑McMillan study is the way they model moral hazard

Kawasaki‑McMillan model moral hazard by a parameter 
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 in M2’s effort cost function, 
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By virtue of being a model parameter, moral hazard is exogenous in the Kawasaki‑McMillan model, while in the model presented above, moral hazard is endogenous
It is the nature of moral hazard that it evolves endogenously from (partial or full) insurance as caused by the analyzed risk‑sharing arrangement for 
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The optimal contract

The optimal contract maximizes the sum of the certainty equivalents over the two contracting parties

With M1’s investors being able to diversify idiosyncratic risk, we can treat M1 as risk-neutral (under the above assumption that all uncertainty associated with M2’s production cost is idiosyncratic)

The certainty equivalent of M1’s profit reads:
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Under the assumption of a (locally) constant degree of (absolute) risk aversion, 
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, we obtain for the (approximate) total certainty equivalent, 
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To attain a closed-form solution for the optimal level of the risk-sharing parameter, 
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, we make the simplifying assumption that M2’s effort cost function is quadratic:
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Consequently, the following level for the influence of M2’s cost‑reducing effort, 
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, results from M2’s first‑order condition:
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The choice parameter in maximizing 
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 is the risk-sharing parameter, 
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optimal risk-sharing parameter

Comparative static analysis

Increase in uncertainty, as gauged by an increase in the variance of the random component of M2’s cost function, 
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The higher the degree of uncertainty M2 faces, the higher is the optimal risk‑sharing parameter.

Increase in M2’s (locally constant degree of absolute degree of) risk aversion, 
[image: image242.wmf]l
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The higher M2’s degree of risk aversion, the higher the optimal risk-sharing parameter.

Risk absorption

Above, we have established the level of uncertainty in M2’s profit:
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Consequently, we obtain the standard deviation, 
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, as a common measure of risk (as an alternative to the variance):
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Solving for the standard deviation of the random component of M2’s cost function, 
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Std of M2’s production costs = risk remaining with M2 + risk absorbed by M1
The empirical evidence

Kawasaki and McMillan study subcontracting in various manufacturing industries in Japan, using industry‑level data for the period 1973-1982

Their empirical findings support …

… a major assumption made in the model:

The manufacturer absorbs some of the risk that emanates from the variance in the subcontractor’s production cost, 
[image: image249.wmf]s


This implies that …

… subcontractors are indeed risk-averse

… manufacturers are less risk‑averse than subcontractors.

… two of the three comparative static results derived above:

The risk-sharing parameter, 
[image: image250.wmf]a

, increases in the variance of the subcontractor’s production costs, 
[image: image251.wmf]s


The risk‑sharing parameter, 
[image: image252.wmf]a

, increases in the subcontractor’s degree of (locally constant degree of absolute) risk aversion, 
[image: image253.wmf]l

.

Estimation of the risk-sharing parameter, 
[image: image254.wmf]a


Solving the equation 
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 (derived above) for the risk‑sharing parameter, 
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, yields:
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The risk-sharing parameter equals 1 minus the ratio of industry’s standard deviation of profits, divided by the industry’s standard deviation of costs

Kawasaki‑McMillan’s industry estimates of the risk-sharing parameter

[image: image258.jpg]TABLE I
ESTIMATES OF THE SHARING PARAMETER, «

Firm size (Number of employees)

Industry 20-29 30-49 50-99 100-199 200-299
Textiles 0.39364  0.70613  0.66058 0.71151 0.58764
Clothing 0.46745  0.45526  0.69573 0.65585 0.61073
Iron and steel 0.73038 0.81134  0.85470 0.70732 0.50367
Nonferrous metals 0.81850  0.79304  0.76396 0.74036 0.80177
Metal products 0.52832  0.73231  0.76916 0.73596 0.61371

‘Machinery 0.74937  0.82890  0.86674 0.83965 0.81335
Electrical machinery

and equipment 0.51280  0.65280  0.78422 0.75241 0.79069
Transportation

equipment 0.59112 0.85351 0.89029 0.81646 0.79589

Precision instruments 0.42321  0.74750  0.75331 0.56786 0.41732





Source: Kawasaki and McMillan (1987, p. 336).

Note that the estimated risk‑sharing parameter, 
[image: image259.wmf]a

, does not seem to vary systematically with firm size (as measured by the number of employees).

Estimation of the degree of (the locally constant degree of absolute) risk aversion, 
[image: image260.wmf]l


Solving M2’s (approximate) certainty equivalent (derived above), 
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Kawasaki and McMillan estimate the above equation under the assumption that the parameters 
[image: image264.wmf]l

 and 
[image: image265.wmf]k

 are constant within chosen categories of firm size

Note that, in a perfectly competitive environment with zero costs of entry to and exit from the market, 
[image: image266.wmf]k

 equals the “normal profit.”
Kawasaki‑McMillan’s parameter estimates for the degree of M2’s (locally constant degree of absolute) risk aversion, 
[image: image267.wmf]l

, and M2’s certainty equivalent of profit, 
[image: image268.wmf]k


[image: image269.jpg]{TABLE II

ESTIMATES OF RISK AVERSION

Estimated coefficient

Firm size A2 k
(Number of employees) (SE) (SE) Adjusted R?
20-29 0.15225* 48.782* 0.6022
(0.02865) (5.14074)
30-49 0.06671* 76.594* 0.8268
(0.007154) (5.39432)
50-99 0,00802* 175.46* 0.3474
(0.002465) (20.1380)
100-199 0.00154* 393.11* 0.2632
(0.0005650) (40.5770)
200-299 0.00144* 701.76* 0.6361
(0.0002527) (75.6647)

* Significant at the 5 percent level.




Source: Kawasaki and McMillan (1987, p. 339).

Note that 
[image: image270.wmf]k

 seems to be measured in absolute values (such as million ¥?) instead of being normalized to total assets or sales

The increase of 
[image: image271.wmf]k

 with firm size thus cannot be interpreted in a meaningful way.

The degree of risk aversion, 
[image: image272.wmf]l

, decreases with firm size (as measured by the number of employees), a result that needs to be interpreted with care

It is not firm size per se that determines the degree of risk aversion of the firm

For instance, scaling a firm does not change the risk attributes of its portfolio of risky assets

The firm size effect is solely due to firm attributes correlated with size, such as stock exchange listings or the amount of publicly available information.
Empirical tests of comparative static results

Above, we determined the optimal risk-sharing parameter, 
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Based on a similar relation (Equation 9, page 333), Kawasaki and McMillan specify the following regression equation:
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Note that this regression equation is an ad hoc specification—the equation is not derived directly from the model
A logistic transformation is applied to the dependent variable, 
[image: image276.wmf]a
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Without the transformation, the variable is restricted to the 
[image: image277.wmf][0;1]

 interval, but the assumption of a normally distributed error demands that the dependent variable be unbounded.

Kawasaki‑McMillan’s regression results (Model II)

[image: image278.jpg]| TABLE 11

TESTING THE PRINCIPAL~AGENT MODEL

Instrumental-variable

estimates
(SE)
Independent variable Model I Model II
0. Constant k 2.1139* 0.8178
(1.0066) (0.7435)
I. In (1/var(cost)) 0.5100* 0.3978*
(0.1298) (0.1034)
2. Sales (/100,000) 0.6628* —
(0.1933)
3. No. of parent firms —0.0420 —
. (0.0329)
2'. In (1/X) —_ 0.3186*
(0.0981)
4. Materials securing 0.0489* 0.2720*
) ‘ (0.0156) (0.0110)
5. Wage/materials cost -0.6015 —1.2483
(1.0609) (1.1634)
Adjusted R? 0.4754 0.3405

Note. Number of observations = 45.

* Significant at the 5 percent level.




Source: Kawasaki and McMillan (1987, p. 343).

Rows 1 and 2’ (Model II) support the comparative static results derived from the theoretical model:

The greater the volatility in M2’s production cost, 
[image: image279.wmf]s

2

, the greater the optimal risk-sharing parameter, 
[image: image280.wmf]a

*


The greater M2’s degree of risk aversion, 
[image: image281.wmf]l

, the greater the optimal risk‑sharing parameter, 
[image: image282.wmf]a

*


Rows 4 and 5 (Model II) represent the influence of control variables.
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