26.3 Simultaneous Equations 707

a general simultaneous system specifies the conditional expectations of linear combinations of
the y;;. This implies that in general the specification of a complete system is necessary to the
specification of the conditional expectation of each y,; given x;.

EXAMPLE 26.1

One of the simplest examples of such a system is the simultaneous determination of price and
quantity in a single market implied by the equality of supply and demand (Example 20.2). The
supply function is the linear relationship involving price and quantity that gives the total amount
suppliers will produce in response to a prevailing market price:

st = —YosPr = X, Bos + € , (26.36)
The demand function is the linear relationship that gives the maximum total amount consumers
will purchase at a given price:

9ar = ~YouaPr — X4:Bod + ear (26.37)

Specifying that Eley |x:] = Efes | x;] = 0 is equivalent to specifying conditional expectations
for the linear combinations gy + yosp: and g + yoapr. Only when taken together with the
equilibrium-condition g, = g4 = g, do these conditional expectations yield
Yod * X4, Bos — Vos - X, Boa
Yos — Yod
Xy Boa — X5, os
Yos — Yod
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Porter (1983) estimates such a market model for railway transportation by a cartel of railroads
shipping from Chicagoto the Atlantic seaboard in the 1880s. His quantity variable is the total
tonnage of grain shipped by members of the cartel in a week. His price variable is an index of
prices reported by member firms to the cartel. He is primarily interested in studying price wars
that erupted among the members of the cartel as an enforcement mechanism for the cartel. His
demand function is log-linear in price and quantity:

logg: = —yalog p; — X, Bos + &ar

where x4 contains a dummy, variable equal to one if the Great Lakes were open to navigation by
cargo steamships and 12 seasonal dummy variables. His supply function is also log-linear:?

logg; = ~yos log p; — X;, Bos + &st

The x,; also contains the seasonal dummy variables. In addition, it contains four dummy variables
for structural changes in the market corresponding to the entry and exit of members from the cartel.
Finally, x,, contains a dummy variable indicating when collusive behavior was reported by a trade
magazine called the Railway Review. During periods of collusion, one expects price to be elevated.

Porter estimates both equations with two-stage least squares (2SLS) using all of the dummy
variables as instrumental variables. Although the equations fit loosely, many of the fitted coef-
ficients have acceptable values and relatively small standard errors. For example, the opening

9 Porter actually expresses the supply relationship as an equation for price because price is a strategic variable in his
model with collusive behavior among the railways. We renormalize to make quantity the LHS variable.































