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Model
e Consider the following market model. The demand equationis

gi =+ Pp+u (1)
where ¢, is demand (for fish, say), p isprice, and u is a preference shifter.

e The supply equation is
gs =0+9Yp—yz+e¢ (2)
where ¢, issupply, z israin at sea, and < is a production shifter.

e Inequilibrium g; = ¢ = q.
e The model determines ¢ and p whereas z, u, and € are determined outside the mode!.

e S0 ¢ and p are endogenous or internal to the model, whereas z, u, and ¢ are exogenous
or external to the model.



Reduced form

e Now imagine realizations of these variables (for the same market over time or for a
cross-section of markets).

e Values of z, u, and € occur according to some probability distribution.

e Given these values, the model produces realizations of ¢ and p given by the reduced
form:

(@ — B6) + Byz + (Yu — fe)
(a—08)+vz+ (u—c¢).

(v —B)q
(v —0B)p

Econometric problem
e Next, we formulate the following econometric problem:

1. We have dataon p, ¢, and z but not on« and ¢.
2. We believe model (1)-(2) is correct but we do not know the values of the parameters.
3. We want to use data and the model to infer the dlope 5 of the demand equation.



Endogeneity

e |n the econometric sense, we say that p is an endogenous explanatory variable in the
demand equation if itsrealized values are correlated with those of the error term.

e Endogeneity in the econometric sense does not imply nor isit implied by endogeneity
In the economic sense (of being a variable internally determined by the model) e.q. z
Is external but it would be endogenous in the supply equation if correlated to <.

e Theimplication of endogeneity inthe econometric senseisthat the equation of interest,
as it appliesto realized values, is not aregression (which by construction would have
lack of correlation between error and regressor).

e \We do not really know empirically if the realized values of p are correlated with those
of u because we do not have data on u, but the model lets us expect such correlation.

e If p and v were in fact uncorrelated then 3 would coincide with the OLS coefficient,
but in general
Cov(p,q) N Cov (p, u)
Var (p) Var (p)
So our theory lets us suspect that as a measure of 3, the quantity Cov (p, q) /Var (p)
has a bias.




| nstrumental variables

e |n the econometric sense, we say that z is exogenous in the demand equation if it is
uncorrelated with the error term (again, we do not observeit, weassumeit if webelieve
there is no association between variation in preferences for fish and rain at sea).

e Moreover, thereisan exclusion restriction sincethetheory tellsusthat z has not effect
on demand given u and p. In other words, if we write demand as

q=a+ 0Gp+ pz+u,
the theory tellsusthat ¢ = 0.
e Given thisexclusion, the orthogonality condition C'ov (z,u) = 0, or equivaently
Cov (z,q) = BCov (2,p),
impliesthat, aslong as Cov (2, p) # 0, B isdetermined as aratio of data covariances:
- Cov(z,q)

~ Cov(z,p)
e If sowesay that 5 isidentified inthe econometric problem that we posed. Otherwise,
if Cov (z,p) = 0then 8 isnot identified.
e Essentidly Cov (z,p) # 0if v # 0. Thus, identification of demand depends on a
property of supply.
o If Cov(z,u) = 0 (orthogonality) and Cov (z,p) # 0 (relevance) hold, z isavalid
Instrumental variable.

4



A graphical representation

e Suppose that demand isinelastic (3 = 0), v = 1, and Cov (g, u) = 0. Themodel is
q = a+u
q=0+p—z+e.
with reduced form
q = a+u
p=(a—0)+vz+(u—c¢).
e The “first-stage regression” isaregression of p on z and has slope .
e The reduced-form quantity equation isaregression of ¢ on z and has sope zero (37).
e The OLSregression of ¢ on p has positive lope unless Var (u) = 0 (a perfect fit):
Cov(p,u) Var (u)
Var (p)  Var(u)+Var(yz —¢)
e The relation between predicted ¢ and p given z traces average demand for given p if
~v = 0 (Figure 1):

E*(q|z)=a+BE (p|2).

olfvy=0,F"(p|2z)=FE(pandE*(q| 2z) = a+ GE (p) for adl z, so demand is not
identified (Figure 2).

e Datapoints cluster along regression lines but not along the demand function (Fig. 3).
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Reduced form OLS line
quantity equation
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3. Scatters of data points



Endogenous prices that are econometrically exogenous

e Suppose the observed quantity is measured with an error v:

q=q +v,
but the market model has no preference shifter:
¢ = a+Pp

¢ =0+yYp—yz+e

e The observed demand is
q=oa+ PBp+o.

e Thereduced form price equation is
W —=P)p=(a—06)+yz—e.
e Contrary to the preference-shifter model, in the mismeasured demand model p does
not directly depend on the demand equation error.

e Thus, if Cov (v,e) = 0, p iseconometrically exogenousin the demand equation even
If p remains endogenous or internal to the mode!.

e |n any case p is econometrically endogenous in the supply equation.



|dentifying supply: Unobserved demand shifter as instrument

e If in the original model Cov (u, ) # 0, the supply equation is not identified because
there is no observed demand shifter that could be used as an instrumental variable.

e All we know isthat the true values of (6, ¢, ) satisfy the two equations
E(q) = 6 +¢E(p) —vE(2)
E(2q) = 0E(2) +¢E (2p) —vE (2%) ,
but since there are three unknowns the system admits a multiplicity of solutions.

e However, if Cov (u,e) = 0 the supply is identified because u can be used as an in-
strument.

e Intuitively, u is “observable” since the demand parameters are identified. Moreover,
u isarelevant instrument in general subject to arank condition.

e Thefull set of moment equationsis:

( (1)<q—a—ﬁp> )

2z
E 1 =0,
2 (q—06—vp+2)
\ q—a—Fp /

so that there are five equations for five unknowns.
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