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I.  A Modern Textbook Treatment of the Identification 
Problem and Instrumental Variables Regression 

 
A.  The Identification Problem 

 
Suppose you are interested in estimating the elasticity of 
demand: 

q = 1p + uD    (demand) 
 

where q = ln(Q) and p = ln(P), deviated from means, so  
 

1 = ln / % change in 
ln / % change in 

d Q dQ Q Q
d P dP P P

   

 
Data: observations on (p, q) (time series or cross-section) 
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The identification problem: 
 

q = 1p + uD    (demand) 
 
q = 2p + uS    (supply) 

 
As before p = ln(P) and q = ln(Q), deviated from their means. 
 
p and q are both endogenous:  determined within the system 
 
Simultaneous causality bias in the OLS regression of q on p 
arises because price and quantity are determined by the 
interaction of demand and supply: 
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This interaction of demand and supply produces data like… 
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The algebra of the identification problem: 
 

q = 1p + uD    (demand) 
q = 2p + uS    (supply) 

 
Solve for q and p: 
 

q = (2–1)–12uD – (2–1)–11
 uS 

p = (2–1)–1uD – (2–1)–1uS 

 
corr(p,uD)  0, that is, E(puD)  0, so OLS is biased and 
inconsistent. 
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B.  Instrumental variables regression 
 

q = 1p + uD    (demand) 
 
Suppose there is an instrument Z such that: 

1. E(Z,p) ¹ 0  (instrument relevance) 

2. E(ZuD) = 0  (Instrument exogeneity) 
 
Then        E(Zq)  = E[Z(1p + uD)] 

        = 1E(Zp) + E(ZuD) 
= 1E(Zp) + 0  by instrument exogeneity 

so    1 = ( )
( )
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What constitutes a valid instrument? 
 
q = 1p + uD    (demand) 

 
 A valid instrument Z is correlated with the endogenous 

regressor (p) but uncorrelated with uD. 
 An example in the supply-demand context: 

q = 1p + uD       (demand) 
q = 2p + 3Z + uS     (supply) 

A valid instrument shifts supply, but not demand. 
In an agricultural market, Z might be rainfall 

 Violations of the two conditions lead to: 
o Relevance: weak instruments 
o Exogeneity: inconsistency 
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II.  Backdrop:  
Some Economics and Statistics from the Late 19th Century 
 
Economics: demand elasticities 

Jevons (1871) 
Marshall (1885, 1890) 

 
Statistics:  regression analysis 

Legendre (1805), Gauss (1809) (OLS) 
Galton (1877) (heredity) 
Galton (1890) (correlation) 
Pearson (1896) (correlation) 

 Persons (JASA, 1910) 
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Persons (JASA, 1910) (concluding para.) 
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III.  Demand Analysis, 1900-1914 
 
Hooker (1905) (multiple regression and R2) 
Mackeprang (1906) 
Persons (1910) 
Moore (1914) 
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Moore (1914, p. 82) 
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Moore (1914, p. 82), ctd. 
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Moore (1914, p. 13) 
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Moore (1914, p. 110 and 114): 

 
… 
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IV.  The Statement of the Identification Problem 
 
Lenoir (1913) 
Wright (May, 1915) 
Lehfeldt (Sept., 1915) 
…. 
Wright (1928, Appendix B) 
Working (QJE 1927)
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Wright (QJE, May 1915, p. 638) 
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Wright (QJE, May 1915, p. 638), ctd 
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Wright (1928, Appendix B) 
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Wright (1928, Appendix B) 
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Lehfeldt (Economic Journal, Sept. 1915, p. 410) 
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Lehfeldt (Economic Journal, 1915, p. 410) 
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V.  The 1920s: Solutions to the Identification Problem 
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V.  The 1920s: Solutions to the Identification Problem 
 
1. Ignore it. 

Schultz (1928; Econometrica, 1933) 
  Sewall Wright (1925) (Hog/corn correlations) 

P.G. Wright (JASA 1929) review of Schultz (1928) 
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Wright (JASA, 1929) 
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Wright (JASA 1929) 
 

… 
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V.  The 1920s: Solutions to the Identification Problem 
 
1. Ignore it. 
2. Use micro data.   

[Pigou (1910)] 
Ragnar Frisch (1926) 
Irving Fisher (1927) 
René Roy (1930) 
Jacob Marschak (1931) 
 
Microeconometrics began in earnest as a response to 
Wright (1915) and Lehfeldt (1915)! 
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V.  The 1920s: Solutions to the Identification Problem 
 
1. Ignore it. 
2. Use micro data. 
3. Adopt a recursive system.  Moore (1925): 
  

pt = 1
–1qt + uD    (demand) 

qt = 2pt–1 + uS    (supply) 
 

o This recursive structure makes pt–1 exogenous in the 
supply equation and, if uS is uncorrelated with uD (no 
common shifters), then qt is exogenous in the demand 
equation with pt on the left hand side 

o This is the cobweb model, introduced in response to 
Wright (1915) and Lehfeldt (1915)! 
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V.  The 1920s: \Solutions to the Identification Problem 
 
1. Ignore it. 
2. Use micro data. 
3. Adopt a recursive system. 
4. Hold demand constant (“ceteris paribus”). 

(a) adjustments to the data based on “intimate 
knowledge” 

(b) multiple regression adjustments 
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The “hold demand constant” approach 
Suppose that quantity is measured with error εt  

qt*  = 1pt + Wt    (true/latent demand) 
qt = qt* + εt     (observed quantity) 

where Wt represents all determinants of demand and εt is pure 
independent measurement error.  Solve for observed demand: 

qt  = 1pt + Wt + εt   (observed demand) 
where E(ptεt) = 0. 

(b) Multiple regression approach: OLS is consistent 
(a) “Intimate knowledge” approach: if you “know”  and 

Wt, then you can adjust q and OLS is consistent in the 
regression, 

qt  – Wt = qt
adjusted = 1pt + εt (adjusted demand) 

 
Example: Frisch-Waugh (Econometrica, 1933)…
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V.  The 1920s: Solutions to the Identification Problem 
 
1. Ignore it. 
2. Use micro data. 
3. Adopt a recursive system. 
4. Hold demand constant. 
5.  Instrumental variables regression. 
 
  Wright (1928, Appendix B) 
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VI.  IV Regression in the 1930s and 1940s 
 
Tinbergen (1930)?  (reduced-form solution/ILS – maybe) 
 
Reiersøl (1941) (Instrumental variables, 1 instrument) 
 
Extension to multiple instruments 
 LIML: Anderson-Rubin (1949) 
 2SLS: Theil (1953, 1954), Basman (1957), Sargan (1958) 
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Sargan (Econometrica, 1958) 
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Stock and Watson, Introduction to Econometrics 3e, p. 423 
 

 
… 

 
 


