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“Stripped of the detail, commodity prices do indeed reflect shifts in supply relative to demand” 

(Tomek 2000, p. 130). 

 

Econometric simultaneous equation models are useful tools for understanding supply and 

demand behavior. They provide us with estimated marginal effects of changes in exogenous 

variables on demand and supply, often referred to as structural elasticities or simply elasticities. 

Structural elasticities, also known as Marshallian elasticities, provide valuable information on 

how changes in prices, income, substitute prices, technological progress or other variables 

affect supply or demand.  While the results can provide sound and significant elasticities that 

indicate the relationship between variables, the results per se do not provide insight into the 

causes of changes in prices and quantities (Buse 1958). An interesting example is the spike (and 

subsequent collapse) in prices of major agricultural food commodities before and after the 

financial crisis in 2008, which has been heavily debated and attributed to numerous potential 

explanations (Gilbert 2010; Gilbert and Morgan 2010). Thus, it is important to understand 

causes of such changes, both in the short and long run, and especially in specific periods where 

large changes occur. A popular approach for determining the impacts of exogenous variables 

on prices and quantities are comparative static models known as Equilibrium Displacement 

Models (EDM’s) (Muth 1964; Alston et al. 1998; Wohlgenant 2011). Typically, an EDM is 

used to determine the impacts of a one-time shift in one or more exogenous variables, often 

relying on estimates of elasticities from previous research. In this paper, we bridge the gap 

between comparative statics and the econometric simultaneous equation model by using the 

results from the econometric model to determine the impacts of the exogenous variables in each 

period. The final bridging of the gap is completed by calculating and including unexplained 

supply and demand shifts into the model. While the exogenous variables in the model accounts 

for deterministic impacts, the unexplained demand and supply shifts capture the stochastic 
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impacts on endogenous variables. The approach for calculating unexplained shifts is similar 

(but not identical) to accounting for productivity growth through estimating the well-known 

Solow residual (Solow 1957). The Solow residual has been coined “some sort of measure of 

our ignorance” (Abramovitz 1993, p. 218), which would also be an accurate description of our 

unexplained supply and demand shifts. The residual is also important in the Stochastic Frontier 

Analysis (SFA) literature. In stochastic production frontier models, introduced by Aigner, 

Lovell and Schmidt (1977), and Meeusen and van Den Broeck (1977), the error term is split 

into a random noise component, and a non-negative technical inefficiency component. Together 

they constitute a compound error term.  

 

Including unexplained shifts in our model lets us determine the extent to which unknown 

(stochastic) impacts on the supply and demand side contribute to price and quantity changes. 

Our approach provides answers to a range of questions that are easily forgotten when 

interpreting results from econometric simultaneous equation models. These are: 

1) What are the reduced form elasticities for the exogenous variables? 

2) How can we use results from the econometric model to explain what happens in a 

market over time? 

3) What is the relative impact of changes in each exogenous variable on changes in price 

and quantity? 

4) To what extent are changes in price and quantity over time caused by changes in the 

exogenous variables? 

5) Are supply or demand shocks more important causes of unexplained changes in price 

and quantity? 

To answer these questions we need to put the structural elasticities to work. A solution 

to the first question is simple. Specify a comparative static model (an EDM) that contains the 
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variables and structural elasticities, and solve the model in reduced form (Piggott 1992). Such 

a model will typically consist of one or more supply and demand equations, and an equilibrium 

condition. Solving the model provides reduced form elasticities, i.e. the net effects on price and 

quantity from changes in each exogenous variable. The second and third question require a bit 

more effort. While comparative static models use structural elasticities to determine the effects 

of one-time shifts in exogenous variables, they do not typically address the causes of changes 

over time. To address changes over time, one can solve the comparative static model for each 

period where data are available. Observed changes in each exogenous variable can predict the 

net changes in endogenous variables for each period in question. The results show the changes 

in price and quantity caused by changes in each exogenous variable, both period-to-period as 

well as over time. Given these results, we can address question four. Compare predicted and 

observed changes in price and quantity to determine the extent to which changes in endogenous 

variables are caused by changes in exogenous variables. We will (almost) always observe that 

predicted changes in price and quantity are not identical to observed changes. This brings us to 

the fifth question. In order to determine the source of unexplained changes in price and quantity, 

we use the difference between predicted and observed equilibrium quantity to calculate 

unexplained changes in supply and demand, which we include as exogenous variables in the 

comparative static model. This allows us to determine the relative importance of supply and 

demand shocks on changes in endogenous variables, both from period to period as well as the 

cumulative impact over time. Including unexplained shifts bridges the gap between 

comparative statics and simultaneous econometric models. 

 To demonstrate the application we replicate a simple two-stage least squares supply and 

demand model provided by Epple and McCallum (2006) (hereafter E&M). E&M illustrate the 

econometric results by deriving and plotting the implied demand and supply equations in levels 

for two different periods, ignoring the error terms. We develop an annual demand and supply 
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model within an EDM framework to determine the yearly impacts of exogenous variables. We 

further extend the traditional use of EDMs by determining unidentified causes of shifts in supply 

and demand per period, as well as their impacts on prices and quantities. The following section 

introduces E&M’s econometric model. 

 

The Econometric Model 

E&M estimated the following two-stage least squares supply and demand equations for the US 

broiler chicken market:4  

 

(1)   𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡𝑎𝑎 = 𝛼𝛼0 + 𝜀𝜀𝑝𝑝𝑞𝑞𝑡𝑡 + 𝜀𝜀𝑝𝑝𝑝𝑝𝑞𝑞𝑓𝑓𝑡𝑡 + 𝛼𝛼𝑡𝑡𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 + 𝛼𝛼𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡–1
𝑎𝑎 + 𝑢𝑢𝑡𝑡   (Supply) 

(2)  𝑑𝑑𝑞𝑞𝑡𝑡 = 𝜂𝜂𝑝𝑝𝑑𝑑𝑞𝑞𝑡𝑡 + 𝜂𝜂𝑦𝑦𝑑𝑑𝑦𝑦𝑡𝑡 + 𝜂𝜂𝑝𝑝𝑝𝑝𝑑𝑑𝑞𝑞𝑝𝑝𝑡𝑡 + vt     (Demand) 

 

where lowercase letters indicate that variables are expressed in logarithms, and d denotes that 

variables are expressed in log difference form (𝑑𝑑𝑥𝑥𝑡𝑡 = ln ( 𝑋𝑋𝑡𝑡
𝑋𝑋𝑡𝑡−1

)). In the supply equation, 

aggregate production (𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡𝑎𝑎)5 depends on a constant term (𝛼𝛼0), own-price (𝑞𝑞𝑡𝑡), and a set of 

supply shift variables. E&M identified the relevant shift variables to be the price of feed (𝑞𝑞𝑓𝑓𝑡𝑡), 

a time trend (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡) reflecting technical change, and last year’s production (𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡–1
𝑎𝑎 ) to 

reflect adjustment costs in production. In the demand equation, changes in consumption per 

capita (𝑞𝑞𝑡𝑡) depend on changes in chicken price (𝑞𝑞𝑡𝑡) and a set of demand shift variables. The 

demand shift variables identified by E&M are income (𝑦𝑦𝑡𝑡) and the price of beef (𝑞𝑞𝑝𝑝𝑡𝑡). E&M 

show that using the two-stage least squares procedure is preferred to ordinary least squares. 

                                                           
4 In E&M’s article supply and demand are equations (13) and (12).  
5 We use E&Ms notation, where superscript a refers to aggregate. 
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Their elasticity estimates are statistically significant and consistent with theory.6 The elasticities 

in equations (1) and (2) are our well-known structural elasticities. They do not take into account 

the general equilibrium effects of changes in the endogenous variables in the system. In other 

words, they can be used to predict the impact on demand from a 3% increase in income, which 

is simply the estimated elasticity of income 𝜂𝜂𝑦𝑦 times 3%, but one cannot immediately determine 

the net effect on price, quantity consumed per capita or aggregate production. To be able to do 

this, it is time to put the elasticities to work. 

 

The Economic Model 

Assuming E&M’s econometric model is an accurate description of the US broiler chicken 

market7, we now specify a comparative static model of the market. We represent the economic 

model by three equations, supply, demand, and an equilibrium condition. First, write (1) and 

(2) in log differential form: 

 

(3) 𝑑𝑑𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡𝑎𝑎 = 𝜀𝜀𝑝𝑝𝑑𝑑𝑞𝑞𝑡𝑡 + 𝜀𝜀𝑝𝑝𝑝𝑝𝑑𝑑𝑞𝑞𝑓𝑓𝑡𝑡 + 𝛼𝛼𝑡𝑡 + 𝛼𝛼𝑞𝑞𝑑𝑑𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡–1
𝑎𝑎  

(4)  𝑑𝑑𝑞𝑞𝑡𝑡 = 𝜂𝜂𝑝𝑝𝑑𝑑𝑞𝑞𝑡𝑡 + 𝜂𝜂𝑦𝑦𝑑𝑑𝑦𝑦𝑡𝑡 + 𝜂𝜂𝑝𝑝𝑝𝑝𝑑𝑑𝑞𝑞𝑝𝑝𝑡𝑡 

 

Note that the time trend in the supply equation is now represented by the constant 𝛼𝛼𝑡𝑡. To 

determine the net changes in price and quantity caused by shifts in the exogenous variables, we 

                                                           
6 While more sophisticated models of supply and (or) demand could have been applied to illustrate the 
procedure, we prefer E&M’s 2006 model since it focuses on an interesting market with substantial changes in 
price and quantities over time, and the data used to estimate the model are publicly available. 
7 For a discussion and tests of potential econometric issues please refer to (Brumm et al. 2008). The authors find 
that the model is satisfactory also when applied to various tests for exogeneity, the strength of instruments, and 
spurious regression. A reviewer also asked whether adding a time trend to the demand equation would impact 
the results. Adding a time trend causes demand to be slightly less elastic (from -0.4 to -0.33) and a smaller 
income elasticity (from 0.84 to 0.52). However, the time trend is not significant, and we therefore choose to 
continue with E&Ms specification. 
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need to establish an equilibrium condition between supply and demand. Following E&M, we 

express the relationship between aggregate production and consumption per capita as follows: 

 

(5) 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡𝑎𝑎 = 𝑄𝑄𝑡𝑡 × 𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡 + 𝑋𝑋𝑡𝑡 

 

where 𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡 and 𝑋𝑋𝑡𝑡 are population and quantity exported. E&M suggest that major trends and 

changes in exports of US chicken are largely due to improvements in shipping technology and 

altering political relationships between the US and the two main foreign markets, Russia and 

Hong Kong. Hence, they argue that exports can be treated as exogenous, an assumption which 

is kept here as well. We express equation (5) in log differential form8: 

 

(6) 𝑑𝑑𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡𝑎𝑎 = κ𝐷𝐷 𝑑𝑑𝑞𝑞𝑡𝑡 + κ𝐷𝐷 𝑑𝑑𝑞𝑞𝑞𝑞𝑞𝑞𝑡𝑡 + κ𝑑𝑑𝑋𝑋 𝑥𝑥𝑡𝑡 + κ𝐷𝐷 𝑑𝑑𝑞𝑞𝑡𝑡𝑑𝑑𝑞𝑞𝑞𝑞𝑞𝑞𝑡𝑡 

 

where κD = (𝑄𝑄𝑡𝑡–1 × 𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1)/𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡–1
𝑎𝑎 , and κ𝑋𝑋 = 1– κ𝐷𝐷 are shares of production 

consumed domestically and exported.9 For small changes in 𝑄𝑄 and 𝑄𝑄𝑄𝑄𝑄𝑄, we can ignore the 

last term in equation (6).10 We now have a system of three equations: supply (3), demand (4), 

and the equilibrium condition (6), with three endogenous variables (𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡𝑎𝑎,𝑄𝑄𝑡𝑡,𝑄𝑄𝑡𝑡), and 

seven exogenous variables (𝑄𝑄𝐹𝐹𝑡𝑡 , 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡–1
𝑎𝑎 ,𝑌𝑌𝑡𝑡,𝑄𝑄𝐵𝐵𝑡𝑡,𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡,𝑋𝑋𝑡𝑡). Given appropriate 

estimates of the relevant elasticities, which are obtained from the econometric model, our 

                                                           
8 An earlier version of the paper expressed the model in percentage change form. A reviewer and the editor noted 
that this implies that the demand and supply equations in levels are linear (see also Zhao et al. (1997) for a 
further discussion of expressing equations in percentage change or log differentials). Considering E&Ms express 
the supply and demand equation in logs, we here express the model in log differentials. Note that this introduces 
a small error in the equilibrium equation (6), caused by using the approximation 𝑧𝑧𝑡𝑡−𝑧𝑧𝑡𝑡−1

𝑧𝑧𝑡𝑡−1
≈ ln ( 𝑧𝑧𝑡𝑡

𝑧𝑧𝑡𝑡−1
). 

9 To see why κD and κ𝑋𝑋 refer to last period’s shares, note that: 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡
𝑎𝑎−𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1

𝑎𝑎

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1
𝑎𝑎 =

𝑄𝑄𝑡𝑡−1×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1

𝑎𝑎
(𝑄𝑄𝑡𝑡−𝑄𝑄𝑡𝑡−1)×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡−1

𝑄𝑄𝑡𝑡−1×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1
+ 𝑄𝑄𝑡𝑡−1×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1
𝑎𝑎

(𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡−𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡−1)×𝑄𝑄𝑡𝑡−1
𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1×𝑄𝑄𝑡𝑡−1

+ 𝑋𝑋𝑡𝑡−1
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1

𝑎𝑎
𝑋𝑋𝑡𝑡−𝑋𝑋𝑡𝑡−1
𝑋𝑋𝑡𝑡−1

+
𝑄𝑄𝑡𝑡−1×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1

𝑎𝑎
(𝑄𝑄𝑡𝑡−𝑄𝑄𝑡𝑡−1)×(𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡−𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡−1)

𝑄𝑄𝑡𝑡−1×𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡–1
, which simplifies to (6) after approximating the changes in variables by using 

log differentials. 
10 We will henceforth ignore the last term. 
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economic model can now be solved to determine the price and quantity effects from changes 

in each of our seven exogenous variables. In matrix notation, the economic model can be 

expressed as follows:  

 

(7) 𝑨𝑨𝑨𝑨 =  𝑩𝑩𝑩𝑩 

where A is a 3×3 matrix of parameters corresponding to the model’s endogenous variables, Y 

is a 3×1 vector of endogenous variables, B is a 3×7 matrix of parameters corresponding to the 

model’s exogenous variables, and Z is a 7×1 vector of exogenous variables. Pre-multiplying B 

by the inverse of A yields:  

(8) 𝐘𝐘 = 𝐆𝐆𝐆𝐆 

 

where 𝐆𝐆 = 𝐀𝐀–𝟏𝟏𝐁𝐁 is a 3×7 matrix containing the model’s full set of reduced-form elasticities. 

The reduced-form elasticities in equation (8) are also known as general equilibrium or total 

elasticities. They express the net effect of changes in the exogenous variables on the 

endogenous variables, taking into account changes in all endogenous variables. Thus, the net 

effect of a change in any exogenous variable depends on the set of structural coefficients in B.  

A potential issue with the specified model is that there may be unidentified factors that 

contribute to supply and demand shifts. This is illustrated by the fact that when solving the 

economic model for observed changes in exogenous variables in any given period, we can be 

almost certain that the predicted endogenous variables will not be identical to the observed ones 

(and this is indeed the case).  

 To account for shifts caused by other factors we introduce residuals to our model. 

Residuals, or unexplained shifts, can be interpreted as measures of our ignorance, comparable 

to the interpretation of the Solow residual (Abramovitz 1993, Solow 1957). Our approach is 
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similar to that of Taylor and Taylor (1993) who measure unexplained growth in demand in the 

US telephone markets, and Brækkan et al. (2018) who use residuals to estimate the impacts of 

unknowns on demand for salmon. The procedure for calculating the unexplained demand shift 

is simple: let 𝑣𝑣𝑡𝑡 be the unexplained demand shift caused by factors like changes in taste, 

transportation costs, demographics, the introduction of new products, advertising, and any other 

factor not included in the economic model. If data on any variables of interest were available, 

one could of course include these in the econometric model, estimate corresponding elasticities, 

and include this in the economic model. Add the unexplained demand shift 𝑣𝑣𝑡𝑡  to demand 

equation (4): 

 

(4′) 𝑑𝑑𝑞𝑞𝑡𝑡 = 𝜂𝜂𝑝𝑝𝑑𝑑𝑞𝑞𝑡𝑡 + 𝜂𝜂𝑦𝑦𝑑𝑑𝑦𝑦𝑡𝑡 + 𝜂𝜂𝑝𝑝𝑝𝑝𝑑𝑑𝑞𝑞𝑝𝑝𝑡𝑡 + 𝑣𝑣𝑡𝑡 

 

For supply, let 𝑢𝑢𝑡𝑡 be the unexplained supply shift and add it to supply equation (3): 

 

(3′) d𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡𝑎𝑎 = 𝜀𝜀𝑝𝑝d𝑞𝑞𝑡𝑡 + 𝜀𝜀𝑝𝑝𝑝𝑝d𝑞𝑞𝑓𝑓𝑡𝑡 + 𝛼𝛼𝑡𝑡 + 𝛼𝛼𝑞𝑞(–1)d𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑑𝑑𝑡𝑡–1
𝑎𝑎  + 𝑢𝑢𝑡𝑡 

Using the estimated elasticities and observed values for all other variables in (3’) and (4’) we 

calculate 𝑣𝑣𝑡𝑡 and 𝑢𝑢𝑡𝑡 for each period. 

 

The unexplained shifts should not be mistaken for residuals from an econometric model; 𝑣𝑣𝑡𝑡 and 

𝑢𝑢𝑡𝑡 are not used to estimate any elasticities nor have they any distributional properties as in an 

econometric model11.  

                                                           
11 If (3’) and (4’) had been estimated econometrically and the estimated coefficients had been used to compute 
the unexplained shifts, 𝑣𝑣𝑡𝑡 and 𝑢𝑢𝑡𝑡 would of course be identical to the residuals from the econometric model. 
While estimating (4’) provides results similar to the coefficients estimated in (2), estimating (3’) yields 
nonsensical results. (4’) and (2) are both expressed in log differences, while (1) and (3’) are expressed in logs 
and log differences, respectively. This is probably why estimating (3’) does not yield sensible results. Thus we 
continue using the coefficients estimated from EM’s original model (equations (1) and (2)). 
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Next, we determine the impacts of these unexplained shifts on prices and quantities.  

To do this we turn to our economic model which now includes the unexplained shifts. Our 

system now comprises three equations (6,4′,3′), with three endogenous variables 

(𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡𝑎𝑎,𝑄𝑄𝑡𝑡,𝑄𝑄𝑡𝑡) and nine exogenous variables 

(𝑄𝑄𝐹𝐹𝑡𝑡, 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷𝑄𝑄𝑡𝑡–1
𝑎𝑎 ,𝑌𝑌𝑡𝑡,𝑄𝑄𝐵𝐵𝑡𝑡,𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡 ,𝑋𝑋𝑡𝑡,𝑢𝑢𝑡𝑡 , 𝑣𝑣𝑡𝑡).  

To solve the system, we again express the model in matrix notation, but index each 

equilibrium at each time period: 

 

(9) 𝚷𝚷𝐭𝐭𝐘𝐘𝐭𝐭 = 𝚪𝚪𝐭𝐭𝐆𝐆𝐭𝐭  

 

where 𝚷𝚷𝐭𝐭 is a 3×3 matrix of parameters corresponding to the model’s endogenous variables, 

𝐘𝐘𝐭𝐭 is a 3 x 1 vector of endogenous variables, 𝚪𝚪𝐭𝐭 is a 3 x 9 matrix of parameters corresponding 

to the model’s exogenous variables, and 𝐆𝐆𝐭𝐭 is a 9 x 1 vector of exogenous variables, all in 

period t. In 𝐆𝐆𝐭𝐭, 𝑢𝑢𝑡𝑡 and 𝑣𝑣𝑡𝑡   are the values obtained from (3’) and (4’), the time variable is 

always 1, while all other variables are expressed in log differences. Pre-multiplying equation 

(13) by the inverse of 𝚷𝚷𝐭𝐭 yields:  

 

(10) 𝐘𝐘𝐭𝐭 = 𝐄𝐄𝐭𝐭𝐆𝐆𝐭𝐭, 

 

where 𝐄𝐄𝐭𝐭 = 𝚷𝚷𝐭𝐭
–𝟏𝟏𝚪𝚪𝐭𝐭 is a 3 x 9 matrix containing the model’s full set of total or reduced-form 

elasticities in period t, and 𝐄𝐄𝐭𝐭𝐆𝐆𝐭𝐭 contains the relative effect on the endogenous variables from 

the changes in each exogenous variable. Our system consists of 𝑡𝑡 different equilibria, one for 
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each point in time.12 Using the replicated structural elasticities from E&M’s study, we solve 

equation (10) for each data point 𝑡𝑡. This gives us the net (total) annual impacts on price and 

quantities from changes in all exogenous variables. We also want to calculate the annual 

individual impacts from each exogenous variable. We do this for each period by calculating 

the Hadamard product (element-by-element matrix multiplication) of matrices 𝐄𝐄𝐭𝐭 and 𝐆𝐆𝐭𝐭𝐇𝐇 =

�
[Zt]T

[Zt]T

[Zt]T
�, where ZtH is a 3 x 9 matrix consisting of changes in exogenous variables, replicated 

for each row.13 This allows us to determine the yearly effects on price and quantities from 

observed changes in each exogenous variable, including the effects from the unexplained 

supply and demand shifts. 

Application 

We use E&M’s data to replicate the structural elasticities, presented in Table 1. We use R 

for all the estimation and calculations (R Development Core Team 2018). An R script 

containing all the code for the application is provided in the appendix. We refer to E&M’s 

original article for details on the choice of instrumental variables. The replicated elasticities 

provide us with the estimated effects of changes in exogenous variables on demand and supply. 

As in E&M’s original application, all coefficients are statistically significant, and Durbin-

Watson tests indicate no autocorrelation.  

 

TABLE 1 ABOUT HERE 

                                                           
12 When taking into account the time dimension in equations (13) and (14), we can interpret it as solving a 
system of three-dimensional arrays, where time is the third dimension that is added to the comparative statics 
model. 
13 ZtH is a transformation of 𝐆𝐆𝐭𝐭 where each column represents the change in an exogenous variable in year t. The 
transpose of 𝐆𝐆𝐭𝐭 is replicated three times (hence three rows) to capture the impacts on each of the three 
endogenous variables when (element-by-element) multiplying ZtH with the reduced form elasticity matrix 𝐄𝐄𝐭𝐭.  



12 
 

 

Inserting these into the economic model and solving equation (13) provides us with the full 

set of reduced-form elasticities, presented in Table 2.  

 

TABLE 2 ABOUT HERE 

 

 

The reduced-form elasticities in Table 2 provide the estimated general equilibrium effects. 

For instance, from Table 1 we see that an income growth of 1 percent causes an increase in 

demand per capita of 0.8 percent. Table 2 shows us that the general equilibrium effect of the 

income growth is a price increase of 1.3 percent, an increase in production of 0.3 percent, and 

an increase in consumption per capita of 0.3 percent. The increase in price caused by income 

growth has a negative effect on quantity demanded, which causes the net increase in 

consumption to be smaller than the increase in demand. To determine the driving forces behind 

the development of the US chicken market over time, and to evaluate the accuracy of our model, 

we investigate the results further in the following section. 

 

Results 

Our model now permits us to predict year-to-year price and quantity effects from changes in 

each specific exogenous variable. For brevity we focus on the effects of only one endogenous 

variable, namely price.14 We do this for two versions of the model: one where we set all 

unexplained supply and demand shifts to zero each year (�̈�𝑄𝑡𝑡) and one where we include the 

unexplained supply and demand shifts (𝑄𝑄�̇�𝑡). In order to assess the impact over time from each 

                                                           
14 Effects on production and consumption per capita can be found in the R code provided in the appendix. 
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exogenous variable, we calculate cumulative impacts. The cumulative observed and predicted 

price and the predicted cumulative price effects from each exogenous variable are represented 

by indices in Table 3, with base year 1960 set to 100. The index is calculated by adding the 

annual cumulative sums of price impacts (transformed to price impacts in levels) from each 

exogenous variable to the price in the base year, then dividing each value by the base year price 

and multiplying by 100. 

TABLE 3 ABOUT HERE 

Comparing the actual price development (𝑄𝑄𝑡𝑡) with the predicted price (�̈�𝑄𝑡𝑡) when unexplained 

demand and supply shifts are set to zero, our model seems to explain the long-run price 

changes relatively well. The total predicted price decrease from 1960 to 1999 is 50 percent, 

compared to an actual price reduction of about 45 percent. As a general measure of goodness-

of-fit, Table 4 shows the squared simple correlations between the observed and predicted 

endogenous variables (Hill et al. 2008), both in levels and in log differentials.  

 

TABLE 4 ABOUT HERE 

 

For �̈�𝑄𝑡𝑡 in levels, the generalized R2 is 0.80, which appears reasonably high. However, in all 

but the last few years of our data, the predicted price level is higher than the actual price level. 

In 1979, for instance, the predicted price level is as much as 47 percent higher than the observed 

price level. Furthermore, the generalized R2 for calculated relative change in price is only 0.26. 

In other words, the predicted price level overstates the actual price level throughout most of the 

period, and a large part of the year-to-year price variation is not accounted for by changes in 

the exogenous variables. The generalized R2’s for quantity produced and consumption per 

capita is very high when measured in levels, but close to zero for calculated relative changes in 
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quantities. Unexplained changes in endogenous variables must be caused by unexplained shifts 

in supply or demand. By including the unexplained shifts in our model, predicted changes in 

prices (𝑄𝑄𝑡𝑡̇ ) should by definition be nearly identical to actual price changes.15 When we include 

unexplained supply and demand shifts, the predicted cumulative decrease in chicken price (𝑄𝑄�̇�𝑡) 

is about 43 percent, close to the actual reduction in price of about 45 percent. The predicted 

price level (𝑄𝑄�̇�𝑡) now follows the actual price level (𝑄𝑄𝑡𝑡) closely throughout the entire period, with 

a deviation of no more than 4.8 percent in any year.16 The general R2 for calculated price change 

is now 1, and the general R2 for the calculated price level is 0.999.  

Table 3 also shows the relative effect of each exogenous variable on US chicken price 

over time. Here, we must interpret our results with caution. Remember the usual assumption in 

econometric models; every structural elasticity is an estimate of the relative effect on demand 

(or supply) from a change in its corresponding exogenous variable, keeping all other variables 

constant. The assumption also holds for the general elasticities in our economic model. Looking 

at the results in Table 3, this assumption appears unrealistic. For instance, it seems unlikely that 

in the absence of changes in other exogenous variable, income growth would cause chicken 

prices to increase by 231 percent. Since our model does not account for interaction between 

exogenous variables we must interpret these results with this in mind. Nonetheless, the results 

in Table 3 still provide a good indication of the relative importance of each exogenous variable 

on the price development of US chicken. Income growth, export growth, and population growth 

have expanded demand and are the most important positive contributors on price. Supply shifts 

caused by technological change and long-run adjustments (αt and QPRODt–1
a ) are the most 

                                                           
15 Remember our approximation and simplification in equation (6), which now should account for the remaining 
inaccuracy of our predicted endogenous variables. 
16 The maximum relative difference for a previous version of the model with variables expressed in relative 
changes is 2 percent. The reduction in accuracy in the current (log differences) version of the model is due to the 
approximation we do in the equilibrium condition (6): 𝑧𝑧𝑡𝑡−𝑧𝑧𝑡𝑡−1

𝑧𝑧𝑡𝑡−1
≈ ln ( 𝑧𝑧𝑡𝑡

𝑧𝑧𝑡𝑡−1
). 
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important negative contributions on price. Prices of feed and beef have been less important. The 

net effect is a substantial reduction in price. 

We have already established that unexplained shifts account for a substantial share of 

the year-to-year variation in prices. What are the cumulative effects of the unexplained shifts? 

Table 3 shows that unexplained demand shifts have had a cumulative positive effect on price 

of about 14 percent, while unexplained supply shifts have had a cumulative effect close to zero 

between 1960 and 1999. Looking at specific periods, some further observations can be made. 

To facilitate the interpretation of unexplained supply and demand effects as reported in Table 

3, we illustrate their cumulative effects in Figure 1.  

 

FIGURE 1 ABOUT HERE 

 

   

 Unexplained demand shifts have had a negative effect on price between 1960 and the 

mid-1970s, with some year-to-year variation. This is followed by little change for about a 

decade. From the early 1980s until 1999 we observe unexplained demand growth almost every 

year, with the index moving upwards rather steadily from an all-time low of 80.8 in 1983 to an 

all-time high of 114.2 in 1999.  Unexplained supply impacts appear to vary randomly, perhaps 

except between the years 1986 and 1996 where it seems to have been a relatively stable increase 

in unexplained supply causing price to go down.17 

Although the main focus of this paper is on the approach per se rather than the specifics of 

the US chicken market, the apparent patterns of unexplained shifts justifies some consideration. 

While the unexplained shifts surely are due to numerous factors, the introduction of the broiler 

breeder Cobb 500 to the U.S market in the mid 1980’s might be part of the explanation behind 

                                                           
17 Thanks to an anonymous reviewer for noting this. 
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the supply increase between 1985 and 1996. The Cobb 500 had a superior breast meat yield 

compared to existing breeders at the time, and has become so popular that today it is the world’s 

most popular broiler breeder (Bugos 1992; Renema et al. 2007; The Poultry Site 2008). 

What has caused the series of successive positive unexplained demand shifts since the early 

1980s? Numerous hypothesis have been proposed to explain the increase in poultry 

consumption, such as health concerns causing consumers to substitute from beef to poultry 

(Moschini and Meilke 1989), increased number of women in the workforce directing meat 

consumption towards poultry products that more often than beef favor quick preparation or fast 

food (Haley 2001). Another argument is that changes in relative meat prices explain the increase 

in poultry consumption (Chalfant and Alston 1988). One possible explanation is the 

introduction of Chicken McNuggets at McDonalds in 1983 (Warren 2007), which coincides 

with the start of the long period of unexplained demand growth. Has the introduction of 

McNuggets caused a series of positive shifts in US chicken demand? Anecdotal evidence 

suggests McNuggets revolutionized chicken as a convenience and a frozen food (Buzby and 

Hodan 2006). Although McNuggets might be our prime suspect behind the unexplained 

demand growth since 1983, further investigation is necessary to establish a causal connection. 

Determining the size of the “McNugget effect” relative to other unidentified demand shifters 

warrants an econometric analysis that includes some variable(s) who could capture this effect. 

As noted by Haley (2001), the complexity of the dynamics of the U.S. meat industry makes it 

very difficult to attach a single explanation to the development of U.S. consumers’ demand for 

meat.  

Another issue is the causes of unexplained price variation. Are unexplained shifts in supply 

or demand more important causes of unexplained price variation? The range of unexplained 

supply impacts on price is between -20 and 15.2 percent, while the range of unexplained 

demand impacts is between -6.6 and 6.3 percent. Furthermore, standard deviations of 
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unexplained supply and demand shifts are 4.8 percent and 2.4 percent, while standard deviations 

of price effects are 7.5 percent and 3.8 percent, both statistically different at a 1 % significance 

level. The differences in range and standard deviations tells us that unexplained supply shifts 

contribute significantly more to unexplained price variation than unexplained demand shifts. 

Furthermore, the correlation between unexplained shifts in supply and demand is positive (0.34) 

and significant at the 5 % significance level.18 While we cannot identify the reason for the 

positive correlation, there could be some unidentified variable(s) affecting both supply and 

demand simultaneously. As noted by a reviewer, these results might indicate omitted variable 

bias in E&Ms econometric model. Although we acknowledge that the results might indicate the 

need for additional explanatory variables, availability of both data and degrees of freedom will 

always limit the number of explanatory variables in an econometric analysis. We also note that 

Brumm et al. (2008) find E&Ms model to be satisfactory. Considering Brumm et al.’s (2008) 

results, Haley’s (2001) comment on the complexity of the U.S meat industry, and our main 

objective of the paper, we err on the side of keeping the model as it is. We do take notice, 

however, that examining the unexplained demand and supply shifts may serve as a useful tool 

for indicating bias where traditional methods fail. 

 

Conclusion 

In this article, we bridge the gap between comparative statics and simultaneous econometric 

models. To do this we account for the impacts of unidentified supply and demand shifts in a 

comparative static model based on estimated coefficients from the econometric model. The 

procedure illustrates how applying a comparative statics economic model to the results from an 

econometric simultaneous equation model of supply and demand can provide substantial insight 

                                                           
18 Frisch (1934) argues that there is no reason to expect supply and demand shifts to be uncorrelated. 



18 
 

into the dynamics of price and quantity changes in a market. Using the same data in the 

comparative static model as was used in the simultaneous econometric model, we determine 

the relative effect of changes in specific exogenous variables on prices and quantities from 

period-to-period and over time. The accuracy of the specified supply and demand system is 

determined by the relative difference between predicted and observed price and quantity 

changes. To account for unexplained price and quantity variation, we calculate unexplained 

supply and demand shifts. Unexplained supply and demand shifts are defined as shifts (or 

shocks) in supply and demand that are due to causes other than changes in the exogenous 

variables included in the model. By calculating unexplained supply and demand shifts and 

introducing them as exogenous variables in our model, we determine the yearly effects on price 

from both known exogenous variables and unexplained supply and demand shifts. We apply 

the procedure on the US broiler chicken market between 1960 and 1999. Our economic model 

without unexplained shifts, based on a replicated econometric two-stage least squares model by 

Epple and McCallum (2006), explains long-term price changes rather well, but overstates the 

predicted price for long periods. Year-to-year predicted changes are inaccurate. When we take 

into account unexplained demand and supply shifts, yearly predicted price changes are nearly 

identical to the observed price changes. The introduction of Chicken McNuggets in 1983 

coincides with a series of successive positive unexplained demand shifts, and might be a cause 

of structural shifts in chicken demand not accounted for in existing literature. Furthermore, we 

find that unexplained supply shifts account for a significantly larger share of unexplained price 

variation than unexplained demand shifts. 

 The procedure presented in this article can reveal valuable information about the 

development of a market. A comparative statics economic model with unexplained supply and 

demand shifts can be used to determine the relative effect of changes in specific exogenous 

variables on endogenous variables over time, to evaluate the implied accuracy of econometric 
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models of supply and demand, and to evaluate the extent to which unexplained variation in 

price and quantities are driven by unexplained supply or demand shifts. The procedure is easily 

applied to the results from any econometric model of supply and demand. 
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Table 1. Structural elasticities replicated from E&M’s (2006) econometric model 

Variable Value 

Price of chicken (supply) 0.231** 

Price of feed (supply) -0.148*** 

Time trend (supply) 0.019*** 

Lag of production (supply) 0.627*** 

Income (demand) 0.841*** 

Price of chicken (demand) -0.397*** 

Price of beef (demand) 0.275*** 

Notes: authors’ own calculations, using data set provided in E&M. ** indicates statistical significance 

at the 5 % level, *** indicates statistical significance at the 1 % level 

 



Table 2. Reduced form elasticities from comparative static model 

Exogenous variable P QPRODa Q 

Price of feed 0.24 -0.09 -0.1 

Time trend -0.03 0.01 0.01 

Lag of production -1.03 0.39 0.41 

Population 1.56 0.36 -0.62 

Exports 0.09 0.02 -0.04 

Income 1.31 0.3 0.32 

Price of beef 0.43 0.1 0.1 

u - supply shifts -1.65 0.62 0.66 

v - demand shifts 1.56 0.36 0.38 

Note: reported values are means of estimated reduced-form elasticities throughout the period. 

 



Table 3. Cumulative price changes and price impacts of exogenous variables 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑷𝑷 �̈�𝑷 �̇�𝑷 𝑃𝑃𝑃𝑃 𝑡𝑡𝑡𝑡𝑡𝑡𝑌𝑌 𝑄𝑄𝑃𝑃𝑄𝑄𝑄𝑄𝐷𝐷𝑡𝑡−1𝑎𝑎  𝑃𝑃𝑄𝑄𝑃𝑃 𝑋𝑋 𝑌𝑌 𝑃𝑃𝑃𝑃 𝑢𝑢 𝑣𝑣 

1960 100 100 100 100 100 100 100 100 100 100 100 100 

1961 89.6 90.2 106.5 99.9 97.3 99.9 102.8 105.4 102.3 98.9 81.9 103.4 

1962 93.5 94.1 98.3 99.8 94.6 88.3 105.5 104.4 107 100 95.3 100.5 

1963 91 91.7 99.7 99 92 87.4 108 106.2 110.4 98.9 91.3 100.7 

1964 87.8 88.5 100.7 98.6 89.5 83.2 110.5 107.4 119.3 97 93.2 94.3 

1965 89.3 89.9 101.9 98.4 87 80.6 112.8 104.6 127.3 98.4 88.9 99.1 

1966 91.9 92.6 101.5 98.4 84.6 75.1 114.9 105.6 134.6 99.4 86.4 105.6 

1967 82.5 83.1 91.2 97.5 82.2 68.8 117 102.4 140.5 98.3 91.8 99.3 

1968 83.1 83.7 91.2 95.6 79.9 67.6 118.9 102.4 147.5 98.3 95.9 95.7 

1969 83.3 84 95.1 94.8 77.7 66.7 120.9 105.4 151.8 100.2 90.1 98 

1970 76.3 77.1 92.6 94.8 75.5 62 123.2 107.6 158 99.6 87 95.6 

1971 73.8 74.5 88.1 94.4 73.4 58 125.7 106.2 164.7 99.7 94.3 89.7 

1972 72.2 72.9 94 93.9 71.3 57.8 127.9 107.6 172.8 102.2 89.6 86.6 

1973 98.1 99.1 111.5 102.3 69.3 54.9 129.9 109.6 186.8 107.9 103.1 86.2 

1974 82.8 83.7 106.9 102.3 67.3 56.1 131.9 110.2 182.8 104.3 96.3 81.3 

1975 85.5 86.3 101.2 99.5 65.3 55.6 134 112.1 185 100.8 104.3 81.8 

1976 76.3 77.5 105 98.9 63.5 55.7 136 117.9 193.4 96.9 86.2 85.6 

1977 72.1 73.2 91.7 97.8 61.6 49.6 138.2 118.2 200.1 94 94.3 84.6 

1978 74.2 75.4 97.3 95.9 59.8 48.1 140.6 119.8 210.5 99.6 93 83.3 

1979 67.8 69.1 99.9 96 58 45.1 143 122.6 215.3 105.6 84.4 81.9 

1980 64.7 65.9 88.5 95.1 56.3 40.8 145.7 126.9 214.3 102.4 90.9 82 

1981 60 61.2 84.8 95 54.6 39.6 148 130.2 217.9 98.5 86.1 83.8 

1982 55.5 56.6 74.7 91.8 52.9 37.4 150.2 129.4 219 96.6 92.6 81.8 

1983 54.6 55.7 75.7 92.5 51.3 37 152.4 132.9 225.1 94.7 91.1 80.8 

1984 59.3 60.5 78.3 92.5 49.7 36 154.4 133.8 245.1 93.4 92.2 83.7 

1985 54.9 56 71.2 88 48.2 34.3 156.6 135.8 252.8 91.2 94.6 83.1 

1986 59.5 60.8 69.5 86.5 46.7 32.7 158.8 140.4 260.3 90.8 99.2 88.2 

1987 56.3 57.7 69 85.4 45.2 31.1 161 146.4 264.4 92.2 92.7 90.3 

1988 59.7 61.3 73.8 92.7 43.8 28.4 163.2 152.9 276.2 92.7 92.5 89.8 



1989 62.5 64.3 74.8 90.8 42.4 27.3 165.6 163.7 281.8 93.3 91.1 94.4 

1990 58.3 60.2 70.5 87.5 41.1 25.1 168.2 172.4 285.8 94.2 91.5 93.3 

1991 54.6 56.4 64.2 85.8 39.7 23.3 171.6 178.1 282.6 93.7 90.8 96.8 

1992 53.1 54.9 60.1 84.8 38.4 21.8 174.9 181.7 288.7 92.5 89.5 102.1 

1993 53.9 55.8 56.8 85.2 37.1 20.2 178.3 185.6 289 92.8 90.9 108.2 

1994 53.4 55.5 58.5 85.5 35.9 19.1 181.5 204.8 293.8 91.5 86.8 109.2 

1995 52.7 54.9 57.9 85.2 34.7 17.5 184.7 224.4 298.9 90.2 89.3 106.2 

1996 54.9 57.3 60.8 90.2 33.5 16.6 187.7 239.4 303.6 89.1 85.5 110.3 

1997 55.8 58.3 56.9 87.1 32.3 15.6 190.9 246.8 310.3 88.9 92 111.2 

1998 55.3 57.8 53.2 81.8 31.1 14.9 194 250.8 325.4 88.3 101.3 107.2 

1999 54.9 57.4 50.4 76.2 30 14.6 197.2 262.6 330.8 88.2 99.8 114.2 

 



1 
 

Table 4. Generalized R-Square for predicted change and levels of endogenous variables 

 
%𝑑𝑑𝑑𝑑 %𝑑𝑑𝑑𝑑 %𝑑𝑑𝑑𝑑𝑑𝑑𝑄𝑄𝑄𝑄𝑄𝑄𝑎𝑎 𝑑𝑑 𝑑𝑑 𝑑𝑑𝑑𝑑𝑄𝑄𝑄𝑄𝑄𝑄𝑎𝑎 

𝑑𝑑�̇�𝑡  1 1 1 0.9999 1 1 

�̈�𝑑𝑡𝑡  0.258 0.006 0.015 0.799 0.982 0.997 

Notes: With �𝑑𝑑�̇�𝑡� and without (�̈�𝑑𝑡𝑡) unexplained supply and demand shifts. Values reported in 

the table are squared simple correlations between predicted and actual levels and changes of 

the endogenous variables (Hill, Griffiths, and Lim 2008) 
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