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Introduction:

Microeconomic theory suggests that production functions should be monotonically increasing in 

all inputs. A reasonable interpretation of the relative technical efficiencies of firms is impossible if 

the efficiencies are estimated from a stochastic production frontier (SPF) that violates the 

monotonicity assumption.  

However, many empirical applications of the SPF to the farm sector often present results in 

which the monotonicity condition is not fulfilled. 

Summary & Conclusion:

On average, technical efficiency scores for the unrestricted model (0.534) are slightly higher 

than those from the restricted model (0.528). 

Imposing monotonicity decreased the partial elasticities of purchased inputs from 0.350 to 

0.348 and capital from 0.232 to 0.230. The partial elasticity of labor increased from 0.099 to 

0.102.

The restricted model outperforms the unrestricted model both in-sample and out of sample 

predictions. 

Theoretical restrictions do matter in the estimation of empirical stochastic production 

functions. Failure to take care of those regulatory conditions may result in improper policy 

recommendations. 

Empirical Results:

Methods: Three-Step Estimation 

1. Estimate Unrestricted Frontier

2. Minimum Distance Estimation

3. Final Frontier Estimation

Calculate frontier output of each firm and estimate frontier 
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Objective:

The coefficient of intercept is virtually zero and coefficient of frontier output is virtually one

The production function is 

monotonically increasing at 5403 

out of 7579 observations (71.3%).  

It is quasiconcave at 4779 out of 

7579 observations (63.1%)

Note: K is capital, L is labor, P is 

purchased inputs and T is time.  

Dummies for farm size categories 

and specializations are: Dvs for 

very small farms, Ds for small 

farms and Dm for medium sized 

farms; Sliv is for livestock farms 

and Smix is for farms with both 

livestock and crops. 
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Figure 1. Non-monotone production frontier

 To assess the importance of imposing monotonicity in the estimation of a translog 

stochastic production frontier. 

We accomplish this by comparing the mean technical efficiency scores, partial input 

elasticities, and in-sample and out-of-sample predictions of the unrestricted and restricted 

translog stochastic production frontiers for the Kansas farm sector.

Table 3. Final Stochastic Frontier Estimation

Table 2. Minimum Distance Estimation

Table 1. Unrestricted Stochastic Frontier Estimation
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Firm A is technically inefficient, it is below 

the frontier. Firm B is efficient, it is on the 

frontier. Firm B uses more input to produce 

the same output as firm A. This illustrates that 

the relative efficiency estimates based on a 

non-monotone production function cannot be 

reasonably interpreted

Figure 2. Average Technical Efficiency Scores

This function is monotonically 

increasing at 7579 out of 7579 

observations (100%). The function is 

quasiconcave at 7576 out of 7579 

observations (100%).

Data
 1 output (gross farm income) and 3 inputs (capital, labour and purchased inputs) for 564 

farms for the period 1993 to 2007. All variables are measured in real dollar values with year 

2007 as the base year

 2 variables are used to explain inefficiency (farm size and specialization)

The Empirical Translog SPF Model

Figure 3. Input Partial Elasticities

Figure 4. Root Mean Square Errors

In-sample prediction :2005 and 2006. 

Out of sample prediction: 2007 
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