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Abstract

The ordinary least squares (OLS) estimators will be biased if there is a relationship between
observable input levels and unobservable productivity shocks in the production function.
Along with instrumental variables (IV) and generalized moments method (GMM)
approaches, the control function approach is the most widely used in production function
estimation to solve this problem. In this article, the production function was estimated
using the conventional panel data method and the control function approach, and the data
were compared using Iran’s provinces’ manufacturing industries data from 2011 to 2018. The
findings showed that the OLS estimator in the panel data methods overestimates the free
variables’ coefficients (labor force), which is consistent with the argument of Levinson and
Petrin (LP) (2003). Wooldridge (WR) method estimators are more efficient in the control
function approach methods than the LP method. Among the optimization algorithms, the
Nelder and Mead (NM) algorithm results are more efficient than others. By assuming that
the capital stock is endogenous, the results indicated that the ACF correction method
(controlling the labor force functional dependence) is more efficient than the LP method.
Finally, the estimators’ efficiency was increased using dynamic panel instruments in the MR
approach. The findings point out that the labor force functional dependence and the
endogeneity of the capital stock can be important issues in the production function
estimation that should not be ignored. Thus, it seems that GMM nonlinear models in general
and control function models, namely OP, LP with ACF and MR correction in particular,
should be used more in production function estimation to control unobservable
productivity shocks.
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Extended Abstract

1. Introduction

Researchers have paid attention to the
potential correlation between input levels
and "unobserved productivity shocks" in
estimating production function
parameters after the study of Marschak
and Andrews (1944). At the firm level, when
positive shocks occur, the production level
also increases with the increase in input
demand. On the other hand, the
occurrence of negative shocks leads to a
decrease in production and demand for
inputs. The existence of a positive
correlation between the levels of
observable inputs and unobservable
productivity shocks causes bias in the OLS
estimator when we estimate the
production function and unobservable
productivity. GMM, IV, and "control
function” methods have been proposed to
solve this problem. To estimate
production functions using the control
function approach, Olley and Pakes (OP)
(1996) show how the investment variable
can be used as a proxy variable for
unobserved productivity. Further,
Levinsohn and Petrin (LP) (2003) used
intermediate inputs (such as raw materials
and energy) as a proxy for unobserved
productivity. Due to the complex nature of
the LP estimation method, Wooldridge
(2009) suggested the use of "bootstrap”
methods to obtain standard deviations and
test statistics. Then, Mollisi and Rovigatti
(MR) (2018) modified the GMM estimator
with the help of a matrix of dynamic panel
instruments.

2. Method
First, consider Cobb-Douglas (1928)
technology;
Yie=a+yXiy+B Wi+ @i (1)
+ ult

where y;; represents value added or
gross production, X;; is a state variables
vector, and w;; is a free variables vector.
The random component ¢; also
represents "unobservable productivity".
Based on OP and LP methods, it is assumed
that productivity is formed based on the
first-order Markov process. Olley and
Pakes (1996) were the first to propose a
two-stage estimation method consistent
with model (1). Their key idea is to use
investment levels as a proxy variable for
®;r. The OP approach has a major
drawback that limits its scope of
applications in experimental studies. In
the OP method, the actual investment data
can contain many zeros. They assumed
that investments are not made at every
moment but are postponed for several
years to be made all at once. To solve this
problem, Levinson and Petrin (2003)
proposed the level of intermediate inputs
as a proxy variable for wy,.

The basic assumption of both OP and LP
methods is that when productivity shocks
occur, firms can immediately adjust some
inputs without any cost. However,
Ackerberg, Caves, and Frazer (2015) and
Bond and Soderbom (2005) showed that
the labor force coefficient can be
estimated consistently in the first stage,
provided that the free variables are
independent of the proxy variables;
otherwise, their coefficients will be
completely collinear in the estimation of
the first stage and, therefore, will not be
identifiable.

To solve the problems of OP and LP
methods, Wooldridge (2009) replaced a
two-stage estimation method in the GMM
estimator (Woldridge, 1996). In his
approach, WR, he showed how to write
appropriate moment limits based on two
equations in which the dependent variable
is the same, but they have different tools.
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The first advantage of the WR approach is
that the first step of estimating the OP or
LP methods includes identifying the
parameters of the free variables (such as
labor force). Another advantage is that
fully robust standard deviations are easily
obtained. Also, the WR method effectively
takes advantage of the moment conditions
stated in the OP and LP assumptions.

3. Results

This study estimates the Cobb-Douglas
production function using the control
function approach and compares the
results of these methods with each other
and with panel data methods such as fixed
effects and random effects.

The results showed that the capital and
labor elasticity in the control function
approach is not much different from those
in the fixed and random effects methods.
Still, the standard deviation of the control
function methods is greater than that of
the conventional panel data approach.
Also, in the LP method, the standard
deviation of the labor elasticity is lower
than that of the OP method, but the capital
elasticity is the opposite. This shows that
the efficiency of OP estimators is higher
for state variables (capital stock).

Also, the results of the WR method state
that labor force elasticity is not different
from the LP model, but it has a lower
standard deviation. However, the elasticity
of capital stock in the WR method is lower
than that of the LP method. Also, the use
of second-order polynomials did not affect
the results of the WR model. So, it can be
said that the results of the WR method are
more efficient than the LP method. The
results of estimating the production
function by the LP method with ACF
correction indicate that although the
coefficients are as expected, they are not
statistically significant due to very large

standard deviations. In other words,
estimating the production function using
the LP method with ACF correction has
reduced the efficiency of the estimated
coefficients. Also, when the third-order
polynomial is used to estimate the
parameters, the result is not much
different from the LP method; only the
efficiency of the capital stock coefficient
has increased, and the efficiency of the
labor coefficient has decreased.

4. Conclusion

In this study, the production function was
estimated using conventional panel data
methods, and its results were evaluated
using control function methods. In order
to estimate the Cobb-Douglas function,
the manufacturing industry data of Iranian
provinces from 2012 to 2019 were used,
and finally, the results of these methods
were compared. The findings show that
when the capital stock wvariable is
endogenous in the LP method, the labor
force coefficient does not change, but the
capital stock coefficient and the efficiency
of both coefficients decrease. Also, in this
situation, the LP method estimates the
labor force coefficient lower than the ACF
method, and this could be the same point
that Ackerberg, Caves, and Frazer (2015)
pointed out that in some data generation
processes of the OP and LP methods, the
moment conditions when estimating the
equation in the first stage, it is not able to
identify the labor force coefficient. They
stated that one of the reasons for this non-
identification is functional dependence,
which the ACF method solves. Also, the
results of the estimations showed that
both the functional dependence of the
labor force and the endogeneity of the
capital stock can be important issues that
should be paid special attention to in
estimating the production function. The
findings highlight that nonlinear GMM
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models in general, and control function
models such as OP and LP with ACF
correction in particular, should be used
carefully in empirical studies.
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