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Abstract

Accurate estimation of total factor productivity (TFP) is a fundamental issue in applied
economics. Alongside instrumental variable and fixed-effects approaches, the control
function method has become one of the most widely used techniques for estimating
production functions and TFP. This paper aims to estimate TFP growth in the
manufacturing industries of Iranian provinces during the period 2012-2021. To this end,
three approaches—parametric (conventional panel data), nonparametric (Malmquist
productivity index), and semiparametric (control function)—were employed to estimate the
production function and calculate TFP. The results indicate that the capital stock
coefficient exhibits higher efficiency in the Olley-Pakes (OP) algorithm compared to other
methods, while labor efficiency is greater in the Levinsohn-Petrin (LP) algorithm.
Furthermore, the Wooldridge (WR) approach yields smaller standard errors, implying
higher efficiency. When capital stock endogeneity is controlled in the Ackerberg-Caves-
Frazer (ACF) algorithm, the coefficient efficiency improves relative to other estimations.
The estimated TFP growth results reveal that average TFP growth obtained through
semiparametric approaches exceeds that of parametric methods, and TFP growth is
negative in five provinces. The analysis of TFP growth drivers using the Fixed Effects (FE)
and Fully Modified Ordinary Least Squares (FMOLS) methods shows that R&D has a positive
and significant effect, while production structure has a negative and significant effect on
total factor productivity in Iran’s manufacturing industries. Skilled labor, however, does not
have a statistically significant effect. Overall, the findings suggest that precise estimation of
TFP requires the adoption of advanced econometric methods, consideration of firm
behavior and decision-making processes, and identification of market structure types
across industries.
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Extended Abstract

1. Introduction

Since Solow’s (1957) pioneering work on
growth accounting, economists have
sought to identify the main sources of
economic growth. Empirical studies show
that total factor productivity (TFP) plays a
crucial role in explaining long-term
growth, even more than capital or labor
accumulation (Prescott, 1998; Singh,
2000). In Iran, TFP growth has been
negative during the past decade, with an
average annual decline of 0.2 percent
(Central Bank of Iran, 2022). Given its
potential to adopt existing technologies,
the manufacturing sector can enhance
productivity and stimulate overall
economic activity; however, its recent
performance has been weak and volatile
(Statistical Center of Iran, 2021). This study
addresses how TFP can be reliably
measured at the firm level. Due to
significant heterogeneity among firms, the
suitability of each estimation approach
depends on data characteristics and the
validity of its assumptions regarding the
data-generating process. Conceptually,
TFP represents the residual component of
output unexplained by observable inputs,
emphasizing the importance of controlling
for unobserved factors. Accordingly, this
paper pursues two objectives: (1) to
compare parametric, nonparametric, and
semiparametric approaches to TFP
estimation for Iran’'s manufacturing
industries during 2012-2021; and (2) to
analyze the main drivers of TFP growth,
particularly research and development
(R&D) and human capital.

2. Methodology and Data

This  study employs  parametric,
nonparametric, and  semiparametric
approaches to estimate total factor
productivity (TFP) in Iran’s manufacturing

industries across 31 provinces during
2012-2021. In the parametric approach, a
Cobb-Douglas production function under
the assumption of constant returns to
scale is used. Following Solow’s growth
accounting framework, the growth of TFP
is derived as the residual of output growth
unexplained by capital and labor growth
rates. The nonparametric approach
utilizes the Malmquist Productivity Index
(MPI) to measure productivity changes
over time. The MPI is decomposed into
efficiency change (EFFCH) and
technological change (TECHCH), enabling
the separation of pure efficiency
improvements from shifts in the
production frontier. The analysis applies
Data Envelopment Analysis (DEA) under
constant and variable returns to scale to
further decompose efficiency into scale
efficiency and pure efficiency
components. The semiparametric
approach is based on control function
methods, including the Olley and Pakes
(1996), Levinsohn and Petrin (2003), and
Ackerberg, Caves, and Frazer (2015)
algorithms, as well as the Wooldridge
(2009) GMM estimator. These methods
address simultaneity and endogeneity
problems by using investment or
intermediate inputs as proxies for
unobserved productivity shocks. Among
them, the Wooldridge estimator provides
more efficient results with robust
standard errors by exploiting moment
conditions across equations.

3. Results

The empirical findings reveal that
estimates of total factor productivity (TFP)
growth  vary across the three
methodological approaches—parametric,
nonparametric, and semiparametric. In
the parametric (panel data) approach, TFP
growth is found to be modest and
relatively volatile over time, with an overall
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average annual growth rate of around 3-4
percent. The lowest productivity growth
occurred in 2015, while the highest was
observed in 2020, coinciding with partial
industrial recovery. Under the
nonparametric (Malmquist Index)
approach, the decomposition  of
productivity change indicates that most of
the improvement in TFP stems from
technological progress rather than
efficiency gains. In several provinces,
however, the  efficiency  change
component was negative, implying a
temporary decline in  production
performance. In the semiparametric
(control function) estimations, the capital
coefficient demonstrated higher efficiency
in the Olley-Pakes (OP) algorithm, while
labor efficiency was greater under the
Levinsohn-Petrin (LP) approach. The
Wooldridge (WR) estimator exhibited
smaller standard errors, indicating
superior statistical efficiency, and the
Ackerberg-Caves-Frazer (ACF) algorithm
yielded the most reliable coefficients after
accounting for the endogeneity of capital
stock. A comparison across provinces
showed that five provinces experienced
negative TFP growth during the study
period. On average, semiparametric
methods produced higher TFP growth
estimates than parametric or
nonparametric ones, highlighting their
advantage in addressing simultaneity and
measurement error problems. Finally,
estimation of the determinants of
productivity growth using Fixed Effects
(FE) and Fully Modified OLS (FMOLS)
models revealed that R&D expenditure had
a positive and significant impact on TFP,
while industrial structure (measured by
production concentration) had a negative
and significant effect. Skilled labor,
however, showed no  statistically
significant relationship with productivity
growth.

4. Conclusion

The findings of this study underscore the
importance of adopting appropriate
econometric techniques for accurate
measurement of total factor productivity
(TFP) at the firm and provincial levels. A
key result is that semiparametric
methods—particularly the ACF and WR

estimators—outperform conventional
parametric and nonparametric
approaches by effectively addressing
simultaneity, endogeneity, and

unobserved productivity shocks. This
leads to more consistent and efficient
estimates of the production function
parameters. The analysis further confirms

that average TFP growth in Iran’s
manufacturing industries has been
modest, with several provinces

experiencing negative productivity trends
over the past decade. Decomposition
results from the Malmquist Index indicate
that technological progress, rather than
efficiency improvement, has been the
main driver of productivity growth.
Conventional approaches may fail to
capture unobserved shocks, making
control function methods essential.
Nonparametric methods such as the
Malmquist Index treat firms as black
boxes, providing flexible estimation
without imposing strong assumptions,
while semiparametric methods (OP, LP,
ACF) also account for firm decision-
making, simultaneity, and endogeneity,

ensuring more accurate TFP
measurement.  Moreover, regression
results on productivity determinants

reveal that research and development
(R&D) activities positively influence TFP,
while industrial production structure has a
negative effect. The lack of significant
impact from skilled labor points to
inefficiencies in human capital utilization.
Overall, the study concludes that
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enhancing TFP in Iran’s manufacturing
sector requires the use of advanced
estimation techniques, attention to firm
behavior and market structure, greater
technological innovation, and increased
R&D investment.
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