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Abstract

In this study, we evaluate the reproducibility and replicability of Scott
Orr’s (2022) innovative approach for identifying within-plant productivity
differences across product lines. Orr’s methodology allows the estimation of
plant-product level productivity, contingent upon a well-behaved pre-estimated
demand system, which requires the use of carefully chosen instrumental vari-
ables (IVs) for output prices. Using Orr’s STATA replication package, we
successfully replicate all primary estimates with the ASI Indian plant-level
panel data from 2000 to 2007. Additionally, applying Orr’s replication codes
to a sample from 2011 to 2020 reveals that the suggested IVs do not perform
as expected.
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1 Introduction

Orr (2022) introduces an innovative identification strategy for evaluating within-
plant productivity across different product lines, utilizing data from the ASI Indian
plant-product level panel from 2000 to 2007. This methodology involves two stages.
First, the demand function is estimated using plant-product level data. Next, the
researcher combines the first-order conditions from the cost minimization problem
with these demand estimates to determine the allocation of input use across product
lines within a plant. By recovering plant-product level input uses, the researcher can
estimate the production function for each product, thereby deriving plant-product
level productivity estimates. A key requirement for this approach is that the esti-
mated demand function in the first stage must produce an invertible price elasticity
matrix. In this report prepared for the Institute for Replication (Brodeur et al.
(2024)), we first computationally reproduce the original results from the paper and
then replicate them using new data.

Using the replication package provided on the JPE website, we first reproduced
all the tables from Orr (2022) computationally. As the raw dataset was not in-
cluded in the replication package, we obtained it by directly contacting the MOSPI.
During this process, we identified an error in one of the data processing codes,
which mistakenly dropped all plants in two key industries—74 and 75 of the AS-
ICC 2-digit classification. After correcting this error, we obtained estimates that
closely matched the published results. The numerical discrepancies between our
reproduced estimates and the original results were negligible and did not affect the
qualitative conclusions of the study.

Accurate estimation of the demand function is crucial to the methodology pro-
posed by Orr (2022), necessitating carefully constructed instrumental variables
(IVs). One such IV, which varies temporally within a 5-digit product code, exploits
the average input price growth experienced by plants in other output markets using
similar inputs. For this instrument to be valid, input price variations should stem
from demand and supply shocks in other industries, orthogonal to machinery de-
mand shocks or general machinery quality changes by product code. This validity
hinges on the assumption that changes in average input prices are not driven by

machinery demand—an assumption clearly violated in input markets where the ma-
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chinery industry is the primary downstream consumer. To address this, Orr (2022)
excludes observations with machinery cost shares exceeding 0.3. Our sensitivity
analysis on this threshold choice reveals that the explanatory power of IVs is highly
responsive to this cutoff. Notably, when the threshold is closer to 0 (e.g., 0.01),
the resulting demand estimates imply an upward-sloping demand curve, preventing
further progression in Orr (2022) methodological approach.

We also applied Orr (2022)’s approach to a sample of Indian plants from 2011
to 2020. As in the first replication, we encountered issues with the proposed IVs
for demand estimation. We were unable to obtain reasonable demand estimates, re-
sulting in a singular price elasticity matrix. Despite trying various threshold values,
the issue persisted. In some specifications, we managed to obtain a downward-
sloping demand curve; however, the other key demand parameter (i.e., the nesting

parameter) fell outside the theoretically acceptable range.

2 Central Idea: The Use of First Order Conditions

In the literature, a common practice for recovering unit-level productivity is to es-
timate it as production function residuals. Consequently, estimating plant-product

level productivity involves estimating the following production function, as shown

in equation (18) in Orr (2022):

Y = exp(wh) (L},) " (1) (M) ™, (1)
where Yzi represents plant i’s total output of product j in period t; Lgt, K Zt, and Mft
denote the labor, capital, and material inputs used by plant ¢ to produce product
7, respectively; and wft stands for plant ¢’s total factor productivity for producing
product j (TFPQ).

The production function approach necessitates input uses across within-plant
product lines, (Lgt, K Z]t, Mft), while typically only plant-level input uses, (L, K, My),
are observed in datasets on producers. The central idea of Orr (2022)’s methodology

is to employ the first-order conditions of cost minimization to reveal these unob-

served input allocations across within-plant product lines. As detailed in equation
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(7) of Orr (2022):

MC}Y;,

S = MCiyd’
> JeYis itd it

(2)

where Sft represents the share of input uses allocated to product j; ng is plant 7’s
total output of product j in period t; M Cft denotes plant ¢’s short-run marginal
cost of producing j in period ¢; and Y;; is the set of products produced by plant ¢
in period t.

Given that Y7} is available in the data, equation (2) allows the researcher to
estimate the production function by product lines, thereby recovering plant-product
level productivity, provided MCY, is known. To obtain MCY, the researcher first
estimates the demand system using plant-product level output and prices. If the
price elasticity matrix corresponding to the estimated demand system is invertible,
M Cft can be recovered under a specific market conduct assumption, such as static
Bertrand-Nash competition.

In his empirical application, Orr (2022) employs the nested logit demand system,
as illustrated in equation (20) of Orr (2022):

rsl, —rsl = (1 —o)rsh’ — apl, + 1, (3)

. j .
where rsl, = In %, with RJ, representing the revenue from product j of plant

7 at time ¢, and Ith(j) denoting the total revenue of the 3-digit ASICC code h(j).
Additionally, rsgtlg U = n ARgt where AJ ) is the total revenue of the 5-digit ASICC

9(4)
t

code g(j). The variable p{t represents the logged output price for product j, and
ngt denotes product appeal. Under this specification, the price elasticity matrix is

invertible if and only if « > 0 and 0 < o < 1.

3 Computational Reproducibility

Using the journal-provided replication package, we successfully completed the com-
putational reproducibility of Orr (2022). The package includes the cleaning codes,
enabling us to generate the estimates from the raw data. However, it does not

include the raw or analysis datasets. To address this, we obtained the raw data for
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Indian plants from 2000 to 2020 by directly contacting the Ministry of Statistics and
Programme Implementation (MOSPI). For computational reproduction, we applied
the provided codes to the 2000 to 2007 sample, as analyzed in Orr (2022).

The replication process revealed a challenge within the provided package, specif-

ically concerning the retention of plant samples in industries 74 and 75:

e In asicc_code_cleaning.do, line 130 fails to retain plants from industries

74 and 75 when utilizing the supplied ASICC09 codes CSV file.

This issue stems from a discrepancy in the official MOSPI ASICC09 codes file.
For industries lacking distinct three-digit codes within a two-digit classification—
as is the case for industries 74 and 75—the file omits the three-digit code in the
sub-division column. Consequently, line 130 of asicc_code_cleaning.do uninten-
tionally excludes rows with missing sub-division values, effectively omitting plants
from these industries.

To address this, we created a revised version of the do file, which corrects this
issue and works seamlessly with the MOSPI-provided ASICC09 codes. Using this
revised do file, we successfully reproduced all the published tables and figures in the
main text of Orr (2022), with only minimal discrepancies in production function
estimates that do not alter the qualitative implications'.

In this report, we present the reproductions of key results:

e Table 1: Demand Estimates

e Table 2: Production Function Estimates

e Figure 1: Negative Correlation between TFPQ and Product Appeal

e Figure 2: Revenue Efficiency (TFPR) Growth after Removal of Worst Product

Our reproduction exercise yielded results that align precisely with the demand es-
timates of the original study. However, we observed minor discrepancies in the
production function coefficients compared to the published estimates. In the base-

line specification, for instance, our reproduced output elasticities for labor, capital,

"'We are grateful to Scott Orr for the explanation about the feature of the MOSPI ASICC09
code file and for providing us with a modified version of the ASICC09 codes that is compatible
with the original asicc_code_cleaning.do in the replication package.
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and material are 0.325, 0.106, and 0.789, respectively. These values differ slightly
from the original estimates of 0.331, 0.101, and 0.790 (Columns 1 and 2 of Table 2).

We attribute these minor variations to potential inconsistencies in STATA’s
Mata function for numerical matrix inversion across different versions and oper-
ating systems. Such inconsistencies could lead to subtle differences in marginal
cost calculations, subsequently affecting input allocation rules. Consequently, these
small deviations in intermediate calculations result in slightly different production
function estimates.

Nonetheless, the differences in production function estimates are small and do
not significantly alter the key qualitative message. As displayed in Figure 1, we ob-
served a negative correlation between TFPQ (w},) and product appeal (72,) of —0.283
with a standard error of 0.151, compared to —0.282 (0.151) in Orr (2022). Our re-
production exercise confirmed the key result that removing the worst-performing
product leads to a larger growth in TFPR than removing the second-worst product

(white bars in Figure 2).

4 Robust Replication

Accurate estimation of the demand function is essential for implementing the ap-
proach outlined by Orr (2022), which relies on carefully selected instrumental vari-
ables (IVs) for p/, and rsgtlg(j ) in Equation 3. Orr (2022) estimates Equation (3)
by instrumenting the two endogenous variables, p{t and rsgtlg U ), using variations in
input prices faced by plant ¢, denoted as Ztg(j ) and Zi;jg . For construction details,
refer to Equations (21) and (22) in Orr (2022).

The proposed instruments are constructed using the script generate_input_ins.do.
This script excludes observations where machinery cost shares exceed 0.3, aiming
to mitigate endogeneity issues stemming from instrumental variable changes driven
by machinery demand. Our primary task in this replication report is to assess the
robustness of these instruments with respect to this threshold. This assessment
involves a crucial trade-off. More stringent (i.e., lower) thresholds are likely to re-

duce endogeneity concerns but at the cost of dropping more observations, potentially

weakening instrument strength. Conversely, less strict (i.e., higher) thresholds could
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bolster instrument strength but risk incorporating machinery demand and supply
shocks, potentially invalidating the instrument.

The second part of our replication involves applying Orr (2022)’s method to data
from 2011 to 2020. Unlike the first part, this decision was made prior to examining
the code and programs. In 2011, the item codes were updated from ASICCO09 to
NPCMS-2011. To ensure comparability with Orr (2022), we converted the product
codes to ASICCO09 using the ASICC09-NPCMS2011 concordance provided by the
Indian MOSPI. After converting the product codes, we followed the same procedures
and specifications to replicate the main results of Orr (2022). Since the replication
package does not include trade flows, nominal exchange rates, and price indices
for the recent period, we sourced the necessary datasets from UN Comtrade, the
Federal Research Data Center, and the Indian KLEMS Database, respectively.

Summary statistics for the recent sample are presented in Tables A1 and A2,
and Figure Al in the Appendix, mirroring Tables 1 and 2, and Figure 3 from Orr
(2022). These statistics for the recent sample are quite similar to those from the
original study. However, there are two notable differences. First, plants in the
Machinery, Equipment, and Parts industry have shifted towards producing a single
product. Specifically, the proportion of multiproduct plants during the period from
2000 to 2007 was 0.26 (see the last row of Table 2 in Orr (2022)), but this figure has
nearly halved to 0.14 in the recent period. Second, the distribution of the number of
products produced by multiproduct plants is more right-skewed in 2011-2020 than
it was in 2000-2007.

4.1 Robustness of Instrument Construction Threshold

We observed that the IV construction threshold significantly impacts the demand
estimates. To explore this, we conducted replications using several threshold values
ranging from 0.01 to 0.5. Notably, with a stringent threshold (i.e., a threshold of
0.01), the instruments did not perform as expected: the estimated coefficient for
pgt was 0.151 with a standard error of 0.420, indicating an upward-sloping demand
curve (see Column (1) of Table 3). Due to this ill-behaved demand function, we

could not obtain M Ci];, thus failing to compute input allocations across the within-
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plant product lines (Equation (2)). Consequently, we were unable to estimate the
plant-product level productivity.

When using less stringent threshold values, we obtained a downward-sloping
demand curve (see Columns (2)-(5) of Table 3). However, our replication faced
issues with imprecise inference. Although the price coefficient estimates were closer
to the original, ranging from -0.179 to -0.261, the standard errors were higher,
varying from 0.125 to 0.433. Specifically, with threshold values greater than 0.3, we
were unable to obtain statistically significant demand estimates.

The variability in demand estimates is significantly influenced by the choice of
threshold value for instrumenting input prices. Table 4 demonstrates that setting
the IV construction threshold at or below 0.1 results in Sanderson-Windmeijer F-
statistics falling well short of the widely accepted threshold of 10, as proposed
by Staiger and Stock (1997). Moreover, elevating the threshold to 0.5 diminishes
instrument strength, presumably due to increased conflation of demand and supply
shocks. More promising results emerge from threshold values of 0.2 and 0.4, which
lie closer to 0.3. As Table 3 illustrates, these thresholds yield Sanderson-Windmeijer

F-statistics approaching 10, correlating with more precise demand estimates.

4.2 Using the 2011-2020 Period

We now turn our attention to applying Orr (2022)’s methodology to the ASI sample
from 2011 to 2020. Despite using a threshold of 0.3 for constructing IVs, we were
unable to obtain reasonable estimates for the demand function. Table 5 replicates
Table 3 from Orr (2022). The IV estimates indicate that the demand function is
upward-sloping, with a coefficient of 0.074. Furthermore, the coefficient for rsftlg G)
is not statistically significant.

We examined the performance of the IVs by analyzing the first-stage regression.
The third column shows that Z7 U) performs as expected for instrumenting pl: the
coefficient is 0.820 with a standard error of 0.484, indicating that the cost shifter
leads to higher prices. However, the other cost-shifting instrument, Zi;jg, performs

poorly. Additionally, neither of these IVs successfully instruments rsgt‘g U) As shown

in Table 5, the estimated coefficients are statistically insignificant: 0.082 with a

[4R DP No. 181
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standard error of 0.205 and -0.283 with a standard error of 0.294, respectively.
Consistent with these findings, the Sanderson-Windmeijer first-stage F-statistics
for weak instruments are 1.36 and 0.90 for p{t and rsﬁg(j ), respectively, which are
well below the rule of thumb threshold of 10.

We also experimented with constructing IVs using different threshold values
(see Table 6). However, the resulting IV demand estimates were consistently un-
reasonable. Although a negative coefficient for p/, was obtained with a threshold
of 0.2, the coefficient for rszt‘g U) exceeded 1, violating the invertibility condition of
the price elasticity matrix. Furthermore, as shown in Table 7, the IVs exhibited
minimal explanatory power for both p/, and rsﬂg U) as the Sanderson-Windmeijer
F-statistics remained far below 10 across all specifications, except for pgt when the
threshold was set to 0.01. However, even in this case, the first-stage coefficients
were estimated to be unreasonably negative.

Given that the price elasticity matrices for the demand estimates were not in-
vertible, we were unable to estimate plant-product level productivity using the 2011
to 2020 sample. The first-stage estimates suggest that the diminished strength of

the input prices in the later sample periods is likely the primary factor contributing

to these findings.

5 Conclusion

Overall, our findings indicate that the innovative method proposed by Orr (2022)
hinges on the careful selection of IVs for accurately estimating the demand function.
Without a robustly estimated demand function, proceeding to estimate the plant-
level production function is not feasible. In this replication project, we found that
the IVs used in the original study were sensitive to the choice of a threshold and did
not perform as expected for the more recent sample periods. Future research could
focus on identifying more reliable IVs to implement Orr (2022)’s novel methodology,

making it applicable to alternative datasets.

[4R DP No. 181
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6 Figures

Figure 1: Computational Reproduction of Figure 1 in Orr (2022): TFPQ vs. Prod-

uct Appeal
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Notes: Calculations are based on the 2000-2007 Indian ASI dataset, provided by the Ministry of Statistics and
Programme Implementation (MOSPI). Each observation represents a plant and a 5-digit ASICC variety. The
sample is restricted to producers within the machinery, equipment, and parts industry. TFPQ and demand
appeal are standardized to have a mean of zero and a standard deviation of one. Plant-level block bootstrapped

Appeal (standardized)

standard errors are presented in parentheses.
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Figure 2: Computational Reproduction of Figure 2 in Orr (2022): TFPR Growth
Following Removal of Least Efficient Product
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Notes: Calculations are based on the 2000-2007 Indian ASI dataset, provided by the Ministry of Statistics
and Programme Implementation (MOSPI). The y-axis represents the growth of log TFPR after the removal
of a plant’s least efficient product.
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7 Tables

Table 1: Computational Reproduction of Column 2 in Table 3 of Orr (2022): Nested
Logit Demand System

v v

Original Reproduction

Study
v, -0.220 -0.220

(0.116) (0.116)
rsll90) 0.621 0.621

(0.306) (0.306)
Observations 64,917 64,917

Notes: Calculations are based on the 20002007 Indian ASI dataset,
provided by the Ministry of Statistics and Programme Implementation
(MOSPI). Each observation represents a plant and a 5-digit ASICC
variety. The sample is restricted to producers within the machin-
ery, equipment, and parts industry. The dependent variable is the
logarithm of the plant’s product j revenue share relative to the to-
tal revenue generated by the 3-digit ASICC sector. Robust standard
errors are presented in parentheses and are clustered by plant and
product.
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Table 2: Computational Reproduction of Columns 2, 3, and 4 in Table 4 of Orr

(2022): Cobb-Douglas Production Function Estimates

Original Reproduction Original Reproduction Original Reproduction
Study Study Study
8L 0.331 0.325 0.321 0.315 0.626 0.617
(0.192) (0.192) (0.191) (0.191) (0.261) (0.261)
Bk 0.101 0.106 0.097 0.102 0.236 0.239
(0.082) (0.082) (0.081) (0.081) (0.099) (0.099)
B 0.790 0.789 0.806 0.806 0.217 0.223
(0.191) (0.191) (0.186) (0.186) (0.352) (0.352)
p™ 0.757 0.757 0.747 0.747 0.842 0.841
(0.222) (0.222) (0.197) (0.197) (0.199) (0.186)
p™® 0.657 0.658 0.661 0.661 0.670 0.670
(0.082) (0.082) (0.078) (0.078) (0.068) (0.068)
p’® 0.651 0.652 0.653 0.653 0.623 0.623
(0.098) (0.098) (0.104) (0.104) (0.079) (0.080)
P 0.420 0.420 0.422 0.422 0.541 0.540
(0.062) (0.062) (0.060) (0.060) (0.087) (0.088)
p’8 0.194 0.195 0.181 0.182 0.569 0.568
(0.319) (0.318) (0.265) (0.264) (0.651) (0.658)
RTS 1.222 1.220 1.224 1.223 1.078 1.078
(0.084) (0.084) (0.080) (0.080) (0.113) (0.112)
Instruments
(29,29 v v v v
M1 v v v v
Observations 3,620 3,620 3,620 3,620 3,620 3,620

Notes: Calculations are based on the 2000-2007 Indian ASI dataset, provided by the Ministry of Statistics and Programme
Implementation (MOSPI). Each observation represents a plant and a 5-digit ASICC variety. The sample is restricted to
producers within the machinery, equipment, and parts industry. The dependent variable is the log quantity of product j
produced by plant . Plant-level block bootstrapped standard errors are presented in parentheses.
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Table 5: Replication of Table 3 in Orr (2022): Nested Logit Demand 2011-2020

OLS v p{t rsﬂg(j)
Pl 0.008 0.074
(0.002) (0.229)
[0.000] [0.756)
rsll90) 0.943 0.642
(0.005) (0.447)
[0.000] [0.882]
First Stage
759 0.820 0.082
(0.484) (0.205)
[0.088] [0.663]
Z;7 -0.050 -0.283
(0.358) (0.294)
[0.903] [0.235]
Sanderson-Windmeijer F- 1.36 0.90
stat
Observations 85,357 85,357 85,357 85,357

Notes: Calculations are based on the 2011-2020 Indian ASI dataset, provided by the Ministry of Statistics
and Programme Implementation (MOSPI). Each observation represents a plant and a 5-digit ASICC
variety. The sample is restricted to producers within the machinery, equipment, and parts industry. The
dependent variable is the log of the plant’s product j revenue share relative to the total revenue generated
by the 3-digit ASICC sector. ASICC codes are recovered using the concordance between ASICC09 and
NPCMS-2011 provided by MOSPI. Robust standard errors, clustered by plant and product, are presented
in parentheses. P-values are presented in brackets. The Sanderson-Windmeijer first-stage F-statistic for
weak instruments is evaluated using the rule of thumb proposed by Staiger and Stock (1997), which
suggests a cutoff of 10.
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8 Appendix Figures

Figure A1l: Product Counts: ASI Entries versus Number of Product Codes

Number of products produced by multi-product plants
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Notes: Calculations are based on the 2011-2020 Indian ASI dataset, provided by the Ministry of Statistics and
Programme Implementation (MOSPI). Each observation represents a plant.

9 Appendix Tables

Table Al: Plant-Product-Year Summary Statistics for Machinery, Equipment, and
Parts (86,543 Observations)

Variable Mean Std. Min Max Median
Dev.

Log Revenue: 1, 17.86 2.5 0 26.45 17.99
Log Quantity Sold: ¢/, 9.38 4.06 -4.61 22.51 9.41
Log Prices: pgt 8.48 3.32 -4.12 22.35 8.28
Log Quantity Produced: yft 9.34 3.97 -4.61 21.95 9.36
Multiproduct .58 .49 0 1 1
Single Industry .57 .49 0 1 1
Vertical Integration 15 .36 0 1 0

Notes: Calculations are based on the 2011-2020 Indian ASI dataset, provided by the Ministry of Statistics
and Programme Implementation (MOSPI). Each observation represents a plant and a 5-digit ASICC variety.
The sample is restricted to producers within the machinery, equipment, and parts industry. All variables are
constructed following the methodology of Orr (2022).
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Table A2: Plant-Year Summary Statistics for Machinery, Equipment, and Parts
(41,322 Observations)

Variable Mean Std. Min Max Median
Dev.
Log Labor: [ 9.43 1.66 2.3 15.64 9.37
Log Capital Stock: k;; 16.06 2.43 -7 24.63 16.07
Log Materials: m; 7.7 3.31 -3.22 21.49 7.33
No. of varieties: J;; 1.21 .65 1 10 1
Multiproduct .14 .34 0 1 0

Notes: Calculations are based on the 2011-2020 Indian ASI dataset, provided by the Ministry of Statistics
and Programme Implementation (MOSPI). Each observation represents a plant. The sample is restricted to
producers within the machinery, equipment, and parts industry. All variables are constructed following the
methodology of Orr (2022).
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