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A comment on “Climate Change and Labor
Reallocation: Evidence from Six Decades of
the Indian Census™

John Iselin, Sean McCulloch, Erica Ryan
October 1, 2024

Abstract

Liu et al. (2023) examines the effect of climate change on labor allocation
in India over a long time span. The authors find that rising temperatures
are correlated with lower shares of workers in non agricultural sectors. They
also identify a likely mechanism: falling agricultural productivity leads to
a reduction in demand for non-agricultural goods or services, leading to a
reduction in labor demand in non-agricultural sectors. We undertake a re-
production and extension of Liu et al. (2023), and find that we are able to
computationally reproduce all the numbers produced by the authors up to
marginal differences in the calculation of standard errors. We describe a set
of data issues that hindered full reproduction of the original dataset, and,
in one case, contradicts a claim of data availability made by the authors.
Finally, we test the robustness of the main results to a more consistent use
of fixed effects and the use of Poisson regression, following Chen and Roth
(2024). The Poisson regression approach does not alter the results, but in
several of the new fixed effects specifications the author’s original results are
less conclusive and lose statistical significance.

*Authors: Iselin: University of Maryland, College Park. E-mail: jiselin@umd.edu. McCulloch:
Brown University. E-mail: sean_mcculloch@brown.edu. Ryan: University of Maryland, College
Park. E-mail: emryan@umd.edu.
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1 Introduction

Liu et al. (2023) henceforth LST, investigate the impact of rising temperatures on
labor reallocation in India. In the context of developing economies, there are often
large gaps in productivity between different parts of the economy. The authors
note two particular examples: the gap between agricultural and non-agricultural
sectors, and the gap between urban and rural areas. Given these gaps, movement
between sectors or areas could lead to substantial productivity gains. The authors
ask whether rising temperatures impact this reallocation, with a particular focus
on "medium- to long-term climate variations, which capture adaptation or inten-
sification effects more accurately than short-term weather fluctuations.” In other
words, the authors believe that their approach can more effectively capture effects
of climate shifts that look like climate change.

The authors use a district-level panel of weather, Census, and survey data from
1961 through 2011. This includes measures of worker shares across sectors, rates of
within-district migration between rural and urban areas, and rates of urbanization,
as well as measures of precipitation and temperature that span the 10-years pre-
ceding any given census or survey period, designed to capture the long-term effects
the authors are interested in. They use two primary methods: a panel fixed-effect
model, identified off variation in decade-to-decade temperature and precipitation
within a given district (including region-time controls), and a long-difference model,
identified off of long-term changes in weather patterns over the entire length of the
panel. They find that higher temperatures do appear to reduce the transition from
agricultural to non-agricultural sectors, with no matching change in the share of
the population living in urban areas. Their results indicate that a 1 degree Celsius
increase in temperature leads to a 17 percent increase in the share of the labor force
that is in the agricultural sector and an 8.2 percent drop in the share that is in
non-agriculture. They also identify a likely mechanism: higher temperatures leads
to a reduction in agricultural productivity, reducing demand for non-agricultural
goods, thereby reducing labor demand in the non-agricultural sector.

In the present report prepared for the Institute for Replication (Brodeur et al.
2024), we investigate whether their analytical results are computationally repro-

ducible, describe select issues with data availability, and test the robustness of their
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results to: (1) using a more consistent set of fixed effects and (2) using a Pois-
son regression approach to assess the effect of climate on migration. We were able
to successfully reproduce LST’s results in tables 1 through 6, with one exception.
The Conley standard errors in our reproduction, produced using the reg2hdfespatial
Stata command, are close but not identical to those reported in the original paper,
as shown in Table 2. This issue emerges - we suspect, from using the updated
version of the ado file available online, rather than the older version used by the
authors (which is included in the replication package but is no longer available at
the provided link). We are able to perfectly replicate the Conley standard errors
using the version of the ado file provided in the replication package, as shown in
Table 3.

We make two modifications to the paper as presented by LST. First, Tables 2,
4, 5 and 6 (their district-year panel specifications) do not utilize a consistent set
of fixed effects. While in all regression results they include district and year FEs,
in Tables 2 and 4 they include specifications with region-year linear trends and
region-year fixed effects, while in Tables 5 and 6 they include specifications with
region-year linear trends and state-year linear trends. This change corresponds
with the shift from Census data to Survey data, but to our knowledge the authors
do not justify this change in the article. We report results for Table 2 with all
three specifications included (see Table 3). We find that the inclusion of state-
year linear trends reduces the magnitude and statistical significance of the effect
of temperature on the agricultural and non-agricultural labor shares: by over half
for the former. The effect of temperature on urbanization almost quadruples, and
becomes statistically significant, but the effects on migration do not change. These
results imply that the variation the authors are relying on for their estimates persists
when controlling for region-specific trends, but not for state-specific trends.

Second, the authors specify migration as the log of the migration share In Y., =
In(0.01 4 Yj4), to account for 0s. Following Chen and Roth (2024), we reproduce
the migration results in Table 2 using Poisson regression, as shown in Table 4.
We find that the sign of the coefficients on temperature change, switching from
negative to positive (of a similar magnitude) but the results remain statistically

indistinguishable from 0.
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2 Computational Reproducibility

To computationally reproduce the analysis in Liu et al. (2023), we used the repli-
cation package provided by the authors.! The package includes most, but not all,
of the required data - the Census files for 2001 and 2011 are held on a separate
Dropbox, located here. The package includes all of the code required to produce
both the analysis dataset and the results in the published paper. It also includes
two ado files that cannot be downloaded directly via ssc install via Stata. We were
able to reproduce the analysis in the paper from the raw data, with some small

exceptions, which will be discussed below. See Table 1 for details.

2.1 Data Issues

We describe in this section a set of minor errors in either coding or data cleaning
that we uncovered while reproducing the study. These were, by and large, minor
and rarely resulted in a deviation from the results presented in the paper. Rather,
they either required minor changes to make the code run (ex. variables stored as
strings when the code refers to them as integers) or reflect some difficulty in our
ability to reconstruct the raw data as provided.

First, after downloading the 2001 and 2011 Census files stored on the separate
Dropbox, we noticed that the variables in the dataset udir.dta are all stored as
strings. This results in the do-file Ist-dm-01c-make_pca_2001_2011.do breaking when
the resulting state identifiers are merged onto the 2001 and 2011 Census files. This
was easily fixed by modifying the code to update the variables to numeric.

Second, in the final analysis file Ist_analysis_PCA288.dta, there is one district-
year observation (Andaman and Nicobar Islands in 1961) with a negative agricul-
tural labor share. This is because the value for total population is stored as 0,
resulting in the denominator of the share variable being a negative number (see line
124 in the do-file Ist-dm-05a-create-Ist_analysis_PCA288.do). However, this does
not impact the main analysis, as the impacted district is dropped in the balanced
panel.

Third, there were several broken links in the ReadMe file of the replication

package, which are enumerated below:

1See https://www.openicpsr.org/openicpsr/project/150441 /version/V1/view.


https://www.dropbox.com/scl/fo/2fs7sd1pqfnt7eufw5be8/h?rlkey=98k4dxl67w1385xfe9ypllcap
https://www.openicpsr.org/openicpsr/project/150441/version/V1/view
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On page 1, the link to the Conley spatial HAC standard errors ADO file.

On pages 2 and 7, the link to the authors’ website.

On pages 2, 7, and 8 the link to the Census of India’s Website.

On page 7 the link to the SAS commands used to create the data dictionary

for Vanneman’s data.

On page 9 the link to the VDSA data.

e On page 9 the links to Willmott and Matsuura (2014).

Fourth, the authors claim that data from the 1971 Census on the share of male
population who are rural-to-urban intra-district migrants are unavailable. This is
consistent with the raw data provided by Vanneman and Barnes (2000), which is
the source file used by Liu et al. (2023). However, we were able to locate a set of
PDFs with the missing data, accessible via the Census of India Catalog. For the
1971 Census, the required data is available at the district level, but is stored in
state-level PDFs. Due to time constraints, we have not put together the data, but
the data are available.?

We also experienced the following additional issues when trying to download the

raw source data from the original sources:

e PCA: 2001 - 2011: pca_census_01_india.dta, pca_censusl1_india.dta, and udir.dta
are only available through their dropbox, so we were not able to replicate
these data files from the relevant raw source data. For the other files sourced
through the census we were able to download all files and confirm they match

the supplied raw data.

e PCA: Crosswalk and Map: We were not able to find the Administrative Atlas

of India on the Indian Census website.

e NSS - CES: The files downloaded directly from the website are not stored in
the same file format as the supplied raw data. As a result, we were not able

to confirm that the source data matches the raw data provided.

2To find, use the document search option, search for Migration tables, Part II-D, and limit
the search to the 1971 Census. The series number should vary across states. The following link is
to the example file for the Punjab.


https://censusindia.gov.in/
https://censusindia.gov.in/nada/index.php/catalog/30296
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e NSS - EMP: Similar to the CES data, the source data from the website are
not stored in the same file format as the supplied raw data. As a result, we

were not able to confirm that the source data matches the raw data provided.

e VDSA: The data available on the website are at subject /district level, whereas
the raw data available in the replication package is aggregated into a single

data file. As a result, we were not able to confirm the validity of this data set.

e EOPP: This data was easy to navigate, but the ReadMe file was not clear on
which file to download. We were able to verify which file to download after

checking the files available in the replication package.

e RBI: The link provided takes you to a 200+ page pdf file. The provided data
in the replication package is an excel file, with no instructions on how they
coded the data from the pdf. As a result, we were unable to verify the raw

source data.

2.2 Pre-analysis Plan

The authors did not register a pre-analysis plan.
3 Robustness Reproduction

We chose to test the robustness of the results in two ways. First, we reproduce
Tables 2 and 5 using the full set of region or state fixed effects and linear trends.
Second, we replicate the results in Table 2 for the migration outcome variable using
a Poisson regression, to avoid the issues raised by Chen and Roth (2024). The
decision to test the use of Poisson regression as a robustness check was made after
reading the paper but prior to observing the code and data, while the choice to
test using region or state fixed effects and linear trends was made during the review

process.

3.1 Region and State Fixed Effects and Linear Trends

In tables 2 and 4 of LST, the authors present alternative estimates including region-

year trends versus region-year fixed effects. In tables 5 and 6, the authors present
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alternative estimates including region-year trends versus state-year trends. It is
unclear why the authors did not include a consistent set of alternative specifica-
tions throughout all the tables, e.g. either region-year trends and region-year FE
throughout or region-year trends and state-year trends throughout.

We reproduce Table 2 in LST with additional specifications that include state-
year trends so results under all three sets of controls are presented. The results of
this extension are presented in Table 3. We use the exact final analysis data file
that was used to create Table 2 of Liu et al. (2023). Columns 1, 3, 4, 6, 7, 9, 10, and
12 perfectly replicate the results of Table 2. The remaining columns (2, 5, 8, and
11) add to the results the specification with state-specific linear trends. For these
specifications, the estimates have similar patterns qualitatively for agricultural and
nonagricultural labor share but are significantly smaller in magnitude compared to
the estimates reported in the paper (e.g., 0.18 versus 0.06 for agricultural labor
share). These estimates are no longer statistically significant at conventional levels.
On the other hand, there is a larger, negative coefficient for the urbanization rate
when controlling for state-year trends which is statistically significant at the 5%

level.

3.2 Poisson regression

The results of this extension are presented in Table 4. We use the exact final
analysis data file that was used to create Table 2 of Liu et al. (2023). Columns
1 and 2 replicate perfectly columns 7 and 8 of that table, with the exceptions
of the Conley standard errors. Columns 3 and 4 report the results of the exact
same specifications, but run using a Poisson regression. The observation count
is different due to the ppmlhdfe command in Stata dropping five observations as
either singletons or separated by a fixed effect. In the Poisson regression, the sign
on the temperature results switches, but is statistically indistinguishable from 0.
The results imply that a 10 percent increase in Temperature increases the rate
of rural to urban migration rate by approximately 1.6 percent, though these new

results do not rule out a null effect.
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4 Conclusion

We replicated the "Climate Change and Labor Reallocation: Evidence from Six
Decades of the Indian Census.” We found up to very minor coding errors and differ-
ences in the calculation of standard errors that all results could be replicated from
the provided data.

Reproducing the raw data was challenging, largely due to outdated links and
changing file structure. However, what raw data we were able to reproduce matched
the provided raw data exactly or the authors’ description of any data changes. It
is worth noting that future work could extend this analysis using data on rural-to-
urban migration from the 1970s Census not utilized by the authors.

We pursued two robustness checks. First, we tested the log outcome variables
using a Poisson regression. We found that results using these specifications were
similar, measuring a null effect. Second, we estimated the coefficients in table 2
of LST under additional specifications that control for state-by-year linear trends,
which were included as controls in other tables presented in the paper, but omit-
ted from the main results. We found results were sensitive to the sets of region-
or state-level fixed effects or linear trends included. In particular, the coefficient
estimates on labor sector allocation decreased significantly in magnitude while re-
maining similar qualitatively when using state-level linear trends, as opposed to the
regional-level controls included by the authors. While not compiled in this report,
future replication efforts could focus on reproducing the other tables in LST with

all three sets of controls.

10
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5 Tables

Table 1: Replication Package Contents and Reproducibility

Replication Package Item Fully Partial No
Raw data provided v

Analysis data provided v

Cleaning code provided v

Analysis code provided v

Reproducible from raw data v

Reproducible from analysis data v

Notes: This table summarizes the replication package contents contained in Liu et al. (2023). The
asterisk on the reproducible from Raw data denotes the minor required changes to the raw files
provided.

12
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Table 4: Migration Results with OLS and Poisson Regression

4R DP No. 180

OLS Poisson
(1) (2) (3) (4)
Temperature -0.0126 -0.0176 0.1587 0.1636
(0.0588) (0.0638) (0.1563) (0.1636)
(p: 0.830) (p: 0.783) (p: 0.310) (p: 0.317)
Precipitation -0.0160 -0.0004 -0.0486 0.0218
(0.0504) (0.0582) (0.1198) (0.1283)
(p: 0.750) (p: 0.995) (p: 0.685) (p: 0.865)
Region-year trends Yes No Yes No
Region-year fixed effects No Yes No Yes
Observations 1350 1350 1345 1345

Notes: Columns (1) and (2) replicate Columns (7) and (8) of Liu et al. (2023) Table 2. Columns
(3) and (4) usethe ppmlhdfe Stata command to run a Poisson pseudo-likelihood regression. Each
model includes fixed effects for year and district. Standard errors clustered at the district level in

parentheses, with p-values below each.
*p<0.10, ** p < 0.05, *** p < 0.01
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