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THIS DOCUMENT CORRECTS AN ERROR IN THE CONSTRUCTION OF TWO CONTROL VARI-
ABLES used in Enikolopov, Makarin, and Petrova (2020). While working on a new project
that uses data from Enikolopov, Makarin, and Petrova (2020), it was noticed that the coor-
dinates of 58 out of 625 cities in the sample were incorrect. As a result, two of the control
variables used in the paper—spherical distances to Moscow and Saint Petersburg—were
computed erroneously. Since these control variables were part of the baseline specifica-
tion, the authors feel the need to issue a correction.

In this online corrigendum, we proceed as follows. In Section 1, we describe the issue of
near-multicollinearity that arises once one uses the corrected city coordinates and argue
that the underlying cause is near-multicollinearity rather than a substantive relation be-
tween the instrument and the endogenous variable. In Section 2, we propose alternative
approaches to solve this issue and indicate our preferred correction; all results remain
qualitatively unchanged.

1. THE ISSUE

The initial problem stems from a coding mistake that truncated the coordinates for 58
out of 625 cities in our sample, which led to incorrect calculations of two control vari-
ables: spherical distances to Moscow and Saint Petersburg. Once these distances are re-
calculated using the correct coordinates, they become almost perfectly correlated, with
the correlation coefficient of 0.98. If one uses the corrected control variables in the anal-
ysis, the coefficient for the instrument in a first-stage regression shrinks in magnitude and
becomes not statistically significant (see Table I below, which corresponds to Table I in
Enikolopov, Makarin, and Petrova (2020)). In the original article, the coefficient in col-
umn (5) of Table I was 0.1323 with the effective F-statistics (Olea and Pflueger (2013)) of
10.97 (see column (1) in Table II in the original article). With corrected coordinates, the
coefficient falls to 0.0287 and the effective F-statistics falls to around 0.698 (column (5)
in Table I and column (1) in Table II, respectively). At the same time, the reduced form
results remain similar—see Table II that corresponds to Table SA.I in the Supplemental
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Material to Enikolopov, Makarin, and Petrova (2020). However, the substantially weak-
ened first stage adversely impacts all the subsequent IV-based estimates (see Table III
that corresponds to Table II in Enikolopov, Makarin, and Petrova (2020)).

We believe that the weakened first stage is due to a technical issue of near-multi-
collinearity caused by the inclusion of two almost perfectly correlated control variables
(Farrar and Glauber (1967)) rather than a substantive problem caused by the fact that
controlling for these two variables captures some important relationship between the in-
strument and the endogenous variable.

There are several reasons why we think that this is a technical rather than a substan-
tive issue. First, when one of the authors originally tried to replicate the results with the
corrected spherical distances, the author received an error message about a highly sin-
gular matrix. The estimator started converging only after an overall update to all STATA
packages.

Second, we observe that the Kleibergen–Paap and effective F-statistics for the instru-
ment increase if we mechanically reduce the correlation between the two distances by
adding randomly generated noise to one of these variables.1 Table IV shows that the ef-
fective F-statistics rises from around 0.7 to 10–12, that is, close to the level reported in
Enikolopov, Makarin, and Petrova (2020). Furthermore, Table V shows that the addi-
tion of Gaussian noise restores the baseline results in Enikolopov, Makarin, and Petrova
(2020).

Finally, Table VI shows that the results are very close to those reported in the paper if
one uses only one of the two distances as a control variable, or their average, or the first
principal component of the two variables, or their minimum or maximum—all of which
are the recommendations in the case of near-multicollinearity.

2. PROPOSED ALTERNATIVES

As mentioned in the previous section, one of the natural solutions to the near-
collinearity issue is to leave as a control variable only one of the spherical distances—to
Moscow or Saint Petersburg. The latter option is probably easiest to justify as the VK
founder studied in Saint Petersburg and, thus, distance to Saint Petersburg accounts for
a student’s cost of physically reaching Saint Petersburg State University from his or her
hometown.

Our preferred solution, however, is to replace the spherical distances with the driving
distances to the same two cities.2 There are two reasons for that. First, due to the poor
state of air transportation in Russia at the time, this variable is arguably more likely to cap-
ture the difficulty of getting to Moscow or Saint Petersburg by the students as compared
with the spherical distance initially used in the analysis. The first stage in this specification
is stronger than in Enikolopov, Makarin, and Petrova (2020) (see Tables VII–VIII relative
to Tables I–II in the original manuscript), which might reflect the fact that students indeed
traveled by road rather than by air at that time. In particular, the first-stage coefficient of

1In particular, we add to the distance to Saint Petersburg a Gaussian noise with a mean zero and a standard
deviation varying from 1 to that of the corrected spherical distance variable (1,462).

2To calculate the driving distances, we use information from the website https://perevozka24.ru/rastoyanie.
For the seven cities that are not connected to Moscow and Saint Petersburg (including the three cities in
Yamalo-Nenets autonomous okrug that were connected after the period of analysis), we use an arbitrary high
number calculated as twice the maximum driving distance observed in the sample. The results are robust
to alternative ways of correcting for non-connected cities using different multiples of the maximum driving
distance.

https://perevozka24.ru/rastoyanie
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TABLE IV

DETERMINANTS OF VK PENETRATION IN 2011 (FIRST STAGE REGRESSION). ADDING GAUSSIAN NOISE TO
CITIES’ DISTANCES TO SAINT PETERSBURG.

Log (Number of VK Users), June 2011

Gaussian Noise SD 1 100 500 1000 1462

(1) (2) (3) (4) (5)

Log (SPbSU students), same 5-year cohort as VK
founder

0.0285 0.0621 0.1153 0.1163 0.1222
[0.0400] [0.0409] [0.0482] [0.0495] [0.0483]

Log (SPbSU students), one cohort younger than VK
founder

−0.0397 −0.0335 −0.0355 −0.0290 −0.0303
[0.0322] [0.0333] [0.0335] [0.0327] [0.0329]

Log (SPbSU students), one cohort older than VK
founder

−0.0428 −0.0078 0.0478 0.0564 0.0588
[0.0386] [0.0396] [0.0400] [0.0385] [0.0393]

Regional center 0.1519 0.1752 0.2952 0.3222 0.3034
[0.1292] [0.1254] [0.1170] [0.1157] [0.1198]

Rayon center (county seat) 0.0077 0.0192 0.0445 0.0539 0.0470
[0.0547] [0.0575] [0.0647] [0.0668] [0.0661]

Distance to Saint Petersburg + Gaussian noise, km −0.0008 −0.0005 −0.0001 −0.0000 −0.0000
[0.0001] [0.0001] [0.0000] [0.0000] [0.0000]

Distance to Moscow, km 0.0006 0.0003 −0.0001 −0.0001 −0.0002
[0.0001] [0.0001] [0.0000] [0.0000] [0.0000]

Log (average wage), city-level, 2011 0.3259 0.3894 0.5006 0.5114 0.5116
[0.1269] [0.1221] [0.1185] [0.1188] [0.1186]

Presence of a university in a city, 2011 0.1563 0.1582 0.1155 0.0864 0.1008
[0.0935] [0.0918] [0.0827] [0.0822] [0.0853]

Internet penetration, region-level, 2011 −0.0490 −0.0402 0.0050 0.0055 0.0092
[0.1630] [0.1517] [0.1554] [0.1591] [0.1584]

Log (number of Odnoklassniki users), 2014 0.2378 0.1805 0.1196 0.1107 0.1030
[0.0819] [0.0795] [0.0767] [0.0761] [0.0765]

Ethnic fractionalization, 2010 0.6329 0.5627 0.4232 0.4087 0.4126
[0.2180] [0.2258] [0.2299] [0.2293] [0.2339]

Observations 625 625 625 625 625
R-squared 0.9336 0.9294 0.9252 0.9250 0.9244
Mean of the dependent variable 9.536 9.536 9.536 9.536 9.536
SD of the dependent variable 1.334 1.334 1.334 1.334 1.334
Population controls Yes Yes Yes Yes Yes
Age cohort controls Yes Yes Yes Yes Yes
Education controls Yes Yes Yes Yes Yes
p-value for equality of coefficients for three cohorts 0.318 0.148 0.0277 0.0347 0.0245
p-value for equality of coefficients of Durov’s and

younger cohort
0.143 0.0518 0.0123 0.0155 0.0112

p-value for equality of coefficients of Durov’s and older
cohort

0.261 0.301 0.363 0.411 0.384

Kleibergen–Paap F-stat 0.509 2.297 5.719 5.517 6.396
Effective F-stat (Montiel Olea and Pflueger (2013)) 0.687 3.129 10.885 11.026 12.083

Note: The table shows that a replication issue with Table I from Enikolopov, Makarin, and Petrova (2020) is resolved simply
by adding Gaussian noise with zero mean and sufficient variance to a city’s spherical distance to Saint Petersburg. Table varies the
standard deviation of this Gaussian noise from 1 in column (1) to 1462 in column (5), corresponding to the standard deviation of the
corrected spherical distance variable to Saint Petersburg. Robust standard errors in brackets are adjusted for clusters within regions.
Unit of observation is a city. Logarithm of any variable is calculated with 1 added inside. “Yes” is added to indicate inclusion of a
group of controls. Population controls correspond to a 5th polynomial of city population. Age cohort controls include the number of
people aged 20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50 and older years, in each city according to 2010 Russian Census. Education
controls include the share of population with higher education overall according to 2002 Russian Census and separately in each of the
age cohorts according to 2010 Russian Census, to account for both the levels and the change in education.
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0.1323 in column (5) of Table I of the original article increases to 0.1415 in column (5) of
Table VII, and the effective F-statistics increases from 10.97 in column (1) of Table II in
the original article to 14.41 in column (1) of Table VIII.

Second, this approach minimizes the difference with the published paper since it only
changes the definition of the distance variables used in the analysis and not their compo-
sition.

Results that use driving distances to Moscow and Saint Petersburg as the control vari-
ables are very close to the results reported in Enikolopov, Makarin, and Petrova (2020)
both in terms of magnitudes and their statistical significance (see Tables VII–X below).3
For example, the coefficient for the effect of the number of VK users on the incidence
of protests reduces from 0.466 in the original paper (see column (1) of Table II) to 0.430
(see column (1) in Table VIII) and remains statistically significant. The coefficient for
the effect on Voting for Putin in the 2012 elections decreases from 0.152 (see column
(1) in Table III in the original paper) to 0.100 (see column (1) in Table IX) but remains
statistically significant.

The results are also robust to controlling for inaccessible city indicators, as well as indi-
cators for accessible but remote cities located in the Far East, Siberia, and North Cauca-
sus.

3. CONCLUSION

In this corrigendum, we identify the mistake in the calculation of the two control vari-
ables in Enikolopov, Makarin, and Petrova (2020)—the distances to Moscow and Saint
Petersburg—that causes the problem of near-multicollinearity. Our preferred correction
is to use the driving distances to Moscow and Saint Petersburg instead of the spheri-
cal distances. The results using the driving distances to Moscow and Saint Petersburg as
the control variables are very close to the results reported in Enikolopov, Makarin, and
Petrova (2020) both in terms of magnitudes and their statistical significance.
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