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Abstract

In this paper we document the negative link between cities' age and

their average wage in Russian dataset. This link is persistent after control-

ling for geographical, demographic, economic, and environmental factors

as well as for various years. This link is revealed especially for cities

founded after the Soviet industrialization and for upper quantiles of cities

by their average wages. The established fact is used for discussion of a

number of hy-potheses as to spatial patterns of economic performance.

It weighs against the increasing return hypothesis, in-stitutional hypoth-

esis and simple geographical hypothesis. At the same time, it is basi-

cally in line with the so-phisticated geographical hypothesis. Speci�cally,

changing spatial patterns of wage di�erentials are explained by changing

importance of natural resources and their proven deposits.

1 Introduction

Russian territories display a kind of the reversal of fortune. While ancient and
famous Russian cities are rela-tively poor ones, those founded just a few decades
ago are relatively rich and frequently the most �ourishing cities. The youngest
Russian cities in 2011 were only seven years old while age of the most ancient
ones was well above a thousand years. The latter include such historically no-
torious cities of ancient Rus' as Veliky Novgorod, Smolensk, Pskov, Rostov,
Vladimir, Bryansk, Belozersk, and Murom, being these not in ruins; quite op-
posite, they are living cities and even relatively densely populated ones. Nev-
ertheless, they are much poorer than many adolescent cities. Average wage in
�ve youngest cities in Russia is more than twice as much as that in �ve oldest
ones is.

Though the most ancient cities are much poorer than the youngest cities,
the inverse link between the age and wage occurred less than a century ago,
viz. since initiation of the Soviet industrialization in 1930. More than a halve
of existing Russian cities were found after 1930, and it is these cities show up
this negative association.
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Figure 1: Log wage rank and log wage in 1991 and 2011

It is worth noting also that cross-cities gaps in average wage have become
more since the beginning of the post-communist era. One of the measures of
cross-regional wage gaps can be a slope coe�cient in the �Zipf's regression� for
average regional wage. Di�erence in the slope coe�cients between the respective
regressions for 1991 and 2011 is illustrated in the Figure 1.

The increased regional inequality in average wage coupled with the men-
tioned link implies that role of the age in making of the cross-cities income
distribution has signi�cantly increased during the post-communist period.

Such a pattern of income distribution across the cities can be informative for
the ongoing debate con-cerning the forces behind spatial allocation of economic
activities and their results. The agenda here includes questions such as why
economic activity is unevenly distributed across space in terms of its intensity
and results (Combes et al. 2008); or, more speci�cally, issues of interregional
inequality between and within countries in terms of average wage (or per capita
income) (Acemoglu et al. 2012), and di�erences across time periods in terms of
interregional inequalities in average wage.

Why the mentioned empirical regularity is of interest for a number of eco-
nomics �elds is that it can help to distinguish between, at least, some hypotheses
explaining spatial economic patterns. For all that, data on Rus-sian cities for
the post-communist era, given the stronger associations between the age and
wage, can make it easier to test the respective hypotheses.

One of these hypotheses will be termed here increasing returns hypothesis
(IR) after Davis and Weinstein (2002). This hypothesis implies, inter alia,

2



that a bigger region in terms of population size and/or density ceteris paribus
is to be richer due to agglomeration forces such as home market e�ect and
market potential. Hence, this hypothesis can be reconciled with the mentioned
link provided the age is turned out to be inversely linked with the respective
population measures.

Another hypothesis termed here after Acemoglu et al. (2002) the institutions
hypothesis (IH) explains unevenly distributed incomes across space by unequal
quality of institutions in various locations. Then when it comes to current
Russian pattern of spatial income distribution one should imply that younger
cities tend to have better institutions.

A hypothesis from the �eld of international trade termed here the `new new'
trade hypothesis (NNT) originated in work of Melitz (2003). The underlying
theory highlights an additional gain from the free trade re-lated to a �ercer
competition between �rms di�ered from each other by their productivity. The
premise of the model is the empirical evidence that exporting �rms and, even
more, those investing abroad tend to be more productive comparatively to those
failing to export and/or investing abroad. The implication of such a di�erence
between exporting and not exporting �rms is that the more share of export in
a region's output, the higher is to be its average productivity. If this is the case
in Russian regions younger regions are to have more share of exporting �rms
and, what is crucially important, average regional productivity is to be inversely
linked with the age.

Other two hypotheses are simple and sophisticated versions of the geography
hypothesis (Acemoglu et. al. 2002). According to the former version (LF) also
termed locational fundamentals hypothesis in Davis and Weinstein (2002), what
is the key factor in making spatial income distribution is inherent time-invariant
geo-graphical features of various locations, which circumscribe their comparative
economic potential. With respect to the presented link between the age and
wage, this hypothesis would be supported given that younger cities had more
bene�cial time-invariant characteristics than those endowed by older cities.

The sophisticated geography hypothesis (SG) di�ers from the LF just by
treating key geographical fea-tures for comparative regional incomes as time-
variant ones. Thus, like the LF, the SG posits that geographical characteristics
are major force in making spatial income distribution, but their signi�cance
changes with time. The SG would be in line with the established pattern if
there were a negative link between the age and time-variant geographical fea-
tures. In case of Russia, an obvious candidate of such a time-variant feature is
the re-source deposits. Within long historical horizon, an economic signi�cance
of resource endowments depends on a stage of technological development, while
for a short period the importance of a place may grow sharply owing to just
revealing resource deposits or may rapidly fall, as the resources grow exhausted.

Two related questions are to be addressed in light of the established pat-
tern and the listed hypotheses. The �rst one is how important is the age as
a determinant of cities characteristics which are given the crucial role in the
listed hypotheses? In other words, we are interested in the link between the age
and measures of pop-ulation, institutions, productivity, and time-invariant and
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time-variant geographical features.
The second question is how these features change with time for cities di�ered

by their age? Why this question is important here is because of the locality of
the inverse link meaning that the most intense link takes place for younger cities.
The younger a city, the faster the relative growth of its age year to year, and
current dynamics may re�ect relative aging of the cities, and such a localization
of the link implies that year-to-year aging may a�ect younger cities more. An
additional year of age may heavily matter for subsample of cities of not over than
�fty while not being so important for subsample of older cities or for the whole
sample. Then a hypothesis would be supported by such a link between the age
and average wage if the implied determinant of the spatial income distribution
did replicate this link with average wage. That is the way we are going to test
these hypotheses against each other on Russian data.

2 Data sources and description

Data on Russian cities are published by the Rosstat in under rubric �Economika
gorodov Rossii�. The dataset contains sample of all Russian locations given
an o�cial city status. The sample size is 1097. The actual sample size varies
depending on variables used in the regression analysis.

Another dataset published by the Rosstat is �Regions of Russia 2011�. This
dataset contains various data on all 82 Russia regions which is absent in dataset
on the cities. Thus, it can be helpful when checking relevance of some variables
as proxies as well as for robustness checks.

Finally, we use data on geographical coordinates from Bariev (2007) exclud-
ing 97 items, which are from Internet maps.

Our main interest variable is the age of the cities. This was generated as 2011
� founded, where the �rst term is the latest year for which the data are available,
and founded is a date on which a city was founded or, if it had been previously
founded as a village, a date when it was given a city status. In the sample, for
the 22 ancient Prussian cities of Kaliningradskaya oblast, such as Königsberg or
Gumbinnen (the Soviet names are Kaliningrad and Gusev, respectively), there
are available two dates � that of foundation and that of giving the Soviet name.
In these cases, we used the dates of foundation on the consideration that their
renaming after the World War II did not change fundamentally their nature as
cities that they had long before the war.

There are also 32 cities for which dates of foundation and giving a city status
are available in which cases we used the former dates. One of our considerations
here is that formal giving a city status on the part of the Russian or Soviet state,
as a rule, did not involve fundamental change of a nature of the respective
locality which is not the case when it comes to a locality's foundation. In other
words, we believe that at least in most cases foundation of a locality that later
was transformed into a city is a much more important starting point for it than
change of its formal status.

Based on the dataset we constructed four age variables: �rst one is for a city
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status, the second is for the city origin, and the other two more rude dates in
which the �rst two are occasionally merged. Though, for the purpuses of our
analysis, the �rst age variable is most relevant, the other dates are used for the
robustness check.

Our second consideration is related to actually restricted data on the dates.
That for only 32 cities in our dataset there are date of foundation and that
of changing status does not necessarily mean that all the rest more than a
thousand localities were founded and given a city status on the same dates
(some evidence that it is so). Finally, for some localities there may be still other
landmarks other than foundation and getting a formal city such as the �rst
mention in historical records, getting a district center, or renaming in which
cases one would be uncertain what date to use. Obvious decision here is to use
such a date that is at hand for all the cities which is the earliest of all the dates.
That is just what we used. Almost for all the cities, the earliest available date
is a date of the foundation, being the exceptions dates of the �rst mention the
most notorious example of which is 1147 for Moscow.

Our main dependent variable is a city's average nominal wage. We use this
variable rather than urban per capita income or real average wage because nei-
ther the former variable, nor price of the basket are available in the dataset.
At the same time, it is a common practice in empirical studies to use nominal
wage as a proxy for per capita income. That nominal wage is a good proxy on
Russian data can be seen if one examines the respective variables on Regions
of Russia (2011). Pierson's correlation and Spearman's rank correlation coef-
�cients of nominal wage and gross regional income for 2009 are 0.88 and 0.87,
respectively.

Similarly, using nominal wages rather than real ones is not to make any
di�erence in our results. Price index itself is treated in literature as an indica-
tor of a locality's welfare. At the same time, the matter of inter-est for us is
cross-cities income di�erences, and cross-cities di�erences in price index do not
o�set the nominal incomes gaps. It can be seen if one checks the coe�cients
of variation and respective correlations in the dataset on Russian regions. The
coe�cients of variation for average wage and price index in 2010 are 0.46 and
0.20, respectively, and Pierson's and Spearman's correlation coe�cients of nom-
inal wage and real wage for 2010 are 0.92 and 0.94, respectively. What makes
de�ating our nominal wages is lowering its variation. In this case the coe�cients
of variation for the real wage is 0.25 instead of 0.46 for the nominal wage, but
the spatial distribution remains basically the same. As for dynamic regressions
in which in�ation can be a major compounding factor, it can be captured by a
trend variable.

Summary statistics and kernel density plots for the age of the cities and
city's average wage are presented in Table 1 and Figures 1 and 2.

The distribution quantiles for the age in conjunction with range of this vari-
able reveal a distinctive pattern as for Russian urban history, viz. a rapid
speed-up of quantity of the cities in the modern era. We see that during about
a thousand years there occurred only ten percent of still existing Russian cities
versus the rest 90 percent that occurred since 1431, i.e. slightly earlier than the
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Table 1: Summary statistics 2011
n mean p50 p10 p90 sd min max

1st age variable 1,071 288.2 206 62 697 277.9 11 2,561
2st age variable 1,071 181.1 75 39 459 220.1 6 1,444
3st age variable 1,053 194.9 76 37 542 238.3 7 1,572
4st age variable 1,053 199.4 79 39 580 240.0 7 1,572

Figure 2: Quantile of a foundation year versus year of a city's foundation
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conventional beginning of the modern history. The median value for the age
highlights the fact that half of the existing Russian cities were founded or given
the city status after beginning the Soviet industrialization initiated under Stalin
in 1930. Finally, one can see that since 1972 until 2011 there were created as
many cities as for roughly a millennium lasted for 439-1431. This exponential
urban growth is depicted in Figure 3.

We see on the Figure 3 that there were two periods of extremely rapid urban
growth. One occurs under Catherine the Great and roughly concurs with the
beginning of the Industrial Revolution in the Great Britain, i.e. approximately
during 1775-1795. Another such a growth begins approximately after the Rus-
sian revolutions in 1917 and speeds up after 1930. Such a rapid urban growth
is still at place, though in the post-Communist period it somewhat slows down.
Thus, urban growth in Russian history, as a whole, followed a pattern similar
to that for many currently developed countries: slow growth after the rise of
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Table 2: Summary statistics 2011
Wage N mean p50 p10 p90 sd min max

1991 944 0.572 0.515 0.415 0.779 0.276 0.236 6.760
2001 1,054 2,888 2,398 1,448 4,500 1,979 844 17,012
2008 1,057 14,565 12,652 8,387 22,504 7,133 4,915 80,299
2011 1,054 19,867 17,325 11,926 30,708 9,096 7,957 72,551

Figure 3: Histogram and kernel density plots of the wage
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Russian state; its continuous accelera-tion in the early modern times; and its
extreme speed-up in the Industrial era that in Russia actually launched twice
in its history. The histograms reveal heavy right tails in distributions of the age
and average wage. Thus, though there are relatively very old and rich cities the
most typical ages and wages are relatively low. Except for the our main interest
variables we use an extensive set of control variables a part of which is used as
depending and/or interest ones for testing the hypotheses. Their comprehensive
list is presented Table 3.
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Table 3: Variables de�nition and available years in the dataset
Geographical controls years

log latitude
log longitude
log (1+distance to a nearest railroad station in km.) 2011
log (1+distance to a nearest dock in km.) 2011
Social and demographical controls

log population size 1991-2011 (excl. 2002)
population density 1991-2011
net migration 1991-2011 (excl. 2002)
labor to population ratio 1991-2011 (excl. 2002)
students to population ratio 1991-2011 (excl. 2002)
doctors to population ratio 1991-2011 (excl. 2002)
Economic controls

air discharge from stationary sources to area 1991-2011 (excl. 2002)
�rms to all organizations ratio 1997-2011
big �rms to all �rms ratio 1997-2004
unemployment 2001-2011 (excl. 2002)
Industrial controls

coal output to labor ratio 1991-2011
fuel resources output to labor ratio 1991-2009
extractive output to labor ratio 2005-2011
manufacturing output to labor ratio 2005-2011
electricity, gas, and water distribution to labor ratio 2005-2011
coal output to labor ratio 1991-2011
oil output to labor ratio 1991-1996
gas output to labor ratio 1991-1996
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3 Link between log cities' ages and their log av-

erage wages for 2011 cross-section

3.1 The link with various controls

This section presents the link that is our main starting point in discussion of
the hypotheses as to spatial patterns of economic activities and results. This
link is a result we obtain when estimating the following mean regression:

E(logw|X1,X2)= X1α1 +X2α2 + ε (1)

where w is a city's average wage, X1 is a vector containing an intercept and
logarithm of a city's age which is our interest variable, X2 denotes a vector of
controlling variables. All variables are for 2011. The latter include geographical,
demographical, economic, environmental, and institutional controls. Their list
and de�nitions are presented in Table 3. Their combination used for estimation
di�ers from one speci�cation to another.

To make sure of robustness of the established link, we have obtained OLS
estimates of the coe�cients in (1) within various speci�cations di�ered from
each other by their combination of control variables. The results are presented
in Table 4.

Here we see that our interest link remains highly signi�cant one. In all cases,
whatever controls are included, a negative link between average wage and the
age takes place; and this link is statistically signi�cant at 0.1 per-cent level.

The results for the controls are worth attention as well. Speci�cally, average
wage is, ceteris paribus, higher towards north and east directions. Proximity
to docks, but not to railroad, matters which is likely to re-�ect importance of
water communications for comparative economic performance of Russian cities.
Almost all demographical controls matters, such as log population size, net mi-
gration, and density as well as composition of population with respect to relative
shares of able-bodied people (labor), �rms (capital owners), and students (hu-
man capital owners proxied by the prospective owners). Finally, signi�cantly
positive is the discharge varia-ble re�ecting both role of size of a city and inten-
sity of its productive activity and tra�c.

9



Table 4: Base-line regression 2011. Depvar - log wage

Base-line
regression

+ a number
of controls

+ industrial
controls

2nd age
variable

3rd age
variable

4th age
variable

Age

1st age variable (log) -0.0940*** -0.0465*** -0.0296***
[0.0115] [0.0070] [0.0069]

2nd age variable (log) -0.0439***
[0.0074]

3rd age variable (log) -0.0287***
[0.0066]

4th age variable (log) -0.0290***
[0.0066]

Geographical controls

Latitude divided by 90 1.4376*** 1.4061*** 1.3992*** 1.4786*** 1.4777***
[0.4322] [0.4401] [0.4358] [0.4476] [0.4475]

Longitude divided by 180 -0.3567* -0.4233** -0.4381** -0.4376** -0.4246**
[0.1855] [0.1768] [0.1750] [0.1805] [0.1806]

Log dist. to nearest
station

-0.0011 -0.0031 -0.0033 -0.0040 -0.0038

[0.0034] [0.0034] [0.0034] [0.0034] [0.0034]
Log dist. to a nearest

dock
0.0016 0.0015 0.0012 0.0015 0.0014

[0.0034] [0.0031] [0.0031] [0.0032] [0.0032]
Social controls

1
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log pop. size 2011 0.0604*** 0.0529*** 0.0508*** 0.0532*** 0.0536***
[0.0083] [0.0085] [0.0083] [0.0086] [0.0086]

Population density 2011 0.0000 0.0003 0.0004 0.0004 0.0004
[0.0006] [0.0006] [0.0006] [0.0006] [0.0006]

Rel. net migration 2011 -0.3044 0.6671 0.7058 0.6907 0.6857
[0.4630] [0.4495] [0.4453] [0.4589] [0.4588]

Rel. num. workers 2011 1.4829*** 1.1756*** 1.1231*** 1.1534*** 1.1523***
[0.2387] [0.2382] [0.2363] [0.2422] [0.2422]

Rel. num. students 2011 -0.0456 0.0364 0.0487 -0.0474 -0.0544
[0.2770] [0.2581] [0.2537] [0.2584] [0.2581]

Rel. num. doctors 2011 10.8902*** 11.9148*** 13.4762*** 12.7710*** 12.7658***
[3.4673] [3.7169] [3.7026] [3.7781] [3.7766]

Economic controls

Rel. num. �rms 2011 0.3598*** 0.2815*** 0.2815*** 0.2787*** 0.2783***
[0.0892] [0.0856] [0.0846] [0.0866] [0.0865]

Indust. concentration
2004

-0.5236*** -0.3530* -0.3830** -0.3622* -0.3596*

[0.1869] [0.1895] [0.1875] [0.1942] [0.1942]
Rel. unemployment 2011 -0.8877*** -0.8501** -0.8256** -0.9068** -0.9063**

[0.3079] [0.3960] [0.3924] [0.4011] [0.4010]
Rel. air pollutions 2011 10.1052*** 3.1922 2.1954 3.2396 3.2470

[1.9209] [1.9465] [1.9419] [2.0677] [2.0672]
Industrial controls

Rel. extractive output
2011

0.0000** 0.0000*** 0.0000** 0.0000**

[0.0000] [0.0000] [0.0000] [0.0000]

1
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Rel. energy output 2011 0.0004*** 0.0004*** 0.0004*** 0.0004***
[0.0000] [0.0000] [0.0000] [0.0000]

Rel. manufacturing
output 2011

0.0001*** 0.0001*** 0.0001*** 0.0001***

[0.0000] [0.0000] [0.0000] [0.0000]
Rel. coal extracted 2011 0.4768** 0.4768** 0.4818** 0.4810**

[0.2028] [0.2009] [0.2041] [0.2041]
OilGas 0.0317 0.0285 0.0320 0.0318

[0.0222] [0.0220] [0.0236] [0.0236]
oilproc_lab2011 0.0484 0.1112 0.0847 0.0397

[0.1885] [0.1870] [0.1903] [0.1901]
AR(1) Spatial Lag 0.3268*** 0.2865*** 0.2938*** 0.2826*** 0.2832***

[0.0510] [0.0476] [0.0470] [0.0482] [0.0481]

Observations 1,054 887 805 805 786 786
Regional FE No Yes Yes Yes Yes Yes
R-squared adj. 0.0613

R-squared adj. (Buse
1973)

0.823 0.852 0.854 0.852 0.852

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

1
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Table 5: Base-line quantile regressions
OLS QR10 QR50 QR90

1st age variable (log) -0.0940*** -0.0186** -0.0804*** -0.1739***
[0.0115] [0.0094] [0.0138] [0.0311]

Constant 3.3486*** 2.5623*** 3.2379*** 4.2572***
[0.0582] [0.0451] [0.0659] [0.1478]

Observations 1,054 1,054 1,054 1,054
R-squared 0.0622

Pseudo R-squared 0.0025 0.0171 0.0833
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

3.2 Localization of the link in the distribution quantile

and time

To clarify the pattern of the association, one should localize it in wage quantiles
and relative ages. To this end, �rst estimate various regressions given by

qα(logw|X1)= X1β1 + ε

where qα is a quantile of log wage, and α is its level. We have estimated
this regression for the three quantile levels with the results presented in Table 5.
We see that higher quantile levels of the wage variable display mach more close
negative association with the age. This is shown up not only in higher absolute
values of the coe�cients, but in higher pseudo R-squared as well which implies
that the age explains mach more variation of the log wage when relatively rich
cities are concerned.

The results in Table 2 reveal highly signi�cant (on the 0.1% level for 1-3
speci�cations) negative link between cities' age and wage.

The result of the OLS estimation is somewhat higher than that for the
QR50 which is likely to be explained by outliers which do not a�ect the median
regression, but do a�ect the mean regression. More interestingly, the coe�cient
for 0.9 quantile is almost twice as much as that for the mean while the result for
the 0.1 quantile is insigni�cant. Thus, the negative link is the more intensive,
the higher the distribution quantile for the urban wages, and it vanishes when it
comes to quite low quantiles. This pattern of behavior of the data is illustrated
in following two graphs.

The speci�cation with only one regressor was estimated by OLS, quantile
regression with 0.5, 0.9, and 0.1 quantiles. The results are in Table 5.

To trace the link more closely, we have localized the link on the scale of city's
age using nonparametric lowess smoothing with bandwidth 0.8. The result is
presented in and Figure 4.

We see that slope of the curve is much more for less ages and the curve
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Figure 4: Log average age and log city age

.

becomes almost horizontal, if not positively sloped, for higher ages. The slope
begins to shrink approximately after log age = 4.5 and vanishes altogether after
log age = 5.75, i.e. after age = exp(4.50) = 90.0 years and age = exp(5.75) =
314.2 years, respectively.

To clarify this pattern, we have obtained several OLS estimates of the one
regressor equation with various restrictions as to upper limit for a city's age.
The results are illustrated in Figure 5.

Here we see that the negative slope is monotonously growing along with
restricting the sample by younger cities.

3.3 Nature of the link in time-series

If the established link between wage and age is persistent across time there is
to be observed a de�nite pattern of the respective time-series lines. For the
time-series analysis we constructed relative wage variable which is de�ned as

RWit =
wit

1
N

∑N
i=1 wit

Then we constructed yearly mean values of for the subsamples of the cities
by their ages, namely for those founded in 439-1930; 1931-1950; 1951-1970;
1971-1990; and 1991-2000. Previous analysis implies that this variable is to be
higher than unity for the younger cities and lower than unity for the older ones.
At the same time, time-series line for younger cities is to be more inclined to
negative slope, at least, in some part of the horizontal axis. The respective
time-series lines are presented in the �gure below.
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Figure 5: Coe�cients in log wage regressions with various sample restrictions
on log city's age

.

Then we constructed yearly mean values of for the subsamples of the cities by
their ages, namely for those founded before 1945; between 1945-1965; 1965-1985;
and after 1985. Previous analysis implies that this variable is to be higher than
unity for the younger cities and lower than unity for the older ones. At the same
time, time-series line for younger cities is to be more inclined to negative slope,
at least, in some part of the horizontal axis. The respective time-series lines are
presented in the �gure below.

Here lines indicate that for the cities founded before 1930 as a whole have
relative wages below unity, i.e. their wages are lower than Russian average; cities
founded since 1931 up to 1970 have average wages approximately at the country
mean level; cities founded after 1970 have average wages much higher than the
country mean level. At the same time, as it is implied by the previous results,
lines for three subsamples of older cities (founded up to 1970) reveal very weak
dynamics, while lines for two remaining subsamples of younger cities does reveal
dynamics, and, what is most important fact, since the new millennium three
lines for the subsamples of the younger cities including that for those founded
in 1951-1970 reveal downward dynamics.

Generally, this �gure reveals convergence among Russian cities �xing their
sample by some upper limit. This dynamics may imply that as a city crosses
some age thresholds its wage di�erential comparing to other country becomes
lower and lower.

As a whole, average wages are higher in younger cities. Using dummies
for various ages, trend year variable and their interactions provided one with
the di�erences-in-di�erences estimator. Hence, interest variables here are the
interactions. Expectedly, younger cities are relatively richer but their wage
di�erential shrinks more rapidly than that, if any, for older cities.

3.4 The established facts

Now let us list the established facts and add some details.
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Figure 6: Wage to average wage ratios 1991-2011
.5

1
1.

5
2

1990 1995 2000 2005 2010
year

founded 1985− founded 1965−1985
founded 1945−1965 founded 1925−1945
founded −1945

.

1. There is a highly signi�cant negative link between log wage in 1991,
2001, and 2011 and log city's age when it is estimated by OLS. 52% of all the
Russian cities are founded after the Soviet industrialization, i.e. after 1929, but
they comprise 80% cities of 90% quantile of wage distribution in 2011. Another
striking fact: average wage in 5 youngest cities in Russia is more than twice as
much as that in 5 oldest cities.

2. This link is the more intensive, the higher quantile of wage is considered
when running the quantile regression. Speci�cally, the link for 0.9 quantile is
much more intensive comparing with that obtained by OLS and vanishes for 0.1
quantile.

3. When running the regression with various restrictions as to age the in-
tensity of the negative link is the more intensive, the less is age of included
cities.

4. Ratio of average wage to overall average wage declines with time for the
youngest cities, but is persistent or even grows for relatively old ones.

5. Thus, the link reveals a convergent dynamics. Given the �xed subsample
of the cities by their age, wage gaps between youngest and oldest cities declines
as time goes by.
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4 Link between log cities' ages and their log av-

erage wages in panel regressions

The same associtation we have estimated using panel structure of the data as
fully as possible. Given the unbalanced panel as it is seen in Table 3, namely,
some important controls are present for one period while other ones are for
di�erent period, we estimated several speci�cations with various set of controls
depending on a available data for a selected period.

Another problem is to obtain consistent estimates for both time-variant and
time-invariant covariates. A standard way to tackle with this problem is to
use Hausman-Taylor estimator. However, its using is somewhat impeded by a
requirement to select set of exogenous covariates from both sets while in this
case it would be di�cult to prove such a distinction on the available data. Here
we start from that endogeneity problem may be related basiclly to our failure
to include some important controls or to sample selection bias. We leave out a
reverse causality for our interest - age - variables or measurement errors.

So, we estimated a number of regressions with various number of controls.
One of the main of them is spatial lag of the dependent variable that can control
for quite many potentially omitted factors. To deal with the autoregression
bias, we estimated our regression using general two-step estimator with other
regressors spatial lags as instruments. Finally, we used full set of time and
regional �xed e�ects.

As indicates Table 6, our age variable, again, is a highly signi�cantly associ-
ated with log wage. And this link turns out robust to various time periods, and
a number of controls, especially the spatial lag within our AR(1).
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Table 6: Panel regression. Depvar - log wage.

1991-2011 1991-2011 1991-1996 1997-2004 2005-2011
(excl. 2002) + spatial

lag
+ oil-gas
controls

+ Economic
controls

+ Industrial
controls

Age

1st age variable (log) -0.0375** -0.0515*** -0.0272*** -0.0694*** -0.0445***
[0.0153] [0.0094] [0.0085] [0.0089] [0.0073]

Geographical

Latitude divided by 90 2.7670*** 1.7215*** 3.5701*** 2.6275*** 0.6054
[0.8360] [0.6397] [0.5466] [0.5997] [0.4705]

Longitude divided by 180 0.3207 -0.2321 0.0446 -0.5490* -0.4496**
[0.3724] [0.6287] [0.4467] [0.3036] [0.1802]

Log (1+distance to a
nearest railroad station)

-0.0090 0.0089* 0.0047 0.0123*** 0.0074**

[0.0072] [0.0051] [0.0044] [0.0048] [0.0037]
Log (1+distance to a
nearest dock)

0.0036 0.0093** 0.0037 0.0087* 0.0032

[0.0069] [0.0044] [0.0039] [0.0045] [0.0034]
Economic controls

f_org -0.0223 -0.0113
[0.0153] [0.0405]

unemp_p -0.1601
[0.1266]

dis_a -0.0062 0.0013 -0.0002 -0.0423 4.0248***

1
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[0.0335] [0.0042] [0.0005] [0.0324] [0.9570]
IndConc -0.0416

[0.0351]
Social controls

lpopul -0.0343** 0.1033*** 0.0735*** 0.1372*** 0.1258***
[0.0149] [0.0075] [0.0083] [0.0076] [0.0071]

dens -0.0004 -0.0001 -0.0000 -0.0001 -0.0013***
[0.0006] [0.0001] [0.0001] [0.0002] [0.0004]

lab_p 8.9871*** -0.0450 0.3282* 0.1824 0.5343***
[0.3920] [0.0870] [0.1729] [0.1133] [0.1373]

migr_p 8.8651*** 1.2727*** 0.8668** 0.7506** -0.1816
[1.1722] [0.2197] [0.3774] [0.3039] [0.1593]

doc_p -0.0455 0.0270 -0.0492 1.9259 7.4038***
[0.5368] [0.0669] [0.0856] [2.4967] [2.4826]

s_p 1.5846*** 1.6683*** -0.7843* 0.6638*** 0.1027
[0.5708] [0.1402] [0.4317] [0.1735] [0.1497]

Industrial controls

ext_lab 0.0000**
[0.0000]

elect_lab 0.0001***
[0.0000]

manuf_lab 0.0000
[0.0000]

coal_lab 0.2978** 0.0615** 0.1760*** 0.0121 0.0400
[0.1389] [0.0288] [0.0623] [0.0280] [0.0433]

1
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gas_lab 0.6143
[0.4702]

oil_lab 0.6300*
[0.3297]

te_lab 0.0002***
[0.0001]

AR(1) Spatial Lag 0.6084*** 0.2058** 0.3544*** 0.4213***
[0.0437] [0.0822] [0.0657] [0.0435]

Observations 15,741 9,420 3,744 5,691 4,592
Number of id 861
Regional and time FE Yes Yes Yes Yes Yes
R-squared within 0.761
R-squared between 0.870
R-squared overall 0.764
R-squared adj. (Buse
1973)

0.997 0.994 0.975 0.999

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

2
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5 The sophisticated geography hypothesis

This hypothesis (SG) was formulated by a number of thinkers, most notably in
Wittfogel (1957). It implies that spatial patterns of economic performance are to
be explained by geographical factors circumscribed by the human activity. For
instance, the same natural resources might be negligible in one historical period
and be of value in other times as was the case with oil. This pattern admits
a possibility that spatial allocations of activities and changing regional wage
di�erentials are explained by changing relative roles of various resources and
various resource deposits. Some old sites may decay because their resources are
not much used anymore or their resource deposits are exhausted, while settling
in new sites may be paying owing to their not yet exhausted deposits or newly
used resources. This pattern as such is a special case of the Schumpeterian
creative destruction in its spatial manifestation. New products, technologies
and organizational forms may move inputs to new territories where their reward
would be even higher than in older territories. In our case this move is driven
by new resources and resource deposits so that logical consequence is as follows:
new technologies � new resources � new deposits � new rich regions.

5.1 The simple model

A simple model used here is based on the resource version of the SG. The setup
of the model is as follows.

1. A country is a surface homogeneous with respect to resource endowments.
One can imagine it as a set of plots with the same initial resource stocks;

2. Resources in each plot begin to grow exhausted once a city occurs there;

3. There are two industries � extractive and manufacturing ones;

4. An only input in extractive industry is time; at that there is a diminishing
return to time in terms of extracted resources;

5. An only input in manufacturing is labor; and there is an agglomeration
e�ect resulted in increasing return to labor;

6. An income �ow for a city is comprised of the produce' value made by the
extractive and manufacturing industries.

One can think about it in the following fashion.

Yext = Yext(t), Y
′
ext > 0, Y ′′

ext < 0, Y ′′′
ext > 0 (2)

where Yext is extractive output.

L = L1 + L2 (3)

where L denotes overall population, and the subscripts mean its allocation
betwee the two industries.
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L = L(t), L′ ≥ 0|L≥L (4)

Here assume that the population grows with time given its minimum level.

Y

L
= y =

p(t)Y ′
ext

L1
+

∑
Ω piyi(L2(t))

L2
(5)

Per capita income is just a sum of productivity in the two industries. The
second one may be treated in the conventional fashion as producing a set Ω of
varieties. Per capita income grows at a accelerating rate with time in which a
number of agglomeration e�ects is shown up.

y′(L), y′′(L) > 0 (6)

Then the link between the age and per capita age would be analyzed as
follows:

y′ =
1

(L1)2
[pY L1 − p(t)Y ′

extL
′]

L′
2

(L2)2

[
L2

∑
Ω

piy
′
i(L2)−

∑
Ω

piyi(L2)

]
(7)

If we rewrite (7) as

∑
Ω

piy
′
i(L2) = − L2

L′
2(t

∗)(L1)2
[p(t∗)Y ′′

extL1 − pY ′
extL

′]+
1

L2

∑
Ω

piyi(L2(t
∗)). (8)

we can set the following condition

t < t∗ =⇒ y′(t) < 0.

This means that until agglomeration e�ects make their job it is that dimin-
ishing return that plays key role in determining the per capita income dynamics.

6 Implications of these facts as to the hypothesis

explaining spatial allocation of economic activ-

ities and results

The established facts can be informative for the ongoing discussion concerning
factors of spatial patterns in economies. Now we will discuss the four hypotheses
listed in the beginning from the standpoint of these facts. Firstly, let's be
determine as to conditions under which some factor x is to be considered as a
source of the link:

1. the sign of the interacted slope coe�cients is to be the same as that for
the base-line regression
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logw = β0 + β1 +Xβ2 + ζ

x = γ0 + γ1 log age+Xγ2 + η

Formally, this conditions is given by

sign(β1γ1) = sign(α12)

where X is a vector of controls, and α12 is a slope coe�cient in (1).
Possible examples are age decreases the institutions quality and the latter

increases wage; age increases the pollution and the latter decreases wage.
2. the similar dynamics
We have a dynamics that is given by the following equation

rwit = a0 + a1year + δja2 + yearδja3 + u

Then if we take the same equation for x, namely

rxit = b0 + b1year + δjb2 + yearδjb3 + v

we are to have the estimates that would satisfy the following condition:

sign(b3j − b3j−1) = sign(a3j − a3j−1)

6.1 Empirical evidence from data on Russian cities

As for the �rst condition it is readily veri�ed that extractive output is nega-
tively associated with the age and is positively associated with the wage. Both
correlation are well-known for Russia.

Less obvious is the second condition. According to it we would expect a
similar dynamics of relative wage for various age groups. Table 7 contains the
results of the respective panel regressions (the same list of controls plus results
of AR(a) are omitted from the table). They indicate quite predictable positive
e�ect on the part of adolescence for a city. At the same time, like the Figure
7 shows, most �ourishing cities tend to display diminishing relative wages with
time, which is not the case for older cities. So we observe a kind of convergence
in wages. If the link between age and wage is made by exhaustible resource
extraction on the part of the young cities, similar dynamics is to be observed
for the extractive output.
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Table 7: Panel regressions. Depvar - relative wage

1991-2011 1991-2011 1991-1996 1997-2004 2005-2011
(excl. 2002) + spatial

lag
+ oil-gas
controls

+ Economic
controls

+ Industrial
controls

age1: f. 1985- 38.6980*** -5.5154 -36.0428 9.4154 114.9477***
[5.4506] [11.1296] [55.8329] [18.9236] [22.9539]

age2: 1965-1985 15.2663*** 14.4357*** -27.1811 25.9814** 24.5405
[2.8143] [4.1391] [25.0498] [11.2199] [16.7661]

age3: 1945-1965 6.6660*** 4.8109 -35.9797** 6.7106 3.8305
[2.0820] [2.9713] [18.2993] [8.4290] [12.7166]

age4: -1945 2.0134 -0.9774 17.0020 6.9100 0.0407
[2.0331] [3.0407] [18.2639] [7.9130] [12.8412]

age1*year -0.0192*** 0.0029 0.0181 -0.0046 -0.0572***
[0.0027] [0.0056] [0.0280] [0.0095] [0.0114]

age2*year -0.0075*** -0.0072*** 0.0137 -0.0129** -0.0122
[0.0014] [0.0021] [0.0126] [0.0056] [0.0083]

age3*year -0.0033*** -0.0023 0.0181** -0.0033 -0.0019
[0.0010] [0.0015] [0.0092] [0.0042] [0.0063]

age4*year -0.0010 0.0005 -0.0085 -0.0034 -0.0000
[0.0010] [0.0015] [0.0092] [0.0040] [0.0064]

[0.4109]
Observations 15,741 9,420 3,744 5,691 4,592
R-squared overall 0.602
R-squared adj. (Buse
1973)

0.510 0.467 0.678 0.707

Standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1
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To compare the dynamics, we have run a number of panel regressions to
�rmly establish impact of year-to-year aging on relative wage and relative extrac-
tive output. Using such a di�erence-in-di�erence estimator interaction variables
are of our main concern. Speci�cally, the interaction variables reveal di�erence
between various age groups in terms of dependence between their absolute and
relative extractive production and its lagged value. The SG implies that for
younger cities the respective coe�cients are to be signi�cantly negative and of
higher absolute value comparing to older ones.

The results are presented in Table 8 (again, control output is omitted).
Though, not all the age dummies display the same dynamics for the wage and
extractive output, overall tendency for these measures of per capita income and
resource abundance is to go in the same direction. It can be seen if one compare
Figures 6 and 7. The latter �gure display data on the whole extractive indus-
try which are available only since 2005. However, since then the comparative
dynamics of relative wage and extractive output are quite similar.

7 Alternative hypotheses

7.1 The increasing return hypothesis

This hypothesis (IR), pioneered by Krugman (1991a, b), has given a start for
the New Economic Geography. The main idea of the hypothesis can be outlined
as follows. Comparative bene�ts of staying in some location are function of
economic activity there. The more intensive economic activity, the more attrac-
tive the location for �rms and labor comparing with other locations. Economic
activity, in turn, is intensi�ed as population size grows. Thus, the cumulative
causation underlies spatial allocation of activities and incomes: more popu-
lated and well-o� regions attracts additional inputs, i.e. labor and �rms, which
makes them even more populated and rich. It implies that initial conditions
and, thereby, history, heavily matters for the allocational patterns in any pe-
riod. As Davis and Weinstein noted in their discussion of the IR, �an early start
in one location provides that site with advantages at each succeeding stage of
locational competition� (2002, p. 1270). If it is the case the established link
between cities' age and wage by its very nature refutes the IR. But one could
suppose that by some reasons inputs are accumulated in regions only for a lim-
ited period which is subsequently followed by moving of these inputs to other,
maybe younger, regions. If so, there is to be observed a negative link between
cities' age and their demographic and economic characteristics such as popu-
lation size, density and growth, net migration, and various relative measures,
e.g. shares of labor and capital. Thus, the established link between age and
wage would rather support the IR were age negatively linked to the mentioned
demographic characteristics, and would rather refute it otherwise. To test the
IR, we have estimated link between a number of demographic characteristics
and log cities' age.
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Figure 7: Extractive output to its average value ratios 2005-2011
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Table 8: Panel regressions. Depvars - relative wage and extractive
output.

Rel. wage Rel. ext. Rel. wage Rel. ext. Rel. wage Rel. ext.
age1: f. 1985- 8.4738 129.8437 265.8748*** 527.1332* 148.7619*** 2,338.6172***

[33.3239] [97.3449] [40.9192] [292.5992] [47.5368] [289.0239]
age2: 1965-1985 155.3932*** 107.3651* 345.9387*** -17.1723 50.5818 249.2046

[21.7332] [63.4862] [38.2082] [272.7008] [40.1210] [243.8124]
age3: 1945-1965 75.5708*** -7.1816 106.8026*** -61.6717 12.8104 -71.8134

[21.9374] [64.0828] [31.5335] [225.9550] [33.0405] [200.8496]
age4: -1945 35.0381 8.4853 101.2384* 77.1591 -14.9216 -308.6896

[22.0315] [64.3579] [56.2018] [397.6656] [32.9410] [200.2140]
age1*year -0.0045 -0.0666 -0.1325*** -0.2620* -0.0742*** -1.1637***

[0.0167] [0.0487] [0.0204] [0.1459] [0.0237] [0.1439]
age2*year -0.0786*** -0.0566* -0.1724*** 0.0090 -0.0252 -0.1240

[0.0110] [0.0321] [0.0190] [0.1360] [0.0200] [0.1214]
age3*year -0.0379*** 0.0025 -0.0531*** 0.0312 -0.0064 0.0363

[0.0110] [0.0322] [0.0157] [0.1126] [0.0165] [0.1000]
age4*year -0.0174 -0.0043 -0.0503* -0.0382 0.0074 0.1536

[0.0110] [0.0322] [0.0280] [0.1982] [0.0164] [0.0997]
Observations 369 369 364 364 1,323 1,323
R-sq. overall 0.902 0.617
R-squared adj.
(Buse 1973)

0.905 0.372 0.624 0.467

Standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1
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The results (omitted here), though not decisively denying the IR, are rather
against it. Population size and density are more in older cities. This fact is just
in line with the cited words of Davis and Weinstein the implication whereof is
that older cities have more time to accumulate more population which, in turn,
resulted in higher density as well. More importantly for testing the IR, net mi-
gration is signi�cantly positively linked to age which implies that the mentioned
pattern of moving from older cities is not observed. Conversely, immigrants in
older cities exceed emigrants from there. Thus, here we observe a picture right
opposite to that which could be in line with both the established link between
age and wage and the IR. As to the composition of population, older cities
have more relative physical and human capital when they are measured by rel-
ative quantities of �rms and college students. Younger cities outperform older
ones only for such demographic characteristics as population growth in the last
decade and share of labor in population. The former fact can be explained by
the established link between age and wage, namely, high labor reward attracts
immigrants, but not visa versa, in�ow of labor in younger cities hardly ever ex-
plains their wage di�erentials allowing for the mentioned times-series dynamics.
In fact, period of more intensive population growth in younger cities comparing
with the rest of the country coincides with the period of the declining relative
wage there (excluding most young cities founded since 2000 and not used in
our time-series analysis). Labor share is just re�ection of respective share of
pensioners. The latter are more numerous in older cities. It is natural given the
time during which cities could accumulate aging population. So, a less share of
aged people in younger cities results in higher shares of remaining age groups
including able-bodied people. One could also suppose that the positive relation-
ship between age and population is explained by existing of very old cities in
the sample which have become very populous for their long history. However,
the results for population are basically the same for the subsample restricted
to cities not older than 80, i.e. those founded after the Soviet industrialization.
Thus, for any subsample older cities are larger in terms of population size and
its density as well as attracted immigrants. Thus, the established link between
age and wage is by no means in line with the IR. It refutes the IR by its inherent
logic as well as the relationships between age and other urban characteristics.

7.2 The institutions hypothesis

One of the most famous empirical studies supporting the institutions hypothesis
(IH) is Acemoglu et al. (2002). The main point of the IH is that spatial patterns
of economic performance are explained by varied institutions. It is institutional
change that according to their conclusions explained the reversal of fortune in
history of ex-colonies, namely, the fact that countries which were relatively rich
in 1500 are relatively poor today. If this hypothesis explains what happened
with Russian cities there is to be negative link between cities' age and some
measures of quality of institutions. Though the dataset at our disposal does not
contain institutional variables similar to those used in the analysis of Acemoglu
et al. (2002), such as protection against expropriation or constraint on executive,
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there are other variables which can serve as proxies of quality of institutions.
As such we used crime rate constructed as total crimes to population size ratio;
legal services expenditures per capita or as a share in overall expenditures; and
share of �rms in all organizations. The �rst can be used as a proxy of property
right protection (); the second is a proxy of comparative share of transaction
sector measuring quality of institutions (Wallis and North 1986); and the third
is a proxy of availability of various organizational environments for the private
sector (Wittfogel 1957; North et al. 2009).

The results we have obtained obviously refute the explanation favorable for
the IH. While crime rate is not signi�cantly associated with a city's age other
institutional measures are signi�cantly positively linked with it. Thus, both
transaction sector and organizational possibilities for the private sector are bet-
ter established in older cities. Hence, the negative link between age and wage
is not explained by institutional di�erences.

7.3 The locational fundamentals hypothesis

This hypothesis can be traced deep into history of economics, e.g. to Ricardo's
law of diminishing returns to arable land (1817). The implication from this law
is that at �rst people settle in good sites and use inferior ones only as the better
sites are occupied which, in turn, means that early start of a region indicates its
good geographical position comparing to regions founded later. Comparatively
good position is to remain a major factor of wage gaps because of ensuing
distribution of the rents. Davis and Weinstein (2002) supported this hypothesis
in their study of Japan urban history. However, the negative link between age
and wage established here by no means can be in line with this hypothesis.

7.4 `New new' trade hypothesis

This hypothesis (NNT) is related to work of Melitz (2003) and Helpman et.
al (2004). Other things being equal, their theory implies that exporting �rms
and even more those investing abroad are featured by higher productivities
and thereby higher wages. With respect to the di�erences across regions, the
implication thereof must be that regions with more shares of exporting and
investing abroad �rms are to have higher positive wage di�erentials. One could
believe that this is the case in Russia given that it owes the bulk of its incomes
to export and there is much cross-regions di�erences in terms of export share
in regional output. If the established link is explained by NNT there is to be
observed the respective link between the age and productivity. To check this,
we have used di�erences-in-di�erences estimator.

According to our results all the interaction variables are insigni�cant and,
more importantly, the very coe�cients values do not indicate any link between
the age and productivity in a fashion implied by the NNT.
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8 Conclusion

In this paper we have explored a pattern of Russian urban development that is
shown up in the puzzling negative link between the age and wage for the cities.
We believe that the data generating process is related to the hugely important
for Russia extractive industry. New cities occurs in sites that have rich deposits
of valuable resources. It provides such a new city with a temporary advantage
with respect to its resource endowments and ensuing incomes. As time goes
by, the resources grow exhausted and the respective advantage vanishes. At the
same time, there occur other cities having at �rst rich resource endowments,
etc.

Why this pattern is of interest for economic geography?
It can be helpful when examining spatial development of resource rich coun-

tries and regions. It highlights an important role of exhaustible resources in
changing regional di�erences as to economic activities and results. It highlights
an important role of technological progress in the same changing but for much
longer historical intervals.
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