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Abstract

We study the long-run effects of historical place-based policies targeting R&D: the creation
of Science Citiesin former Soviet Russia. The establishment of Science Cities and the criteria
for selecting their location were largely guided by political and military-strategic consider-
ations. We compare current demographic and economic characteristics of Science Cities
to those of appropriately matched localities that were similar to them at the time of their
establishment. We find that in the modern Russian economy, despite the massive cuts of
governmental support to R&D that followed the dissolution of the USSR, Science Cities host
more high-skilled workers and more developed R&D and ICT sectors; are the origin of more
international patents; and generally appear to be more productive and economically de-
veloped. Within a spatial equilibrium framework, we interpret these findings as the result
of the interaction between persistence and agglomeration forces. Furthermore, we rule out
alternative explanations that have to do with the differential use of public resources, and
we find limited support for a case of equilibrium reversion. Finally, by analyzing firm-level

data we obtain evidence in favor of spillover effects with a wide spatial breadth.
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1 Introduction

The effectiveness of public support to science and R&D is a longstanding issue in the
economics of innovation. Both direct subsidies and indirect incentives for research and
science are usually motivated on the existence of positive externalities (or other types
of market failures) which, in the absence of public intervention, cause underinvestment
in R&D. Some specific innovation policies, like the top-down creation of local R&D clus-
ters, are characterized by a geographical local dimension. In such contexts, assessing
the spatial extent of knowledge spillovers — one of the three forces of spatial agglomer-
ation first identified by Marshall (1890), corresponding with the “learning” effect from
the more recent classification by Duranton and Puga (2004) - is relevant for evaluating
the overall effect of the intervention. Moreover, the debate about localized innovation
policies mixes with the one about broader (that is, not innovation-specific) place-based
policies. In particular, it is argued whether place-based policies have any long-run ef-
fect, in the absence of which their net welfare effect is as likely to be negative as positive
(Glaeser and Gottlieb, 2008).!

This paper examines the long-run impact of a localized innovation policy: the es-
tablishment of highly specialized Science Cities in the territory of modern Russia dur-
ing Soviet times. These are ninety-five middle-sized urban centers that were created or
developed by the Soviet government according to a strategic plan of technological ad-
vancement. Science Cities hosted a high concentration of R&D facilities — often the only
driving economic activity in town — typically built around a specific technological pur-
pose. Since Science Cities emerged in the context of technological and military compe-
tition of the Cold War, most of them were, unsurprisingly, specialized in military-related
fields, such as nuclear physics, aerospace, ballistics and chemistry. The above sectors
remain, to this day, those in which Russia maintains a comparative technological ad-

vantage.

ITheir argument is based on the interaction between congestion effects and spatial agglomeration ex-
ternalities — such as those due to local knowledge spillovers —in a spatial equilibrium model that allows for
movement of workers across places. In their theoretical framework, place-based policies that move em-
ployment between areas are welfare-improving only if they are effective at shifting economic activity to a
better long-run equilibrium: one in which employment is reallocated in such a way that the increase in
self-reinforcing agglomeration forces more than countervails the possibly negative effects from increased
congestion. Multiple equilibria with such features are, however, only possible if agglomeration external-
ities feature non-linearities. This has motivated subsequent empirical research aimed at uncovering ag-
glomeration effects and their (potential) non-linearities. See also the discussion by Glaeser and Gottlieb
(2009) as well as that by Kline and Moretti (2014b).



While one may question whether the institutional context of Russian Science Cities
is comparable to that of other industrialized countries, this historical experience stands
out with some unique features that motivate its analysis. First, the locations of Science
Cities were typically chosen by the Soviet leadership with criteria that are unusual for a
capitalistic market economy. According to (Aguirrechu, 2009), since the Soviet govern-
ment had the power to allocate both physical and human capital where it deemed nec-
essary, the potential for economic development and local human capital accumulation
was typically not, at the margin, a determinant of a location’s choice for the establish-
ment of a Science City. Instead, the choice between any two places that were similarly
suited to host such a settlement usually fell on the one that offered better secrecy and
safety from foreign interference (in the form of R&D espionage), or that satisfied other
military and strategic criteria. This greatly diminishes concerns for selection biases due
to unobserved determinants of future development, which typically affect studies about
innovative clusters in other countries.

Second, the transition to a market economy that followed the dissolution of the USSR
resulted in a large negative shock for Russian R&D, as direct governmental expenditure
in R&D as a percentage of GDP fell by about 75 per cent, causing half of the scientists
and researchers of post-1991 Russia to lose their jobs. Consequently, state support for
Science Cities was abruptly suspended; only recently it was partially resumed for four-
teen of the former towns, which today bear the official name of Naukogrady (Science
Cities in Russian). Together, these historical developments indicate that both the initia-
tion and discontinuation of the Science Cities program were largely driven by exogenous
factors, orthogonal to determinants of current demographic and economic conditions.
In addition, by analyzing historical Science Cities separately from modern Naukogrady,
we are able to evaluate to what extent the modern characteristics of the former depend
on the long-run effects due to the Soviet-era policy, rather than on current government
support.

We estimate the effect of the past establishment of a Science City on the following
set of present characteristics of Russian municipalities: human capital (measured as the
share of the population with either graduate or postgraduate qualifications), innovation
(evaluated in terms of patent output) and various proxies of economic development. In
order to give a causal interpretation to our estimates, we construct an appropriate con-
trol group by employing matching techniques. In particular, we match Science Cities to

other localities that, at the time of selection, were similar to them in terms of character-



istics that could affect both their probability of being chosen and their future outcomes.
Our main identifying assumption is that, conditional on these variables, the choice of
a locality was determined at the margin by factors that would be independent from fu-
ture, post-transition outcomes (such as potential for secrecy). In order to implement this
strategy, we construct a unique dataset of Russian municipalities, which combines both
historical and more recently observed local characteristics.

Our results can be summarized as follows. In today’s Russia, Science Cities from the
Soviet era still host a more educated population, are more economically developed, em-
ploy a larger number of workers in R&D and ICT-related jobs, and produce more patents
than other localities that were comparable to them when the program started. Moreover,
researchers working in former Science Cities appear to be more productive, and to re-
ceive substantially higher salaries. The estimated treatment effect is typically lower than
the raw sample difference for all outcome variables except those related to patents, for
which no ex-ante bias can be attested. When we exclude modern Naukogrady from the
analysis, our results remain largely unchanged, but the point estimates relative to total
and per capita patent production decrease by about 60 per cent. In addition, through
a more in-depth analysis of our demographic outcomes and our night lights proxy for
economic development we find little evidence for reversion towards a symmetric equi-
librium.

We interpret our results in light of a spatial equilibrium model a la Glaeser and Got-
tlieb (2009) and Moretti (2011). In the model, the Soviet Union initially allocates work-
ers of different skills in Science Cities and other localities; after the transition workers
are allowed to move. The model provides different predictions about several city-level
outcomes to the extent that Science Cities are inherently better places to live, workers’
mobility is more or less restricted, the initial allocation modified individual preferences
for location, or agglomeration forces such as knowledge spillovers exist. In light of these
predictions, we interpret our empirical results about the productivity and wages of high-
skilled workers as indicative of localized knowledge spillovers. This contrasts with the
recent analysis by von Ehrlich and Seidel (2015) of West German municipalities situated
along the Iron Curtain which used to be subsidized during the Cold War. Specifically,
they attribute their finding of positive long-run effects not on agglomeration forces, but
on the persistence of local infrastructure investment. Notably, we do not find evidence
favorable to a similar mechanism in our examination of Russian municipal budgets.

We complement our municipal-level empirical analysis with an additional set of es-



timates based on firm-level data. We use data about Russian firms from the fifth round
of the Business Environment and Enterprise Performance Survey (BEEPS V), which were
sampled from regions where the majority of Science Cities are located. We evaluate to
what extent the distance of a firm from a Science City correlates with its innovation and
productivity outcomes. BEEPS V is particularly useful in this regard, as it features an in-
novation module with detailed information about recent innovative activities by firms.
This analysis is meant to evaluate if, in the modern Russian economy, the effect of Sci-
ence Cities spills over on other firms that are located nearby, and to what economic and
geographical extent. The results reinforce our hypothesis that the the municipal-level
differentials are at least in part caused by knowledge spillovers, since firms are observed
to be more R&D-intensive, innovative and productive when locating relatively close to
Science Cities.

Our paper contributes to various strands of literature. First, we add to the set of
studies about the evaluation of place-based policies; for a recent survey of the empirical
research see Neumark and Simpson (2014). Most of these papers analyze policies en-
acted in the US (Neumark and Kolko, 2010; Busso et al., 2013; Kline and Moretti, 2014a)
or in the EU (Bronzini and de Blasio, 2006; Criscuolo et al., 2012; Givord et al., 2013; von
Ehrlich and Seidel, 2015). Among the few that focus, like us, on a non-western country,
there is a notable contribution by Wang (2013) about Chinese Special Economic Zones
(SEZs). The empirical challenges faced by these studies are typically about constructing
appropriate control groups, and disentangling direct effects from spillovers. Method-
ologically, our paper is most directly related to the study by Kline and Moretti (2014a)
on the Tennessee Valley Authority; like in their study, we apply a matching strategy in
order to uncover the long run consequences of our policy of interest. Unlike Kline and
Moretti, however, we find that these are not confined to the sector directly targeted by
the policy, arguably because of the effect of knowledge spillovers.

Second, and relatedly, we contribute to the more general search of agglomeration ef-
fects—and in particular of the third Marshallian force, localized knowledge spillovers — in
urban and regional economics. This has long been a traditional field of investigation for
economic geographers, with a particular interest in innovation clusters. Following sem-
inal contributions by Jaffe (1989), Glaeser et al. (1992), Audretsch and Feldman (1996)
and others, a large literature has developed.? Recently, the issue has caught the attention

2There are two fairly recent surveys: Beaudry and Schiffauerova (2009) focus on the “Marshall vs. Ja-
cobs” debate around the prevalence of, respectively, within- versus between-industry local knowledge



of economists working in more diverse fields. Moretti (2004) shows that in US cities, the
level of education of the workforce affects firm productivity across sectors. Ellison et al.
(2010) simultaneously test all three Marshallian theories by looking at the co-location
of plants across industries. Greenstone et al. (2010) demonstrate the existence of local
productivity spillovers following the opening of a “Million Dollar Plant.” In two separate
contributions, Bloom et al. (2013) and Lychagin et al. (2016) find an association between
firms’ R&D spending and the productivity of those nearby.®

The specific institutional setting of this paper relates it to other, somehow diverse
contributions about the consequences of historically massive forms of government in-
tervention on long-run economic and technological development, either in Russia or
elsewhere. Cheremukhin et al. (2017) argue that the “Big Push” industrialization policy
enacted in the USSR under Stalin did not succeed in shifting Russia onto a faster path of
economic development. Mikhailova (2012) evaluates negative welfare effects from the
regional demographic policies enacted by the Soviet Union. However, the picture looks
different in the more specific case of R&D policies. Through an analysis performed at
a higher level of geographic aggregation than ours, Ivanov (2016) finds that Russian re-
gions with more R&D personnel before the onset of transition do better today at expand-
ing employment in high-tech sectors. Outside Russia, Moretti et al. (2016) show that in
OECD countries increases in government-funded R&D for military purposes have posi-
tive net effects on TFP, despite crowding out private expenditures in R&D.

This paper is organized as follows. Section 2 briefly introduces the history and char-
acteristics of Soviet Science Cities. Section 3 outlines the conceptual framework of the
paper. Section 4 describes the data employed in both the municipal-level and firm-level
analyses. Section 5 outlines our empirical methodologies. Sections 6 and 7 discuss the
municipal and firm-level empirical results, respectively. Finally, section 8 recapitulates

and concludes the paper.

spillovers; while Boschma and Frenken (2011) devote special attention to studies within the evolutionary
economic geography research agenda.

30ther related studies discuss to what extent patent citations can be exploited to recover patterns of
localized knowledge spillovers. See e.g. the seminal contribution by Jaffe et al. (1993), the critical revision
of the original analysis by Thompson and Fox-Kean (2005), as well as the study by Breschi and Lissoni
(2009), which controls for co-authorship networks.



2 Historical and institutional background

This section is divided in two parts. In the first part, we summarize the historical experi-
ence of Science Cities from Soviet times to modern Russia. In the second part we focus

in more detail on the selection criteria for the location of Science Cities.

2.1 History of Science Cities

The former Soviet Union was in a way a pioneer in public investment in science and
in place-based policies that focused on R&D. In the context of the Cold War competi-
tion between the USA and the USSR, the Soviet leadership prioritized the allocation of
the best resources - including human ones — to sectors considered vital to the country’s
national security. Around two-thirds of all Soviet R&D spending was set for military pur-
poses, and almost all of the country’s high-technology industry was in sectors directly
or indirectly related to defense (Cooper, 2012). Science Cities emerged in this environ-
ment. They were 95 middle-sized urban centers which the Soviet government endowed
with a high concentration of research and development facilities, and they were devoted
to a particular scientific and technical specialization.* Science Cities began to develop
around strategically important (military) research centers from the mid-1930s;° how-
ever, the majority of them were established after the Second World War, especially in the
1950s. See Table A.1 in Appendix A for more details about each Science City.

As they specialized in industries with high technological intensity, Science Cities
needed access to suitable equipment, machinery, intermediate inputs and qualified per-
sonnel. With the objective of co-locating scientific research centers, training institutes
and manufacturing facilities, the Soviet government established about two thirds of Sci-
ence Cities by “repurposing” existing settlements, while the rest were built from scratch
(Aguirrechu, 2009). For the sake of providing better incentives to individuals working in
Science Cities, the Soviet government strove to provide better living conditions in these

localities than the Soviet standard, by making available to residents a wider choice of

4The term “Science City” (Naukograd) was first introduced in 1991 (Ruchnov and Zaitseva, 2011). The
former Soviet Union was not a Science Cities pioneer — the first Science City was established in 1937 in
Peenemiinde, Germany — but it has implemented the idea to a much larger extent.

>The model of innovation followed by the Soviet authorities since the early 1930s was the creation of
“special-regime enclaves intended to promote innovation” (Cooper, 2012). These enclaves first appeared
as secret research and development laboratories (so-called Experimental Design Bureaus or sharashki) in
the Soviet Gulag labor camp system. The scientists and engineers employed in a sharashka were prisoners
picked from various camps and prisons, and assigned to work on scientific and technological problems.



retail goods, more comfortable apartments as well as more abundant cultural oppor-
tunities than elsewhere in the country. Typically, the urban characteristics of Science
Cities were better than those of other contemporary settlements, as the former were de-
veloped according to the best urban planning criteria of the time (Aguirrechu, 2009).

Starting in the 1940s, with the need to protect the secrecy of the nuclear weapons
program in the Cold War environment (Cooper, 2012), many Soviet municipalities of
military importance were “closed” to external access in order to maintain security and
privacy: non-residents needed an explicit permission in order to travel to closed cities
and were subject to document checks and security checkpoints; relocating to a closed
city required a security clearance by the KGB; foreigners were prohibited from enter-
ing them at all; and dwellers had to keep their place of residence secret. Science Cities
whose main objective was to develop nuclear weapons, missile technology, aircraft and
electronics were closed as well; some of them were located in remote areas situated deep
in the Urals and Siberia — out of reach of enemy bombers — and were represented only
on classified maps. Note that the two sets of “Science Cities” and “closed cities” overlap
only partially, a fact that we take into account in our empirical analysis.

Following the dissolution of the USSR, Russia underwent a difficult transformation
from a planned to a market economy. The withdrawal of the state from many sectors
of the economy dramatically affected R&D as well. In Russia, gross R&D expenditures
as a fraction of GDP fell from the 1990 level of about 2 per cent to a mere 0.74 per cent
in 1992.% This is even more dramatic in face of the fact that the Russian GDP shrank by
about 50 per cent in the initial years of the transition. As a consequence of much lower
wages, total employment in R&D also fell by about 50 per cent.” This has inevitably af-
fected Science Cities: while we lack access to detailed information about governmental
funding to them in the 1990s, anecdotal evidence speaks of an effective discontinuation
of the military research programs that Science Cities were responsible for, at least un-
til the government, starting in the early 2000s, re-established direct support for the 14

modern Naukogrady mentioned in the introduction. Our analysis of municipal budgets

SWe calculated these figures using as sources: Gokhberg (1997), the Russian Statistical Yearbooks for
various years, and the OECD Main Science and Technology Indicators (MSTI) database.

"Whereas in Soviet times the wages of scientists were 10-20 per cent higher than average, they dropped
to 65 per cent of the average wage already in 1992 following the withdrawal of the state from the R&D
sector (Saltykov, 1997). Even worse, during the 1990s many scientists did not even receive their salary,
or received only a fraction of it (sometimes in kind) over extended periods (Ganguli, 2014). Low remu-
neration was not the only reason for researchers to leave the R&D sector: with the removal of previous
restrictions to individual mobility, scientists were allowed to migrate abroad.



of modern Russia (see section 6) confirms that Science Cities receive today, if anything,
less governmental transfers than comparable towns, especially if modern Naukogrady

are removed from the count.

2.2 Location of Science Cities

Given the nature of the period during which most Science Cities were established and
the associated political context, any systematic, reliable and transparent information on
how their locations were chosen does not exist. Thanks to the cited historical research
by Aguirrechu (2009), however, it is possible to identify some general factors that drove
the choice of locations for specific groups of Science Cities. Two general themes emerge
from our reading of Aguirrechu’s work. First, the relevant natural, socio-economic and
demographic factors that influenced the choice of a place usually varied by the specific
function of a Science City. Second, at the margin the choice of one location over an-
other usually depended on political, military and security motivations that are arguably
unrelated with the determinants of economic outcomes in a typical market economy.
These two considerations, on which we expand below, inform the empirical strategy of
this paper. Specifically, our matching strategy rests on the assumption that controlling
for certain relevant factors, Science City status is unrelated to current outcomes.

In terms of socio-economic and demographic characteristics that affected the lo-
cation of Science Cities, the most relevant one that is identified by Aguirrechu is the
pre-existing level of economic and social development. Figure 1 depicts the location of
Science Cities superimposed on the chloropleth map of Russian regions distinguished
by population density. With some exceptions, Science Cities were established in the ar-
eas of Russia that were the most industrialized, urbanized, and with a better educated
population, so that they could have easier access to qualified personnel or be able to
attract it with minor additional costs. For this reason, arguably, Science Cities are also
for the most part located in the western, warmer part of Russia, within the humid con-
tinental climatic region typified by large seasonal temperature differences. Historically,
the socio-economic development differentials between Russian regions strongly corre-
late with temperature gradients along a longitudinal axis.?

Other geographical factors differ by type of Science City. Those engaging primarily in

basic R&D were typically semi-isolated, to be found either in outer parts of a region or in

8In Russia, temperature changes more along the west-east axis, than along the north-south axis; thus,
for two localities with the same latitude, the eastern one is typically colder.



the territories between major highways and railroads. Science Cities engaging primar-
ily in applied, production-oriented R&D in civil- or double-purpose industries (such as
electronics or aviation), by contrast, were located either close to the regional capital or
in the proximity of transportation links: with a very Marshallian motivation, these cities
were in more need of easy access to both upstream suppliers and downstream “buyers”
(a term to be interpreted in the context of a socialist economy). Heavy industry and
nuclear technology needed large amounts of water, therefore Science Cities specialized
in those areas were typically built close to rivers or lakes. For analogous reasons, those
Science Cities focused in military shipbuilding clearly had to be located on the coast.

The exact location of Science Cities, however, often depended on very idiosyncratic
factors whose main motivation was military, political or strategic. In general, Aguirrechu
underlines the fact that, whenever a Science City had to be set in an urbanized and rel-
atively developed region, the choice between any two similar localities usually fell on
that with the most potential to maintain secrecy and minimize the threat of spying; he
supports this argument with anecdotal evidence. In this respect, it is not surprising that
many Science Cities were established in the proximity of Moscow, close to the central
government and the headquarters of security agencies such as the KGB. At the extreme,
considerations of this kind overrode all the others. In particular, Science Cities special-
izing in some applied R&D fields such as the production of nuclear and strategic arms
faced a much higher threat of bombing and spying; and were located in regions far from
the borders and in municipalities far from the regional center (with limited transport
links) and previously poorly populated. Examples include Sarov and Snezhinsk.’

Some of these idiosyncratic factors depended on other historical and political cir-
cumstances. Following the evacuation of factories from the European part of the Soviet
Union beyond the Urals during the Second World War, those areas developed rapidly.

On the one hand, this may explain the concentration of many Science Cities in the Urals

9These two places provide a particularly indicative example of idiosyncratic factors affecting the loca-
tion of Science Cities: sometimes, this was determined by the presence of other Science Cities, or lack
thereof. Specifically, Snezhinsk (Chelyabinsk region) was established as a double of Sarov (Nizhny Nov-
gorod region) with the main purpose of keeping the industry working even if one of the two places were
destroyed, but also to create inter-City competition. Since Sarov is located in a relatively remote location
in the European part of Russia, Snezhinsk hat to be placed in a similarly out-of-reach area, but to the
East of Urals. Officials reportedly considered other locations in different regions, but ultimately decided
on Snezhinsk because of its proximity to another Science City, Ozyorsk, which could supply inputs to
Snezhinsk. This pattern of interplay between decisions affecting different Science Cities was not unique;
for example, the four places specialized in the production of enriched uranium were also located far from
each other.



area. On the other hand, this was a historical driver for the establishment of a particu-
lar class of Science Cities, the so-called “academic towns” (akademgorodki), in Siberian
centers to the East of the Urals with rising industrial and strategic importance but lim-
ited scientific capacities. Academic towns were semi-isolated neighborhoods of a larger
city, endowed with R&D facilities, housing for R&D staff and their families, as well as ba-
sic local infrastructure; the research in natural sciences that was conducted in academic

towns was directly linked to the specific issues faced by Siberia (Aguirrechu, 2009).

3 Analytical framework

We interpret the long-run effect of the establishment of Science Cities in light of a spatial
equilibrium framework typical of the Urban Economics literature. Specifically, we adapt
the model by Moretti (2011, 2013) which itself extends Rosen (1979), Roback (1982) and
Glaeser and Gottlieb (2008, 2009). This adaptation is designed to correspond with our
empirical strategy: in the model, we describe two ex-ante identical cities, one of which
became a Science Cities, and we analyze the spatial equilibrium that would emerge in
a market economy. We focus our discussion on the economic mechanisms that could
endogenously explain the post-transition differences between the two cities for selected
outcomes of interest. We first describe the setup of the model and then the post-transition

spatial equilibrium.

3.1 Model setup

Consider two ex-ante identical cities, s and z, which could be inhabited by different
types of workers: those of high educational level or “skill,” and those of relatively lower
skill. This dichotomous classification is typically interpreted in terms of differences in
higher educational achievement. In this context, high-skilled workers can be more nar-
rowly identified as researchers engaged in R&D, with low-skilled workers representing all
other individuals (including university-educated) who are employable in all other sec-
tors. The model is general enough to allow for both interpretations. Here we denote the
logarithm of the mass of high-skilled workers employed in city c at time ¢ as h.;, while
¢ is the corresponding notation for low-skilled workers.

Attime ¢ = 0 the two cities are part of the Soviet Union which, for exogenous reasons,

attributes to s (but not to z) the status of Science City. As a consequence of this, the gov-

10



ernment allocated proportionately more high-skilled workers to s, so that (ks — h,0) > 0.
At the same time, since in the Soviet Union economic activity was highly segregated geo-
graphically, this implies (£ — £ ;) < 0. A final consequence of Science City status is that
the urban planning choices and the public investments associated with the policy might
have made Science Cities a more enjoyable location to live in. In urban economics par-
lance one would say, then, that the amenities as of Science City s are higher than the
amenities a, of the ordinary locality z: hence d = a;—a; = 0.

Attime ¢ = 1 the two cities are part of modern Russia, a market economy, and workers
of both types self-select into either location. Following Moretti (2011, 2013) we express
the logarithmic indirect utility u,;. of an individual i of type n = h, ¢, obtained from
living in city ¢ = s, z, as:

Upjc = Wpe — Fe+ Ac + €pje,y (1)

where w, is the log-wage earned by workers of type n in city c, r. is an index of local
prices (such as housing rents), while e,;. denotes the idiosyncratic taste of individual
i for city c. For simplicity, here we assume that local prices are identical in the two lo-
cations, that is r, = r;. If r, represents rents, this could follow if houses are supplied
completely elastically in two competitive markets employing the same technology. In
fact, we also abstract from congestion effects a la Glaeser and Gottlieb (2008, 2009) and
any kind of negative externalities that may depend on a city’s population. This allows to
focus our discussion on the interplay between labor supply and agglomeration effects.
We model the relative preferences of individuals for the two localities as follows:

enis—€niz ~ Ul[=my+ by, my+ by]. (2)

For both types n = h, ¢, m, represents the overall degree of mobility of workers of type
n - intuitively, the higher m,, the lower the importance of idiosyncratic tastes for the
choice of location — while b, is the type-specific average bias towards Science City s. In

Moretti (2011, 2013) it is maintained that by, = by = 0. However, here we assume that:!°

bp =b(hsg—hz) >0
bh:b(fzo—fso)SO,

3)

10A careful reader will have noted that allowing by, b, # 0 is omothetic to letting the value of amenities
vary by worker type, as in Moretti. We feel that in this institutional context, it is important - for the sake of
interpreting the empirical evidence — to make a mechanism of path-persistence in location choice explicit
in our conceptual framework.

11



where b (-) is an increasing monotone function with b (0) = 0. This hypothesis introduces
a mechanism of path-persistence: if an individual used to reside in a specific city during
Soviet times, she is likely to prefer to stick there. Consequently, the average bias of work-
ers of a given type depends on their relative allocation at ¢ = 0. Another interpretation
of (3) is in terms of restrictions to mobility: in Russia, internal mobility used to be very
costly if not altogether impossible, due to regulation inherited from the Soviet times.!!
This can be represented as a differential, between the two groups, in the average moving
cost.

Finally, to close the model we introduce two types of firms: those that employ skilled
labor, and those that rely on workers of the low type instead. While in Moretti’s analy-
sis this was largely a simplification meant to abstract from the degree of substitutability
between skills, this characteristic of the model can be given here a contextual interpreta-
tion: if workers of type h are researchers, type-h firms correspond with the R&D sector,
while type-/¢ firms represent the rest of the local economy. The log-output y, of type-n

firms in city c is determined according to a Cobb-Douglas technology:

Yhe = Xne +Ophe + phe + (1 — 1) ke

4)
Yec=Xec+0¢he+pl e+ (1 _/«L) ke,

where x,, is the city- and type-specific total factor productivity, while k; is the log-
capital employed by the firms of type 7 in city c. The supply of capital is infinitely elastic
and its cost is the same for all firms in the two cities s and z. For simplicity, the elasticity
of labor is equal to u € (0, 1) for both types of firms in both cities. Note that firms of type
¢ do not hire workers of type £, but take h, as given.

The interpretation of parameters 65 = 0 and 6, = 0 is as follows. For type-h firms,
05, > 0 allows for increasing returns due to knowledge spillovers: since the productivity of
high-skilled workers grows more than proportionately to their number, this introduces
an agglomeration force in the economy. Note that 5, = 0 implies constant returns to
scale in type-h firms. If knowledge spillovers also operate between firms, and the size of
the local skilled workforce can affect the productivity of the less skilled workers as well,
then 6, > 0. Such a distinction between “restricted” and “general” spillover effects is,
to the best of our knowledge, new in theoretical frameworks of urban economics. The

model provides different equilibrium predictions to the extent that 6; > 0, 8, > 0, or

1A system of internal visas was in place until the early 2000s. Studies about internal migration rates in
Russia in the 1990s show that they were very low (Andrienko and Guriev, 2004; Friebel and Guriev, 2005).
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both — with corresponding empirical implications.

3.2 Spatial equilibrium

In a spatial equilibrium at ¢ = 1, some marginal worker of either type must be indiffer-
ent between cities s and z. This implies that the supply of, say, high-skilled labor in
either city is determined by the following condition (we drop timing subscripts for con-
venience):

hy—h
mh( SE Z)ths—whz+ﬁ+bh, (5)

where h = hg + h; is given and such that h < 9;1 pumy,.'? The equilibrium wage differ-
entials (wys — wy,;) are obtained as the difference between the marginal productivity of
high-skilled labor in the two cities; this difference, in turn, depends on the equilibrium
in the capital market.'® A symmetric analysis applies to the case of low-skilled labor.

As a result, the relative difference in equilibrium high-skilled employment between
the two cities can be expressed as:

7 a+by)| h
(hs_hz):[xh+u(a+ w] 2

— 0, (6)
wmp — 0 h h

where Xj, = xj,5 — x5, is the difference in log-TFP of type-#h firms between the two cities.
Equation (6) is interpreted as follows: there are three forces that cause Science Cities to
continue hosting a larger number of researchers and high-skilled workers after the tran-
sition. These are: i. inherent productivity differentials (X > 0), ii. superior amenities in
Science Cities (a > 0), and iii. path-dependence mechanisms (b;, > 0). All these forces
are stronger the more high-skilled workers are mobile (lower m;,) and the larger are the
agglomeration effects (larger 8;,). Importantly, agglomeration effects alone are not suffi-
cient to cause employment differentials, at least in the equilibrium under analysis: they
only complement factors (i.-iii.) that affect the supply of labor.

The relative difference in the productivity of high-skilled workers equals that of their

12This condition is necessary to avoid that the denominators of (6) and (7) turn negative, breaking their
interpretability. In practice, spillovers 8} and the total mass oflog-researchers s cannot be simultaneously
“too high,” or the equilibrium would degenerate into full spatial concentration of high-skilled workers.

13Equilibrium in the capital market implies that the marginal productivity of capital must be equal in
the two cities: (kys— kpz) = (hs— h;) + ' Xj,. The difference between the inverse labor demands in the
two cities can be expressed as: (wys — Wyz) = p‘l [Xp, + 0y (hs— hy)).
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wages: 3
mpXy +0yh(a+ by)

(J/hs - J’hz) —(hs—hz) = (Wps — wpy) = (7)

pmy—6h
This result bears some important implications for our empirical analysis. First, absent
agglomeration forces (8;, = 0), these differences are proportional to the log-TFP differen-
tials X5,. Second, if the latter are null (X, = 0), any positive difference in the productivity
and wages of high-skilled workers between Science Cities and comparable locations is
indicative of increasing returns.!* In the empirical analysis, we measure the difference
in municipal-level outcomes, observed about 20 years following the dissolution of the
USSR, between several dozens of Science Cities and their matched counterparts. Thus,
by standard statistical arguments it is unlikely that exogenous shocks to TFP alone could
explain any systematic productivity or wage differentials for high-skilled workers.

For low-skilled workers, the equilibrium log-employment difference reads (for given

?E£s+€z) as:

([S_[Z):i xé‘l'gﬁ(hs_hz)_i_
my H

and its sign is undetermined. In fact, path-persistence mechanisms that may push low-

a+by| 0, (8)

skilled workers away from Science Cities (b, < 0) could be more than compensated by:
amenity differentials (@ = 0), TFP differentials (X, = x,s — x¢, = 0), and, if Science Cities
host more high-skilled workers, cross-sector agglomeration forces (8, (hs — h;) = 0). The

equilibrium differentials in productivity and wages for low-skilled workers are:

55/ + 64 (hs - hz)
m .

(ves = ves) = (Us = 02) = (wes — wez) = ©)
Hence, by a reasoning analogous to the one outlined in the case of high-skilled workers,
any empirical difference in those variables - in sectors unrelated to R&D - is evidence
favorable to the operation of “generalized” spillover effects (6, > 0).

All these results would still hold, in qualitative terms, if rents or congestion effects
were allowed to vary by city and to depend on a city’s total population. In this case real
wage differentials would be smaller than nominal wage differentials, thereby restraining
labor mobility in equilibrium. See Moretti (2011, 2013) for a full-fledged analysis of this
model with negative locational externalities but without positive agglomeration forces.

Yntuitively, under constant returns to scale (8, = 0), the endogenous response of capital would equal-
ize differences across the two cities in both the marginal and the average product of (high-skilled) labor,
even in presence of employment differentials.
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4 Data and descriptive statistics

We evaluate the long-run effects of Science Cities by employing a unique dataset, which
contains information previously unavailable in electronic format. Specifically, it com-
bines: i. our database on Science Cities, which is described in Section 2 and reported in
Appendix A; ii. municipal-level data that aggregate various sources about historical and
current characteristics of Russian cities; and iii. a firm-level database that is obtained by

merging BEEPS V Russia and Bureau van Dijk’s Orbis data.

4.1 Municipal-level data sources and construction

We construct a municipal-level dataset for all Russian municipalities (2333 in total).®
We obtain administrative data from official sources, and we merge municipalities to dif-
ferent types of information through GIS software. We manually assign Science City sta-
tus to each municipality; in total, the data include 88 municipalities with at least one
Science City.'® In a few cases historical and current municipal boundaries do not match
exactly, thus we clean our data manually. Data types and sources are described in more
detail in Appendix B; here we briefly summarize them by distinguishing — for the sake of
clarity — between current socio-economic outcomes, data about recent municipal bud-

gets, geographical characteristics and historical variables.

Current outcomes. Our variables of interest about current characteristics of Russian
municipalities match the main outcomes of interest from our theoretical framework.
Specifically, we extract data about the overall municipal population, the share of the
population that attained higher education qualifications, and the share of the popula-
tion that completed any form of postgraduate education from the 2010 Russian Census.

We proxy innovation by the total count of local inventor addresses that appear on
patents applied to the European Patent Office (EPO) between 2006 and 2015. Each ad-
dress is weighted by the inverse of the number of inventors that appear on the relevant

patent; we call this measure (local) fractional patents. We also divide this measure by

15In this paper, we use the English term “municipality” to denote the municipal’nye obrazovaniya of
Russia, i.e. units at the second administrative level (akin to U.S. counties). We use the word “region” to
refer instead to federal subjects (oblast’, kray or respublika) i.e. units at the first administrative level.

16NAS (2002) lists four Science Cities for which only their Soviet-era nomenclature is publicly available:
Krasnodar-59, Novosibirsk-49, Omsk-5 and Perm-6. Their exact location is still unclear; thus we exclude
these four places from the analysis as they cannot be matched to any municipality. In addition, three pairs
of Science Cities are located within the same municipalities. Hence, 91 Science Cities are mapped to 88
municipalities with at least one Science City.
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the total number of a city’s inhabitants holding a postgraduate qualification, so to ob-
tain a proxy for average researcher’s productivity. In addition, we examine information
about total employment and per-capita wages in the combined R&D-ICT sectors; this is
obtained from the Russian Statistical Office (ROSSTAT). Note that ROSSTAT data of any
kind are typically never available for closed cities, arguably because of considerations of
Russian national security.

Finally, as accurate GDP data at the municipal level is unavailable in Russia, we use
several proxies for economic activity: average night lights intensity observed by satellites
in 1992-1994 and in 2009-2011,'7 as well as a number of variables concerning local small
and medium enterprises (SMEs) from the 2010 SME census by ROSSTAT. In particular,
we examine the overall number, the density and the labor productivity of SMEs, either

across all sectors of the economy or specifically in manufacturing.

Municipal budgets. Similarly as von Ehrlich and Seidel (2015), we also analyze in-
formation about the budgets of Russian municipalities, which can be accessed through
ROSSTAT for 2006-2016. On the revenue side, we are able to differentiate between direct
revenues (e.g. from local taxes) and transfers from both the federal and regional gov-
ernments. In addition, we are able to distinguish local expenditures by category, such
as education, healthcare, local infrastracture, and similar. All measures are converted to
2010 prices using ROSSTAT's official CPI indices.

Geographical characteristics. We collect or calculate municipality-specific infor-
mation about several geographical characteristics: municipal area, average altitude, as
well as average temperatures in January and July. Since locating close to large amounts
of water was necessary for Science Cities of certain specializations, we also collect data

on each municipality’s access to the coast, a major river or lake.!

Historical variables. For the sake of matching Science Cities to other municipalities
that were similar to them at beginning of the Cold War, we collect a number of historical
data about Russian municipalities. To account for differences in city size we use popu-

lation data from the first post-World War II census held in the Soviet Union, which was

17Night lights can plausibly be used as a proxy for economic activity under the assumption that lighting
is a normal good; see Donaldson and Storeygard (2016). Examples of economic studies employing night
lights as a proxy for economic activity within geographic units for which no alternative data source is
available include Hodler and Raschky (2014) and Storeygard (2016).

18Eor each municipality, we code this information both as dummy variables (presence or absence of
either fresh or salted water within the municipal territory) and as the distance between the municipality’s
geographical centroid and the closest source of water in question.
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conducted in January 1959.!% Since the 1959 census does not break population data by
educational achievement at the municipal level, we use data on the number of higher
education institutions located in a municipality in 1959 (De Witt, 1961), as well as the
number of local R&D institutes in 1947 (Dexter and Rodionov, 2016), to proxy for the
pre-existing human capital of an urban area.

To control for the existing level of industrial development in a municipality, we use
two pieces of information. The first is the number of plants of the Soviet defense indus-
try (factories, research and design establishments) which are located in each municipal-
ity in 1947 (Dexter and Rodionov, 2016). The second is the number of local branches of
the State Bank of the USSR in 1946, obtained from its archives. This institution was an in-
strument of the Soviet economic policy, and the geographical dispersion of its branches
can be seen as indicative of an area’s importance for the Soviet developmental strate-
gies; see also Bircan and De Haas (2015). Moreover, most Science Cities needed access
to good transportation links, while others had to be located in remote areas far from es-
pionage threats. To account for both factors, we use GIS data about Russian railroads in
19432° and about the post-WWII USSR borders.?!

Summary statistics. Table 1 displays summary statistics for municipal-level char-
acteristics and outcomes, distinguishing between municipalities hosting Science Cities
and all other ordinary municipalities. It shows that, on average, Science Cities were lo-
cated in more populous and warmer places, with a higher historical concentration of
industrial plants, universities, and R&D institutes. In addition, all our current outcome

variables register positive and significant differences.

19We would prefer to use population data from the 1940s but there was no census conducted until 1959;
moreover, World War II affected the Russian demography so much that any figures collected before 1941
are inadequate.

20In the Soviet economy, railroads were the workhorse of the transportation network; road transport
played only a secondary role (Ambler et al., 1985). Most of the railroads’ construction took place in tsarist
Russia; even in Soviet times railroads were not important just for transportation and mobility, but also as
drivers of regional industrialization. Using information about the railroad network in 1943 is preferable to
later dates, because the Soviet rail transport became one of the most developed in the world after World
War II, driven by the country’s need to extract — and transport — its natural resources.

21Similarly as with the water-related variables, we record information related to historical railroads or
the USSR borders both as dummies and as distances from the municipal centroid.
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4.2 Firm-level data sources

To perform our firm-level analysis, we use the fifth round of BEEPS merged with Bureau
van Dijk’s Orbis database, both for Russia only. BEEPS is a firm-level survey conducted
by the European Bank for Reconstruction and Development and the World Bank. It is
based on face-to-face interviews with 4,220 managers of registered firms with at least
five employees. Stratified random sampling is used to select eligible firms to participate
in the survey. While the survey was limited to a subset of all the Russian regions, those
that were chosen encompass the majority of historical Science Cities, as shown in Figure
2. The database contains geographic coordinates of the firm’s location, based on which
we can determine distances from Science Cities. Additional information about BEEPS V

Russia is given in Appendix C.

Outcomes. BEEPS V included, for the first time, an innovation module. This pro-
vides information whether, in the last three years prior to the survey, a firm engaged in
in-house or outsorced R&D; introduced a new product, process or technological inno-
vation, and whether it was ever granted a patent. We manually clean the information
contained in the innovation module: for each firm, we verify whether survey responses
match the firm’s main product and industry, by also employing external information
about the individual firms.?2 Moreover, we are able to match about 75 per cent of BEEPS
firms to Orbis accounting data, which gives us access to additional measures of eco-

nomic performance (labor productivity and operating revenue) for a subset of firms.

Controls. BEEPS V Russia also contains measures for several firm characteristics,
such as: age; industry; exporter status; ownership; geographical scope of the main mar-
ket; the number of permanent, full-time employees; as well as the share of employees

with a university degree.

Summary statistics. Table 2 reports descriptive statistics at the firm level, taking
into account survey weights. Notably, almost half of all firms (47.1 per cent) reports
introducing a new product or a new process in the last three years prior to the survey;
the fraction of firms performing R&D is lower (31.5 per cent).

22\We also compare the descriptions of the main new product or process reported in the survey with the
definitions given in the Oslo Manual (OECD and Statistical Office of the European Communities, 2005),
removing those that do not match.
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5 Empirical methodology

In this section we outline our two empirical strategies for, respectively, municipal- and

firm-level analyses.

5.1 Municipal-level analysis

We compare the long-run outcomes Y;4 of municipalities hosting Science Cities against
those of other municipalities (that we call “ordinary” municipalities) that in the years
following World War II were similar to Science Cities in terms of geographical and socio-
economic characteristics X;x. Here i = 1,..., N indexes municipalities; g = 1,...,Q our
long-run outcomes of interest; and k = 1,..., K the geographical and historical charac-
teristics we control for. For each long-run outcome, we estimate the Average Treatment
Effect on the Treated (ATT) as in a standard program evaluation framework, with the
treatment being the historical establishment of a Science City in a municipality.

Our identifying assumption is that, conditional on the observed geographical and
historical characteristics, the establishment of Science cities did not depend on fac-
tors that would affect future outcomes. The rationale of the Conditional Independence
Assumption is provided here by our previous discussion about the location of Science
Cities. In particular, we consider those military, strategic and generally idiosyncratic fac-
tors that typically affected the choice of Soviet planners as unobservables, orthogonal to
current outcomes. Similarly, the choice of observable characteristics we match on is also
based on the historical evidence discussed in Section 2: we control for the level of eco-
nomic development, human capital, accessibility and the presence of certain natural
features using the historical data that we assembled. Importantly, we also account for
“closed city” status: we match Science Cities that were closed to ordinary municipalities
that were also closed, and symmetrically for non-closed cities.

Our matching algorithm of choice is Mahalanobis matching, by which a Science City

s is matched to the ordinary municipality z with the lowest Mahalanobis Distance m;;:
Mgz (X5, Xz) = (X5 =X2) ' 2 (X5 = Xz), (10)

where x, is the vector of all observable covariates for municipality ¢ = s, z; while X is the
empirical covariance matrix of the covariates. Matching is performed with replacement,

so that a control municipality can be linked up to multiple treated cities; in addition, it
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is conditional upon exact matching on certain dummy variables: access to inland wa-
ter, coastal city status and closed city status. With respect to other typical matching
methods, such as Propensity Score Matching (PSM), Mahalanobis matching allows bet-
ter handling the geographical dimension of this setting. In fact, we include municipal
coordinates into vector x., requiring that Science Cities are matched to places close in
space, so as to mitigate concerns about the effect of region-specific unobservables. We
replicate our analysis using PSM, which produces ATT estimates that are usually slightly
larger than in the Mahalanobis case; they are available on request.?3

Our sample of treated observations varies across different ATT estimates for two rea-
sons: first, specific information for certain municipalities — like closed cities — is not
publicly available; second, we perform robustness checks such as the removal of mod-
ern Naukogrady from the analysis. For each subsample we replicate our matching algo-
rithm, and obtain different sets of treated-control matches.?* For all our outcomes we
estimate the ATT with and without the correction for the multiple covariates bias, and
we perform statistical inference by calculating standard errors based on conventional
formulae (Abadie and Imbens, 2006, 2011). Since our coverage of Russian municipali-

ties equals or approximates the universe we do not apply sampling weights.

5.2 Firm-level analysis

In the firm-level analysis, we look at innovation and performance outcomes of firms.
For the innovation outcomes, we estimate a number of probit models with the following

latent variable representation:

D 5
I;,=Po+ dz BaWrra +yzlexp [-A-dist(f,s)] Hs+nr+€pr (11)
=1 S=

(& S

EGfrZGfr (Hy,...HgA)

23Relative to PSM, however, Mahalanobis matching has its own drawbacks: it is known to perform worse
with a high number of covariates, or when covariates are not normally distributed (Gu and Rosenbaum,
1993; Zhao, 2004). In order to improve on the quality of matching, we calculate Mahalanobis distances
using the logs of covariates with highly asymmetric empirical distributions. In the case of covariates X,
that can take zero values (such as the historical number of plants, universities or R&D institutes) we use
the corresponding quantity x.x = log (Xcx + 1).

24The differences are due to the removal of certain ordinary municipalities, such as closed ones, from
the raw sample on which matching is performed. However, we find these differences negligible.
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where f =1,...,F indexes firms; s = 1,...,S denotes Science Cities; r is a subscript for
Russian regions; I;r is the latent variable associated with one specific innovation bi-
nary outcome Iy,; dist (f,s) is the geodesic distance between firm f and Science City s;
(Wf,, Lo Wer, D) are D controls available in the data (see Section 4); H; is some relevant
characteristic of Science City s; 7, is a region fixed effect; and finally € ¢, is an error term
which is distributed as a standard normal.

For the firm performance outcomes, we estimate via OLS a linear version of (11):

D
logPsr=Po+ Y. BaWrra+TGrr+ir+Vyr (12)
d=1

where Py, is either the firm’s operating revenue (sales), or labor productivity. Functional
forms that involve a term akin to G, are routinely adopted in studies of R&D spillovers
(Lychagin et al., 2016) or of agglomeration effects between firms (Drucker, 2012).

In probit regressions, the main parameter of interest is y, which measures the rela-
tionship between the innovation of firm f and the characteristics H; of all Science Cities
s, weighted by the relative geographic proximity between f and each s. To more easily
interpret the empirical model, observe that exp [—A - dist(f, s)] is the exponential decay
of a Science City’s “influence” in space: it is equal to 1 if a firm is located right in the
center of a Science City, and it is negligible unless firm f and city s are relatively close.
Thus, if a firm is located in a relatively isolated Science City, the quantity y - ¢ r —where
b r is the standard normal density function evaluated at the parameter estimates and at
firm f’s values of the right-hand side variables — approximates the marginal effect of the
characteristics H; of Science City s on the probability of a positive realization of I¢, for
firm f. Similarly, in linear models ¥ is more easily interpreted as the average change in
Py, for firms that are located in a “relatively isolated” Science City with characteristics
H,.

These specifications are flexible, and vary with the choice of H; and parameter A. For
bothlinear and non-linear models, we analyze the dependence of our outcomes of inter-
est with different “agglomeration measures” based on three alternative characteristics
H; of a Science City that likely relate to its innovation potential. These are: the fractional
patents produced in Science City s, the graduate share of its population, and its post-
graduate share. Descriptive statistics and cross-correlations for the resulting firm-level
agglomeration measures Gy, are displayed in Tables 3 and 4, respectively. We analyze

each measure in isolation, or by including all three in the same regression; in addition,
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in some specifications we interact Gy, with a manufacturing/services dummy in order
to evaluate whether parameter y (or ¥) varies by sector. We would expect, for example,
for R&D to be more common for manufacturing firms.

While we do not attempt to give any causal interpretation to our firm-level results, we
observe that the concerns of endogeneity are limited in this setting. Since the creation
of Science Cities predates the establishment of most modern Russian firms — virtually
all in our sample - the only way for the distance-based regressor and the error term to
be correlated is if a Science City “attracts” or otherwise encourages the location of more
innovative or better performing firms in their proximities. Still, we make no attempts to
correct for this possible instance of endogeneity. Our interest, in fact, is about evaluating
in a descriptive sense whether any relationship between Science Cities and firm-level
outcomes extends in space, and we do not intend to remove a potential mechanism by

which such relationships may manifest themselves.

6 Empirical results at the municipal level

In this section we illustrate the results of the municipal-level empirical analysis. After
describing our matched sample we present our main results. In order to shed more
light on the mechanism driving these results, we discuss estimates restricted to the non-
Naukogrady subsample, as well as results about additional outcomes, such as municipal

budget variables and demographic variables split by cohort of birth.

6.1 Quality of matching

Our main matching sample is constituted by 85 municipalities that include a Science
City, as well as by 65 matched municipalities which do not host any Science City. Figure
3 displays the matched pairs on the map of Russia. Out of 88 Science City municipalities
in our original data, 3 are not matched to any control observation. On the other hand,
most control observations are matched to at most two Science Cities (three in a couple
of cases). As we expect from Mahalanobis matching when including municipal coordi-
nates among the covariates, Science Cities and their counterparts are matched — with
a few exceptions — relatively close in space, especially in the more densely populated
and more developed areas of Russia. In particular, municipalities close to Moscow are

typically matched to other municipalities that are also close to Moscow, which mitigates
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concerns about the proximity of many Science Cities to the capital of Russia.

Table 5 displays the standardized mean difference and the variance ratio between
treated and control observations, both in the original and in the matched samples. The
table shows that matching achieves a remarkable degree of balance in both the first and
the second moment, despite the rigidity of the Mahalanobis algorithm and the other
requirements that we have imposed on matching (in particular, closed Science Cities
are matched to non-Science closed cities, and vice versa). In order to perform estimates
for outcomes that are missing for some municipalities, or when modern Naukogrady are
excluded from the analysis, we construct matching samples based on a subset of Science

Cities; these samples are characterized by a similarly good degree of covariate balance.

6.2 ATT estimation: All Science Cities

The main estimates of the ATT for our twelve outcomes of interest are reported in Ta-
ble 6. In what follows we summarize our results, starting from the demographics vari-
ables extracted from the 2010 Russian Census. Science Cities seem to be, on average,
slightly more populated than their matched counterparts, by about 24,000 people. This
difference, however, is only weakly statistically significant (at the 10 per cent confidence
level), and it is driven for the most part by the more educated segments of the popula-
tion. In fact, the share of inhabitants holding a university degree is higher by about 5.5
percentage points in Science Cities; similarly, Science Cities still host more people with
some postgraduate qualification (by 0.2 percentage points). Both differences are statis-
tically significant at the 1 per cent level. Note that all estimates of these demographic
variables are substantially smaller than the raw differences.

We now turn our attention to innovation measures. The absolute fractional patents
measure is estimated positive and statistically significant (at the 1 per cent level), sim-
ilarly as the corresponding average measure (significant at the 5 per cent level). These
results indicate that between 2006 and 2015, Science Cities have applied to the EPO, on
average, for 11 more fractional patents than their matched municipalities, or about 0.7
more fractional patents for each individual with a postgraduate degree.?> Note that our
ATT estimates are virtually identical to the raw differences for both patent measures,
which is arguably due to the fact that R&D is very spatially concentrated, in Russia as in

other countries. Indeed, by analyzing ROSSTAT data it appears that high-tech sectors of

Z5We obtain similar results if we use absolute, as opposed to fractional, measures of patent output.
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the economy are more developed in Science Cities, since both measures of employment
and salaries in the combined R&D-ICT sectors register positive and statistically signif-
icant differences. In those industries, Science Cities provide jobs for about 2,300 more
people, paying a monthly salary higher by about 8,000 roubles (roughly $250) at the 2010
prices.

We finally examine our proxies of overall economic activity. Night lights indicators
measured around 2010 register a high and statistically significant difference in favor of
Science Cities (while the raw difference is about threefold). ROSSTAT’s SME Census pro-
vides a different kind of information. While raw differences suggest that Science Cities
are characterized by a overall higher diffusion of SMEs, the corresponding ATT estimates
— either relative to all sectors of the economy, or specific to manufacturing — are not
statistically different from zero. Similar results, which are not displayed in Table 6 for
brevity, are obtained for measures of SME density, (number of SMEs by municipal pop-
ulation). The ATT for the SME labor productivity is, however, estimated positive and
statistically significant, both when pooling all industries and when specifically analyzing
manufacturing (in both cases, ATT estimates are about one half of the naive differences).
In an anticipation of our later discussion, we argue that the results seem to point to an
economic effect of Science Cities that operates on the intensive (productivity) margin.

We also perform a sensitivity analysis of our ATT estimates, following Rosenbaum
(2002). Specifically, we simulate the presence of some unobserved factors that would
affect both the outcomes and the probability of receiving the treatment, and we assess
to what extent this would influence our conclusions about the presence of statistically
significant differences in Y;; between treated and (matched) control observations, for
all outcomes g = 1,...,Q. The size of the simulated unobserved factor is given by pa-
rameter I' = 1, which measures the hypothesized odds of receiving the treatment (I' = 1
in an experimental setting). In Table 6 we report, for each outcome variable, the lower
value I'* that leads to inconclusive tests about the presence of a statistically significant
difference between treated and control observations.?® The values of I'* are very high
(around 3) for the census variables, our patent outcomes, the employment and salary
measures in R&D and ICT, as well as the night lights measure. They are satisfactorily
high (around 2) for the measures of SME labor productivity; as expected, they are close

to 1 for the SME count measures.?’ These results are in line with our statistical infer-

Z6We set a 5 per cent type 1 error. More specific results of the sensitivity analysis are available upon
request.
27To give context, I = 2 indicates a simulated unobserved factor that doubles the probability of receiving
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ence about the estimated ATT parameters, and show that our qualitative results are very
robust to possible threats to identification.?®

We interpret our results in light of our analytical framework presented in section 3. In
the model, high-skilled population and employment in high-tech sectors can be driven
by some mechanism of long run persistence which traces its roots in the Soviet-era allo-
cation of workers across different cities. For example, high-skilled workers might simply
prefer to live in Science Cities because they consider them their home, because moving
is costly, or because Science Cities are inherently preferable. Agglomeration forces such
as localized knowledge spillovers can reinforce and complement such factors. However,
productivity and wages can only be higher in Science Cities because of agglomeration
forces, or due to some other exogenous factors that are unaccounted by the model. Since
we trace the differential evolution, over 20 years following the dissolution of the USSR, of
63-83 pairs of matched cities, we are not inclined to believe that exogenous shocks alone
can drive the results that we observe for average patent production, wages in high-tech
sectors, and SME labor productivity. Conversely, we interpret this evidence as favorable
to the existence of increasing returns to the co-location of high-skilled workers (8, > 0),
which possibly spills over lesser skilled ones as well (0, > 0) as hinted in particular by
the results about SME labor productivity.

Finally, it must be mentioned that while our results are based on one-to-one match-
ing, the main qualitative conclusions are not altered in the case of one-to-many match-
ing. In fact, increasing the number of matched nearest neighbors usually increases bias
in exchange for a reduction in variance, and thus may result in a higher number of ATT
parameters being estimated statistically significant (possibly incorrectly). We have ob-
tained similar results by increasing the number of nearest neighbors up to five; however,

we do not present these results here due to space limitations.

the treatment relative to that of not receiving it, or vice versa; such a high value of I" would be realistic only
in presence of very serious threats to our conditional independence assumption. Consequently, very high
“critical” values of I'* associated with a certain outcome - close to 2 or higher - indicate that the results
are likely to be very robust to such threats.

28 At a first glance, it may seem counterintuitive that I'* > 1 in the case of outcomes, such as SME count
measures, whose ATT is estimated not statistically different from zero. However, the latter is a conclusion
derived from a parametric test, while the sensitivity analysis is based on non-parametric Wilcoxon signed-
rank tests. In practice, it is unlikely that the two procedures lead to very divergent conclusions.
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6.3 ATT estimation: Historical Science Cities

Our interpretation of the estimated long run consequences of Science Cities, which rests
on the interaction between persistence and agglomeration forces, would be threatened
if, on average, Science Cities still receive a differential treatment from the Russian gov-
ernment, in the form of direct or indirect support to local R&D or other economic activ-
ities. Within our analytical framework, this is isomorphic to the case where the random
shocks X, and possibly Xy, have a nonzero mean. In order to assess, to a first degree
of approximation, to what extent our results depend on current governmental support,
we perform an additional analysis which is largely similar to the one discussed above,
with the exception that it excludes those Science Cities with the official status of Nauko-
grady in today’s Russia. For these fourteen Science Cities, the Russian government has
resumed the Soviet-era program in recent years, although with a less military and more
civil focus. By contrast, we call the remaining Science Cities “historical”.

For brevity, we jump directly to the empirical estimates reported in Table 7, which
are also based on one-to-one Mahalanobis matching, and we compare them to those
from Table 6. We find the results striking. In fact, the estimated ATT is, for most out-
comes of interest, very similar to the corresponding estimates from Table 6, if usually
slightly smaller. Statistical inferences and sensitivity analyses a la Rosenbaum generally

confirm our initial assessment.2?

The only outcomes for which the removal of Nauko-
grady results in a substantial change of the estimated effects are the patent outcomes. In
the case of the fractional patent count, the estimated ATT is about one half of the initial
estimates; as for the average fractional patent measure, it is about 70 per cent smaller.
Nevertheless, the estimates for both outcomes remain significant at the 1 per cent level
and robust, as evidenced by a I'* well above 2. Notably, the employment and salary
measures relative to the R&D and ICT sector remain very similar to the previous ones.
The smaller estimated effects on the patent outcomes can be explained in two non
exclusive ways. On the one hand, in an institutional context such as that of Russia, inno-
vation is still predominantly driven by the government sector, and our patent measures
reflect the importance of renewed state support to R&D in selected localities. On the
other hand, it is possible that in resuming a restricted version of the older Science Cities

program, the Russian government has chosen the best former Science Cities in order to

291n the case of labor productivity for manufacturing SMEs, the ATT is estimated statistically significant
at the 1% level, but Rosenbaum’s I'* = 1.20 raises a warning sign. In fact, the estimated ATT effect is largely
driven by a subset of matched pairs with large differences for the outcome in question.
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make them the newer Naukogrady. In either case, we keep observing a positive differen-
tial in favor of historical Science Cities for most demographic and economic outcomes
of interest. Such differentials are even more surprising as they are clearly independent
of the extent to which the government supports local R&D today, and thus can only be
interpreted as long-run effects. Therefore, we find that our initial interpretation of the

empirical results is if anything reinforced from this restricted analysis.

6.4 ATT estimation: Municipal budgets

We now turn our attention to the analysis of municipal budget of Science Cities; specif-
ically, we compare certain aggregate entries of the budget of Science Cities to those of
their matched counterparts. The objective of this analysis is twofold. First, this lets us
test the extent to which Science Cities, be they historical or current Naukogrady, receive
a differential amount of direct governmental transfers. In addition, we see this as an op-
portunity to uncover potential drivers of our results. In the analysis of subsidized border
West German municipalities by von Ehrlich and Seidel (2015), the authors explain their
results not by agglomeration forces, but through the persistence of municipal spending
in certain, presumably productivity-enhancing, infrastructure. A parallel mechanism
could be at work in our setting: for example, since Science Cities used to be inhabited by
relatively more university graduates than other similar localities, their population might
have kept a stronger preference for the provision of certain public goods, such as those
related to education.

Russian municipalities collect resources from both local taxes (property taxes, mer-
chant fees, fees for the provision of local services) and from a portion of federal taxes
(income tax, business tax etc.) that are paid by local residents. In addition, municipal-
ities receive discretional transfers from both the federal and the regional governments.
In our data we are able to identify the source of municipal revenues, as well as the allo-
cation of expenditures by category (education, health services, local infrastructures etc.)
for all Russian municipalities except closed cities. In order to obtain relevant measures
of interest for each municipality, we collapse certain budget items by taking, for each,
the municipal average over the 2006-2016 period (normalized to 2010 prices), and then
we divide the result by the 2010 municipal population. We estimate the ATT of Science
City status on each of these per capita measures, comparing the fiscal and expenditure

patterns of Science Cities to those of their matched counterparts.
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Our estimates are summarized in Table 8 for both the sample of non-closed Science
cities, and the one additionally restricted to historical Science Cities. The results are par-
ticularly transparent in the latter case, which we discuss first. In raw differences Science
Cities collect, per capita, more taxes than ordinary municipalities; however, they receive
disproportionately less total transfers: as a result, both their total revenues and expendi-
tures per capita are smaller. When controlling for historically observable characteristics,
however, it appears that total revenues and expenditures per capita are equalized. Since
Science Cities are able to obtain a statistically significant higher amount of tax revenues
per capita with respect to matched localities (as they are richer), this is compensated by
less, and statistically significantly so, total transfers per capita. The case of all non-closed
Science Cities, including today’s Naukogrady, is similar. However, all ATT estimates are
slightly larger in the wider group, indicating that tax revenues, total transfers and total
expenditures per capita are all relatively higher for modern Naukogrady.

Based on our understanding of the institutional context, the political forces oper-
ate for the redistribution of federal resources in order to achieve approximately similar
levels of governmental expenditures per capita across space. Since Science Cities are
typically richer, this results in less total transfers in their favor. While we understand
that support to Science Cities may also exist in the form of direct expenditures appear-
ing only in the federal budget — a kind of information which is unfortunately unavailable
to us - if historical Science Cities were still of some strategic importance for the federal
government we would expect, if anything, to observe less symmetry between revenues
and tranfers per capita. In other words, the government may want to complement direct
intervention with more indirect subsidies. However, we can only attest limited evidence
for such a mechanism in the case of today’s Naukogrady, which is to be expected if the
role of historical Science Cities is, in fact, by all means exhausted.

Finally, we investigate the possible presence of differential expenditure patterns of
Science Cities. In particular, we suspected that a more educated population might have
demanded stronger investment in education, which in turn could have represented an
additional channel through which our main results manifest themselves. However, the
estimates about the per capita expenditures in education that are reported in Table 8 do
not support this hypothesis; we find no statistically significant differences across other
expenditure categories either (we do not show the associated estimates for brevity). To
summarize, our analysis of the municipal budgets does not provide evidence in favor of

fiscal channels, either in the form of superior governmental transfers or in that of differ-
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ential expenditure patterns a la von Ehrlich and Seidel, to explain our results. In light of
this, we maintain that the mechanisms outlined in our model - the interplay between

persistence and agglomeration forces — constitute a preferable set of explanations.

6.5 ATT estimation: Demographic and economic dynamics

One final concern about the mechanisms that we postulate for interpreting our results
is that they may not be long lasting. Observe that our model analyzes the spatial equilib-
rium that would emerge in a static context if workers initially allocated across space by a
central planner were suddenly allowed to move. In the real world, however, workers are
slowly replaced by younger workers from newer generations. In our framework, the per-
sistence forces interacting with spillover effects are modeled as differential preferences
between static sets of workers. If new generations do not share the preferences or the
characteristics of their fathers, spatial equilibrium can over time lead to mean reversion
- even in presence of agglomeration forces, thanks to the action of random shocks. This
feature is typical of empirical studies in economic geography, perhaps most famously
that by Davis and Weinstein (2002). In this case our results are not to be interpreted as
true long-run effects, but rather as snapshots of a long transition back to steady state.

We investigate the possibility that the advantage of Science Cities wanes over time by
exploiting some additional information present in our dataset. Specifically, the Russian
Census data allows us to identify the number of residents in each municipality by type
of attained education within each cohort of birth. This lets us assess to what extent our
results about urban educational levels are mainly driven by older cohorts, or instead
substantially depend on younger cohorts as well. To this end, we split the population
of each municipality between the “young” (those born after 1965), and the “old” (those
born on or before 1965). At the time of the dissolution of the USSR (1991-1992) the older
individuals in the “young” group who had obtained a university degree were starting
their professional career, and presumably could move more easily. Furthermore, those
who were underage at the time of the transition might have pursued less education than
their fathers (mean reversion). Both factors would predict a more equal distribution of
young graduates between Science Cities and their matched counterparts.

We estimate the ATT of Science Cities on the graduate share of the population sepa-
rately for the “old” and “young” groups, by exploiting our matched sample. The results

are reported in Table 9: we find that while the differences are indeed larger for the older
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group, they are positive and statistically significant for the younger one, in whose case
the effect amounts to about 60 per cent of the old group’s. All estimates are uniformly
smaller, but still statistically significant, if current Naukogrady are removed from the
sample. We perform a similar analysis for the postgraduate share; however, in this case
we define the threshold year of birth as 1955, taking into account the fact that in Russia,
postgraduate education is characterized by a long average duration.®° In relative terms,
the estimates of the two groups compare similarly to those of the graduate share. For
neither measure the results depend substantively on the chosen threshold. Thus, this
analysis provides little evidence in favor of the mean reversion hypothesis: it appears
that the children of Soviet inhabitants of Science Cities pursue educational and loca-
tional choices that are largely similar to those of their fathers, albeit not identical.
Following this analysis, a logical next step would be to assess mean reversion in eco-
nomic outcomes. If the relative skill level of Science Cities and that of comparable mu-
nicipalities are equalized over time, we would expect economic convergence as well.
Unfortunately, our data do not let us track the evolution of our proxies of economic
activity over time, except for one variable: our night lights satellite data. Table 9 also
displays the ATT estimates for the average night lights measurements obtained between
1992 and 1994, right after the transition. We ensure comparability with the estimates
reported in Tables 6-7 for the 2009-2011 average by normalizing both into z-scores. By
examining both, one can observe that the estimates relative to 2009-2011 are actually
larger than those for 1992-1994, indicating that, if anything, Science Cities have been
growing faster than their matched municipalities. While this finding may also be due to
the possibility that the negative shock associated with the transition disproportionately
affected Science Cities, with a resulting ensuing rebound, it hardly supports the hypoth-
esis of mean reversion either. Consequently, we maintain our conclusion that the main
results are to be interpreted as persistent long run effects, which have long survived the

original policy that has ultimately caused them.

30We observe a secular increase in the attainment of postgraduate education in Russia following the
transition, which is opposite to the general trend observed for tertiary education. Among all municipali-
ties, the unweighted average share of graduates in the old group is about 12.5 per cent, while it amounts
to about 11.0 among the younger (24.5 per cent vs. 21.5 per cent in Science Cities). Conversely, the post-
graduate share is 0.15 per cent in the old group and 0.33 per cent in the young group (0.50 per cent vs. 0.63
per cent in Science Cities).
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7 Empirical results at the firm level

We now turn to the discussion of our empirical results at the firm level, which are aimed
at exploring the “spatial reach” of Science Cities and their consequences on firms’ inno-
vation and performance. We present estimates for models in (11) and (12) with A = 1;
however, we obtain similar results with higher values for this parameter (in particular, in

Appendix E we show results for A =2 and A =5).

7.1 Innovation outcomes

Table 10 presents the results from the estimation of several probit models with latent
variable representation (11) for five separate firm-level outcome binary outcomes I¢,:
whether a firm engages in any R&D activity (in-house or contracted); whether in the
three years prior to the survey the firm has produced a relevant innovation (either prod-
uct or process); whether this was specifically a product, or a process innovation; and
finally if the firm’s innovation effort has ever resulted in being granted a patent. On the
right-hand side of (11), we employ different agglomeration measures, as discussed in
section 5.2. In the table, we present the average probit marginal effects, which are in-
terpreted as the average increase in the probability of I¢, = 1 associated with a unitary
increase in agglomeration potential for a firm in a “relatively isolated” Science City s.
The relative standard errors are Taylor-linearized to account for survey stratification.

In the case of the patent-based agglomeration potential measure, the estimates of
Y are positive and statistically significant for three outcome variables: engagement in
R&D (1.5 per cent marginal effect), product innovation (1.2 per cent) and having been
granted a patent (1.8 per cent). These results seem to be driven by manufacturing firms;
for service firms, y is conversely positive and statistically significant for process inno-
vation (2.9 per cent) and general innovation (3.5 per cent). These findings indicate that
the innovativeness of Science Cities spills over to the firms that are located sufficiently
close to them. While these marginal effects cannot be interpreted in a causal sense, they
are indicative of some economic mechanisms that induce firms with more innovation
potential to locate in the proximity of Science Cities. These mechanisms operate more
in terms of product or process innovation whether firms belong to the manufacturing
or the services sector.

For the two agglomeration potential measures based on the graduate and postgrad-

uate share, the results are qualitatively similar, though statistically significant only for
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manufacturing firms. The estimate of y is positive and statistically significant for R&D,
product innovation and having been granted a patent, but negative and statistically sig-
nificant for process innovation. We hypothesize that manufacturing firms closer to Sci-
ence Cities on average have production technologies closer to the frontier, which im-
plies that they are likely to introduce new processes more slowly than manufacturing
firms in the course of catching up. Because the results take opposite signs for product
and process innovation, the estimate of y for general innovation is unsurprisingly not
statistically significant. However, no relevant correlations are attested for service firms,
which explains the small precision of the undifferentiated estimates of y.3!

When all three agglomeration potential measures are included in the estimation,
only the patent-based measure is positively and statistically significantly associated with
R&D at 5 per cent level of significance. Other estimates of y are very imprecise and often
not in line with the results previously illustrated. This is arguably a result of the fact that

the three measures are quite collinear (see Table 4).

7.2 Performance indicators

The measurement of the returns to R&D and innovation corresponds with a traditional
line of research in empirical studies of innovation economics.3? In our setting, we are
similarly interested in uncovering performance advantages for firms that locate close
to Science Cities, which can be either due to the indirect effect of firm-level innovation
spurred by Science Cities (which we illustrated above) or to spillovers of a different kind.
To this end, we provide reduced form evidence about the association between Science
Cities and firms’ labor productivity or sales, by estimating model (12) under different
specifications. The results are reported in Table 11; note that for both labor productivity
and sales we utilize two different outcome measures, one from our BEEPS survey and
the other from Orbis’ matched accounting data.33

In the case of the patent-based agglomeration potential measure, ¥ is estimated pos-
itive and statistically significant, but only when we use BEEPS-based indicators. By in-
teracting our main regressor G, with sector dummies, we can observe that this effect

appears to operate only among service firms. In our running scenario of a firm located

31The results for the postgraduate share agglomeration measure are very similar to those based on the
graduate share. Note that the apparently large marginal effects are easily explained in light of the smaller
empirical support of the postgraduate share variable.

32See e.g. two relevant surveys: Hall, Mairesse and Mohnen (2010) and Syverson (2011).

33Specifically, we employ the measure of operating revenue from Orbis.
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right in the center of a semi-isolated Science City s, an increase in the patent-based ag-
glomeration measure is correlated with a 15.3 per cent increase in total sales, and a 13.4
per cent increase in labor productivity. These are large and relevant figures, although in
reality few firms in our sample are that close to Science Cities, and the actual correlation
must thus be discounted for distance decay. When estimating the model employing our
agglomeration measure based on the graduate-share, we obtain statistically significant
results only for Orbis-based indicators. Once again, the effects appear to be entirely
driven by service firms. We obtain qualitatively similar results when using the postgrad-
uate share measure, and when pooling all measures together in our estimates (in this
case, ¥ is statistically significant only for service firms when using BEEPS-, not Orbis-
based indicators).

These results raise two questions. First, one may ask why the results on BEEPS-
and Orbis-based indicators do not coincide for each of our agglomeration measures.
Clearly, the latter are imperfect measures of the influence of Science Cities; nevertheless,
they outline a consistent picture: an association of Science Cities with firm-level perfor-
mance indicators does exist, but only for service firms. The second question is about the
divergence of these results from those about firm-level innovation, which appear to be
driven by manufacturing firms instead. To address this interrogative, one must consider
the specific context of the Russian transition from a planned to a market economy. In
Soviet times the service sector was virtually non-existent, and it has taken decades for it
to develop in transitioning Russia to a degree comparable to that of western economies.
Manufacturing, on the other hand, underwent a deep restructuring due to the pressure
of international competition. It is thus unsurprising that, under favorable conditions,
service firms are more easily observed to grow, while manufacturing firms exert more
innovative effort. Still, more research — ideally employing panel firm-level data — is nec-
essary in order to reconcile different pieces of evidence.

8 Conclusion

In this article we have analyzed the long-run effects of a unique historical placed-based
policy: the creation of R&D-focused Science Cities in Soviet Russia. Both the initial es-
tablishment and the eventual suspension of this program was largely guided by political
factors that are arguably exogenous to drivers of current social and economic conditions
of Russian cities. We compare Science Cities to other localities that were observation-
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ally similar to them at the time of their selection, and we compute differences in the
current characteristics between the two groups. We find that former Science Cities are
bigger today, largely because they host a higher number of well-educated individuals.
Moreover, they produce a higher number of internationally recognized patents (both in
absolute terms and considering the average in the population of potential inventors);
their R&D and ICT sectors are more developed, and pay higher salaries; finally, Science
Cities host more productive small businesses (although not a higher number of them).
Through a separate firm-level analysis, moreover, we attest some evidence in support of
the hypothesis that the effect of Science Cities extends beyond their municipal borders.

Because our results hold largely unchanged after the removal, from the estimation
sample, of Science Cities that today receive resumed support from the Russian govern-
ment, we conjecture that they are consequent to the interaction between persistence
and agglomeration forces, which we illustrate within a simple spatial equilibrium frame-
work. Specifically, high-skilled individuals who have remained in their former cities of
residence have contributed to the emergence of more productive businesses in the new
market economy. By analyzing municipal budgets, we rule out alternative explanations
such as differential governmental transfers or provision of public goods. In addition, by
examining our data in more detail we find little support for rapid mean reversion: thus,
we believe that ours is a valuable contribution to the existent literature on place-based
policies, which up to now has found only limited evidence in favor of long-run effects
following the suspension of a program. More generally, our results are also informative
for science and innovation policy, both in the context of emerging economies such as
Russia and in those of traditionally capitalistic countries. We hope that these results will

be invoked to motivate similar R&D policies but with a civil, instead of military, purpose.
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Figures

Figure 1: Location of Science Cities and regional population density

Source: Table A.1 and ROSSTAT.

Figure 2: Location of Science Cities and regions covered in BEEPS V Russia
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Source: Table A.1 and BEEPS V Russia.
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Figure 3: Science Cities and their matches
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Figure 4: Gross expenditures on R&D (GERD) in Russia, 1989-2010
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Figure 5: Researchers in Russia, 1989-2010
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Figure 6: Defense R&D in Russia and elsewhere, 1994-2003
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Table 1: Municipal-level data: Descriptive statistics

‘ Science Cities ‘ Other municipalities ‘

Obs. Mean (SE) Obs. Mean (SE) | p-value

Latitude 88 55.664 2250 53.981 0.000
(0.391) (0.108)

Longitude 88 49.771 2250 59.955 0.000
(2.387) (0.620)

January mean °C 88 -11.632 2250 -13.559 0.000
(0.410) (0.149)

July mean °C 88 18.535 2250 18.755 0.247
(0.181) (0.056)

Average altitude 88 0.169 2250 0.267 0.000
(0.010) (0.007)

Minimum distance from railroad 88 0.007 2250 0.078 0.000
(0.001) (0.005)

Minimum distance from river 88 0.032 2250 0.056 0.000
(0.004) (0.001)

Minimum distance from lake 88 0.118 2250 0.172 0.000
(0.009) (0.003)

Minimum distance from coast 88 0.725 2250 0.730 0.917
(0.044) (0.010)

Minimum distance from USSR border 88 0.665 2250 0.679 0.723
(0.037) (0.009)

Population in 1959 88 67.583 2250 49.573 0.167
(12.516) (3.242)

Number of universities in 1959 88 0.557 2250 0.196 0.132
(0.224) (0.046)

Number of State Bank branches 88 1.096 2250 0.739 0.000
(0.987) 0.977)

Number of plants in 1947 88 6.205 2250 2.484 0.023
(1.458) (0.697)

Number of R&D institutes in 1959 88 0.807 2250 0.412 0.242
(0.253) (0.222)

Area in km? 88 0.692 2250 7.108 0.000
(0.116) (0.637)

Population in 2010 88 131.557 2250 58.324 0.001
(21.169) (5.871)

Graduate share in 2010 88 0.225 2250 0.110 0.000
(0.008) (0.001)

Postgraduate share in 2010 88 0.006 2250 0.003 0.000
(0.000) (0.000)

Fractional patents, 2006-2015 88 13.909 2250 2.265 0.002
(3.489) (1.210)

Avg. fractional patents, 2006-2015 88 0.761 | 0.028 2.265 0.000
(2.944) (0.107)

Night lights, 2009-2011 88 30.611 2250 7.638 0.000
(2.124) (0.272)

Avg. salary in R&D and ICT in 2010 (thousands) 73 24.265 2177 15.368 0.000
(10.001) (7.978)

Employment in R&D and ICT in 2010 (thousands) 73 4.260 2177 1.004 0.026
(6.937) (12.394)

Number of SMEs in 2010 (thousands, all) 69 3239.725 2140 1189.833 0.008
(742.669) (67.367)

SME labor productivity (all) 69 1643.995 2153 794.105 0.000
(84.513) (9.213)

Number of SMEs in 2010 (thousands, manufacturing) 69 395.073 2038 119.546 0.010
(103.133) (7.535)

SME labor productivity (manufacturing) 67 1438.443 2014 768.462 0.000
(84.554) (20.805)
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Table 2: Firm-level data: Descriptive statistics

‘ Obs Mean Linearized std. err. [95% Conf. interval]
Young firms (0-5 years) 4220 0.169 0.054 0.063 0.274
25%+ foreign owned 4220 0.058 0.040 -0.020 0.136
25%-+ state owned 4220 0.009 0.007  -0.005 0.022
Exporter 4220 0.209 0.056 0.098 0.320
Main market: local 4220 0.502 0.043 0.418 0.587
Main market: national 4220 0.495 0.043 0.410 0.579
% of employees with a completed university degree | 4045  55.639 3.793  48.181 63.097
Located in a city with population over 1 million 4220 0.605 0.011 0.583 0.626
Credit-constrained firm 4220 0.412 0.060 0.294 0.529
Log (employees), Orbis 2979 3.910 0.062 3.789 4.032
Log (capital), Orbis 3027 6.169 0.219 5.738 6.599
Log (materials), Orbis 2936 6.601 0.238 6.132 7.069
Log (permanent, full-time employees), BEEPS 4211 3.528 0.167 3.200 3.856
Log (operating revenue), Orbis 2980 6.891 0.217 6.465 7.317
Log (labor productivity), Orbis 2979 2.956 0.168 2.626 3.286
Log (sales), BEEPS 3027 17.889 0.209 17.478 18.299
Log (labor productivity), BEEPS 3021  14.346 0.182  13.989 14.704
R&D (dummy) 4220 0.315 0.058 0.201 0.429
Technological innovation (dummy) 4220 0.471 0.058 0.356 0.586
Product innovation (dummy) 4220 0.326 0.058 0.211 0.441
Process innovation (dummy) 4220 0.306 0.053 0.201 0.410
Ever granted a patent (dummy) 1998 0.163 0.053 0.059 0.267

Notes:

Survey-weighted observations (using Stata’s svy command).

Table 3: Agglomeration variable: Descriptives

Linearized Taylor standard errors clustered on strata.

A=1 A=2 A=5
Mean Std. dev. Mean Std. dev. Mean Std. dev.
Overall
Fractional patents 0.044875  0.564278 | 0.012969  0.245913 | 0.008035 0.177558
Graduate share 0.000621  0.006970 | 0.000231  0.003545 | 0.000154  0.002620
Postgraduate share | 0.000018  0.000227 | 0.000007  0.000116 | 0.000004 0.000085
Manufacturing
Fractional patents 0.016345  0.392833 | 0.005485  0.198346 | 0.003667  0.149822
Graduate share 0.000256  0.004811 0.000108  0.002680 | 0.000076  0.002052
Postgraduate share | 0.000007  0.000141 | 0.000003  0.000078 | 0.000002  0.000059
Services
Fractional patents 0.028530  0.406232 | 0.007484  0.145651 | 0.004367  0.095458
Graduate share 0.000364  0.005062 | 0.000124  0.002327 | 0.000078  0.001632
Postgraduate share | 0.000011  0.000178 | 0.000004  0.000087 | 0.000002  0.000062
Table 4: Agglomeration variables: Correlations
A=1 A=2 A=5
Fractional patents ~ Graduate share | Fractional patents  Graduate share | Fractional patents  Graduate share
Graduate share 0.6423*** 0.6791*** 0.6801***
Postgraduate share 0.5466*** 0.9449*** 0.5589*** 0.9441%* 0.5575%* 0.943%*

Al



Table 5: Covariate balance: Mahalanobis matching, all Science Cities

| Stand. bias | Variance ratio

‘ Raw Matched‘ Raw Matched

Latitude 0.3592 0.0292 | 0.5429 0.9218
Longitude -0.4503 0.0027 | 0.5346 0.9671
January mean °C 0.3916 0.0154 | 0.2750 1.0869
July mean °C -0.0854 0.0418 | 0.4189 1.0892
Average altitude -0.4050 -0.0214 | 0.0858 0.9828
(Log) population in 1959 -0.1273 -0.0006 | 2.1616 0.9714
(Log) areain km? -1.1775 -0.0581 | 1.1944 0.8159
(Log) no. of plants in 1947 0.7642 0.0683 | 2.3061 0.9678
(Log) no. of universities in 1959 0.3227 0.0058 | 3.1266 1.1697
(Log) no. of R&D institutes in 1959 0.7263 0.0523 | 4.8844 1.1064
Number of State Bank branches -0.3294 -0.0633 | 1.0101 1.1924
Dist. from railroad -0.4304 -0.0954 | 0.0015 0.8418
Dist. from USSR border -0.0359 -0.0483 | 0.7059 1.0157
Dist. from coastline -0.0537 -0.0172 | 1.3513 0.9962

Notes: For each variable in the left column, the table reports both the difference in
the variance-standardized mean and the variance ratio between treated and con-
trol observations, for both the raw sample and the matched sample. The matched
sample is obtained through the Mahalanobis matching algorithm applied to the
variables above, forcing exact matching on: closed city status, presence of a lake
or ariver in the municipal territory, and direct access to the coast. The number
of plants, universities and R&D institutes is increased by one before applying the
logarithmic transformation. Matching is one-to-one with replacement.
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Table 6: Municipal-level results: Mahalanobis matching, all Science Cities

‘ Whole sample ‘ Matched sample (1 nearest neighbor)
Outcome ‘ Raw difference ‘ T C ATT ATTb.a. T* (a=.05)
R
Graduate share O(élg) ;; 83 65 0((())5(;3 ;:; 0((())53 ;:; 3.40
Postgraduate share 0((())03 ;; 83 65 0((())05 ; I; 0((())0: ; ;; 2.80
Night lights (2009-2011) 22(2713;; 83 65 731;;; 632;;; 3.15
Fractional patents 1 (6:3))4;17*; 83 65 10(:73125 5*:;; 10(9;929;; 3.80
Avg. fractional patents (2073113; 83 65 ?07?1)?3); ?072;1; 3.75
Employment in R&D, ICT 3(?)5;:; 63 54 2(%15;2: 2(%953 ; ; 3.25
Avg. salary in R&D, ICT ngf 7*; 63 54 8(11851 ;;; 78351 2*; 2.75
No. SMEs, thousands (All) 2(?)5;);1; 63 54 ( 004?;3%?; ( 0055;392:;) 1.25
No. SMEs, thousands (Manuf.) 0(%)716;; 63 54 ( 0000777? ( 000(;?3 1.10
SME labor product. (All) O(?)S(()) ;: 63 54 O(Z(l)l(? ;; 0(?)7(? ;; 2.55
SME labor product. (Manuf.) 0(37(} ;; 63 54 0(:323 ;: 0(?(’)1; ;:; 1.65

Notes: * denotes p < 0.10, ** denotes p < 0.05, and *** denotes p < 0.01; where p is the p-value associ-
ated to each parameter estimate (standard errors are reported in parentheses). In the matched sample,
T is the number of matched treated observations; C is the number of matched controls; ‘ATT’ and ‘ATT
b.a.” are two estimates of the ATT respectively excluding and including a bias-adjustment term (Abadie
and Imbens, 2011). In both cases, standard errors are computed following Abadie and Imbens (2006). T'*
is the minimum value of parameter I" = 1, selected from a grid spaced by intervals of 0.05 length, such
that in a sensitivity analysis & la Rosenbaum (2002) the set of Wilcoxon signed-rank tests associated with
I'* do not simultaneously reject the null hypothesis that the outcome variable is not different across the
treated and control samples, for tests with a = .05 type I error. A higher value of I is associated to a
stronger simulated unobserved factor which affects both the outcome and the probability of receiving
the treatment. Full-fledged results of the sensitivity analysis for specific outcomes are available upon re-
quest.
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Table 7: Municipal-level results: Mahalanobis matching, historical Science Cities

‘ Whole sample ‘ Matched sample (1 nearest neighbor)
Outcome | Raw difference | T C ATT ATTb.a. T* (a=.05)
we o D A
Graduate share 0(1)03 ;; 69 58 0((())402 ;:; 0((())4(()) ;; 2.75
Postgraduate share O((())O(? ;;; 69 58 0((())002 g; 0((())05 ;g; 2.20
Night lights (2009-2011) 20(2031;; 69 58 5(29322; 5(?195;;: 2.45
Fractional patents 7(25;1 ;; 69 58 534?? 5*:; 53620 ; ; 2.85
Avg. fractional patents 0(?)5(‘? ;; 69 58 0(1)9(;3 ;; 0((1)85 ;; 2.70
Employment in R&D, ICT 3 :)586;; 50 45 : (Z)Oj;; 1 (?)152 ;:; 2.25
Avg. salary in R&D, ICT 83831;: 50 45 780;) ;:; 63375 ;:; 1.90
No. SMEs, thousands (All) 2((())5;);: 50 45 ( 00515%? ( 007?;45? 1.05
No. SMEs, thousands (Manuf.) 0(3716;; 50 45 ( 000%”’3 ( 0010156? 1.00
SME labor product. (All) 0(5(3)58) ;: 50 45 0(?)102 ;;: 0(?)0(;1 ;: 1.90
SME labor product. (Manuf.) 0(((3)701 ;; 50 45 0(?)25 ;: 0(?)4; ;:; 1.20

Notes: * denotes p < 0.10, ** denotes p < 0.05, and *** denotes p < 0.01; where p is the p-value associ-
ated to each parameter estimate (standard errors are reported in parentheses). In the matched sample,
T is the number of matched treated observations; C is the number of matched controls; ‘ATT’ and ‘ATT
b.a.” are two estimates of the ATT respectively excluding and including a bias-adjustment term (Abadie
and Imbens, 2011). In both cases, standard errors are computed following Abadie and Imbens (2006). T'*
is the minimum value of parameter I" = 1, selected from a grid spaced by intervals of 0.05 length, such
that in a sensitivity analysis & la Rosenbaum (2002) the set of Wilcoxon signed-rank tests associated with
I'* do not simultaneously reject the null hypothesis that the outcome variable is not different across the
treated and control samples, for tests with a = .05 type I error. A higher value of I is associated to a
stronger simulated unobserved factor which affects both the outcome and the probability of receiving
the treatment. Full-fledged results of the sensitivity analysis for specific outcomes are available upon re-
quest.
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Table 8: Municipal-level results: Mahalanobis matching, municipal budgets analysis

\ Whole sample \ Matched sample (1 nearest neighbor)

Outcome ‘ Raw difference ‘ T C ATT ATTb.a. T* (a=.05)
All Science Cities
Total revenues, per capita 5(71 1: ; ; 63 54 &g}é; ( 01. 9%1?; 1.10
All transfers, per capita 8(?)3;);; 63 54 (;)06?;; ((1):3?:; 1.00
Tax income, per capita 3(?)265 ;: 63 54 2(;1)63 : ; 2(1)755 g:; 2.00
Total expenditures, per capita 5(519: ; ; 63 54 (i?)g?): (11. 011}53 1.10
Expend. in education, per capita (229?53 50 45 ?37322 (340%2? 1.25
Historical Science Cities

Total revenues, per capita 6(11237;; 50 45 (100(;203)' (_1013312? 1.00
All transfers, per capita 8(2081 ;;; 50 45 _((1)?;?; i 1(065)8;; 1.05
Tax income, per capita 2(27;1 I ; 50 45 1(02683; 1(03(;2; 1.30
Total expenditures, per capita 680; ;; 50 45 (100202?)’ (_101%425) 1.00
Expend. in education, per capita (229%54? 50 45 (219223;3 (303261? 1.00

Notes: * denotes p <0.10, ** denotes p < 0.05, and *** denotes p < 0.01; where p is the p-value associ-
ated to each parameter estimate (standard errors are reported in parentheses). In the matched sample,
T is the number of matched treated observations; C is the number of matched controls; ‘ATT’ and ATT
b.a.” are two estimates of the ATT respectively excluding and including a bias-adjustment term (Abadie
and Imbens, 2011). In both cases, standard errors are computed following Abadie and Imbens (2006). I'*
is the minimum value of parameter I' = 1, selected from a grid spaced by intervals of 0.05 length, such
that in a sensitivity analysis a la Rosenbaum (2002) the set of Wilcoxon signed-rank tests associated with
I'* do not simultaneously reject the null hypothesis that the outcome variable is not different across the
treated and control samples, for tests with @ = .05 type I error. A higher value of T is associated to a
stronger simulated unobserved factor which affects both the outcome and the probability of receiving
the treatment. Full-fledged results of the sensitivity analysis for specific outcomes are available upon
request.

A5



Table 9: Municipal-level results: Mahalanobis matching, “dynamic” analysis

‘ Whole sample ‘ Matched sample (1 nearest neighbor)

Outcome | Raw difference | T C  ATT  ATTba. I*(a=.05)

All Science Cities

Graduate share: born < 1965 0(1)205 :; 83 65 0((())73 ; ij 0((())63 ;:): 3.80
Graduate share: born > 1965 0(1)0(;)(’;‘;: 83 65 0((())4(()5 (:; 0((())4(? ;:; 2.45
Postgraduate share: born < 1955 0((())0(;1;; 83 65 0((())05) ; ;k 0((())03 ;I; 2.90
Postgraduate share: born > 1955 0((())0(;3;:): 83 65 0((())05 0* i: 0((())05 ;;: 1.95
Night lights (1992-1994) 19(114925*;; 83 65 5(?0:;: 4(7145?;; 1.80

Historical Science Cities

Graduate share: born < 1965 0(1)1(? 1*; 69 58 0((())4(? ;:; 0((())4(? ;; 3.05
Graduate share: born > 1965 0(1)03;;; 69 58 0((())33 ;; 0((())301 ;:; 1.95
Postgraduate share: born < 1955 0(?)03;; 69 58 0((())05 ; S 0(%05 ;; 2.30
Postgraduate share: born > 1955 0((())03;:); 69 58 0((())05 ; : 0((())002 ::; 1.55
Night lights (1992-1994) 16(;618;;; 69 58 43971;; S(Sissgg 1.35

Notes: * denotes p < 0.10, ** denotes p < 0.05, and *** denotes p < 0.01; where p is the p-value associ-
ated to each parameter estimate (standard errors are reported in parentheses). In the matched sample,
T is the number of matched treated observations; C is the number of matched controls; ‘ATT’ and ‘ATT
b.a.” are two estimates of the ATT respectively excluding and including a bias-adjustment term (Abadie
and Imbens, 2011). In both cases, standard errors are computed following Abadie and Imbens (2006). I'*
is the minimum value of parameter I' = 1, selected from a grid spaced by intervals of 0.05 length, such
that in a sensitivity analysis a la Rosenbaum (2002) the set of Wilcoxon signed-rank tests associated with
I'* do not simultaneously reject the null hypothesis that the outcome variable is not different across the
treated and control samples, for tests with @ = .05 type I error. A higher value of I is associated to a
stronger simulated unobserved factor which affects both the outcome and the probability of receiving
the treatment. Full-fledged results of the sensitivity analysis for specific outcomes are available upon re-
quest.
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Table 10: Firm-level innovation outcomes: probit average marginal effects (1 =1)

Product Process Technological Hasa

Agglomeration potential measure R&D innovation  innovation  innovation patent
Fractional patents 0.015%** 0.012** 0.005 0.023 0.018***
(0.003) (0.005) (0.009) (0.016) (0.006)
Fractional patents * manufacturing 0.018*** 0.014** -0.015 0.011 0.038
(0.005) (0.006) (0.009) (0.008) (0.026)
Fractional patents * services -0.012 0.008 0.029** 0.035** -0.037
(0.027) (0.013) (0.011) (0.016) (0.062)
Graduate share 0.756 0.698 -0.529 0.519 0.931
(0.493) (0.528) (0.720) (0.783) (0.642)
Graduate share * manufacturing 1.599*** 1.315** -2.143** 0.964 1.926**
(0.542) (0.643) (0.899) (0.754) (0.805)
Graduate share * services -0.963 -0.210 0.203 0.150 -3.677
(0.964) (1.042) (0.904) (1.270) (4.954)
Postgraduate share 13.499 12.200 -10.478 9.368 18.536
(18.595) (15.758) (22.860) (24.771) (21.692)
Postgraduate share * manufacturing | 75.008*** 65.665** -71.526* 45.526 89.147**
(25.546) (32.293) (38.977) (34.129) (40.106)
Postgraduate share * services -19.784 -19.717 4.273 -0.142 -122.477
(25.008) (28.159) (22.892) (33.250) (217.412)
Fractional patents 0.018** 0.011 0.025 0.030 0.024
(0.007) (0.009) (0.017) (0.020) (0.015)
Graduate share -0.215 0.963 -7.043* -2.354 -1.216
(1.659) (2.149) (3.784) (3.270) (2.862)
Postgraduate share -11.507 -35.355 143.479* 32.815 16.247
(46.695) (52.332) (86.155) (79.706) (63.918)
Fractional patents * manufacturing 0.019* 0.011 -0.001 0.012 0.197
(0.011) (0.013) (0.013) (0.017) (0.281)
Fractional patents * services 0.027 0.076** 0.043*** 0.053*** 0.002
(0.016) (0.030) (0.013) (0.017) (0.022)
Graduate share * manufacturing -0.649 -5.44 -4.661** -2.633 -41.289
(2.086) (4.175) (2.125) (4.359) (67.281)
Graduate share * services -41.438* 185.765 -4.951 -4.490 -8.261
(22.023) (120.767) (3.561) (4.777) (11.919)
Postgraduate share * manufacturing 18.246 268.314 81.411 114.812 903.725
(53.436) (177.391) (57.724) (150.719)  (1440.673)
Postgraduate share * services 946.266* -9429.358 87.413 62.199 140.698
(519.478) (6077.819) (88.581) (124.558) (275.909)
Number of observations 4040 4040 4040 4040 1863
Number of strata 1224 1224 1224 1224 896

Notes: Average marginal effects based on probit using survey-weighted observations (using Stata’s svy prefix). Only coefficients on agglomeration poten-
tial measures are reported. Fractional patents agglomeration potential measure is based on the number of patents applications to EPO in 2006-2015 in
municipalities with science cities, by inventor (fractional counting). Graduate share and postgraduate education agglomeration potential measures are
based on the percentage of population with higher education and postgraduate education, respectively, in municipalities with science cities in 2010. All
regressions include region and sector fixed effects and control for other firm characteristics: log number of permanent, full-time employees, % of em-
ployees with a completed college degree, and indicators for young firms (up to 5 years old), 25% foreign and state ownership, exporter status, local and
national main markets for the firms’ products, credit constraindness and whether the firm is located in a city with population over 1 million. Linearized
Taylor standard errors clustered on strata are reported in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Table 11: Firm-level performance outcomes: OLS (1 =1)

Operatingrevenue  Labor productivity ~ Sales Labor productivity

Agglomeration potential measure (Orbis) Orbis) (BEEPS) (BEEPS)
Fractional patents 0.009 0.008 0.062** 0.056**
(0.013) (0.013) (0.030) (0.026)
Fractional patents * manufacturing 0.001 -0.007 0.010 0.008
(0.009) (0.009) (0.011) (0.011)
Fractional patents * services 0.022 0.028 0.143* 0.126**
(0.025) (0.024) (0.074) (0.052)
Graduate share 3.233* 3.267* 0.722 -0.050
(1.736) (1.764) (3.760) (3.077)
Graduate share * manufacturing 0.661 0.668 -1.633 -1.848
(0.901) (0.860) (2.452) (2.458)
Graduate share * services 4.637** 4.847** 1.700 0.415
(2.127) (2.020) (6.031) (4.856)
Postgraduate share 101.608** 103.101** -12.015 -31.789
(51.006) (51.345) (111.069) (92.718)
Postgraduate share * manufacturing 20.363 22.142 -88.690 -94.091
(20.583) (20.424) (75.625) (75.556)
Postgraduate share * services 47.301*** 151.741%** 5.156 -20.325
(39.129) (36.141) (145.720) (121.578)
Fractional patents -0.009 -0.009 0.092%** 0.093***
(0.011) (0.014) (0.029) (0.030)
Graduate share 0.414 0.312 -3.007 -4.264
(3.533) (3.556) (7.020) (7.001)
Postgraduate share 97.645 102.369 -41.167 -27.543
(127.543) (127.531)  (190.713) (191.855)
Fractional patents * manufacturing -0.002 -0.011 0.050 0.051
(0.009) (0.009) (0.047) (0.048)
Fractional patents * services -0.002 0.003 0.165*** 0.159***
(0.016) (0.017) (0.062) (0.048)
Graduate share * manufacturing -0.117 -0.507 -3.607 -4.052
(3.066) (2.614) (11.677) (11.830)
Graduate share * services -0.111 0.342 8.542 4.423
(4.354) (4.362) (11.796) (9.665)
Postgraduate share * manufacturing 24.929 45.430 -78.723 -71.483
(74.722) (64.534)  (258.970) (262.890)
Postgraduate share * services 152.505 139.483 -339.397 -255.775
(116.684) (115.726) (287.565) (258.725)
Number of observations 2809 2809 2926 2926
Number of strata 1086 1086 1074 1074

Notes: Simple OLS using survey-weighted observations (using Stata’s svy prefix). Orbis measures are based on firm-level data from Bureau Van Dijk’s Orbis
database, while BEEPS measures are based on firm-level data from BEEPS. Only coefficients on agglomeration potential measures are reported. Fractional
patents agglomeration potential measure is based on the number of patents applications to EPO in 2006-2015 in municipalities with science cities, by inventor
(fractional counting). Graduate share and postgraduate education agglomeration potential measures are based on the percentage of population with higher ed-
ucation and postgraduate education, respectively, in municipalities with science cities in 2010. All regressions include region and sector fixed effects and control
for other firm characteristics: log number of permanent, full-time employees, % of employees with a completed college degree, and indicators for young firms
(up to 5 years old), 25% foreign and state ownership, exporter status, local and national main markets for the firms’ products, credit constraindness and whether
the firm is located in a city with population over 1 million. Orbis measures use information on the number of employees, fixed assets and cost of materials from
Orbis; BEEPS measures use information o the number of employees from BEEPS only, as the other measures are not available for non-manufacturing firms. Lin-
earized Taylor standard errors clustered on strata are reported in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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C BEEPS V Russia

BEEPS is an enterprise survey whose objective is to gain an understanding of firms’ per-
ception of the environment in which they operate in order to be able to assess the con-
straints to private sector growth and enterprise performance. It covers topics related to
infrastructure, sales and supplies, degree of competition, land and permits, crime, fi-
nance, business-government relations, labor and establishment performance. BEEPS is
implemented by private contractors, using face-to-face interviews in the country’s offi-
cial language(s). In BEEPSV, for the first time 37 Russian regions were covered, at least
one in each federal district. The survey was primarily targeted at top managers (CEOs),
but in reality the respondents often included accountants or operations managers. A to-
tal of 4,220 face-to-face interviews were completed, on average 114 interviews per region
(see Table C.1).

Table C.1: BEEPS V Russia sample breakdown

Region Number of interviews ‘ Region Number of interviews
Central 1124 | Siberian 709
Belgorod 120 | Irkutsk 131
Kaluga 121 | Kemerovo 124
Kursk 87 | Krasnoyarsk 89
Lipetsk 121 | Novosibirsk 123
Moscow City 121 | Omsk 120
Moscow Oblast 122 | Tomsk 122
Smolensk 71 | Southern 328
Tver 120 | Krasnodar 88
Voronezh 121 | Rostov 120
Yaroslavl 120 | Volgograd 120
Far Eastern 334 | Urals 199
Khabarovsk 122 | Chelyabinsk 79
Primorsky Krai 120 | Sverdlovsk 120
Sakha (Yakutia) 92 | Volga 922
North Caucasian 120 | Bashkortostan 106
Stavropol Krai 120 | Kirov 134
Northwestern 484 | Mordovia 120
Kaliningrad 122 | Nizhni Novgorod 82
Leningrad 120 | Perm 120
Murmansk 120 | Samara 120
St. Petersburg 122 | Tatarstan 120

Ulyanovsk 120
Total 4220

Source: EBRD-World Bank BEEPS V Russia.

Also for the first time, BEEPS V Russia included an innovation module, with the aim

to obtain a better understanding of innovation - not only product innovation, but also
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process, organization and marketing innovation, as well as R&D and protection of in-
novation. The main questionnaire contained questions that determined eligibility for
participation in the innovation module, which was based on the third edition of the Oslo
Manual OECD and Statistical Office of the European Communities (2005). The so-called
filtering questions were asked with the help of show cards, which contained examples
of the relevant innovations to facilitate a common understanding of the definition of
innovation. While non-innovators did not receive additional questions on innovations,
innovating firms were asked to provide more information, including a detailed descrip-
tion of their main product or process innovation (in terms of impact on sales or costs
respectively). Firms were only asked the relevant parts of the innovation module, which
in turn collected more detailed information on how the firms innovate, the level of in-
novativeness and how important innovation is for the firms, as well as on R&D spending
and patents. Firms were asked to specify their main innovative product and process.
More than 90 per cent of Innovation Module interviews were completed face-to-face im-
mediately after the main questionnaire; 5.6 per cent were completed during a follow-up
phone call, and the rest during a second face-to-face visit or immediately after complet-
ing section H in the main questionnaire.

The detailed descriptions of the firms’ main product or process innovation were used
to analyze whether the respective innovation complies with the formal definitions of
product and process innovation, taking into account the firm’s main business. Based on
this assessment, innovators may be reclassified as non-innovators, or moved to another
category of innovation than the one self-reported. As a result, about two thirds of the
self-reported innovations were reclassified, whereby 24 per cent were no longer classi-
fied as innovating firm, while the remaining innovations were reclassified according to
their type. The cleaning of innovations can only be done for product or process, i.e.
technological innovations, as no additional questions were asked for non-technological
innovations. In Russia, only 51.9 per cent of companies that said they introduced new
products did product innovation and only 59.7 per cent of companies that said they in-
troduced new processes met the definition of process innovation. We also corrected the
indicator for R&D spending in the last three years based on the answers in the innova-
tion module. There was a significant variation across regions on all of these measures,
which could reflect both the competence of interviewers as well as understanding of the
respondents. We are not able to do the same for organizational and marketing innova-

tion, since there were no corresponding questions in the survey.

A.20



D An outline of the Soviet innovation system

Throughout its history, the Soviet Union paid significant attention to R&D. Employment
in this sector grew from 35,000 in 1922 to more than 2.8 million in 1990, with intensive
investment made in R&D facilities and equipment along the way (Gokhberg, 1997). R&D
expenditures were also increasing in absolute terms until 1990, when they accounted for
about 3.5 per cent of GNP (Gokhberg and Mindely, 1993).

Despite these efforts, the specific characteristics of the Soviet economic and polit-
ical system harmed the efficiency of the R&D sector. In the absence of market forces,
R&D plans and findings were set as a result of bargaining among various parties in the
government and the R&D sector while the prices of R&D products were based on their
estimated costs. Following the branch-based structure of production and widespread
concerns for secrecy, the Soviet scientific sector was dominated by large multipurpose
R&D institutions able to exercise monopolistic power in the relevant fields (Schneider,
1994). General policies of autarky implemented by the Soviet Union were also applied to
science, resulting in the low level of technology and ideas exchange between the country
and the international community (Gokhberg, 1997).

These factors led to various inefficiencies in the sector. Deep governmental involve-
ment biased the concentration of Soviet R&D towards politically important areas such as
defence and engineering at the expense of fundamental research such as medical and
life sciences (Gokhberg and Mindely, 1993). Being subject to very specific incentives,
R&D efforts were often focused on obsolete areas and produced low-quality results. In
the struggle for funding, R&D institutions were reluctant to share their technologies and
were artificially increasing their staff by keeping older cohorts of researchers in employ-
ment.3* As a result of this disproportional increase in R&D personnel, increases in fund-
ing were mainly allocated to wages rather than to buying new state-of-the-art equip-
ment (Schneider, 1994). On the top of these problems, low incentives to innovate in the
production sector and weak diffusion of innovations across enterprises and industries
hampered the utilization of the suboptimal output of the Soviet R&D.

R&D was largely separated from higher education, with universities becoming al-
most exclusively training centers. Basic research was instead concentrated in the sys-

tem of Academy of Sciences and branch academies of agricultural sciences, medical sci-

34For example, in the late 1980s almost 80 per cent of Soviet researchers were aged 50 years or more,
compared to 34 per cent in the United States (Schneider, 1994).
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ences, and education. Applied R&D, on the other hand, was concentrated in the indus-
trial R&D units, which were established by each branch ministry. Enterprise R&D was
the least developed, as enterprises had no incentives to introduce new products and
processes. Hence, even in cases where the Soviet Union had a leading position in the
development of significant innovations, it fell behind others in diffusion of innovations.

These peculiar characteristics of Soviet R&D have to be taken into account while an-
alyzing the development of the sector during the transition period. Quoting Gokhberg
(1997), “[olnly a part of the R&D sector inherited from the Soviet era can and should be
preserved” (p. 9). This view was arguably shared by market reformers in the 1990’s, when
the Russian R&D sector went through a painful adjustment as part of Russia’s transfor-

mation into a market economy.
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Additional firm-level results

Table E.1: Firm-level innovation outcomes: probit average marginal effects (1 = 2)

Product Process Technological Hasa

Agglomeration potential measure R&D innovation innovation  innovation patent
Fractional patents 0.034*** 0.032%** -0.006 0.060 0.041%**
(0.006) (0.010) (0.012) (0.056) (0.010)
Fractional patents * manufacturing 0.043*** 0.038*** -0.086 0.035%** 0.077
(0.007) (0.013) (0.060) (0.012) (0.052)
Fractional patents * services -0.130** 0.020 0.068 0.079 -0.495
(0.062) (0.037) (0.045) (0.060) (1.188)
Graduate share 1.487 1.415 -1.330 1.065 1.856*
(0.914) (0.880) (1.476) (1.420) (1.116)
Graduate share * manufacturing 2.908%** 2.382** -6.152** 1.921 3.268**
(1.081) (1.013) (3.125) (1.200) (1.521)
Graduate share * services -4.193** -1.211 0.208 -0.033 -25.698
(1.834) (1.919) (1.951) (2.807) (37.939)
Postgraduate share 25.926 27.884 -25.900 23.320 39.482
(35.888) (30.228) (46.398) (49.770) (39.814)
Postgraduate share * manufacturing 142.832%** 118.094** -240.706 91.523 155.772**
(52.758) (51.523) (161.482) (56.663) (77.379)
Postgraduate share * services -93.040** -55.357 7.886 -0.323 -1136.434
(42.229) (53.460) (47.857) (70.758) (1699.430)
Fractional patents 0.067*** 0.050* 0.095 0.113 0.096**
(0.021) (0.028) (0.076) (0.078) (0.048)
Graduate share -5.958 -2.6 -26.099 -12.263 -12.515
(5.010) (6.752) (17.481) (10.847) (10.789)
Postgraduate share 82.543 25.263 548.913 224.907 245.376
(117.272) (150.701) (373.039) (244.277) (227.624)
Fractional patents * manufacturing 0.074** 0.05 -0.016 0.056 0.243
(0.032) (0.040) (0.082) (0.047) (0.311)
Fractional patents * services 0.125** 0.345%** 0.154* 0.183* -0.076
(0.053) (0.107) (0.089) (0.107) (0.203)
Graduate share * manufacturing -9.099 -21.931 -10.614** -8.881 -47.981
(7.065) (13.983) (5.059) (10.689) (74.956)
Graduate share * services -703.456™** 1183.595** -24.774 -25.720 2.602
(254.185) (487.354) (20.284) (24.014) (214.314)
Postgraduate share * manufacturing 221.88 951.577 176.213 269.27 1095.69
(155.140) (586.267) (132.653) (244.065) (1611.996)
Postgraduate share * services 16490.932***  -59815.978** 497.844 491.566 -1039.431
(6000.017) (24460.335) (438.157) (527.558) (10519.019)
Number of observations 4040 4040 4040 4040 1863
Number of strata 1224 1224 1224 1224 896

Notes: Average marginal effects based on probit using survey-weighted observations (using Stata’s svy prefix). Only coefficients on agglomeration potential mea-
sures are reported. Fractional patents agglomeration potential measure is based on the number of patents applications to EPO in 2006-2015 in municipalities
with science cities, by inventor (fractional counting). Graduate share and postgraduate education agglomeration potential measures are based on the percent-
age of population with higher education and postgraduate education, respectively, in municipalities with science cities in 2010. All regressions include region
and sector fixed effects and control for other firm characteristics: log number of permanent, full-time employees, % of employees with a completed college de-
gree, and indicators for young firms (up to 5 years old), 25% foreign and state ownership, exporter status, local and national main markets for the firms’ products,
credit constraindness and whether the firm is located in a city with population over 1 million. Linearized Taylor standard errors clustered on strata are reported
in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Table E.2: Firm-level performance outcomes: OLS (A = 2)

Operatingrevenue  Labor productivity ~ Sales Labor productivity

Agglomeration potential measure (Orbis) Orbis) (BEEPS) (BEEPS)
Fractional patents 0.123 0.125 0.071* 0.063*
(0.110) (0.107) (0.041) (0.035)
Fractional patents * manufacturing 0.029 0.003 0.019 0.016
(0.041) (0.052) (0.018) (0.018)
Fractional patents * services 0.212 0.235 0.362 0.286
(0.176) (0.163) (0.329) (0.263)
Graduate share 6.670* 6.745* -1.027 -2.073
(3.479) (3.555) (5.965) (5.239)
Graduate share * manufacturing 1.642 1.725 -2.805 -3.122
(1.205) (1.092) (3.737) (3.746)
Graduate share * services 11.483%** 11.777%** -1.389 -3.786
(3.199) (3.011) (12.477) (10.520)
Postgraduate share 200.083** 203.262** -94.923 -124.718
(98.734) (99.218) (192.296) (170.680)
Postgraduate share * manufacturing 45.587 50.665* -155.198 -164.212
(33.219) (30.577) (121.938) (121.351)
Postgraduate share * services 317.656*** 322.360*** -98.958 -145.035
(43.982) (43.628) (289.288) (252.917)
Fractional patents -0.020 -0.021 0.153** 0.155**
(0.064) (0.078) (0.068) (0.072)
Graduate share 0.460 0.173 -7.604 -8.876
(6.486) (6.615) (16.091) (16.975)
Postgraduate share 199.582 210.971 -87.973 -83.454
(247.745) (250.109)  (448.857) (462.293)
Fractional patents * manufacturing -0.008 -0.065 0.090 0.090
(0.051) (0.050) (0.069) (0.071)
Fractional patents * services 0.028 0.059 0.664* 0.606**
(0.099) (0.101) (0.367) (0.299)
Graduate share * manufacturing 1.305 0.412 -5.876 -6.383
(3.816) (3.201) (16.861) (17.172)
Graduate share * services 1.546 2.842 3.938 -4.129
(11.765) (11.898) (24.975) (24.488)
Postgraduate share * manufacturing 13.534 77.327 -166.578 -160.414
(106.300) (93.751)  (378.193) (385.103)
Postgraduate share * services 260.152 211.603 -647.232 -454.557
(281.291) (282.894) (735.033) (681.031)
Number of observations 2809 2809 2926 2926
Number of strata 1086 1086 1074 1074

Notes: Simple OLS using survey-weighted observations (using Stata’s svy prefix). Orbis measures are based on firm-level data from Bureau Van Dijk’s Orbis
database, while BEEPS measures are based on firm-level data from BEEPS. Only coefficients on agglomeration potential measures are reported. Fractional
patents agglomeration potential measure is based on the number of patents applications to EPO in 2006-2015 in municipalities with science cities, by inventor
(fractional counting). Graduate share and postgraduate education agglomeration potential measures are based on the percentage of population with higher ed-
ucation and postgraduate education, respectively, in municipalities with science cities in 2010. All regressions include region and sector fixed effects and control
for other firm characteristics: log number of permanent, full-time employees, % of employees with a completed college degree, and indicators for young firms
(up to 5 years old), 25% foreign and state ownership, exporter status, local and national main markets for the firms’ products, credit constraindness and whether
the firm is located in a city with population over 1 million. Orbis measures use information on the number of employees, fixed assets and cost of materials from
Orbis; BEEPS measures use information o the number of employees from BEEPS only, as the other measures are not available for non-manufacturing firms. Lin-
earized Taylor standard errors clustered on strata are reported in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Table E.3: Firm-level innovation outcomes: probit average marginal effects (A = 5)

Product Process Technological Hasa

Agglomeration potential measure R&D innovation innovation  innovation patent
Fractional patents 0.047%* 0.044*** -0.016 0.075 0.056***
(0.008) (0.013) (0.014) (0.078) (0.014)
Fractional patents * manufacturing 0.061*** 0.058** -0.178* 0.052%** 0.110
(0.009) (0.024) (0.105) (0.015) (0.075)
Fractional patents * services -0.256** 0.019 0.085 0.094 -1.869
(0.116) (0.056) (0.067) (0.091) (2.930)
Graduate share 2.068* 1.946* -1.868 1.522 2.535%
(1.203) (1.125) (2.034) (1.890) (1.459)
Graduate share * manufacturing 3.765%* 3.113** -10.063** 2.565% 4.166%*
(1.493) (1.309) (4.625) (1.544) (2.047)
Graduate share * services -8.441 -2.345 0.307 -0.093 -46.871
(5.799) (2.671) (2.793) (4.061) (66.394)
Postgraduate share 38.136 40.516 -36.537 35.659 56.211
(49.378) (41.169) (63.618) (69.119) (53.363)
Postgraduate share * manufacturing 185.989** 153.503** -435.044* 122.654* 199.123*
(73.459) (66.227) (263.240) (73.124) (104.252)
Postgraduate share * services -190.31 -94.485 12.304 1.065 -2437.120
(167.653) (84.590) (67.465) (100.380) (3600.189)
Fractional patents 0.116*** 0.083 0.151 0.181 0.185**
(0.036) (0.052) (0.133) (0.132) (0.085)
Graduate share -13.459 -6.592 -41.561 -21.422 -29.309
(8.531) (12.657) (30.833) (18.151) (19.649)
Postgraduate share 224.895 99.568 879.253 407.889 594.647
(192.496) (275.825) (655.831) (399.452) (413.347)
Fractional patents * manufacturing 0.138*** 0.084 -0.045 0.096 0.498
(0.051) (0.069) (0.197) (0.084) (0.600)
Fractional patents * services 0.418** 0.732%** 0.262 0.304 -0.220
(0.185) (0.206) (0.187) (0.224) (1.027)
Graduate share * manufacturing -20.937* -38.574 -16.060** -15.074 -106.237
(11.462) (23.756) (7.844) (19.833) (144.763)
Graduate share * services -2974.603** 2746.062%** -46.722 -49.911 171.415
(1324.686) (944.436) (41.792) (49.170) (718.967)
Postgraduate share * manufacturing 494.495** 1645.451* 276.249 423.324 2373.986
(248.376) (989.371) (223.374) (427.837) (3101.130)
Postgraduate share * services 70001.154**  -138596.532*** 960.398 996.619 -9927.453
(31244.826) (47390.178) (888.683) (1052.592) (35706.125)
Number of observations 4040 4040 4040 4040 1863
Number of strata 1224 1224 1224 1224 896

Notes: Average marginal effects based on probit using survey-weighted observations (using Stata’s svy prefix). Only coefficients on agglomeration potential mea-
sures are reported. Fractional patents agglomeration potential measure is based on the number of patents applications to EPO in 2006-2015 in municipalities with

science cities, by inventor (fractional counting). Graduate share and postgraduate education agglomeration potential measures are based on the percentage of

population with higher education and postgraduate education, respectively, in municipalities with science cities in 2010. All regressions include region and sec-
tor fixed effects and control for other firm characteristics: log number of permanent, full-time employees, % of employees with a completed college degree, and
indicators for young firms (up to 5 years old), 25% foreign and state ownership, exporter status, local and national main markets for the firms’ products, credit
constraindness and whether the firm is located in a city with population over 1 million. Linearized Taylor standard errors clustered on strata are reported in paren-
thesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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Table E.4: Firm-level performance outcomes: OLS (A = 5)

Operating revenue  Labor productivity ~ Sales Labor productivity

Agglomeration potential measure (Orbis) (Orbis) (BEEPS) (BEEPS)
Fractional patents 0.293 0.298 0.075* 0.066*
(0.199) (0.197) (0.044) (0.038)
Fractional patents * manufacturing 0.076 0.049 0.024 0.020
(0.064) (0.078) (0.023) (0.023)
Fractional patents * services 0.481* 0.514** 0.439 0.322
(0.257) (0.229) (0.522) (0.423)
Graduate share 8.856* 8.940* -2.147 -3.294
(4.846) (4.972) (7.337) (6.682)
Graduate share * manufacturing 2.305* 2.402* -3.551 -3.935
(1.388) (1.271) (4.622) (4.633)
Graduate share * services 16.794*** 17.122%** -4.629 -7.733
(3.741) (3.547) (17.192) (14.906)
Postgraduate share 267.913** 271.895** -154.836 -189.664
(136.066) (136.876) (248.210) (227.206)
Postgraduate share * manufacturing 64.237 70.840* -200.724 -212.281
(43.299) (39.268) (157.106) (156.196)
Postgraduate share * services 441.854*** 446.555%** -192.946 -252.307
(54.819) (55.665) (395.309) (354.882)
Fractional patents -0.023 -0.024 0.175** 0.177**
(0.161) (0.183) (0.079) (0.084)
Graduate share -0.140 -0.602 -6.921 -7.929
(8.443) (8.631) (20.870) (22.115)
Postgraduate share 284.870 302.026 -210.139 -217.381
(351.366) (356.837) (618.074) (635.744)
Fractional patents * manufacturing -0.018 -0.157 0.109 0.109
(0.125) (0.121) (0.078) (0.079)
Fractional patents * services 0.089 0.159 1.046 0.941*
(0.242) (0.245) (0.686) (0.561)
Graduate share * manufacturing 2.175 0.651 -5.440 -5.915
(4.108) (3.538) (18.851) (19.199)
Graduate share * services 4.405 6.595 -2.934 -13.733
(19.550) (19.832) (38.825) (41.726)
Postgraduate share * manufacturing 12.091 140.992 -278.200 -274.364
(145.926) (135.143) (431.482) (438.968)
Postgraduate share * services 278.063 185.554 -811.540 -537.172
(477.090) (479.766) (1119.201) (1078.042)
Number of observations 2809 2809 2926 2926
Number of strata 1086 1086 1074 1074

Notes: Simple OLS using survey-weighted observations (using Stata’s svy prefix). Orbis measures are based on firm-level data from Bureau Van Dijk’s Orbis database,
while BEEPS measures are based on firm-level data from BEEPS. Only coefficients on agglomeration potential measures are reported. Fractional patents agglomer-
ation potential measure is based on the number of patents applications to EPO in 2006-2015 in municipalities with science cities, by inventor (fractional counting).
Graduate share and postgraduate education agglomeration potential measures are based on the percentage of population with higher education and postgraduate
education, respectively, in municipalities with science cities in 2010. All regressions include region and sector fixed effects and control for other firm character-
istics: log number of permanent, full-time employees, % of employees with a completed college degree, and indicators for young firms (up to 5 years old), 25%
foreign and state ownership, exporter status, local and national main markets for the firms’ products, credit constraindness and whether the firm is located in a
city with population over 1 million. Orbis measures use information on the number of employees, fixed assets and cost of materials from Orbis; BEEPS measures
use information o the number of employees from BEEPS only, as the other measures are not available for non-manufacturing firms. Linearized Taylor standard
errors clustered on strata are reported in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%.
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