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1 Introduction

The recent wave of research on firm-level fluctuations has uncovered that there are sub-

stantial differences in the volatility of sales and employment growth among firms even

within narrowly defined industries. Larger and older firms tend to have more stable

growth path, whereas foreign-owned companies face higher fluctuations. However, so

far the literature has not token into account a possibly important source of firm fluctu-

ations, namely, the location of firms and particularly the density of economic activity

of the surrounding areas.

This paper investigates the volatility of firm-level sales and employment growth,

and shows that the performance of manufacturing firms operating in a denser economic

environment are more stable, they experience a lower level of sales(employment) growth

volatility.

Better understanding the determinants of firm fluctuations is crucial since for indi-

viduals firm fluctuations - either measured as sales or employment growth volatility -

also matter. Households need to diversify firm-risks and shield their income. Higher

firm volatility, however, increases to exposure of households to jeopardy of changing

jobs, effecting their economic welfare. Also, Philippon and Guvenen (2006) and Davis

(2006) argue that employment volatility can be interpreted as a rough proxy for the

intensity of idiosyncratic shocks and hence it is a good predictor for unemployment risk.

A lower intensity of idiosyncratic shocks leads to less job loss, fewer workers flowing

through the unemployment pool, and less frictional unemployment.

Location characteristics affect the performance of firms. It is a well-observed fact

of economic geography that the spatial distribution of firms is far away from random

even within a country. Beyond first geography characteristics, such as existence of

natural resources, rivers, sea-berth or the number of hours of sunshine in a year, firms

form manufacturing belts, industrial clusters, science parks to benefit from the classical

marshallian local externalities (Marshall (1890)) such as labor market pooling, input

and risk sharing or from knowledge spillovers and enjoy the proximity to potential

customers and intermediate input providers.

Operating in a denser economic environment can mitigate volatility through different

channels. Overman and Puga (2010) argues that denser areas offer a shield for firms

against shocks through labor pooling. When a firm is hit by a shock it can react easier

by changing labor force from a wider scale of workers of the same place. Koren and

Tenreyro (2013) showed that firms using a large variety of inputs can iron out the

impact of shocks affecting the productivity of individual varieties since with a larger

number of varieties each individual variety matters less and less lowering the volatility

of productivity shocks and also, firms can adjust the use of another variety to offset

a shock hitting a particular variety. Obviously, more aggregated areas provide firms a

larger number of input suppliers producing a broader variety of intermediate inputs.

Similar argument can be made for the output side as well: troubled output buyers can

be easier substitute in a denser economic environment hence shocks to buyers can be

easier absorb in more agglomerated areas.

This paper contributes to different strands of the literature. It connects the rising

literature of firm level volatility to agglomeration economics research. The existing

literature on firm volatility has showed that firm size, age, sector, foreign ownership

and trade exposure is an important source of firm fluctuations. However, to the best

of my knowledge, non of them emphasized the possible importance of location and
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particularly economic density on firm volatility.

Firm volatility investigations have received more attention after the influential work

of Comin and Philippon (2005) and Comin and Mulani (2006) who established new

stylized facts about the time-trends of firm-level fluctuations, that is, despite the declin-

ing trend in aggregate volatility known as the "great moderation", there has been a re-

markable increase in the volatility of firm sales, employment and capital expenditures.1

Davis (2006) analyzed the sources (and aggregate trends) of firm-level employment

fluctuations using the same US data and found that volatility and dispersion magni-

tudes vary by industry and especially by business size and age. Older and larger firms

are less volatile, and the volatility ranking across sectors is led by retail companies and

followed by manufacturers, then the FIRE sector firms.2 Also, publicly owned firms

are more volatile with a decreasing time trend and privately held firms, though they

are less volatile on average, have an opposite time trend driving the trend of increasing

firm fluctuations showed by Comin and Philippon (2005). However, there is still little

consensus on how firm level fluctuations evolve in time. Buch et al. (2009b) pointed

out that unconditional fluctuation measures at firm level (used by also the previously

mentioned papers) do not allow to distinguish idiosyncratic and macroecoonmic fac-

tors.3 Using German firms they concluded that unconditional firm volatility, along

with aggregate fluctuations, shows a decreasing trend. However, conditional firm-level

output volatility faced a slight upward trend over the past three decades.4

The next step in firm fluctuations research is to understand and quantify the sources

of idiosyncratic volatility. Castro et al. (2015) showed that firm-level shocks account

for about 80% of overall uncertainty faced by plants and there is a great deal of vari-

ation of firm fluctuations across industries. Kalemni-Ozcan et al. (2014) documented

that firm-level output volatility is positively related to foreign direct ownership for 16

European countries provided by the AMADEUS dataset mainly driven by international

diversification since foreign investors are relatively more willing to invest in risky firms

and projects. Meriküll and Rõõm (2014) reinforced the findings of Kalemni-Ozcan et

al. (2014) but only for the half the 24 European countries that their dataset contained.

Exposure to international trade could be another potential source of firm fluctua-

tions. There is an emerging but still embryonic stage empirical research on the theoreti-

cally ambiguous relationship between trade openness and firm-level volatility. Volatility

would be higher for exporters relative to domestic firms if the volatility of shocks is sig-

nificantly higher in trading partners compared to the home country or if there are

transport or exchange rate shocks, whereas in the case of imperfectly correlated shocks

1According to Comin and Philippon (2005), the increase in firm fluctuations is caused by higher com-
petition in the goods market, deregulation, high research and development activity and more access to debt
and equity markets. As for the reason for the diverging trends of aggregate and firm volatility they argue
that total factor productivity growth in industries where firms have become more volatile tends to be less
correlated with aggregate total factor productivity.

2FIRE industries denote financial, insurance and real estate services.
3Unconditional fluctuation means simply the volatility of the growth rate of a particular firm-level variable

such as (real) sales, employment, value added or capital for a certain time window.
4Conditional firm fluctuations means the volatility of the idiosyncratic component. Buch et al. (2009b)

used a multifactor residual model to isolate the idiosyncratic component. Others (see for example Van-
noorenberghe (2012), Kalemni-Ozcan et al. (2014) or Kurz and Senses (2016)) estimate idiosyncratic
shocks as the residual from a firm-level sales growth regression in which they net out industrial and firm
covariates in order to let firms react heterogeneously to shocks.
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among trading partners trading firms could diversify and smooth out demand shocks

in the domestic market. Similar argument can be made for the import side as well.

A firm sourcing inputs from more countries can easier absorb productivity shocks to a

particular input switching to alternative providers, however, increased exposure to for-

eign productivity shocks can lead to higher firm volatility. Rodick (1997) also pointed

out that the reaction to shocks are potentially affected by trade openness since the elas-

ticity of factor demand and supply, which is the response of output to macroeconomic

shocks, can differ for traders.5

Interestingly, so far none of the literature on firm fluctuations has investigated the

impact of location in detail and particularly the effect of the density of economic ac-

tivity as a possible source of firm fluctuations.6 However, motivated by the enormous

literature on agglomeration economies, one could think of several ways altering firm

fluctuations through the density of economic activity. Denser areas provide firms a

larger labor market pool, a broader variety of inputs and also a higher number of input

providers and possible customers. Firms closer to each other can exchange ideas easier

with each other. All these features of more agglomerated areas help firms to absorb

demand or productivity shocks and hence mitigate firm fluctuations.

Of course, the idea that economic density alters firm performance have been per-

ceived from centuries ago, first by Smith (1776) and Marshall (1890). Among the

causes of agglomeration economies we find the famous specialization example of Smith

(1776) and the classic stories about the sources of agglomeration externalities by Mar-

shall (1890), who investigate the cutlery industry in England, such as labor market

pooling, input sharing and knowledge spillovers. For better understanding the causes

of agglomeration economies Duranton and Puga (2004) established precise theoreti-

cal channels through which those aforementioned advantages operate and distinguishes

3 different mechanisms (micro-foundations), namely, sharing, matching and learning.7

Intuitively, a larger market allows for more efficient sharing of local infrastructure, fa-

5 Buch et al. (2009a) investigated on firm-level data from Baden-Württemberg whether higher trade
openness leads to higher firm fluctuations and found that exporters experience lower volatility on average
than domestic firms. At regional level they did not find evidence of an impact of trade openness on volatility
(Buch and Schlotter (2011)). Nguyen and Schaur (2010) argue theoretically that demand volatility in
foreign markets directly affects domestic sales volatility and firms hedge domestic demand volatility with
exports due to nonlinearity of the cost function that connects domestic and export supply costs. On French
manufacturing firms, Vannoorenberghe (2012) provided both theoretical and empirical evidence on the
relation between export share in total sales and firm sales volatility and found that higher export share has
a non-monotonic and, unlike to Buch et al. (2009a), positive impact on the volatility of total sales volatility
at firm-level, moreover the domestic sales of exporting firms have a higher level of volatility than the one of
export sales hence firms react to a shock in one market by adjusting their sales in another market. On, US
manufacturing firms, Kurz and Senses (2016) documented a new set of detailed stylized facts about trade
exposure and employment fluctuations at firm-level. They showed that exporters are less volatile compared
to non-exporters, however, they also took into account the import side and found that importers are in turn
more volatile.

6A rare exception is Vannoorenberghe (2012) who controlled either for French department-level dummies
or in some other specifications to regional population and GDP per capita and found that population has
slightly positive but as for the magnitude negligible effect. However, this result might be biased due to the
omitted first geography characteristics that could potentially influence both population or GDP per capita
in a given region and the volatility of firm sales.

7For a summary of the related theoretical literature on the magnitude and causes of agglomeration
economies consult Puga (2010).
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cilities and other non-divisible goods; a variety of intermediate input suppliers; a pool

of workers with similar skills and risk. Second, a larger market also enables agents for

a better matching between employers and employees, buyers and suppliers or business

partners by lowering the cost of search and resulting in higher quality matchings. And

last, higher economic density can facilitate learning by promoting the development and

adoption of new technologies and business practices.8

The vast majority of empirical research on the relation between agglomeration eco-

nomics and firm performance focuses on the relation between productivity differences

(both in levels and growth but not in volatility) among locations.9 It is a well-known

fact that higher density of economic activity results in higher productivity across dif-

ferent locations. Ciccone and Hall (1996) showed in their seminal paper that doubling

employment density raises labor productivity by around 6 % using US data on cross

state output. For motivating the estimation, Ciccone and Hall (1996) developed two

models, one based on local geographical externalities, and another on the diversity of lo-

cal intermediate services, both leading to the same consequence, namely density results

in aggregate increasing returns.10. Involvement in international trade can alter ag-

glomeration premium. Békés and Harasztosi (2013) estimated a higher agglomeration

elasticity for traders compared to non-traders using data for Hungarian manufacturing

firms. They argue that trading firms may employ a different bundle of resources and

are organized differently which effects externalities that determine density premium for

firms.

The contribution of this paper is twofold. On one hand, I bring closer the litera-

ture on firm fluctuations and agglomeration economies. Since I point out the possible

importance of the density of economic activity as a source of firm volatility I build on

estimation techniques and ideas coming from the agglomeration economies literature.

On the other hand, the paper gives further empirical evidence on the growing literature

on firm fluctuations and, to the best of my knowledge, it is the first one quantifying

the sources of firm-level volatility on Hungarian data from an agglomeration economies

point of view.11

According to the main findings, location characteristics in turn alter firm perfor-

mance. The total number of manufacturer workers in a given region negatively affects

the volatility of real sales and employment growth rates of the Hungarian manufactur-

ing firms over the period of 1994 and 2013. The elasticity of firm volatility with respect

to density estimated to be negative and it implies that doubling the number of manufac-

8For more theory also see Henderson (2003) and Rosenthal and Strange (2004). Rosenthal and Strange
(2001) and Overman and Puga (2010) investigated the micro-foundations of agglomeration economics em-
pirically. They both pointed out that the labor market pooling has the most robust effect on agglomerations.
Also, reliance on manufacturing inputs positively affects agglomeration whereas knowledge spillovers only
matter at zip code level.

9For a detailed summary of the related empirical literature on agglomeration economies see Combes and
Gobillon (2015).

10 This result also holds for France, Germany, Italy, Spain, and the UK with an estimated elasticity of
labor productivity with respect to employment density of 4.5 % (Ciccone (2002)) Brülhart and Mathys
(2008) estimated an effect of 13% for labor density across European regions from 20 countries at NUTS-2
using dynamic panel estimation techniques (system GMM).

11C̆ede et al. (2016) estimated the effect of trade openness on firm sales volatility on four European
countries, among them also on Hungary, but did not investigate the role of location and surrounding areas
on firm fluctuations.
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turing workers in a region mitigates firm fluctuations by around 6-8 percent. Regarding

the possible endogeneity of agglomeration due to unobserved locational characteristics

that simultaneously attract firm and workers and alter firm fluctuations, it provides a

solution in the form of firm fixed effects taking advantage of the panel dimension of the

data. Firm fixed effects control for both unobservable firm characteristics and also the

region that contains it allowing to control for attractive first geography characteristics

such as better access to output and input markets for instance.

The analysis also derives a number of interesting intermediate results. Similar to

the previous empirical findings, bigger and older firms are more stable, however, foreign

ownership implies higher level of firm fluctuations (parallel with the diversifications

story of Kalemni-Ozcan et al. (2014) according to which foreign investors are willing

to invest more in risky projects). Interestingly, the export share of sales has an inverted

U-shaped relation with firm fluctuations: up to 50% of export share exposure to trading

increases volatility then after reaching the 50% threshold it starts to decrease.

The rest of the paper is organized as follows. Section 2 describes the data in detail,

section 3 and 4 explain the measures of volatility and agglomeration, then section 5

discusses the empirical strategy. Section 6 presents the results and finally, the last

section concludes.

2 Data and descriptive statistics

The analysis uses balance sheet information of Hungarian manufacturing firms with

double-entry bookkeeping collected by the National Tax Authority (APEH). It con-

tains in total 24070 firms in 24 different NACE sectors over the period of 1995-2013

and on average 10455 firms yearly (see table 2-5). It provides information about produc-

tion, sales, employment, capital, materials, export share of sales and ownership. The

employment variable is the average annual labor reported by firms, the capital variable

is measured as tangible fixed assets. If at least 5% of the subscribed capital is held by

foreigners, the firm is considered as foreign owned.12 Sales are deflated using 2-digit

sector specific output deflators provided by the National Statistical Office of Hungary

(KSH). The data at my disposal also enlist the location of headquarters at ZIP code

level.

Following Békés and Harasztosi (2013), I aggregate location data at the micro-

regional level (LAU-1 level) since ZIP codes do not satisfy the requirements of a one-

to-one mapping.13 Hungarian spatial units are summarized in harmony with the EU

zoning (table 1). Hungary consists of 20 counties, which corresponds to the NUTS-

3 level EU regional policy unit, 174 micro-regions with an average of 18 settlements,

56901 inhabitants and an area of 532 square kilometer, which area corresponds to a

range where firms are operating within a 20-25 km radius. To deal with the problem

of spatial stratification I also experience with other definition of spatial units such as

urbanized areas and counties. See section 6.2.3 for details.

I work with manufacturing firms in order to minimize the problem of multi-unit

firms as suggested by Békés and Harasztosi (2013) who argue that in the service sector

12Results are robust of changing the 5% threshold.
13Although the most disaggregated spatial units I observe is at ZIP level, I do not use it as location level

of the study since there are many settlements with more ZIP codes with time variation and also, one ZIP
code could denote several villages or small towns.
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about one third of the firms are multi-site with several locations whereas in the case

of manufacturers, 90% have one site only and for the remaining 10% the main site

accounts for more than two thirds of the employees. Also note that if a particular firm

has several plants within the same micro-region including that firm would not cause

any bias in the estimation Also, I exclude location changers at micro-region level. Since

I have no data about mergers and acquisitions I drop observations from the bottom

and top 1% as for unweighted sales growth rate (results are robust for changing this

threshold) and for calculating firm-level real sales volatility I keep firms with at least 5

consecutive years parallel with Vannoorenberghe (2012) or Kurz and Senses (2016).

68% of the firms employ maximum 10 employees (micro-firms), 22% have labor size

between 10 and 50 (small firms), 8% between 50 and 250 (medium firms) and above

250 employees we find 2% of the firms (big firms). One possible concern could be the

imprecise data recording of small firms increasing measurement error but the results

are virtually unchanged for the exclusion of micro-firms. The majority of firms did not

report any trading activity, whereas 13% of the firms exported in all their active period

and 34% exported occasionally.

As summarized in table 3, the average firm employs 25.5 employees in a given year,

has been active for 7.2 years, has an average yearly growth rate of 10% (driven by small

firms which tend to grow much faster at the beginning) measured as the log difference

between the real sales of two consecutive years, export 9.3% of its sales (export share

is increasing with firm size) and owned by foreign investors in 8.3%.

According to table 4, micro-region are heterogeneous in terms of average firm sales

volatility, sales growth rates, density of manufacturing workers, in the number of firms,

foreign ownership and export share. The average unconditional sales volatility across

micro-regions is 0.59% (calculated as the exponential of the logarithm of average firm-

level sales volatility at micro-region level), ranging between 0.51% and 0.70%. As for

the spatial patterns, we could observe a great deal of micro-regional dispersion (figure

1). The magnitudes are similar to the conditional volatility with a cross micro-region

mean of 0.58% with a minimum of 0.49% and with a maximum of 0.67%. On average,

138 firms produces in one micro-region employing 7567 workers. The western regions

and the ones around the capital tend to be more dense (figure 2). 15% of the firms

have foreign ownership using the aforementioned definition. Regarding average real

sales growth rates, we can find declining areas with a growth rate of -12.8% but also

emerging ones with 13.8% growth rates resulting in an average sales growth of 0.02%.

3 Measures and time levels of Volatility

Computing firm fluctuations requires three steps. In the first one, I calculate for each

firm 𝑓 at time 𝑡 the sales growth rates as the log difference of sales at the current period
𝑋𝑓𝑡 and the sales of the previous period 𝑋𝑓𝑡−1

14. In equation (3.1), in the second step,

14Alternatively, I also calculated sales growth rates following Davis et al. (1996) as 𝛾𝑓𝑡 =
𝑋𝑡 −𝑋𝑡−1

(𝑋𝑡 +𝑋𝑡−1) /2
.

In particular, it yields measures that are symmetric about zero and bounded, affording an integrated treat-
ment of births, deaths, and continuers. Kalemni-Ozcan et al. (2014) argues that growth rates calculated as
log differences is a bad proxy at firm level because of the often huge yearly changes. Nevertheless, this two
measures are highly correlated in our dataset and results are robust to using the alternative growth measure
and are available upon request.
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the idiosyncratic component, or in other words the conditional sales growth rate, 𝜂𝑓𝑡
is computed, following Vannoorenberghe (2012), as a residual of a regression on firm

sales growth rates 𝛾𝑓𝑡 using different set of regressors explained in detail in table 6 to

establish robustness and comparability of the results.15

𝛾𝑓𝑡 = ln𝑋𝑓𝑡 − ln𝑋𝑓𝑡−1 = 𝛿0 + 𝑍𝑓𝑡𝛿1 + 𝜂𝑓𝑡 (3.1)

In the reported results, as for conditional fluctuations, I use the set of regressors of

column 4 of table 6. In this specification I calculate the conditional growth rate of sales

𝜂𝑓𝑡 after netting out firm fixed effects to isolate within firm effects and sector-year fixed

effects to capture sector specific shocks such as shocks to factor prices, productivity or

demand common to all firms in the same sector. The growth rate of capital controls

for possible changes over time in cost structure of the firm.16

Having calculated the (un)conditional sales growth rates, equation (3.2) shows that

the (un)conditional volatility is simply measured as the standard deviation of the

(un)conditional growth rates for a window of length 𝑤. The length of a window could

be the whole time span of the analysis (18 years) or alternatively, we can divide it for

three periods of length of 6 years.17

𝜎𝑤
𝑓 =

√︃
1

𝑤

∑︁
𝑡∈𝑤

𝜂2𝑓𝑡 (3.2)

Also, to ensure robustness of the results, in equation (3.3) I use a year-varying

measure of volatility, defined following Kalemni-Ozcan et al. (2014):

𝜎𝑓𝑡 = 𝜂𝑓𝑡. (3.3)

Volatility in this manner is defined as a yearly deviation from firm trend after

netting out the effect of sector-time effects or put differently the absolute value of the

idiosyncratic shocks at time 𝑡. Buch et al. (2009a) argues that measures of volatility

that vary year-by-year have the advantage of avoiding arbitrary construction of time

windows and they are preferred to moving average approaches since they are serially

correlated by construction. Moreover, they do not require positive consecutive sales

over a longer period.

4 How to measure agglomeration?

The analysis provides three different measures of agglomeration. First, agglomeration

is defined as the logarithm of the sum of manufacturing workers in a given micro-region

ln (
∑︀

𝑟 emp𝑟𝑡) as in Békés and Harasztosi (2013). This measure intents to grasp that

in a given area more workers interact more likely and can exchange ideas more often.

15All the different specifications lead to the same conclusions and results are available upon request.
16Vannoorenberghe (2012) used a production technology using exclusively labor which also depend a

productivity parameter and control for the change of this parameter he also netted out capital growth rate.
17The whole period of 18 years with one time block ranging from 1996 to 2013, or 6-year time windows

constructing three time blocks: the first time block ranges from 1996 to 2001, the second from 2002 to 2007
and the third one from 2008 to 2013.
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In this manner agglomeration is a net effect of positive and negative externalities.

One could not disentangle the mechanisms and positive agglomeration effects also can

turn negative above some region size threshold including companion negative effects.

Along with the total number of employment, I also us the area of a given micro-

region measured as the logarithm of square kilometer in order to incorporate the density

nature of agglomeration and control for the effect of relative proximity of firms in a

micro-region as suggested by Ciccone and Hall (1996).

Alternatively, I also use the logarithm of density of manufacturing workers in a

micro-region ln
(︁∑︀

𝑟 emp𝑟𝑡
area𝑟

)︁
too. The results are virtually the same for these two defini-

tions. A third possibility is to use the number of manufacturing firms in a given micro-

region ln (
∑︀

𝑟 # of firms𝑟𝑡) following Henderson (2003) who argues that the number of

firms could possibly better capture firm-to-firm interactions as managers change ideas

rather than workers.

5 Estimation

5.1 Baseline specification

Figure 3 shows a significantly negative correlation between firm fluctuations, measured

as the firm-level logarithm of the standard deviation of conditional real sales growth

rates averaged for micro-regions and the logarithm of the total number of micro-regional

workers. At first sight, operating in denser areas are indeed associated with more stable

firms relative to those ones producing and selling in a less aggregated location. The

next question is whether this significant relation survives netting out first geography,

sector and time effects along with firm characteristics.

According to the baseline specification, in equation (5.1), I regress the logarithm

of firm-level volatility, defined as in section 3, on the logarithm of the agglomeration

variable, as explained in section 4, in a given region 𝑟, the logarithm of the area of

that given micro-region in kilometer square, two-digit industry and time dummies and

on firm-specific covariates, such as firm size measured as total sales (or own employ-

ment), age, foreign ownership or export share and its square, known to influence firm

fluctuations.

ln𝑉 𝑂𝐿𝑓𝑤 = 𝛼0 + 𝛽1 ln𝐴𝐺𝐺𝐿𝑟𝑤 + 𝛽2 ln𝐴𝑅𝐸𝐴𝑟 + 𝛾𝑍 ′
𝑓𝑤 + 𝜏𝑤 + 𝜐𝑟 + 𝜙𝑗 + 𝑣𝑓𝑡 (5.1)

Note that the time horizon varies upon specifications. For example, when I use

yearly observations, volatility is measured as the yearly deviation from firm, sector and

time trends following equation (3.3) as explained in detail in section 3 and in this case,

obviously, agglomeration and firm covariates vary also year by year. However, when I

move the time horizon to 6-year or 18-year time window(s), I use the volatility definition

of equation (3.2), and the other time varying regressors in turn are averages over the

corresponding time window.

Aggregated location dummies 𝜐𝑟 captures unmeasured and time-invariant local char-
acteristics. It could be the case that the covariance between agglomeration and firm

effects are not zero due to unmeasured location specific characteristics (for example,

when a region has better first geography characteristics (such as better market access,
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better transportation possibilities, etc.)) that attracts firm and workers and decreases

volatility a the same time making agglomeration endogenous. Adding location fixed

effects however, solves this problem.

5.2 Estimation issues

Note that in equation (5.1) a firm varying variable is regressed on an aggregated variable.

Moulton (1990) showed that using aggregated variables on micro-level observations has

the pitfall of underestimating the standard errors of the coefficient estimate implying

that the null-hypothesis of no effect of the group level variable is rejected with higher

probability. As suggested by Moulton (1990), the standard errors are corrected by

clustering them at the level of aggregation.

Although the OLS estimation is good basic portrayal of the relationship between

firm fluctuations and agglomeration forces, equation (5.1) raises endogeneity concerns

both at region and at firm level even after controlling for unmeasured time-invariant

local characteristics. On one hand, equation (5.1) does not control for time-variant un-

observable region-specific characteristics. Transitory local shocks can effect the decision

of firms about sales and labor force usage and agglomeration simultaneously. If firms

observe local time-varying shocks, which are unobserved for the econometrican, that

can influence firm-level hiring and laying off decisions that finally results in changing

firm volatility. Due to this decision, however, workers can move across regions which

alters agglomeration in turn. Reverse causality, though it is less plausible, also can

be an issue if firms are moving to denser regions in order to mitigate the volatility of

their sales. On the other hand, endogeneity at firm level occurs when, due to some

unobserved firm-specific characteristics, firms self-select across cities. Better abilities

and skills of workers and the quality of management will be reflected in a more stable

firm performance and those factors might be correlated with local characteristics.

Including firm fixed effects 𝜑𝑓 in equation (5.2) controls for time-invariant firm

characteristics and also for the region that contains it hence decreasing the endogeneity

bias.

ln𝑉 𝑂𝐿𝑓𝑡 = 𝛼0 + 𝛽1 ln𝐴𝐺𝐺𝐿𝑟𝑤 + 𝛾𝑍 ′
𝑓𝑡 + 𝜏𝑡 + 𝜑𝑓 + 𝑣𝑓𝑡 (5.2)

Note that including firm fixed effects makes impossible to disentangle the sum of

workers and the area of the region separately since there is no time variation in the

area variable. The problem of time-variant local shocks and potential reverse causality,

however, remains even after adding firm fixed effects and establishing causal relationship

is a question of future research.

Including export share raises another possible issue, since trading status could be

also endogenous: traders are bigger, sell more product, employ a higher number of

employees for higher wages and are more capital intensive and only the most productive

ones can overcome the fixed cost of entering export markets and at the end the best ones

self-select themselves into trade. Adding firm fixed effects, however, can also capture

firm characteristics leading to self-selection.
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6 Results

This section presents the main results of the paper. Estimating equation (5.1) and

(5.2) is carried out on specifications using three different time horizons for calculating

firm fluctuations as explained in detail in section 3, three definitions of agglomeration

measure (see section 4) and on different levels of spatial stratification.

6.1 Main results

The baseline results are presented in table 7-9. The included firm covariates, such as

size and age, are known to affect sales volatility. Kalemni-Ozcan et al. (2014) found

foreign ownership, which can be seen as a control for managerial skills and captures

changes in the management and possible changes in the composition of labor force,

to influence firm fluctuations. Sales growth captures the fact that firms with higher

growth rate mechanically appear to be more volatile.

Table 7 presents results for specifications when firm fluctuations are measured as

firm-level sales volatility using the whole sample period of 18 years. These OLS estima-

tions provide a good basic portrayal of the relationship between firm fluctuations and

volatility. Column (1) and (2) documents estimates for unconditional sales volatility

when firm fluctuations are simply calculated as the logarithm of the standard deviation

of sales growth rates, while the remaining columns use conditional sales growth rates, or

i.e. idiosyncratic shocks, to compute volatility. Firm covariates are time averages. Ta-

ble 7 suggests a significantly negative partial correlations between firm fluctuations and

agglomeration. Even after netting out sector, micro-region and time effects, firms tend

to perform more stable in a denser economic environment. Surrounded by more man-

ufacturing workers lessens sales volatility, however, when the average distance within

micro-regions are higher it positively affects fluctuations suggesting that the higher cost

of reaching possible business partners, customers or suppliers lowers the stability of sales

and firms adjust their sales or employment harder to shocks when the average physical

distance is higher in a micro-region. These partial correlations also survive adding firm

covariates. Doubling the number of manufacturing workers is related to a 2% lower

unconditional sales volatility level (column (2)) and to a 5% decreases in the volatility

of idiosyncratic shocks, whereas in a double-sized micro-region firms face around 3%

higher fluctuations (column (3)). Measuring agglomeration as the micro-regional den-

sity of total manufacturing workers leads to similar results: a micro-region with double

worker density lessens firm volatility by 3.2%. The Hendersonian idea of measuring ag-

glomeration as the number of firms in a particular region (Henderson (2003)) though

suggest zero effect on firm fluctuations. As Kalemni-Ozcan et al. (2014) argued, for-

eign owned firms fluctuate more since direct investors are more willing to to invest in

risky projects. This positive relation is true for the Hungarian manufacturers as well.

Parallel with the findings of the literature, older and bigger firms fluctuate less. Size is

measured by real sales of the firm but the results are virtually the same for changing

the size definition to total employment or to firm quintiles.18 The amount of capital

measured as fixed tangible assets are positively but insignificantly related to firm sales

volatility. As Vannoorenberghe (2012) or Buch et al. (2009b) showed, the average

firm sales growth level mechanically increases firm volatility. The same applies also to

18Results for using different size measures are available upon request.
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my data.

Interestingly, the share of exported sales has an inverted U-shaped relation with

sales volatility. Up to a certain threshold, around 50%, trade involvement increases

volatility, nevertheless after reaching that threshold, the diversification effect tends to

overcome of the higher exposure to external shocks. This finding is similar to the one

of Vannoorenberghe (2012) who found that the volatility of total firm sales positively

depends on export share once netting out firm covariates and sector fixed effects, how-

ever, he found a positive coefficient estimate for export share square. Also, usually

larger firms export more and it is well-observed that larger firms trade with a larger

number of partners, as recently Kurz and Senses (2016) have documented and Békés et

al. (2011) have showed for Hungarian data, hence they can easier diversify imperfectly

correlated shocks.

Including the effect of cities with more than 50000 inhabitants intends to capture the

effect of richer local services and amenities such as for instance infrastructure, transport

hubs, however, the results to not show significant effect on volatility. The Budapest

dummy controls for the outlier feature of the capital: Budapest has one fifth of total

population and two fifth of total economic activity of the whole country implying a

possibly different firm behavior. Indeed, firms face on average higher fluctuations in

Budapest. In the literature of agglomeration economies it is often argued that after

reaching a particular city size threshold, congestion effect can dominate agglomeration

advantages resulting in a negative coefficient estimate of agglomeration (see for example

Combes and Gobillon (2015)), which tends to be parallel to my findings.

Table 8 and 9 repeats the same analysis for different time horizons ensuring ro-

bustness and comparability of the results with other findings in the literature. Table

8 presents results when the dependent variable is conditional sales growth volatility

at firm-level using the 6-year time window approach. The first three columns report

pooled OLS estimations, while column (4)-(6) employs panel fixed effects estimation

in order to look within effects. Including firm fixed effects controls for on one hand

on unobservable firm characteristics, and on the other hand, it also capture favorable

first geography characteristics that at the same time attracts more firms and affects

firm volatility implying that in this manner we control for better infrastructure which

decreases the cost of interacting with business partners. At the end, both the pooled

OLS and panel fixed effect method yield the same conclusion: denser economic ac-

tivity is negatively correlated with firm fluctuations. When using the 6-year measure

of conditional firm sales volatility, table 8 implies that doubling the density of workers

would result in a 5% decrease in firm fluctuations using the panel fixed effect estimation

(see column (4) and (5), which is slightly higher than of the estimated effect from the

pooled OLS specifications (see column (1) and (2). Once again, the number of firms,

however, does not effect firm volatility. As for the covariates, firm size is significantly

negative , whereas sales growth is significantly positive in every specifications regardless

of the inclusion of firm fixed effects. Nevertheless, after controlling for unobserved firm

characteristics, the ownership does not matter any more (although the sign of the co-

efficient remained positive), unlike to the findings of Kalemni-Ozcan et al. (2014) who

showed a positive relationship between foreign direct investment and volatility even

with firm fixed effects. The magnitude and the significance of the estimated coefficient

of Budapest is also lower.

Finally, table 9 uses a year-by-year varying definition of sales volatility defined as in
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equation (3.3) following Kalemni-Ozcan et al. (2014). The results ensure robustness of

the previous findings. Changing the measure of the definition of firm sales fluctuations

does not affect the main results of the paper. Once again, doubling economic density,

measured as the total number of manufacturing employment in a given micro-region

(column (1) and (4) or per micro-region (column (2) and (5)), lowers firm sales fluc-

tuations by around 5-6%. Also, according to column (3) and (6), the number of firms

does not affect the stability of firm sales. The estimated coefficients of firm covariates

behave similarly too: bigger firms with slower average growth rate results in lower fluc-

tuations whereas changes in foreign ownership, in fixed tangible assets or age does not

have a significance impact on firm sales volatility. The increasing involvement in export

markets has a decreasingly increasing relation with firm fluctuations since the export

share is positively and its square negatively affects sales volatility.

6.2 Robustness checks

6.2.1 Excluding Budapest

Table 10 summarizes the estimated coefficients of agglomeration coming from specifi-

cations using different time-horizon definitions of volatility, econometric methods and

measures of agglomeration when we omit firms located in Budapest. As it is mentioned

before, Hungary is a highly capital-centered country and the results of table 7-9 suggest

that firms in Budapest behave differently. Omitting the capital, however, does not have

an impact on the estimated agglomeration effect. The main conclusions of the previous

section remain the same (except the firm fixed effects specification using 6-year time

window volatility definition in column (4)). According to the first raw, total micro-

regional employment negatively influences volatility together with the positive effect

of the size of the agglomeration (note that measuring the elasticity of the area of the

micro-region is only possible in the specifications without firm fixed effect since there

is no time variation in the area variable), the employment density is also negatively

correlated with firm fluctuations, whereas the number of firms has the expected sign

but the coefficient estimates are not significant.

6.2.2 Excluding micro-firms

The inclusion of micro-firms can be problematic because of the lower reliability of

recording of data on the Hungarian micro-firms as Békés et al. (2011) argue. To

check whether this data issue can drive the results, I excluded firms with less than 10

employees and re-estimated the effect of agglomeration.19 Table 11 suggest that the

main findings are also robust to the exclusion of small firms. When using the year-by-

year varying measure of volatility, the elasticity of agglomeration is found to be between

-0.063 and -0.057.

6.2.3 Robustness to regional stratification

Choosing micro-region as the spatial unit of the analysis can be seen as an arbitrary

decision and one can argue that micro-regions not necessarily satisfy the requirements

19In my data, 68% of the firms employ maximum 10 employees. The average number of employees per
firms is 65.4 in the new data set.
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of a homogeneous economic market. To check the robustness of the results for re-

gional stratification, I re-estimated the aforementioned specifications to compare the

estimated agglomeration coefficients for the Hungarian urbanized areas which is a set-

tlement classification offered by the Hungarian Statistical Office (KSH) (see figure 4).

Settlements belonging to the same urbanized area have tight socio-economic connec-

tions with each other and hence changing the level of aggregation to urbanized areas

can result in using more homogeneous economic areas. 70.2% of the firms are operating

in urbanized areas. The estimated elasticities are summarized in table 12. The sign and

the significance (except the firm fixed effect specification for the year-by-year varying

volatility definition in column (2)) of the estimates are the same with slightly different

magnitudes regardless of the measure of volatility or agglomeration or the inclusion

of firm fixed effect. One interesting differences is that the number of firms in a given

urbanized area also matters: doubling the number of firms implies a 10% decrease in

firm sales fluctuations.

6.3 Separation of agglomeration into localization and ur-

banization

The agglomeration measure can be separated into a localization and urbanization effect

(Glaeser et al. (1992)). Localization economies can arise from spatial concentration

of firms operating close to each other in the same industry. It can be related to the

Marshallian idea that co-located firms in the same industry share a common labor pool

harnessing specialized labor force, or buyers and suppliers. Jacobs (1969) was the first

one introducing the notion of urbanization economies referring to the wider variety of

other surrounding industries within a given area having a "cross-fertilization" effect on

each other which can be also seen as very rough proxy of the input sharing mechanism.

I follow the definition of Békés and Harasztosi (2013) for calculating localization

and urbanization. The localization measure for a given firm 𝑓 being active in sector 𝑠
in region 𝑟 at time 𝑡 is:

ln𝐿𝑂𝐶𝑓𝑡 = ln (𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑠𝑟𝑡 − 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑓𝑡 + 1) (6.1)

where 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑠𝑟𝑡 is the total employment of a given sector in a particular

region at time 𝑡. The urbanization effect defined as the logarithm of the total labor

force employed in the other sectors:

ln𝑈𝑅𝐵𝑠𝑡 = ln (𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑟𝑡 − 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑠𝑟𝑡 + 1) (6.2)

In order to estimate separately the localization and urbanization effect, I estimate

the following equation:

ln𝑉 𝑂𝐿𝑓𝑡 = ln𝐿𝑂𝐶𝑓𝑡 + ln𝑈𝑅𝐵𝑟𝑡 + 𝛽2 ln𝐴𝑅𝐸𝐴𝑟 + 𝛾𝑍 ′
𝑓𝑤 + 𝜏𝑤 + 𝜐𝑟 + 𝜙𝑗 + 𝑣𝑓𝑡 (6.3)

I regress the firm volatility variable on the agglomeration separated into a localiza-

tion and an urbanization effect, as defined above in equation (6.1) and (6.2), on the

area of the micro-region controlling for the averages physical distances to reach possible

business partners, on firm covariates explained in detail in section 5 and depending on

specifications I also net out time, sector and regional fixed effects.
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The potential endogeneity concerns applies for equation (6.3) too, hence other than

(pooled) OLS estimations, I also estimated localization and urbanization using panel

techniques using firm fixed effects. Table 13 summarizes the estimated localization and

urbanization coefficients. The results suggests that the urbanization effect are more

important in explaining firm sales fluctuations. Except the 6-year time window level

specification, urbanization has a significantly negative effect on firm sales volatility: if

we double the number of manufacturing workers in other industries it lessens volatility

by 4-8% upon specifications. Nevertheless, the results also suggests that localization

is not a driving factor of firm level volatility. These results can roughly suggest that

sharing our location with a wider range of possible intermediate input providers plays a

more important role in explaining declining firm fluctuations rather than using a larger

common labor pool in the same industry.

7 Conclusion

This paper makes progress towards understanding the magnitude and variation of firm

fluctuations and focuses on measuring the impact of the density of economic activity on

firm-level volatility using Hungarian manufacturing panel data for the period of 1994-

2013 establishing new stylized facts on the relation between agglomeration and firm

volatility.

The results indicate that firm-level (un)conditional volatility is negatively correlated

with agglomeration. Doubling the number of manufacturing employers in a given micro-

region or the density of workers implies a 5-6% decrease in firm-level volatility. These

findings suggest that proximity to each other makes firms operate more stable. This

results are robust to using panel estimation techniques when including firm fixed effects,

and they are not driven by Budapest or micro-firms. Controlling for localization and

urbanization the results are rather driven by the latter suggesting that sharing a wider

range of possible input providers and costumers can iron out idiosyncratic shocks.

Of course, this evidence is only suggestive. Establishing causality requires different

methodological approach. Also, disentangle the mechanisms, the effect of sharing a

larger labor market pool, a wider range of input varieties or benefiting from knowledge

spillovers, is a challenging question of future research.
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Figure 1. Micro-regional averages of log firm sales volatility

Note: This figure plots the micro-regional averages of the logarithm of firm-level real sales growth rates
between 1996 and 2013.

Figure 2. Manufacturing employment per micro-regions

Note: This figure plots the time average of manufacturing employment per micro-regions between 1996 and
2013.
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Figure 3. The relation between average regional conditional firm volatility and economic
density

Note: This figure plots the micro-regional averages of the logarithm of the standard deviation of conditional
firm-level real sales growth rates against the logarithm of the average number of total manufacturing workers
in a given region between 1996 and 2013.

Figure 4. Urbanized areas in Hungary
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Table 1. Hungarian spatial zoning

EU level definition number size (km2)

NUTS-2 EU administrative region 7 13861
NUTS-3 19 counties and Budapest 20 4651
LAU-1 micr-regions 174 532
LAU-2 municipalities 3125 30

Table 2. Number of observations

year # of firms exporters non-exp

1996 5828 2264 3564
1997 6734 2508 4226
1998 7882 2852 5030
1999 8889 3076 5813
2000 8863 3100 5763
2001 9719 3315 6404
2002 10223 3403 6820
2003 10730 3400 7330
2004 11083 3398 7685
2005 12210 3436 8774
2006 12460 3542 8918
2007 12509 3736 8773
2008 11975 3609 8366
2009 12879 3837 9042
2010 12771 4010 8761
2011 12099 3970 8129
2012 11062 3810 7252
2013 10281 3736 6545
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Table 3. Descriptive statistics at firm level

Mean S.D. Min Max

Sales growth 0.1039 0.5809 -6.3583 9.2425
Log sales growth volatility -0.5142 0.3935 -4.1747 0.8802
Employment 25.4946 147.3418 1.0000 9099.0000
Age 7.2275 4.9063 2.0000 19.0000
Export share 0.0963 0.2346 0.0000 1.0000
Foreign share 0.0833 0.2541 0.0000 1.0000

This table presents statistics about the main variables at firm level. Log

unconditional volatility measured as the logarithm of standard deviation

of real sales growth at firm level. Employment refers to the number of av-

erage annual employees per year, age is calculated as the number of active

periods after the first time of observation. Sales growth is the log difference

of real sales between two consecutive sales, export share is the share of ex-

ported sales in a given year and foreign share stands for the percentage of

subscribed capital owned by foreigners.

Table 4. Descriptive statistics for LAU-1 regions

Average S.D. Min Max

Sales growth rates 0.0270 0.0364 -0.1282 0.1384
Sales volatility -0.5121 0.0533 -0.6699 -0.3522
Export share 0.1382 0.0708 0.0012 0.4349
Foreign ownership 0.1533 0.0907 0.0000 0.4722
Density of manufacturing workers 0.0063 0.0067 0.0005 0.0436
# of firms 138.7644 424.0915 10.0000 5488.0000
# of manufacturing workers 7566.9012 54445.8753 75.1792 715543.0000

This table presents micro-regional level averages of the main variables. Log unconditional

volatility measured as the logarithm of standard deviation of real sales growth at firm level.

Sales growth is the log difference of real sales between two consecutive sales, export share

is the share of exported sales in a given year and foreign share stands for the percentage

of subscribed capital owned by foreigners. Density of manufacturing workers is defined as

the ratio of manufacturing workers per area in a given micro-region.
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Table 5. Industry-level descriptive statistics

Industry Code # of firms Sales share Mean St. Dev.

Manufacture of food products 10 2184 0.063 0.0388 0.3983

Manufacture of beverages 11 789 0.035 0.0520 0.4870

Manufacture of textiles 13 795 0.030 0.0206 0.4630

Manufacture of wearing apparel 14 1226 0.016 0.0037 0.4715

Manufacture of leather and related products 15 307 0.033 0.0139 0.4210

Manufacture of wood and of products of wood and cork 16 1622 0.016 0.0427 0.4885

Manufacture of paper and paper products 17 364 0.043 0.0378 0.4182

Printing and reproduction of recorded media 18 1561 0.013 0.0230 0.4559

Manufacture of chemicals and chemical products 20 405 0.075 -0.0032 0.4015

Manufacture of basic pharmaceutical products 21 69 0.103 0.0436 0.4092

Manufacture of rubber and plastic products 22 1249 0.054 0.0420 0.4246

Manufacture of other non-metallic mineral products 23 925 0.044 0.0257 0.4663

Manufacture of basic metals 24 238 0.102 0.0215 0.4296

Manufacture of fabricated metal products 25 4117 0.029 0.0536 0.4713

Manufacture of computer, electronic and optical products 26 1721 0.027 0.0919 0.4627

Manufacture of electrical equipment 27 787 0.050 0.0353 0.4555

Manufacture of machinery and equipment n.e.c. 28 2485 0.035 0.0374 0.4614

Manufacture of motor vehicles, trailers and semi-trailers 29 301 0.112 0.0674 0.4249

Manufacture of other transport equipment 30 145 0.079 0.0394 0.5153

Manufacture of furniture 31 1188 0.016 0.0359 0.5012

Other manufacturing 32 861 0.015 0.0237 0.4561

Repair and installation of machinery and equipment 33 796 0.013 0.0259 0.4830

Note: This table presents the number of firms, the shares in total manufacturing sales, means and standard de-

viations of firm growth rates by 2-digit NACE sector over 1994–2013.
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Table 6. Specifications used to compute residuals.

Specification of X (1) (2) (3) (4) (5) (6) (7)

Growth rate of capital No No No Yes Yes Yes No
Lagged dom. and exp. growth No No No No Yes Yes No
Dummies No TS T TS TS T+S S
Firm Dummies No No Yes Yes No No No
Firm specific variables No No No No Yes Yes No

Firm specific variables include: capital level, total sales, age and share of

exports in sales. TS refers to Time-sector, T to Time, T+S to time and S

sector dummies. All specifications include a constant.
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Table 7. Determinants of real sales growth volatility at firm level. OLS regressions

Unconditional Conditional

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

Total employment -0.006*** -0.020*** -0.045***
(0.001) (0.001) (0.001)

Area 0.015*** 0.025*** 0.033***
(0.001) (0.001) (0.001)

Employment density -0.032***
(0.001)

Number of firms 0.000
(0.002)

Foreign ownership 0.031*** 0.037*** 0.037*** 0.037***
(0.007) (0.007) (0.007) (0.007)

Age -0.007*** -0.006*** -0.006*** -0.006***
(0.001) (0.000) (0.000) (0.000)

Size -0.055*** -0.057*** -0.057*** -0.057***
(0.003) (0.003) (0.003) (0.003)

Fixed tangible assets 0.003 0.002 0.002 0.002
(0.003) (0.003) (0.003) (0.003)

Sales growth 0.089*** 0.077*** 0.077*** 0.077***
(0.012) (0.011) (0.011) (0.011)

Export share 0.219*** 0.235*** 0.250*** 0.237***
(0.045) (0.045) (0.040) (0.044)

Export share squired -0.223*** -0.236*** -0.250*** -0.238***
(0.046) (0.044) (0.040) (0.044)

Big city -0.007 -0.013 -0.013 -0.013
(0.009) (0.013) (0.013) (0.013)

Budapest 0.047*** 0.187*** 0.098*** 0.021**
(0.012) (0.011) (0.004) (0.010)

Observations 24,135 24,133 24,070 24,070 24,070
R-squared 0.05 0.13 0.14 0.14 0.14
Industry FE YES YES YES YES YES
Micro-region FE YES YES YES YES YES
Note: The dependent variable is the logarithm of firm-level real sales growth unconditional and conditional volatility using the 18-year
time window approach. All the regressions include a constant. Moulton corrected standard errors in parentheses. *** p<0.01, ** p<0.05,
* p<0.1. Regressors are time averages over the active periods. "Total employment" is the logarithm of the sum of all manufacturing work-
ers in a given micro-region where the firm operates, "Area" is the size of the micro-region measured as the logarithm of square kilometer,
"Employment density" is the ratio of total manufacturing workers and the area expressed in logs and "Number of firms" is simply the
log of the average number of operating firms in the region during the whole period. Foreign ownership indicates that more than 5% of
the subscribed capital is foreign owned, size measured as average real sales. Big city indicates that the firm headquarter is situated in a
settlement with more than 50000 inhabitants.
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Table 8. Determinants of real sales growth volatility (6-year time window definition), pooled
OLS regressions and firm FE

(1) (2) (3) (4) (5) (6)

Total employment -0.026* -0.052***
(0.013) (0.017)

Area 0.053***
(0.002)

Employment density -0.026* -0.050***
(0.013) (0.017)

Number of firms 0.020 -0.036
(0.022) (0.023)

Foreign ownership 0.056*** 0.056*** 0.056*** 0.062 0.062 0.062
(0.007) (0.007) (0.007) (0.040) (0.040) (0.040)

Age -0.008*** -0.008*** -0.008*** 0.028*** 0.028*** 0.028***
(0.001) (0.001) (0.001) (0.006) (0.006) (0.006)

Size -0.064*** -0.064*** -0.064*** -0.087*** -0.087*** -0.088***
(0.004) (0.004) (0.004) (0.011) (0.011) (0.011)

Fixed tangible assets 0.003 0.003 0.003 0.001 0.001 0.001
(0.003) (0.003) (0.003) (0.004) (0.004) (0.004)

Sales growth 0.083*** 0.083*** 0.083*** 0.086*** 0.086*** 0.086***
(0.011) (0.011) (0.011) (0.025) (0.025) (0.025)

Big city -0.018 -0.018 -0.018
(0.015) (0.015) (0.015)

Budapest 0.027 0.083* -0.120
(0.095) (0.043) (0.139)

Observations 32,039 32,039 32,039 32,039 32,039 32,039
R-squared 0.13 0.13 0.13 0.03 0.03 0.03
Number of firms 18,324 18,324 18,324
Firm FE NO NO NO YES YES YES
Industry FE YES YES YES NO NO NO
LAU-1 FE YES YES YES NO NO NO
Year FE YES YES YES YES YES YES
Note: The dependent variable is the logarithm of firm-year-level real sales growth unconditional and conditional volatility. All the regressions in-
clude a constant. Moulton corrected standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. "Total employment" is the logarithm of the
sum of all manufacturing workers in a given micro-region where the firm operates, "Area" is the size of the micro-region measured as the logarithm
of square kilometer, "Employment density" is the ratio of total manufacturing workers and the area expressed in logs and "Number of firms" is
simply the log number of operating firms in the region. Foreign ownership indicates that more than 5% of the subscribed capital is foreign owned,
size measured as real sales. Big city indicates that the firm headquarter is situated in a settlement with more than 50000 inhabitants.
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Table 9. Determinants of real sales growth volatility (year varying definition), pooled OLS
regressions and firm FE

(1) (2) (3) (4) (5) (6)

Total employment -0.052*** -0.058***
(0.018) (0.017)

Area 0.071***
(0.018)

Employment density -0.052*** -0.059***
(0.018) (0.017)

Number of firms 0.012 -0.019
(0.026) (0.029)

Foreign ownership 0.069*** 0.069*** 0.069*** 0.009 0.009 0.009
(0.013) (0.013) (0.013) (0.032) (0.032) (0.032)

Age -0.021*** -0.021*** -0.021*** -0.005 -0.005 -0.005
(0.001) (0.001) (0.001) (0.017) (0.017) (0.017)

Size -0.152*** -0.152*** -0.152*** -0.237*** -0.237*** -0.238***
(0.006) (0.006) (0.007) (0.010) (0.010) (0.010)

Fixed tangible assets 0.012** 0.012** 0.012** -0.001 -0.001 -0.001
(0.006) (0.006) (0.006) (0.004) (0.004) (0.004)

Sales growth 0.121*** 0.121*** 0.121*** 0.158*** 0.158*** 0.158***
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

Export share 0.165*** 0.165*** 0.165*** 0.094*** 0.094*** 0.094***
(0.021) (0.021) (0.021) (0.026) (0.026) (0.026)

Export share squired -0.039*** -0.039*** -0.039*** -0.035*** -0.035*** -0.035***
(0.004) (0.004) (0.004) (0.002) (0.002) (0.002)

Big city -0.017 -0.017 -0.017
(0.026) (0.026) (0.026)

Budapest 0.081* 0.289*** 0.051
(0.042) (0.057) (0.158)

Observations 186,508 186,508 186,508 186,508 186,508 186,508
R-squared 0.06 0.06 0.06 0.02 0.02 0.02
Number of firms 21,055 21,055 21,055
Firm FE NO NO NO YES YES YES
Industry FE YES YES YES NO NO NO
LAU-1 FE YES YES YES NO NO NO
Year FE YES YES YES YES YES YES
Note: The dependent variable is the logarithm of firm-year-level real sales growth unconditional and conditional volatility. All the regressions in-
clude a constant. Moulton corrected standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. "Total employment" is the logarithm of the
sum of all manufacturing workers in a given micro-region where the firm operates, "Area" is the size of the micro-region measured as the logarithm
of square kilometer, "Employment density" is the ratio of total manufacturing workers and the area expressed in logs and "Number of firms" is
simply the log number of operating firms in the region. Foreign ownership indicates that more than 5% of the subscribed capital is foreign owned,
size measured as real sales. Big city indicates that the firm headquarter is situated in a settlement with more than 50000 inhabitants.
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Table 10. Estimated elasticities of firm conditional sales growth volatility with respect
to agglomeration with different time horizons and different econometric specifications and
excluding Budapest

year-by-year 6-year tw 18-year tw

OLS FE OLS FE OLS
(1) (2) (3) (4) (5)

Totoal employment -0.056*** -0.054** -0.050*** 0.007 -0.060***
(0.016) (0.023) (0.017) (0.019) (0.014)

Area 0.043* 0.028*** 0.038***
(0.024) (0.008) (0.007)

Density -0.056*** -0.055** -0.050*** 0.007 -0.060***
(0.016) (0.023) (0.017) (0.019) (0.014)

Number of firms -0.012 -0.073 -0.009 0.027 -0.019
(0.034) (0.046) (0.072) (0.033) (0.071)

Note: This table presents the estimated coefficients of agglomeration. Each item of the table represents different regressions.
Agglomeration is measured as the logarithm of total manufacturing employment per region together with the area of the re-
gion in log square meter, log manufacturing density per region or log total number of firms per area. In the OLS specifications
total employment and area used together as regressors. The dependent variable is conditional real sales growth volatility using
three different time horizons. In column (1) and (2) firm volatility is measured according to the year-by-year standard devia-
tion of conditional sales growth, in column (3) and (4), I use the volatility measured by dividing the sample into three different
6-year time-windows, whereas in the last column standard deviation of growth is calculated using the whole sample period.
All specifications include a constant and firms covariates such as ownership, age, size, fixed tangible assets, sales growth rates,
export share and its square. The OLS specifications also include sector, micro-region and time fixed effects while the FE spec-
ifications use firm and time fixed effects. Moulton corrected standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.

Table 11. Estimated elasticities of firm conditional year-by-year varying sales growth volatil-
ity with respect to agglomeration with different econometric specifications and excluding
micro-firms

OLS FE

Totoal manufacturing employment per agglomeration -0.057** -0.061**
(0.025) (0.024)

Area of the agglomeration 0.028
(0.032)

Density -0.057** -0.063***
(0.025) (0.024)

Number of firms -0.072 -0.071
(0.045) (0.043)

Note: This table presents the estimated coefficients of agglomeration. Each item of the table represents different regres-
sions Agglomeration is measured as the logarithm of total manufacturing employment per region together with the area
of the region in log square meter, log manufacturing density per region or log total number of firms per area. In the OLS
specifications total employment and area used together as regressors. The dependent variable is conditional real sales
growth volatility using the year-varying definition. All specifications include a constant and firms covariates such as own-
ership, age, size, fixed tangible assets, sales growth rates, export share and its square. The OLS specifications also include
sector, micro-region and time fixed effects while the FE specifications use firm and time fixed effects. Moulton corrected
standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.
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Table 12. Estimated elasticities of firm conditional sales growth volatility with respect
to agglomeration with different time horizons and different econometric specifications for
urbanizing areas

year-by-year 6-year tw 18-year tw

OLS FE OLS FE OLS
(1) (2) (3) (4) (5)

Totoal employment -0.059** -0.036 -0.052*** -0.093** -0.018***
(0.027) (0.023) (0.018) (0.035) (0.004)

Area 0.054* -0.052*** 0.026***
(0.028) (0.018) (0.002)

Density -0.059** -0.036 -0.010 -0.093** -0.014**
(0.027) (0.023) (0.029) (0.035) (0.006)

Number of firms -0.114*** -0.114** -0.044** -0.096** -0.011***
(0.037) (0.047) (0.016) (0.038) (0.002)

Note: This table presents the estimated coefficients of agglomeration. Each item of the table represents different regressions Ag-
glomeration is measured as the logarithm of total manufacturing employment per urbanized area together with the area of the
urbanized area in log square meter, log manufacturing density per region or log total number of firms per area. In the OLS speci-
fications total employment and area used together as regressors. The dependent variable is conditional real sales growth volatility
using three different time horizons. In column (1) and (2) firm volatility is measured according to year-by-year standard deviation
of conditional sales growth, in column (3) and (4), I use the volatility measured by dividing the sample into three different 6-year
time-windows, whereas in the last column standard deviation of growth is calculated using the whole sample period. All specifi-
cations include a constant and firms covariates such as ownership, age, size, fixed tangible assets, sales growth rates, export share
and its square. The OLS specifications also include sector, micro-region and time fixed effects while the FE specifications use firm
and time fixed effects. Moulton corrected standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.

Table 13. Localization versus Urbanization

year-by-year 6-year tw 18-year tw

OLS FE OLS FE OLS
(1) (2) (3) (4) (5)

Urbanization -0.053*** -0.040*** -0.019** 0.008 -0.081**
(0.015) (0.014) (0.009) (0.014) (0.037)

Localization 0.005 -0.004 0.004* 0.004 -0.001
(0.003) (0.004) (0.002) (0.006) -(0.004)

Note: This table presents the estimated coefficients of localization and urbanization. Localization is measured by log
total number of employees in a given region in the same sector in which a given firm active minus the own employ-
ment of the firm plus, and urbanization is the log total number of manufacturing employees in different sectors. The
dependent variable is conditional real sales growth volatility using three different time horizons. In column (1) and
(2) firm volatility is measured according to year-by-year standard deviation of conditional sales growth, in column
(3) and (4), I use the volatility measured by dividing the sample into three different 6-year time-windows, whereas in
the last column standard deviation of growth is calculated using the whole sample period. All specifications include a
constant and firms covariates such as ownership, age, size, fixed tangible assets, sales growth rates, export share and
its square. The OLS specifications also include sector, micro-region and time fixed effects while the FE specifications
use firm and time fixed effects. Moulton corrected standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.
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A Results for employment volatility

Table 14. Estimated elasticities of firm conditional employment growth volatility with respect
to agglomeration with econometric specifications for micro-regions

with Budapest without Budapest

OLS FE OLS FE
(1) (2) (3) (4)

Totoal employment -0.052*** -0.040** -0.061*** -0.052**
(0.017) (0.019) (0.017) (0.021)

Area 0.149*** 0.162***
(0.024) (0.024)

Density -0.052*** -0.041** -0.061*** -0.053**
(0.017) (0.019) (0.017) (0.021)

Number of firms -0.049 -0.046 -0.085** -0.047
(0.036) (0.03) (0.037) (0.038)

Note: This table presents the estimated coefficients of agglomeration. Each item of the table represents different regressions
Agglomeration is measured as the logarithm of total manufacturing employment per region together with the area of the
region in log square meter, log manufacturing density per region or log total number of firms per area. In the OLS specifi-
cations total employment and area used together as regressors. The dependent variable is conditional employment growth
volatility using three different time horizons. In column (1) and (2) firm volatility is measured according to year-by-year
standard deviation of conditional sales growth, in column (3) and (4), I use the volatility measured by dividing the sample
into three different 6-year time-windows, whereas in the last column standard deviation of growth is calculated using the
whole sample period. All specifications include a constant and firms covariates such as ownership, age, size, fixed tangible
assets, sales growth rates, export share and its square. The OLS specifications also include sector, micro-region and time
fixed effects while the FE specifications use firm and time fixed effects. Moulton corrected standard errors in parenthesis.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 15. Detailed data description at LAU-2 level

Subregion Code Sales gr. Uncond vol. Cond vol. # of firms Emp. Area Exp. share Foreign own.

Budapest 3101 0.0024 -1.5995 -1.7024 5488 101736 32000000 0.0806 0.1310
Bácsalmás 3201 0.0501 -1.6127 -1.7244 96 2256 360256 0.1851 0.2083
Baja 3202 0.0365 -1.7377 -1.8183 147 3886 921547 0.1892 0.2517
Jánoshalma 3203 0.0777 -1.8896 -1.7503 44 761 115120 0.1988 0.2045
Kalocsa 3204 0.1384 -1.8315 -1.5552 15 258 17949 0.1276 0.0667
Kecskemét 3205 -0.0103 -1.7828 -1.7695 102 1153 183779 0.1133 0.2353
Kiskőrös 3206 0.0368 -1.7105 -1.6540 33 838 106581 0.1874 0.2727
Kiskunfélegyháza 3207 -0.0173 -1.7059 -1.8154 458 9405 6472461 0.1169 0.1507
Kiskunhalas 3208 0.0559 -1.6158 -1.6539 41 869 52630 0.1756 0.2927
Kiskunmajsa 3209 -0.0771 -1.6195 -1.7674 17 290 21986 0.0827 0.0588
Kunszentmiklós 3301 0.0204 -1.7652 -1.8391 163 6130 2231002 0.1333 0.1595
Komló 3302 0.0173 -1.8819 -2.1528 12 452 96425 0.3335 0.3333
Mohács 3303 0.0364 -1.7146 -1.8123 134 3050 1015547 0.1487 0.2015
Pécs 3304 0.0397 -1.6737 -1.7514 612 19959 16400000 0.1553 0.1928
Pécsvárad 3305 0.0399 -1.6543 -1.7729 229 4824 2206649 0.1124 0.1004
Sásd 3306 -0.0204 -1.8323 -1.8447 131 5277 2507602 0.1485 0.1374
Sellye 3307 0.0144 -1.6810 -1.8557 110 2078 2070634 0.1202 0.1091
Siklós 3308 0.0292 -1.8913 -1.7969 39 1420 662858 0.1652 0.1282
Szentlőrinc 3309 0.0157 -1.7239 -1.7031 50 1512 568750 0.1572 0.1800
Szigetvár 3310 0.0328 -1.5852 -1.5362 35 1020 431804 0.1022 0.0286
Békéscsaba 3401 0.0204 -1.7778 -1.8426 221 5971 4067609 0.1115 0.1131
Békés 3402 0.0167 -1.7542 -1.8461 22 665 179933 0.1941 0.1818
Gyula 3403 0.0165 -1.6758 -1.7171 132 715543 2198085 0.0764 0.1439
Mezőkovácsháza 3404 0.0595 -1.6143 -1.5082 21 271 212089 0.0466 0.0476
Orosháza 3405 0.0141 -1.6854 -1.8150 90 2477 1936978 0.1263 0.0889
Sarkad 3406 0.0009 -1.8255 -1.9062 47 2153 832902 0.1766 0.1702
Szarvas 3407 0.0270 -1.8230 -1.8530 79 2701 881552 0.1253 0.0380
Szeghalom 3408 -0.0729 -1.6334 -1.7449 84 2755 2108542 0.1904 0.1190
Gönc 3501 0.0305 -1.6048 -1.6458 523 12342 9598616 0.0696 0.0612
Cigánd 3502 0.0297 -1.8455 -1.9233 40 1059 118848 0.0478 0.0750
Edelény 3503 0.0356 -1.8386 -2.0750 13 404 28228 0.0582 0.0000
Encs 3504 0.0375 -1.7145 -1.8390 70 2426 208253 0.0987 0.1000
Kazincbarcika 3505 0.0203 -1.7480 -1.8313 71 2242 556999 0.0922 0.0704
Mezőcsát 3506 0.0116 -1.6777 -1.7613 91 2583 644805 0.1093 0.1978
Mezőkövesd 3507 0.0670 -1.7561 -1.7739 61 1510 530209 0.1399 0.0984
Miskolc 3508 -0.0174 -1.7259 -1.7475 45 2741 255741 0.0694 0.2889
Ózd 3509 0.0006 -1.8179 -1.8618 42 901 142461 0.0691 0.0952
Sárospatak 3510 -0.0198 -1.7637 -1.6100 16 274 39336 0.1222 0.0625
Sátoraljaújhely 3511 0.0139 -1.5063 -1.6509 75 744 285128 0.0714 0.0533
Szerencs 3512 0.0951 -1.4117 -1.6360 27 372 48370 0.0367 0.1111
Szikszó 3513 -0.1282 -1.4700 -1.5730 16 514 49885 0.1798 0.1250
Tiszaújváros 3514 0.0324 -1.4781 -1.6853 11 265 80310 0.1216 0.0909
Tokaj 3515 0.0395 -1.6645 -1.7520 41 382 137240 0.1085 0.1707
Csongrád 3601 -0.0115 -1.7191 -1.8189 59 2582 905499 0.1214 0.1525
Hódmezővásárhely 3602 0.0148 -1.7595 -1.8944 174 4067 7798174 0.1135 0.1149
Kistelek 3603 0.0278 -1.8534 -1.8510 14 210 96372 0.1004 0.2857
Makó 3604 0.0123 -1.5744 -1.7062 66 3011 1198965 0.2932 0.1818
Mórahalom 3605 0.0145 -1.8280 -1.8151 44 353 327816 0.0403 0.0227
Szeged 3606 0.0304 -1.6050 -1.7089 418 10342 10100000 0.1119 0.1316
Szentes 3607 0.0307 -1.7477 -1.8076 61 1499 1993494 0.0588 0.0820
Aba 3701 0.0468 -1.6029 -1.6186 63 1077 412446 0.1255 0.1429
Adony 3702 0.0087 -1.5634 -1.6536 189 4868 944010 0.0642 0.0794
Bicske 3703 0.0250 -1.3817 -1.4999 21 151 133761 0.1396 0.1905
Dunaújváros 3704 -0.0329 -1.6207 -1.7061 48 644 219555 0.1011 0.0833
Enying 3705 0.0801 -1.8015 -1.8438 89 3549 752970 0.1406 0.2135
Gárdony 3706 0.0241 -1.8951 -1.5260 13 75 144638 0.0012 0.0769
Martonvásár 3707 0.0397 -1.6868 -1.7536 526 13084 8047428 0.1083 0.1046
Mór 3708 0.0438 -1.7261 -1.6963 22 198 140125 0.0873 0.0909
Sárbogárd 3709 0.0420 -1.4663 -1.6603 24 387 113912 0.0758 0.0833
Székesfehérvár 3710 -0.0120 -1.6448 -1.7097 31 291 142982 0.0218 0.0645
Csorna 3801 0.0923 -1.7083 -1.8798 58 1181 285545 0.1572 0.2241
Győr 3802 0.0261 -1.6951 -1.7646 503 12687 7172758 0.1174 0.1690
Kapuvár 3803 0.0404 -1.8983 -2.0071 49 2490 233305 0.2790 0.2857
Mosonmagyaróvár 3804 0.0311 -1.7926 -1.9085 199 9409 1520889 0.2715 0.3417
Pannonhalma 3805 0.0573 -1.7769 -1.8964 273 6571 3269942 0.2279 0.3040
Sopron 3806 0.0350 -1.8263 -1.9536 23 2537 98107 0.1611 0.0870
Tét 3807 0.0628 -1.5154 -1.5680 24 152 54309 0.1205 0.1667
Balmazújváros 3901 0.0580 -1.8770 -1.8578 28 823 577276 0.1614 0.0714
Berettyóújfalu 3902 -0.0173 -1.4891 -1.5868 55 2707 655807 0.1817 0.1636
Debrecen 3903 0.0145 -1.6290 -1.7744 524 13512 24100000 0.0807 0.0744
Derecske 3904 0.0212 -1.8028 -1.9138 123 4259 3934752 0.1477 0.0650
Hajdúböszörmény 3905 0.0212 -1.7017 -1.7415 56 1045 1203035 0.1445 0.0536
Hajdúhadház 3906 0.0419 -1.4451 -1.4077 13 177 95901 0.0732 0.1538
Hajdúszoboszló 3907 0.0191 -1.7474 -1.8982 66 1898 989749 0.0976 0.0758
Polgár 3908 0.0482 -1.6165 -1.6203 48 586 417618 0.0946 0.0417
Püspökladány 3909 0.0240 -1.7415 -1.7164 63 2953 417180 0.1228 0.0635
Bélapátfalva 4001 0.0292 -1.6039 -1.7362 261 6102 2077705 0.1143 0.1341
Eger 4002 -0.0137 -1.8246 -1.9292 30 1248 253970 0.1470 0.3000
Füzesabony 4003 0.0421 -1.8389 -1.9570 16 360 40505 0.2312 0.2500
Gyöngyös 4004 0.0166 -1.6448 -1.7514 213 5383 1016952 0.1361 0.1784
Hatvan 4005 0.0292 -1.5449 -1.6779 85 3711 360207 0.1792 0.2000
Heves 4006 0.0223 -1.7596 -1.8671 38 1397 143876 0.1794 0.1842
Pétervására 4007 0.0273 -1.7256 -1.8544 13 945 21658 0.0827 0.2308
Jászberény 4101 0.0630 -1.6496 -1.6796 89 3117 141602 0.1509 0.1910
Karcag 4102 0.0329 -1.5462 -1.6457 206 6198 1487886 0.1424 0.1553
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Subregion Code Sales gr. Uncond vol. Cond vol. # of firms Emp. Area Exp. share Foreign own.

Kunszentmárton 4103 0.0891 -1.4821 -1.5154 42 1171 180941 0.2132 0.2857
Mezőtúr 4104 0.0566 -1.7506 -1.8077 97 3268 645591 0.1322 0.2371
Szolnok 4105 0.0704 -1.6264 -1.7743 70 1628 422286 0.1355 0.2000
Tiszafüred 4106 0.0297 -1.6436 -1.5994 151 2497 1001364 0.1382 0.1192
Törökszentmiklós 4107 0.0420 -1.6734 -1.7639 275 4491 2180068 0.1321 0.1309
Dorog 4201 0.0203 -1.6617 -1.7250 72 2240 183066 0.1676 0.1250
Esztergom 4202 0.0218 -1.6402 -1.7806 46 1506 290783 0.1871 0.2391
Kisbér 4203 -0.0001 -1.5140 -1.5825 61 675 343849 0.0498 0.0492
Komárom 4204 0.0733 -1.9421 -2.0112 46 1903 88907 0.2407 0.2826
Oroszlány 4205 -0.0199 -1.6671 -1.7573 96 3750 761231 0.1382 0.1042
Tatabánya 4206 -0.0185 -1.6976 -1.6878 32 297 115206 0.0310 0.0625
Tata 4301 0.0333 -1.7152 -1.7553 96 2091 273886 0.0907 0.1042
Balassagyarmat 4302 0.0412 -1.7284 -1.8169 229 5138 4286854 0.1055 0.0961
Bátonyterenye 4303 0.0021 -1.6967 -1.7806 156 2787 1310731 0.0785 0.1026
Pásztó 4304 0.0045 -1.6092 -1.6834 334 6823 1391986 0.1061 0.1228
Rétság 4305 0.0306 -1.7598 -1.7756 270 2889 986097 0.0592 0.0593
Salgótarján 4306 0.0225 -1.6314 -1.7297 120 1482 557454 0.0805 0.0667
Szécsény 4307 0.0164 -1.6063 -1.6715 436 6326 1676392 0.0906 0.1376
Aszód 4308 -0.0493 -1.6889 -1.7523 24 826 75396 0.2262 0.2917
Budaörs 4309 0.0187 -1.5789 -1.7383 188 4201 802826 0.1121 0.1702
Cegléd 4310 0.0059 -1.5374 -1.6629 307 4073 850633 0.0735 0.1726
Dabas 4311 -0.0003 -1.6377 -1.7184 263 3207 811164 0.0662 0.0532
Dunakeszi 4312 0.0582 -1.6749 -1.6996 103 1665 450512 0.0889 0.0874
Érd 4313 0.0290 -1.6005 -1.7145 246 4658 490641 0.0793 0.1220
Gödöllő 4314 0.0144 -1.5814 -1.7336 284 3522 1019351 0.0738 0.1127
Gyál 4315 0.0263 -1.4778 -1.5380 56 420 132446 0.1515 0.0714
Monor 4316 0.0121 -1.5491 -1.5976 338 4033 1567878 0.0782 0.0917
Nagykáta 4401 -0.0123 -1.6593 -1.7194 43 1120 425489 0.1610 0.2558
Pilisvörösvár 4402 0.0673 -1.7319 -1.9195 17 830 51074 0.3061 0.1765
Ráckeve 4403 0.0104 -1.6372 -1.7946 70 1218 290499 0.1260 0.1714
Szentendre 4404 0.0056 -1.7816 -1.8034 199 5944 254711 0.1336 0.1055
Szob 4405 -0.0790 -1.5038 -1.5654 12 149 21720 0.2406 0.2500
Vác 4406 0.0905 -1.7166 -1.7090 51 2968 118999 0.2212 0.2157
Veresegyház 4407 0.0546 -1.6888 -1.7448 41 1411 245709 0.2316 0.2195
Balatonföldvár 4408 0.0131 -1.5868 -1.6836 55 975 547398 0.0773 0.1273
Barcs 4409 0.0420 -1.7191 -1.8020 14 569 28103 0.2689 0.2143
Csurgó 4410 0.1239 -1.3710 -1.5395 12 76 24451 0.0691 0.0833
Fonyód 4411 0.0801 -1.8105 -1.7910 25 672 50208 0.1080 0.1200
Kadarkút 4501 -0.0306 -1.6482 -1.6774 32 1121 99737 0.1053 0.0625
Kaposvár 4502 0.0455 -1.8862 -1.9057 11 866 25763 0.2057 0.2727
Lengyeltóti 4503 0.0667 -1.5226 -1.4788 33 964 125965 0.1050 0.0606
Marcali 4504 0.0294 -1.8843 -1.8065 32 2251 97928 0.1533 0.0938
Nagyatád 4505 0.0478 -1.6738 -1.7821 85 3516 309987 0.1332 0.0941
Siófok 4506 0.0330 -1.6436 -1.6706 72 2043 676325 0.0855 0.0278
Tab 4507 0.0691 -1.4955 -1.6867 36 1069 196384 0.1355 0.0556
Baktalórántháza 4508 0.0377 -1.7083 -1.7019 422 16180 10600000 0.1053 0.0782
Csenger 4509 0.0757 -1.6711 -1.6569 42 2334 247052 0.1544 0.1429
Fehérgyarmat 4510 0.0769 -1.5906 -1.6152 38 758 166926 0.0706 0.0526
Ibrány 4511 -0.0027 -1.6305 -1.7197 47 1458 200040 0.0984 0.1489
Kisvárda 4512 0.0543 -1.6405 -1.7658 14 403 22986 0.0330 0.1429
Mátészalka 4601 0.0572 -1.7975 -1.8688 208 9645 3398997 0.1043 0.1154
Nagykálló 4602 0.0521 -1.7046 -1.8928 102 3521 3005406 0.1917 0.0784
Nyírbátor 4603 0.0018 -1.8340 -1.7848 50 1395 422941 0.1115 0.0800
Nyíregyháza 4604 0.0345 -1.7005 -1.8304 292 10740 4690907 0.1260 0.1267
Tiszavasvári 4605 0.0128 -1.6186 -1.7512 30 810 418036 0.0663 0.0333
Vásárosnamény 4606 0.0421 -1.4046 -1.5317 61 1215 971023 0.1547 0.0984
Záhony 4607 0.0235 -1.7571 -1.7619 82 1950 2182074 0.1463 0.0732
Bonyhád 4701 0.0082 -1.7546 -1.8895 79 1820 432130 0.1988 0.1266
Dombóvár 4702 -0.0152 -1.7049 -1.7051 84 2130 557699 0.1706 0.1310
Paks 4703 0.0564 -1.6492 -1.7550 97 2762 1242675 0.0669 0.0928
Szekszárd 4704 0.0246 -1.6778 -1.7712 240 6340 1933791 0.1345 0.2042
Tamási 4705 0.0021 -1.6367 -1.6435 77 2140 519754 0.1617 0.1818
Celldömölk 4801 0.0819 -1.9176 -2.0446 45 5970 170113 0.3396 0.2889
Csepreg 4802 0.0465 -1.5980 -1.6916 27 588 88235 0.2389 0.4444
Körmend 4803 0.0665 -1.8343 -1.9423 32 2061 112230 0.3111 0.4375
Kőszeg 4804 0.0729 -1.5827 -1.7479 39 2083 117515 0.1936 0.2051
Őriszentpéter 4805 0.0151 -1.3967 -1.4099 22 387 24756 0.0755 0.1364
Sárvár 4806 0.0722 -1.7902 -1.8956 63 3849 287693 0.1983 0.1905
Szentgotthárd 4807 0.0760 -1.6027 -1.5613 36 1504 200135 0.4349 0.4722
Szombathely 4808 0.0454 -1.7508 -1.7842 345 15338 2920547 0.1876 0.2058
Vasvár 4809 0.0690 -1.5448 -1.4651 20 649 68021 0.2749 0.4500
Ajka 4901 0.0595 -1.6455 -1.7422 148 5378 1122853 0.1945 0.2095
Balatonalmádi 4902 0.0143 -1.5306 -1.5902 71 1067 231683 0.0700 0.1127
Balatonfüred 4903 0.0481 -1.7141 -1.8001 55 467 178019 0.0945 0.1273
Pápa 4904 0.0393 -1.7736 -1.8039 137 4802 981171 0.1857 0.1752
Sümeg 4905 0.0057 -1.8608 -1.8559 28 512 131931 0.3232 0.3571
Tapolca 4906 0.0243 -1.6658 -1.7510 70 1320 281516 0.0956 0.1857
Várpalota 4907 0.0219 -1.6093 -1.7194 57 1778 316268 0.1673 0.1754
Veszprém 4908 0.0332 -1.7125 -1.8369 244 9455 2474998 0.1342 0.1475
Zirc 4909 0.0382 -1.7414 -1.8341 32 393 99478 0.0511 0.1563
Hévíz 5001 0.0102 -1.7132 -1.8111 76 1424 438581 0.1002 0.1184
Keszthely 5002 0.0514 -1.6568 -1.7053 58 2410 216759 0.3173 0.3793
Lenti 5003 -0.0114 -1.4279 -1.6027 33 549 47762 0.1847 0.2121
Letenye 5004 0.0418 -1.5630 -1.6714 159 4807 2037066 0.1178 0.1887
Nagykanizsa 5005 0.0265 -1.7895 -1.9473 314 10828 2342238 0.1269 0.1529
Pacsa 5006 -0.0256 -1.7006 -1.8851 35 1169 148002 0.3322 0.4286
Zalaegerszeg 5007 0.0295 -1.5962 -1.6243 19 127 25176 0.0801 0.1579
Zalakaros 5008 -0.0099 -1.8654 -2.2868 15 363 24788 0.1390 0.1333
Zalaszentgrót 5009 -0.1234 -1.8899 -1.7294 10 134 23907 0.0101 0.0000
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