Figure 2.
The industry space of Hungarian manufacturing sectors, 2003
Nodes depict manufacturing sectors according to NACE (Rev. 2) 4-digit level codes, edges represent the average revealed relatedness value
for the period 2003-2012. Colour codes have been set according to NACE (Rev. 2) 2-digit industries. Position of the nodes is determined by the
Force Atlas 2 algorithm of Gephi (Jacomy et al 2014)
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3.3. MEASURING DIVERSIFICATION
We look at diversification of firm production portfolios and pay special attention to the
technological relatedness between the firms’ core product and additional products. We
calculated Average Revealed Relatedness (AVRR) of firms’ product portfolios as the simple
arithmetic mean of relatedness between the firm’s core product and all of additional
products:
𝐴𝑉𝑅𝑅𝑖𝑡 =

∑𝑝≠𝑐 𝑅𝑅𝑐𝑝,𝑡−1
𝑁𝑖𝑡 −1

,

where c is the core product3 of the firm i, 𝑝 ≠ 𝑐 represents its non-core products, Nit is the
number of the firm’s products in year t, (thus 𝑁𝑖𝑡 − 1 is the number of its non-core products),
and 𝑅𝑅𝑐𝑝,𝑡−1 is the relatedness index between the industries of product p and c in the
previous year. We used this lagged version to avoid endogeneity. As we infer relatedness from
average product portfolio choices of firms, and use this relatedness to explain the decision of
firms on product portfolio, without this lag we would mechanically introduce endogeneity to
the model.
As a robustness checking we also use a weighted version of the average relatedness index.
Weighted average relatedness (WAVRR) includes the sales value of each non-core product as
weights, therefore, it also reflects redistribution of the sales value across the products, even
when the product portfolio does not change:
𝑊𝐴𝑉𝑅𝑅𝑖𝑡 =

∑𝑝≠𝑐 𝑅𝑅𝑐𝑝,𝑡−1 𝑌𝑖𝑝𝑡
∑𝑝≠𝑐 𝑌𝑖𝑝𝑡

,

where Yipt is again the sales value of firm i from each product p, and 𝑅𝑅𝑐𝑝,𝑡−1 is the
relatedness index between the industries of product p and c in the previous year.
Descriptive statistics of our relatedness measures are displayed in Table 1. The RR and AVRR
measures indicate that while the revealed relatedness between two randomly selected
industries is rather low, but average relatedness of actual firms’ portfolios is much higher.
From the yearly averages it is visible that the relatedness of firm’s product portfolio fluctuates
around the crisis years: it decreases in 2007, then increases in the first crisis year, 2008, then
decreases to low levels after the crisis (2009-2010), and turns back to the original levels to
2011-2012. These yearly tendencies are not sufficient to validate or falsify our hypothesis on
firm’s behaviour in crisis. Therefore, we need to examine the firms’ exposure to crisis on a
more detailed level.
3

For simplicity from here on we omit the it indices from the notification of the core product and only refer to it
a c instead of cit.
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Table 1.
Descriptives of the relatedness measures
Measure

mean

S.d.

N

RRij

0.0036

0.0351

60,939

AVRRit

0.171

0.207

32,913

WAVRRit

0.320

0.250

57,901

AVRRit
Year
2004
2005
2006
2007
2008
2009
2010
2011
2012

mean
0.187
0.193
0.192
0.154
0.186
0.128
0.113
0.190
0.184

N
4,484
4,273
3,680
3,689
3,535
3,397
3,104
3,299
3,452

WAVRRit
mean
0.357
0.371
0.365
0.289
0.341
0.232
0.203
0.352
0.341

N
7,249
7,172
6,266
6,493
6,270
6,145
5,593
6,135
6,578

3.4. THE DEFINITION OF CRISIS
The financial crisis hit the Hungarian manufacturing sector significantly. After a constantly
growing period of economic prosperity characterized by post-socialist transition and EU
accession, the downturn was first observed in 2008, and a significant drop has happened to
2009. This fall was followed by a minor correction in 2010 and a stagnation period between
2010-2012 (Figure 1).
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Figure 1.
Gross value added of the Hungarian manufacturing sector (1995=1)
Source of data: CSO Hungary

However, exposure to the crisis was different across industries and across products and
therefore might have hit firms differently (Connaughton and Madsen, 2009).4 Our analysis
focuses on the effect of product-level demand-shocks on production portfolios, and thus we
identified our crisis measure on the firm-product level. We classified a product being in
crisis, if its production decreased over two subsequent years, or if its production dropped
with more than 25% over a year. In order to avoid endogeneity, we disregarded the
production of the examined firm, and calculated the production trend of a product produced
by the firm by excluding the examined firm itself. Thus, our crisis measure on the firmproduct level is:
∑𝑖≠𝑖;𝑝 𝑌𝑖𝑝,𝑡
∑𝑖≠𝑖;𝑝 𝑌𝑖𝑝,𝑡−1
< 1 𝑎𝑛𝑑
< 1 ),
∑𝑖≠𝑖;𝑝 𝑌𝑖𝑝,𝑡−1
∑𝑖≠𝑖;𝑝 𝑌𝑖𝑝,𝑡−2
∑𝑖≠𝑖;𝑗 𝑌𝑖𝑝,𝑡
,
𝐶𝑅𝑖𝑝𝑡 = 1 𝑖𝑓
< 0.75
∑𝑖≠𝑖;𝑗 𝑌𝑖𝑝,𝑡−1
𝐶𝑅𝑖𝑝𝑡 = 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐶𝑅𝑖𝑝𝑡 = 1 𝑖𝑓 (

{

where 𝑌𝑖𝑝,𝑡 is the sales value of firm i from product p in year t.

4

In Hungary production declined by 29% in the automotive industry from 2008 to 2009, but there was no
significant decline in the pharmaceuticals industry (CSO Hungary:
http://www.ksh.hu/docs/eng/xstadat/xstadat_annual/i_oia012a.html). On the more detailed levels even
higher variation can be observed.
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Using this definition, we could obtain firm-level measures of demand-shock; and
distinguished whether the core product or any additional product of the firm was hit by
crisis:
𝐶𝑅 𝑐𝑜𝑟𝑒 = 1 𝑖𝑓 𝐶𝑅𝑖𝑐𝑡 = 1
,
{ 𝑖𝑡𝑐𝑜𝑟𝑒
𝐶𝑅𝑖𝑡 = 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
where c is the core product of firm i, and
𝑛𝑜𝑛−𝑐𝑜𝑟𝑒
𝐶𝑅𝑖𝑡
= max𝑝≠𝑐 (𝐶𝑅𝑖𝑝𝑡 ) .

The number of producing products in crisis is around 30% before the financial crisis and
this ratio sharply increases in 2009 (Figure 2). One may recognize a minor peak also in 2005,
which can be attributed to the industry transformation accompanying Hungary’s joining the
European Union.
Figure 2.
Exposure to the crisis across manufacturing firms

3.5. STATISTICAL METHODS
To analyse the impact of crisis on related diversification we apply two methods. In the first
exercise, we look at how average relatedness in the product portfolio changes in firms when
they have to face a crisis shock, and we compare this to changes during economic prosperity.
In our second approach, we analyse how firms adjust their production volumes when they
experience demand shocks and test whether technological relatedness affects this adjustment
differently during crisis and in prosperity times.
In the first approach, panel regressions with firm-level fixed effects are used to analyse
the relationship between exposure to crisis and the relatedness of the product portfolio. Our
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dependent variables are the changes in the average relatedness indicators (
and

𝑊𝐴𝑉𝑅𝑅𝑡+1 − 𝑊𝐴𝑉𝑅𝑅𝑡
).
𝑊𝐴𝑉𝑅𝑅𝑡

𝐴𝑉𝑅𝑅𝑡+1 − 𝐴𝑉𝑅𝑅𝑡
𝐴𝑉𝑅𝑅𝑡

The firm-level fixed effects enable us to exclude alternative

explanations based on unobserved heterogeneity of firms (e.g. industries that exhibit more
related diversification were also hit harder by the crisis), as we look at whether the firm
increases or decreases diversification in the year following a crisis of its products by
comparing AVRR to its previous values at the same firm. Our explanatory variables are the
exposure of the core and non-core products of the firm to the crisis, and year dummies (D)
accounting for yearly fluctuations. Thus the estimated equations are:
𝐴𝑉𝑅𝑅𝑖,𝑡+1 − 𝐴𝑉𝑅𝑅𝑖,𝑡
𝑐𝑜𝑟𝑒
𝑛𝑜𝑛−𝑐𝑜𝑟𝑒
= 𝛽0 + 𝛽1 𝐶𝑅𝑖𝑡
+ 𝛽2 𝐶𝑅𝑖𝑡
+ 𝜷𝟑 𝑫 + 𝜉𝑖 + 𝜀𝑖𝑡
𝐴𝑉𝑅𝑅𝑖,𝑡
and
𝑊𝐴𝑉𝑅𝑅𝑖,𝑡+1 − 𝑊𝐴𝑉𝑅𝑅𝑖,𝑡
𝑐𝑜𝑟𝑒
𝑛𝑜𝑛−𝑐𝑜𝑟𝑒
= 𝛽0 + 𝛽1 𝐶𝑅𝑖𝑡
+ 𝛽2 𝐶𝑅𝑖𝑡
+ 𝜷𝟑 𝑫 + 𝜉𝑖 + 𝜀𝑖𝑡
𝑊𝐴𝑉𝑅𝑅𝑖,𝑡

In the second approach, our dependent variable is the change in the product-level
revenues of firms. As a measure of relatedness, we used relatedness between the non-core
products and the firm’s core product, therefore we analysed only the trends of the additional,
non-core products:
𝑌
𝑑𝑖,𝑝≠𝑐,𝑡+1
=

𝑌𝑖𝑝,𝑡+1 − 𝑌𝑖𝑝,𝑡
𝑌𝑖𝑝,𝑡

Our key independent variable is the relatedness of the examined additional product to the
core product of the firm. To smooth possible yearly fluctuations in measuring revealed
relatedness, we used three year moving averages, and to avoid endogeneity, the moving
averages for the three preceding years were included to the regressions.
As controls, we used the market trends: change of the sales of the each product across all
firms except the observed ones both for the core and non-core products:
Trend𝑛𝑜𝑛−𝑐𝑜𝑟𝑒
=
𝑖,𝑝≠𝑐,t
𝑐𝑜𝑟𝑒
𝑇𝑟𝑒𝑛𝑑𝑖𝑡
=

∑𝑖≠𝑖 𝑌𝑖𝑝𝑡
∑𝑖≠𝑖 𝑌𝑖𝑝,𝑡−1

∑𝑖≠𝑖 𝑌𝑖,𝑝=𝑐,𝑡
∑𝑖≠𝑖 𝑌𝑖,𝑝=𝑐,𝑡−1

We used separate regressions depending on the exposure of the examined product to
crisis. We used fixed-effect panel regressions with firm - core product level fixed effects. We
defined the fixed-effects on firm-core product levels, to compare the product volumes within
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firms in only those years when they did not change their core products. Therefore we
estimated the following equation:
𝑌
𝑛𝑜𝑛−𝑐𝑜𝑟𝑒
𝑐𝑜𝑟𝑒
𝑡=−1
𝑑𝑖𝑝≠𝑐,𝑡+1
= 𝛽0 + 𝛽1 𝐴𝑣𝑔𝑡=−3
𝑅𝑅𝑐𝑝 + 𝛽2 𝑇𝑟𝑒𝑛𝑑𝑖,𝑝≠𝑐,𝑡
+ 𝛽3 𝑇𝑟𝑒𝑛𝑑𝑖𝑡
+ +𝜷𝟒 𝑫 + 𝜉𝑖𝑐 + 𝜀𝑖𝑝𝑡

Note that the units of analysis here are firm-products; therefore our identification comes
from comparing products (with different relatedness to the core product) of the same firms in
a year, and also from comparing these products within firms across the years.

4. RESULTS
Results indicate an increasing relatedness of the portfolio after a firm was exposed to crisis,
either if it affected its core, or one of its additional products (Table 2.). The magnitude of this
effect represents a half to one percentage increase of the average relatedness of the firm’s
product portfolios in the subsequent year, after their products were affected by crisis.
However, the constant term indicates a general decreasing trend in the relatedness
(increasing unrelated diversification) for firms not affected by the crisis at a comparable rate
(half percent yearly), and average yearly fluctuations represent an approximately tenfold
volume of this effect (-4 to +8 percentage). Interestingly, this yearly fluctuations indicate that
relatedness of the product portfolios of the firms decreased the most in the year, when the
crisis was the most severe (in 2009). Therefore one can speculate that for firms not affected
by the crisis the crisis created an opportunity for unrelated diversification, while ones hit by
the crisis concentrated more on their related products.
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Table 2.
Change of the relatedness of firm’s portfolios

Crisis of core product
(previous year)

Avearage relatedness change

Weighted average
relatedness change

0.00550**
(0.00220)

0.00446*
(0.00236)

Crisis of any additional products 0.00994***
(previous year)
(0.00221)

0.00822***
(0.00237)

year=2007

-0.0424***
(0.00306)
0.0317***
(0.00323)
-0.0702***
(0.00330)
-0.0210***
(0.00342)
0.0827***
(0.00336)
-0.00698**
(0.00338)
-0.00497*
(0.00265)

year=2008
year=2009
year=2010
year=2011
year=2012
Constant

-0.0391***
(0.00284)
0.0317***
(0.00300)
-0.0665***
(0.00307)
-0.0190***
(0.00318)
0.0774***
(0.00313)
-0.00645**
(0.00315)
-0.00647***
(0.00247)

19,633
19,633
Observations
0.286
0.285
R-squared
Mean (s.e.) coefficient estimates of panel regressions with firm fixed effects. *p<0.1,
**p<0.5, ***p<0.01

When analysing the change of the production volumes, results confirm that firms take
into account the relatedness of the additional product to the core product, when they decide
about their product portfolio. We have found a positive relationship between the
technological relatedness of products and the change in output of non-core products (Table 3
Column 3). That is, the more related an additional product to the core product, the less the
firm reduces (or the more it increases) its volume. It can also be seen from the coefficients of
the first and second columns that this effect is really strong when the market for the non-core
product is in crisis, that is, technological proximity between products becomes very
important for firms during crisis. In a non-crisis period, relatedness of products is not
significant.
However, the positive correlation described above may also mean that the volume of
more related non-core products increases more or decreases less. We need to separate these
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cases, because firms may behave differently in the two situations; we can assume that
different considerations rule them when deciding on decreasing or increasing the volume of
non-core products.

Table 3.
Adjustments of non-core products’ volume by exposure to crisis
Dependent variable: change of the revenue
from a product compared to previous year
non-core
non-core
together
product in
product not in
(3)
crisis (1)
crisis (2)

Relatedness of the product

0.393*
(0.234)

0.183
(0.187)

0.262**
(0.119)

Trend of the product

0.0162*
(0.00932)

0.00851
(0.0132)

-0.0131
(0.00948)

Trend of the core product

0.0391
(0.0266)

0.0611***
(0.0210)

0.0334**
(0.0145)

0.129***
(0.0436)

0.206***
(0.0251)

0.139***
(0.0185)

Constant

9,181
15,309
29,740
Observations
0.343
0.289
0.203
R-squared
Mean (s.e.) coefficient estimates of panel regressions with firm fixed effects. Additional
controls: year dummies. *p<0.1, **p<0.5, ***p<0.01

Results of separate regressions differentiating those situations, when the firm decide to
decrease the production from those, when they increase it are presented in Table 4. These
indicate that the very difference in considering relatedness is between increasing and
decreasing production volume. Firms tend to consider relatedness of their product portfolio
when they decide about decreasing the volume: that is, if a product is more related to their
core product, they reduce the production less, also in the cases, which we did not identify as
crisis. On the other hand, when they increase the volume in non-crisis situations, relatedness
is not significant (the sign of the coefficient is negative, which would indicate unrelated
diversification). In the case, which we identified as crisis and increasing volume, the
relatedness is again nonsignificant. Note, that this situation may also be labelled as one,
when the examined firm is taking over the market: the examined firm increases sales, but the
other firms’ total sales decreases. We can conclude that when a firm increases the volume of a
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non-core product in crisis, it does not driven by cost-efficiency that can be achieved by
exploiting the technological proximity of products, but other motives.

Table 4.
Adjustments of non-core products’ volume by non-core product’s exposure to
crisis (2)
Market situation:

non-core product in crisis
decreasing
increasing
volume
volume

non-core product not in crisis
decreasing
increasing
volume
volume

Relatedness of the
product

0.217**
(0.0992)

0.408
(0.405)

0.267***
(0.0832)

-0.278
(0.292)

Trend of the product

0.0274*
(0.0152)

0.0102
(0.0151)

0.00384
(0.00600)

0.0142
(0.0210)

Trend of the core
product

-0.00779
(0.0124)

0.0435
(0.0466)

0.00217
(0.00958)

0.102***
(0.0340)

Constant

-0.439***
(0.0200)

0.803***
(0.0682)

-0.406***
(0.0139)

0.743***
(0.0483)

Firm’s reaction:

4,849
4,332
7,763
7,546
Observations
0.521
0.547
0.469
0.492
R-squared
Mean (s.e.) coefficient estimates of panel regressions with firm fixed effects. Additional
controls: year dummies. *p<0.1, **p<0.5, ***p<0.01

It is also necessary to see, how firms react, when the crisis affect their core product. In
this examination, we also separated the cases when companies reduced or when they
expanded the production volume of non-core products. When we examine their reaction by
distinguishing the firm’s decision to adjust the production of the non-core products
downwards versus upwards (Table 5.), we see a very similar picture: relatedness
considerations seem to be more important when deciding to decrease the volume.
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Table 5.
Adjustments of non-core products’ volume by core product’s exposure to crisis
Market situation:

core product in crisis
decreasing
increasing
volume
volume

core product not in crisis
decreasing
increasing
volume
volume

Relatedness of the
product

0.272***
(0.104)

0.427
(0.427)

0.214***
(0.0734)

-0.236
(0.273)

Trend of the product

0.000471
(0.00843)

-0.0395
(0.0346)

0.00648
(0.00545)

-0.0104
(0.0200)

Trend of the core
product

-0.0291
(0.0512)

0.157
(0.201)

-0.00583
(0.0104)

0.0873**
(0.0340)

Constant

-0.442***
(0.0300)

0.740***
(0.123)

-0.392***
(0.0112)

0.814***
(0.0479)

Firm’s reaction:

3,947
3,475
8,632
8,330
Observations
0.510
0.505
0.414
0.442
R-squared
Mean (s.e.) coefficient estimates of panel regressions with firm fixed effects. Additional
controls: year dummies. *p<0.1, **p<0.5, ***p<0.01

5. CONCLUSIONS
The recognized classification of the literature of product diversification distinguishes
between related diversification, when the firm expands into technologically similar product
lines, and unrelated diversification, when these similarities do not exist. Related
diversification is explained by efficiency arguments, whereas unrelated diversification is
justified with risk mitigation, individual managerial motives and market-power-based
drivers. But we know little about dynamics of related and unrelated product diversification
and only few empirical results are available.
In this paper, we examine how technological proximity of products affects the product
diversification decision of multi-product firms in crisis and non crisis period. An economic
crisis provides great opportunities to observe the dynamics of firm diversification, because
firms can adjust production to decreasing demand and to increasing uncertainties by either
narrowing or diversifying the product portfolio.
This paper provides new evidence on how technological relatedness influences firms’
decisions on product portfolio during crisis and recovery, thereby contributing to a better
understanding both of firm level product diversification decisions and corporate behavior in
crisis.
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To analyse the impact of crisis on product diversification of firms we apply two methods.
In the first exercise, we look at how average relatedness in the product portfolio changes in
firms when they face a crisis shock, and we compare this to changes during economic
prosperity. In our second approach, we analyse how firms adjust their production volumes
when they experience demand shocks and test whether technological relatedness affects this
adjustment differently during crisis and in prosperity times.
Results of the first method indicate an increasing relatedness of the portfolio after a firm
was exposed to crisis, either if it affected its core, or one of its additional products. Similarly,
in analysis of production volume change, results confirm that firms take into account the
relatedness of the additional product to the core product, when they decide about their
product portfolio. We have found a positive relationship between the technological
relatedness of products and the change in output of non-core products. That is, the more
related an additional product to the core product, the less the firm reduces its volume during
economic downturn. This effect proved to be stronger when the market for the non-core
product is in crisis, that is, technological proximity between products becomes very
important for firms during crisis.
We found evidence that the crisis makes the cost efficiency concerns more important for
firms than risk-sharing concerns or individual managerial motives of unrelated firm
expansion. We find that firms in crisis are more likely to drop or downsize additional
products not related to their main product and concentrate resources on related products.
Consequently, production becomes more cohesive in terms of technological relatedness if
firms are exposed to demand shocks.
In addition, our results also indicate a general decreasing trend in the relatedness
(increasing unrelated diversification) for firms not affected by the crisis. The relatedness of
the product portfolios of the firms was also significantly decreased in 2009, when the crisis
was the most severe. This result suggests that the crisis created an opportunity for unrelated
diversification for firms not affected by the crisis, while ones hit by the crisis concentrated
more on their related products. These results are consistent with previous finding of
literature of firms’crisis strategies. Kitching et al (2009) argue that some firms perceive crisis
periods as opportunities to expand into new markets. However they also emphasize that not
every firm are able to implement such expanding strategy during crisis, because it requires
resources. Firms hit hard by the crisis have limited resources and focus rather on short‐term
survival, choosing cost-cutting strategies more likely. We found empirical evidence for these
strategies.
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