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1 | INTRODUCTION

How related variety influences the regional economy is a critical research topic in economics (e.g., Choi &
Park, 2020; Erkus-Ozturk, 2018; Naldi et al., 2020). As a concept that describes a type of regional industrial structure
(Frenken et al., 2007), related variety sheds light on regional economy development in the viewpoint of analyzing
regional industries' relatedness (Frenken et al., 2007). Related variety is popular among scholars and policy makers
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(Boschma & lammarino, 2009; Castaldi et al., 2015; Frenken et al., 2007), and it also refers to regional innovation pol-
icy concepts (Asheim et al., 2011; Balland et al., 2019; Boschma, 2014).

Originating from Jacobs' (1961, 1969) concept of urban economics, most related variety studies focus on analyzing
regional level issues, such as how related variety influences regional entrepreneurial path dependency (Aarstad &
Kvitastein, 2019), how related variety constructs regional advantages (Asheim et al., 2011), and how related variety
helps form regional-level patenting (Castaldi et al., 2015). While such studies offer many insights, they also have a
drawback, in that related variety perspective's micro foundation is not solid (Content & Frenken, 2016). Theoretically,
without studying firm behaviours and performance, related variety perspective is not an integrated theory. Empirically,
micro-level investigations are needed since firms are at the core of economic activities. If the related variety perspec-
tive cannot directly provide insights to guide entrepreneurs' behaviour, it has few practical implications at the firm
level. This is probably why Content and Frenken (2016) issued a call to combine related variety with micro-level works.

Only a few papers (for example, Aarstad et al. (2016, 2019), Cainelli and Ganau (2019)) have attempted to respond
to Content and Frenken's call. However, as most previous studies suggested that related variety has a linear relation-
ship with regional development (Boschma et al., 2012), a research gap appears: does such a conclusion apply to the firm
level? Inspired by Boschma's (2005) theoretical paper, which suggested an inverted U-shape relationship between
proximity and firm innovation, and by Cainelli and Lupi's (2010) empirical study that found a U-shaped relationship
between variety and firm employment growth, we have reason to hypothesize that a non-linear relationship may exist.

A firm's total annual sales (hereafter, firm sales) are an ideal starting point from which to fill the above research
gap. Firm sales are critical: although other factors can influence firm's development, such as innovations (Arzubiaga
et al., 2018) and venture capital (Park & Steensma, 2012), it is firm sales that directly reflect whether or not a firm's
products/services are accepted by consumers (Chandler et al., 2009). Firm sales are both a driver and result of firm
behaviours. On the one hand, increasing firm sales creates possibilities to conduct firm strategies (such as innovation
strategy and investment strategy). On the other hand, one of the goals of a firm is to create business values by
increasing firm sales (e.g., Coad & Srhoj, 2020; Erhardt, 2021). Therefore, studying firm sales provides an excellent
angle from which to extend related variety perspective at the micro-level. Furthermore, when related variety influ-
ences regional economic development (e.g., Content & Frenken, 2016; Fritsch & Kublina, 2018), such an economic
development process should be shown as firm sales grow. By tracing the trajectory changes of firm sales caused by
related variety, we can directly observe whether the related variety and firm sales relationship is linear or non-linear.

The purpose of this paper is to examine the implications of related variety on firm sales. We develop a theoreti-
cal framework that notes that the “related variety—firm sales” relationship appears as a U-shape. Such a U-shape is
determined by two forces: when related variety is low, resource competition is a dominating force; when related
variety is high, externalities are a dominating force. Drawing on both firm-level and regional-level panel data from
Japan's 47 prefectures, we apply the instrumental variable (IV) method to test our framework and combine the most
recent plausibly exogenous IV method to ensure robustness (Clarke & Matta, 2018; Kippersluis & Rietveld, 2018). All
of our results show that our framework makes sense.

The present paper contributes by stepping towards closing the above-mentioned research gap. More specifi-
cally, we attempt to contribute insights into the micro-level foundation for the related variety perspective. Further-
more, this study shows that the influence of related variety on firm sales is not monotonous. In other words, the
linear relationship may be just a special case in the U-shape. Finally, we find that many related variety studies build
on European data (e.g., Boschma et al., 2012; Lazzeretti et al., 2010), and it seems that we lack empirical evidence
from Asian countries, not to mention Japan. Thus, our paper not only represents a step towards closing the above-
mentioned research gap, but also enriches related variety perspective by providing Japan's evidence.

The remainder of this paper is organized as follows. Section 2 discusses related variety and develops the study's
hypothesis. Section 3 introduces methodology issues and Section 4 presents regression results. Since we apply an
instrumental variable method, in Section 5 we discuss that, even if our instrumental variable is not perfectly exoge-
nous, our regression results are still stable. We also conduct other robustness tests in this section. The final

section offers a discussion and concluding remarks.
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2 | THEORETICAL BACKGROUND AND HYPOTHESIS

This section is dichotomized. The first subsection presents what related variety is. The second subsection develops a
theoretical hypothesis, showing mechanisms of how related variety influence firm sales.

21 | Definition of related variety and relevant knowledge

The term “related variety” was coined by Frenken et al. (2007) to describe one kind of industrial structure at the
regional level. Related variety can be defined as “regional industry structures having complementary and overlapping
knowledge base” (Aarstad et al., 2019). Such a definition is somewhat abstract, so we provide more details about
related variety below.

There is a long scholarly tradition of studying how regional industrial structure influences regional economy
(Drucker & Feser, 2012; Thabet, 2016). Since Alfred Marshall (1890), a lot of scholars have embraced so-called
Marshall-Arrow-Romer (Arrow, 1962; Romer, 1986) externality, indicating that it is industrial specialization that
pushes regional economies up (Duranton & Puga, 2000; Glaeser et al., 1992). More specifically, industrial specializa-
tion benefits economic growth from four aspects: professional labor pool, intermediate system, effective transac-
tions, and local tacit knowledge (Lu et al., 2018). However, from the viewpoint of urban planners, industrial
specialization is not a panacea (Jacobs, 1969). Regions with high industrial specialization lack the flexibility to respond
quickly to exogenous changes and shocks, which leads to negative effects on regional growth (Combes, 2000; Paci &
Usai, 2006). According to Jacobs externality, the essence of regionally economic growth reflects a cooperation
among all local industries. Therefore, regions with industrial variety should have more opportunities to achieve
growth. Considering that empirical studies on the impact of industrial variety on regional economy have not yielded
consistent conclusions, Frenken et al. (2007) extended Jacobs' viewpoint by classifying industrial variety into two
types: related variety and unrelated variety. Compared with unrelated variety, related variety is more representative
of Jacobs' externalities associated with urbanization economies (Cainelli et al., 2016; Frenken et al., 2007). For
instance, Beaudry and Schiffauerova (2009) and Cainelli et al. (2016), among others, have shown that related variety
contributes positively to regional growth, rather than industrial variety in its general meanings.

Related variety is mainly built on an industrial classification system. Although Frenken et al. (2007) argued that
their related variety perspective is built on knowledge base theory, it is difficult to judge whether two industries
share the same or a similar knowledge base. For example, it is possible that two industries share the same or a similar
knowledge base in terms of business model, but do not have such a base in terms of technology (Cainelli &
Ganau, 2019). Accordingly, Frenken et al., (2007) based their related variety perspective on industrial classification
system, regardless of whether it is the North American Industrial Classification System (NAICS), Standard Industrial
Classification (SIC), the NACE system, or another system. For example, Content et al. (2019) assumed that four-digit
sectors (other studies have used five-digit sectors (e.g., Aarstad et al., 2016) or three-digit sectors (da Silva
et al., 2020, but this is not overly important) belonging to the same two-digit industry share the same or similar
knowledge base; therefore, such four-digit sectors have high related variety. Content et al.’s method fits people's
intuition. For example, in the textile industry (two-digit), the cotton sector (four-digit) and the silk sector (four-digit)
have many possibilities to share knowledge with each other. Meanwhile, it seems less likely that the cotton sector
would have many opportunities to share knowledge with, say, the aerospace manufacturing sector. The industrial
classification system is not a perfect method in terms of fully uncovering related variety among industries/sectors
(Neffke & Henning, 2013), but such a method is easily understood, feasible, and acceptable.

The level of related variety is determined by two factors under the same two-digit industry: the number of four-
digit sectors and the size of each four-digit sector. This can be explained by the following example: considering that
there is a textile industry (two-digit industry), the large number of four-digit sectors means that the textile industry

encompasses a lot of four-digit sectors, such as the cotton sector, the silk sector, the wool sector, the velvet sector,



LU ET AL, ﬂ | 1139

etc. In this situation, each four-digit sector can be related to its peers, so the related variety is high. However, if the
textile industry only contains the cotton sector, then it is impossible to relate the cotton sector to other peers.
The related variety then is low. Regarding the size of each four-digit sector, if some four-digit sectors have domi-
nated size in a two-digit industry, then related variety should be low. For easy understanding, Figure 1 visualizes
what related variety is.

When applying related variety to explain firm sales, the following issues are worth highlighting. Firstly, in man-
agement theory, firm sales are influenced by internal and external factors (Robbins & Coulter, 2018). Internal factors
include firm behaviours and strategies such as marketing strategy (Martin et al., 2017). External factors are those that
influence firm sales but are out of firm control, such as macro-economic environment and political institution
(Robbins & Coulter, 2018). In sum, external factors cannot be ignored. Second, related variety is an indicator of
regionally industrial structure. The size of related variety shows the degree of diversification among the four-digit
sectors in a region. In microeconomics, the most straightforward way to study firm sales from the industry perspec-
tive is to consider two forces. One force is resource competition between regional industries and inter-industry spill-

overs. In general, the following logic appears “The related variety is low and therefore the region is monopolized by a

Regional industry structures having complementary and overlapping knowledge
base (Aarstad, Kvitastein, and Jakobsen 2019, p.781).
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few sectors, and thus the competition for resources seen in these sectors is modest.” The other force is externalities:
when the related variety is high, the diversity of industries is high, which means that the spillover is strong, and firms
have a high probability of getting knowledge spillover from other sectors. Because of the importance of resource
competition and externalities, our hypothesis development revolves around these two factors.

2.2 | Hypothesis development

As there is no empirical evidence on the relationship between related variety and firm sales, we develop a framework
showing that the relationship of “related variety and firm sales” appears as a U-shape. Inspired by suggestions of
Haans et al. (2016), we deconstruct the U-shape into two linear forces: resource competition and externalities. When
related variety is low, resource competition is the main power that determines the relationship. When related variety
is high, externalities would replace resource competition and dominate the relationship. Figure 2 visualizes how such
two forces form the U-shape.

The first force is resource competition. In the resource-based view (e.g., Barney, 2001; Hoskisson et al., 2018), if
a firm intends to increase its sales, its resources must have all four characteristics—valuableness, rareness,
inimitability, and non-substitutability—at the same time. Drawing on the resource-based view, we illustrate the force
of resource competition from two aspects: why firm sales would be high when related variety is low; and why
increasing related variety from low to medium would cause firm sales to decrease.

We simply recall the example given in Figure 1: low related variety means that existing four-digit sectors (hereaf-
ter, sectors) have few or no peers under the same two-digit industry (hereafter, industry). With few peers, existing
sectors naturally have monopoly power for controlling valuable and rare resources in the same industry. In addition,
since only few incumbent sectors exist or the sizes of incumbent sectors develop unevenly, the reality is that either
no peer sectors exist for imitating (let alone providing substitutable) resources owned by incumbent sectors, or small
sectors have no capability to imitate and substitute big sectors' resources. In brief, if sectors' sizes are not evenly
developed, small sectors would embed their business into that of large sectors (Wang et al., 2018).

When related variety increases from low to medium level, firm sales would decrease. Regarding valuableness, new
sectors begin to be involved in competition for valuable resources with incumbent sectors. Accordingly, both incum-
bent sectors and new sectors are in a difficult situation. On one hand, the cost of obtaining valuable resources increases
as there are more “players in the game.” On the other hand, when firms pay more to sustain valuable resources, firm
sales would decrease because firms have to decrease their expenditure on issues for benefiting sales, such as con-
ducting innovations (e.g., Klement & Strambach, 2019) and spending on advertisements. Therefore, firm sales will go
down. Regarding rareness, as new sectors flock in, incumbent sectors will gradually lose the monopoly power to control

Firm sales

T T
Low related variety High related variety

Firm sales — — — Externalities
————— Resource competition FIGURE 2 the dynamic change of firm

sales
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rare resources. The worst thing is that some resources may change from being non-rare to rare. For example, the num-
ber of all regional salespeople, which was previously sufficient for the cotton sector, may become insufficient when the
silk sector enlarges and needs to hire salespeople. Because cultivating professional salespeople requires a long period
of time (Tung & Worm, 2001), neither the cotton or the silk sectors get enough salespeople, and both may suffer from
decreases in sales. Regarding inimitability and non-substitutability, increasing related variety implies that sectors begin
to compete with one another. It is difficult for companies to keep their unique resources.

In conclusion, resource competition is a force that heavily influences the relationship between related variety
and firm sales. The first force actually reveals a monopoly power and the process of diminishing such power: when
related variety is low, firms in the incumbent sector “monopolize” regionally valuable and rare resources and face lit-
tle threat, as their resources would not be imitated and substituted by peer sectors. Such monopoly power leads to
firms having the capability to make high sales. When related variety increases, more firms in peer sectors are
involved in resource competition, which pushes up the cost of valuable and rare resources and decreases the possi-
bility that firms will use imitable and non-substitutable resources to increase sales.

The second force is externalities. When the level of related variety is in the process of becoming high, this indicates
that the local related variety of industrial structure has developed to a mature stage, which will make externalities that
were previously insignificant significant (Frenken et al., 2007). At this time, firms in the region will know how to make
full use of externalities through “learning-by-doing” (e.g., Desdoigts & Jaramillo, 2020). Thus, the force dominating the
relationship between firms changes from resource competition to externalities. Drawing on Jacobs's classic viewpoint,
we explain the second force from two aspects: diversification and urbanization (Beaudry & Schiffauerova, 2009).

Diversification is a pillar of Jacobs's viewpoint, which notes that one of the most important approaches for firms
to expand sales is innovation (Klement & Strambach, 2019; Porter, 1998). In Jacobs's words, “it is adding new works
to existing ones”: when many firms gather in a certain region, spatial proximity offers the possibility of knowledge
spillovers. When related variety increases from medium to high, this means that incumbent sectors now have more
opportunities to exchange knowledge with other sectors that have the same or similar knowledge base because
knowledge exchange occurs primarily when the cognitive proximity between sectors is neither distant nor close
(Frenken et al., 2007). In other words, each sector has the opportunity to absorb the knowledge it can utilize. The
free flow of knowledge among sectors allows firms to fully exploit the knowledge spillovers to generate innovations,
increase productivity, and achieve high sales.

Urbanization is the other pillar of Jacobs's viewpoint. Urbanization describes how certain areas develop from
undeveloped to developed, and the process of urbanization goes hand in hand with the process of increasing related
variety (Jacobs, 1969). The regional labour pool is an example. When related variety is high, this means that local urban-
ization is high, and a lot of talent would be clustered there. Because the relevance of different sectors is close, skilled
employees can move freely among sectors. Cross-fertilization of knowledge and skills caused by job-hopping further
reinforces the knowledge spillovers among sectors (Boschma et al., 2008), which will help firms increase efficiency and
achieve high sales. Another example of urbanization is the supply chain system. Similar to labour pools, increasing
related variety means that firms in similar sectors can share the same suppliers, which not only decreases costs, but also
creates opportunities to sell more products because of a highly efficient supply chain system (Goe, 1991; Scott, 1986).

In brief, externalities are a force that helps explain why related variety and firm sales are positively related: when
related variety develops from a medium level to a mature level, the positive effect of diversification brought by knowl-
edge spillovers on firm sales becomes apparent. At the same time, urbanization causes more employee flow among sec-
tors and the business supply system can realize economies of scale among sectors. All of these benefit firm sales.

Combining Force 1 (resource competition) and Force 2 (externalities), which play a dominant role at low and high

related variety, respectively, we propose the following hypothesis:

Hypothesis: The relationship between related variety and firm sales is U-shaped. More specifically, firm sales are
negatively influenced by related variety when it is below a certain tipping point and positively influenced by related

variety when it is above that tipping point.
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3 | METHODOLOGY
3.1 | Research context and data sources

In order to test our hypothesis, we chose Japan as our research objective. Japan has three advantages over other
countries. First and foremost, as a country with a developed economy, Japan has established a mature industrial
structure, thus quantifying related variety is feasible. Meanwhile, with Japan's rising economy after the Second World
War, Japan's feature of related variety became distinct. For example, Aichi-ken has built high automobile industrial
related variety given that Toyota's headquarters are there. Tokushima-ken, by contrast, is a less developed region
with low related variety. Second, despite having the third largest economy in the world, Japan does not have special
political authority to influence the world economy like the United States and China do. Last, but not least, we also
found that Japanese economic statistics work is meticulous, which provides high-quality samples for our research.
We gathered data on all 47 of Japan's prefectures (prefecture refers to “ken” in Japanese language), which com-
prises 43 prefectures plus Hokkaido, Tokyo, Kyoto, and Osaka. All the data come from three sources. First, firm-level
data come from the Orbis Global Enterprise Database, 2010-2014. Orbis is developed by the Bureau van Dijk com-
pany, a Moody's analytics company that captures and treats information about 300 million companies (Rocca
et al., 2019). The second source is the Japan Meteorological Agency, which contains climatic data for every prefec-
ture (http://www.jma.go.jp/jma/index.html). The Japan Meteorological Agency contributed the relevant data of the
average annual precipitation of each prefecture as instrumental variable. The third source was e-Stat (https://www.
e-stat.go.jp/en/), a portal site for Japanese Government Statistics, which provided regional demographics and eco-
nomic data. The present study obtained an unbalanced panel dataset with 670,108 observations covering 331,515
firms for the period of 2010 to 2014. During this period, some firms may have gone bankrupt and disappeared, while
new ventures came into the market. Therefore, the data are unbalanced; not every Japanese firm will remain in our
observation for the entire period. No industry was excluded from the sample because related variety is an indicator
showing the diversification of regional industrial structure. Any local industry is a part of constituting local industrial
diversification. Based on the North American Industrial Classification System (NAICS), the calculation of annual
related variety for 47 prefectures ultimately involves 274 four-digit sectors belonging to 24 two-digit industries.

3.2 | Variables
3.21 | Dependent variables

In line with Reuber and Fischer (1997) and Aspelund et al. (2005), firm sales - a critical indicator that measures per-
formance of firms (Brannon et al., 2013) - is set as our dependent variable. When a firm achieves high sales, this usu-
ally implies that such a firm provides products/services that fit consumers' demands well (Delmar & Shane, 2006);

high sales may also imply strong competitiveness (Delmar & Shane, 2006).

3.2.2 | Independent variables

Drawing on NAICS, we defined related variety as the weighted sum of the entropy across the number of employees at
the four-digit sector within each two-digit industry (Frenken et al., 2007). Each four-digit sector i belong to only a two-
digitindustry Sg, where g =1, ..., G. Then we sum the four-digit shares of employees p; and obtain the two-digit shares:

Ps=> b (1)

ieSg
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The entropy of related variety within each prefecture for a certain year is:

where:

Hy = Zgln(pi/lpg). 3)

icSy 8

As mentioned before, compared with the linear effects of related variety on the firm sales, we have paid more atten-
tion to the nonlinear effects of related variety on firm sales. Therefore, the quadratic terms of related variety are also

important independent variables in this paper.

3.2.3 | Control variables

We control the following variables. At the firm level, we control firms' age and total assets. Coad et al. (2018)
identified that, as an important corporate characteristic, age is conducive to high performance due to learning
by doing. It is well documented that total assets, an important indicator of firm size, affect sales positively
(Patin et al, 2020). At the regional level, we control regional population, the growth of income per capita,
and the growth of gross prefectural product (Batabyal & Beladi, 2019; Mendoza-Abarca et al., 2015;
Yang, 2000).

3.24 | Instrumental variables

We aim to discover how related variety influences firm sales. Although reverse causality may not be serious since
related variety is at the regional level and sales are at the firm level, and although we have set several controls
(as mentioned above), we still face the endogenous problem caused mainly by omitted variable bias (Gujarati &
Porter, 2009). We have attempted to relieve the endogeneity by introducing an instrumental variable, which is each
prefecture's annual precipitation.

We employed every year's average annual precipitation of 47 prefectures in Japan from 2010 to 2014. Precipi-
tation generally has an influence on economy; for example, industries in desert climates differ from those of
rainforest climates. While Waldman et al. (2006) and Waldman et al. (2008) have given good examples of applying
precipitation as IVs, more details still need to be presented.

Jacobs's (1969) urban economics noted that abundant rain is a factor that causes people to live together and to
form related industries. Precipitation is a factor that constitutes and helps form a business environment that attracts
a certain sector to be located in geographic proximity. After that, the incumbent sector would attract more similar
sectors to be located in geographic proximity. Therefore, a region's relative variety increases.

Furthermore, we find a consensus among scholars that agricultural production is affected by natural conditions,
such as precipitation. This fact does not change much even if advanced agricultural technologies appear (Calzadilla
et al., 2013). Byerlee et al. (2009) also pointed out that the development of non-agricultural industries within a region
is highly correlated with local agricultural base. In other words, for a region with good precipitation condition, its agri-
culture would be strong, and its related variety might be low. Therefore, we hypothesize that annual prefectural pre-

cipitations and the level of related variety may show a U-shaped relationship. Prefectures with high/low
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precipitation are unfavourable to develop agriculture, which compels local economies to concentrate on industry,
which then leads to high related variety, and vice versa.

In practice, regarding Japan's reality, two issues need to be highlighted. First, Japan's precipitation is unevenly
distributed. Figure 3 shows five representative prefectures, ranked from the lowest precipitation to the highest pre-
cipitation. For example, Mie-ken received 3.315 litres of rainfall in 2011, but Miyagi-ken only received 1.108 litres in
the same year. Secondly, taking the large population into account, Japan's precipitation per capita was not high. One
of Japan's geological features is that most of its rivers are short and fast-flowing, and the amount of water provided
by rivers is variable. Because of the small territory size and the difficulty of building large dams, precipitation consti-
tutes one of the most important parts of Japan's water sources. Therefore, precipitation is still important for Japan's
related variety. In sum, regardless of whether it is from theory or practice, we have reason to argue that
Japan's regional precipitation can influence related variety.

Since a firm's sales mainly depend on its business strategies (e.g., Huang et al., 2020; Lu & Ma, 2011) and
resources (e.g., Brinckmann et al., 2019), average precipitation should not be directly related to firm sales. Here we
provide an extreme case. Japanese people frequently purchase umbrellas because precipitation often arrives unex-
pectedly. However, this does not mean that umbrella manufacturing firms can easily increase sales. One reason is
that fierce competition pushes the price per unit to a low level. Thus, if an umbrella firm aims to increase sales, it
would seem to be better to generate new styles, new business model, or high-quality products rather than expecting
unpredictable and uncontrollable precipitation.

Table 1 provides definitions of all variables. Descriptive statistics and the correlation matrix are shown in
Tables 2 and 3, respectively. We need to highlight one thing: although most firms in our observations were normal
firms, with around US$1.5 million annual sales, some Japanese firms such as Sony, Panasonic, Hitachi, and Nissan
made a hundred billion sales. In 2012, Toyota Motors even achieved 234.351 billion sales. Since such giants did con-
tribute much to the regional industrial structure, we believe that it does not make sense if we deliberately “pretend”
such giants only made small sales. Therefore, we do not simply Winsorize the data, which may lead to unusual esti-
mators of interest. However, in the penultimate robustness test (see column (3) of Table 7), we prove that our results

are valid even if we do not consider business giants and small firms.

3.3 | Regressions: Panel model and 2SLS model

To assess how related variety influences firm sales, we ran regressions in three steps. Firstly, we applied panel
model as our baseline regression. Second, we applied the two-stage least square (2SLS) method with IV to deal with
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TABLE 1 Definition of variables

Variables Definition Notes
Dependent variables

Sales Firm's annual sales Unit: million US$
Independent variables

RV Related variety calculated by entropy See Equation 2
RV2 The square of related variety

Control variables

InAge Natural logarithm of (1 + [year-year of corperation+1]) At firm level
InAsset Natural logarithm of (1 + total assets) At firm level
InPop Natural logarithm of population At regional level
Income_growth Growth rate of income per person At regional level
GPP_growth Growth rate of gross prefectural product At regional level

Instrumental variables

Precip Prefectural average annual precipitation Unit: liter

TABLE 2 Descriptive statistics

Variable N Min P25 P50 P75 Max

Sales 670,108 0.000 0.621 1.573 6.572 234351.484
RV 670,108 0.783 1.385 1.671 2.000 2.284
Rv2 670,108 0.613 1.918 2.792 3.999 5217
Precip 670,108 0.998 1.485 1.717 1.948 3.315
Precip2 670,108 0.997 2.207 2.948 3.794 10.991
InAge 670,108 0.693 2.708 3.258 3.689 5.844
InAsset 670,108 0.000 5.790 6.966 8.486 21.703
InPop 670,108 13.266 14.502 15.504 15.826 16.411
Income_growth 670,108 —7.900 —0.500 1.600 3.500 9.300
GPP_growth 670,108 —9.900 —0.600 0.500 1.600 10.000

endogenous problems. Third, we discussed the validity of IV in robustness tests in subsection 5.1. We provide more
details below.

We employed the panel model with fixed effect, including the time fixed effect, industrial fixed effect, as well as
regional fixed effect. The time fixed effect model is used to eliminate the common impact of different years on all
firms. The industrial and regional fixed effect model can control impacts that change with the heterogeneities of
industry and region, which alleviates endogeneity caused by omitted variables (Bell et al., 2019).

Our fixed effect model is set as follows:

Salesiy = aajt + 1t RVit + Poit RV 2it + v1ieZi + pi + 05+ vr + €1t (4)

where RV;; refers to the level of related variety in year t of region r, where firm i is located; RV2;; is the square of RVj;
a refers to constant term. Z;; refers to the matrix of control variables shown in Table 1; y; is the time fixed effect; 6;

and v, are the industrial fixed effect and the regional fixed effect, respectively. ¢ is the error term.
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TABLE 3 Correlation matrix

Sales RV RV2 Precip Inage InAsset InPop Income_growth
Sales 1.000
RV 0.040 1.000
Rv2 0.044 0.994 1.000
Precip 0.007 —0.066 —0.043 1.000
InAge 0.039 —0.049 —0.050 0.009 1.000
InAsset 0.170 0.082 0.098 0.071 0.439 1.000
InPop 0.040 0.702 0.714 -0.199 —0.057 0.118 1.000
Income 0.002 —0.238 —-0.215 0.003 —0.016 —0.005 —0.001 1.000
GPP_growth —0.004 —0.001 —0.008 —0.084 —0.043 —0.095 0.007 0.718

Although Equation 4 has controlled the fixed effects, potential endogeneity caused by omitted variables may still
exist. In order to obtain regression results that are unbiased, efficient, and consistent, we introduce precipitation as
related variety's IV in 2SLS regression (Feng et al., 2019). Furthermore, we also introduce quadratic precipitation
as quadratic related variety's IV, which is necessary when running 2SLS regression for nonlinear relationship (for
more mathematic details, please read Bun & Harrison, 2019; Ebbes et al., 2016). Only when the results of the first-
stage regressions are significant can we run the second stage of regression since we need to obtain fitting values of
endogenous variables from first-stage regressions to run second-stage regression (Gujarati & Porter, 2009).

The first-stage models are set as follows:
RVt = aojit +:r1;tPrecip,-t +p1,~tPrecip2;t + y2,-tZ,-t +py + 9} +or + €2, (5)

RV2;; = agit + moitPrecipis + poir Precip2ie 4y 31 Zit + pe + 6 4 vr + €3it, (6)

where Precip;; refers to the precipitation in year t of region r, where firm i is located in; Precip2;; is the square of
Precip;; other variables have the same meaning as in Equation 4.

The second-stage model of 2SLS regression is the same with the panel model, as shown in Equation 4.

4 | REGRESSION RESULTS
4.1 | Panel model

We first estimate Equation 4 using panel model with fixed effects to test our hypothesis, and column (1) in Table 4
shows the result of regression. The quadratic coefficient of related variety is positive and significant
([32 =3.828; p< 0.1), which initially confirms the U-shaped effect of related variety on firm sales. Although the pri-
mary coefficient of related variety is not significant, it does not have an impact on whether the U-shaped relationship
holds. The primary coefficient determines where the U-shaped relationship should be positioned; we discuss this in
detail in subsection 5.2.1.

All the coefficients of control variables are significant statistically, except for age, which shows a negative rela-
tionship with sales here, but eventually becomes significantly positive in 2SLS. The signs of both total assets and
population are positive, which meets our expectation. However, the negative signs of population and the growth of
income per person maybe is a result of the aging Japanese population. Although social wealth enlarges, Japanese

consumption motivation does not increase accordingly (Goh et al., 2020). Similarly, due to the low consumption
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TABLE 4 Panel and 2SLS regression results
(1) (2) (3) (4)
2SLS 2SLS 2SLS
Panel First stage First stage Second stage
Variables Sales RV RV2 Sales
RV —5.927(8.082) —305.006*(180.685)
RV2 3.828%(2.312) 112.484*(64.560)
Precip —0.222**%(0.055) —0.779**%(0.187)
Precip2 0.068***(0.012) 0.223***(0.041)
InAge —0.636(2.000) 0.001**(0.000) 0.005***(0.002) 3.470%(1.943)
InAsset 27.988***(3.063) 0.002***(0.000) 0.009***(0.001) 23.054***(2.551)
InPop —230.132***(55.721) —4.589**%(1.054) —10.540***(3.573) —609.808*%(254.238)
Income_growth —0.913**%(0.296) —0.019**%(0.002) —0.043***(0.008) —2.033*%(0.935)
GPP_growth 0.975***(0.291) 0.015***(0.002) 0.033***(0.008) 2.043**(0.884)
Constant 3,022.204***(764.745)  64.953***(14.628)  148.001**%(49.592)  8,526.983*%(3,636.427)
Time fixed effect Yes Yes Yes Yes
Regional fixed effect Yes Yes Yes Yes
Industrial fixed effect  Yes Yes Yes Yes
N 670,108 670,108 670,108 670,108

Notes: heteroscedasticity-adjusted standard errors reported in parentheses are clustered at region-industry level; *, **, and
***represent statistical significance at the 10%, 5% and 1% level, respectively; N refers to observations.

motivation arisen from the increased population dominated by the elderly people, the total population is also nega-

tively related to firm sales.

42 | 2SLS model

For the first stage of the 2SLS model, we estimate Equations 5 and 6, and the regression results are shown in col-
umns (2) and (3) of Table 4. As predicted in subsection 3.2.4, there are statistically significant correlations (p < 0.01)
between IVs and independent variables, whether between precipitation and related variety or between the quadratic
terms of them, which means that precipitation is not a weak instrumental variable in the present paper. For the sec-
ond stage of the 2SLS model, we estimate Equation 4 again using the fitting values of related variety and its qua-
dratic term. The regression result of 2SLS, presented in column (4) of Table 4, is consistent with that of panel
regression. After adding IV into the estimations, the coefficient 5, = 112.484 (p<0.1) indicates that there is a signif-
icant U-shaped relationship between related variety and firm sales. Thus, our hypothesis is verified again. Such a con-
clusion has common ground with previous studies. Lucio et al. (2002) identified a U-shaped relationship when
investigating the impact of industrial structure on productivity growth in Spanish industry, and they also used the
instrumental variable method to relieve endogeneity. More recently, when considering the impact of related variety
on firm performance, Cainelli and Ganau (2019) revealed that related variety is a positive predictor of firms' employ-
ment growth. The discrepancy between our nonlinear conclusion and their linear conclusion may be due to the fact

that we use sales to measure firm performance.
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5 | ROBUSTNESS TESTS

Our robustness tests are divided into two parts. Our first part particularly discusses the validity of our 25LS method
by applying the plausibly exogenous IV method (Kippersluis & Rietveld, 2018). This part is important since we are
going to show that even if our IV is not perfect, our 2SLS results are still convincing. Our second part conducts sev-

eral normal robustness tests such as U-shaped test, adding more control variables and changing sample, etc.

5.1 | Plausibly exogenous IV method

Although employing precipitation as IV seems sufficiently exogenous for related variety, we still face the question of
whether “precipitation is a good IV.” We address this challenge from a mathematical viewpoint. Referring to the

practices of Conley et al. (2012), we set the following equation:

Salesit = agit + B1RVit + iRV 2it + @y Precipyc + poi Precip2i @)

+74itZit + pe + 05+ or + eait,
where @41 and ¢, refer to the direct effect of IV (precipitation) on the independent variable (firm sales). Following
Angrist and Pischke's (2009) suggestion and Chen et al. (2018) practice, a good instrumental variable, in our paper,

should satisfy the following three conditions:

1. There is a significant correlation between precipitation and related variety. Mathematically, z; and p4 in
Equation 5, r5 and p, in Equation 6 are statistically not equal to 0.

2. Precipitation should be uncorrelated with error term.

3. The precipitation should not directly influence firm sales. Mathematically, this means that the ¢, and ¢, in
Equation 7 are statistically insignificant.

The first condition is referred to as correlation, and the latter two are collectively referred to as exogeneity (Clarke &
Matta, 2018). It is not difficult to prove that condition (I) regarding correlation is satisfied: precipitation is related to
related variety, which is supported by the first stages of 2SLS (see columns (2) and (3) in Table 4). By contrast, condi-
tions (IlI) and (lll) regarding exogeneity are hard to verify. Fortunately, IV is exogenous as long as either condition
(I1) or condition (Il) is satisfied (please see Clarke & Matta, 2018, for mathematic details). In our paper, testing condi-
tion (lll) is feasible. According to Conley et al.'s (2012) plausibly exogenous IV method that allows for the existence
of IV's endogeneity via taking the initiative to relax condition (Ill), What we should do is to prove that even when the
direct effect of precipitation on firm sales (p1 or ¢, in Equation 7) is statistically significant, our 2SLS result is still
robust.

To facilitate the estimation of whether precipitation has a direct effect on firm sales, we can obtain a reduced-

form Equation 8 according to Equations 5, 6 and 7:

Salesit = ait + (Brigmit + Paiemait + @1ie) Precipie + (Baiep1ie + Paiep2ie + @2ie ) Precip2i (8)

+rilit + b + 0+ vr + it
The presumptions that both ¢4 and ¢, are statistically insignificant are strong. Therefore, following suggestions by
Conley et al. (2012), we relax this hypothetical premise by allowing ¢, and ¢, fit two normal distributions with mean
Hp1 and variance Q,1, and mean pu,, and variance Q,,, respectively (mathematically: @1 ~ N{u,1, 2,1), @2~ Ny,
Q,2)). Kippersluis and Rietveld (2018) developed a method to determine y,,1 and .. They argued that we should

find a subsample from the full sample, where related variety is not influenced by precipitation (that is, z1 and p1 in
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Equation 5, 7, and p, in Equation 6 are statistically insignificant at the same time). Following this guideline, after esti-
mating Equation 8 in the subsample, we can obtain estimators (B1jr1it + Boitmrait + @1ir) and (B1igp1ic + Paitpoic + 2it),
namely the coefficients of IVs, which in Kippersluis and Rietveld's view are good estimators to replace p,,1 and p,, in
full sample. Inspired by Kippersluis and Rietveld, we use the variation of precipitation as a standard to find the sub-
sample. If the average annual precipitation in a region varies widely, this means that the local climate is hard to pre-
dict. However, city development requires a relatively stable infrastructure, such as drainage systems, to be built in
order to decrease the damage from climate uncertainty. To some extent, for two regions with comparative levels of
development, the more unstable the climate, the better the infrastructure (this is not hard to understand in Japan,
which is a natural-disaster-prone country). Therefore, a better infrastructure means that the local industrial structure
is impacted less by the unstable climate. Following this logic, we find that the subgroup contains 5,172 observations,
in which the variation of precipitation is greater than or equal to 0.853 liters. After calculation, y,,1 and ,,» are 3.308
and —0.593, respectively (see Kippersluis and Rietveld, 2018 for the concrete calculation methods).

Both Kippersluis and Rietveld (2018) and Clarke and Matta (2018) initially discussed Q,; and Q,, in linear
regressions. In our case, after calculation we find that Qq,l = 0.136 and Q,/,z = 0.005 for RV and RV2, respectively.
However, given that applying fzq,l and Qq,z in the linear method to the quadratic method would lead to nonsymmetric
and highly singular variance matrix in regression, and considering that Q,1 is 4.1% of fi,y and Q¢2 is 0.8% of i1,,,
which means that variances of ¢ and ¢ are fairly small, we simply replace Q,,, and Q,, as 0. Our method does not
violate Kippersluis and Rietveld's theory.

As shown in columns (1) and (2) of Table 5, the insignificant coefficients 71 and p; in Equation 5, 7, and p, in
Equation 6 imply that there is no relationship between precipitation and related variety in the subgroup. Columns
(3) and (4) show that in the remaining sample, Precipitation and Precipitation2 are always statistically significant,
which is consistent with columns (2) and (3) of Table 4 in the full sample. Columns (5) and (7) show that the statistical
significance of IVs is consistent in the full sample and the remaining sample, respectively. The insignificant estimators
of IVs (namely (B1jt1it + Baiemaic + @1ir) and (Baigp1ie + Paip2it + @2i), See column (6)) suggest no direct impact of pre-
cipitation on firm sales (that is, the ¢, and ¢, in the subsample are not significant, because all of 71, 72, p1, and p, are
also not significant at this time), which means that precipitation do not violate condition (lll) and is a perfect IV in the
subsample. Column (8) shows that even if condition (Ill) is not satisfied in the full sample, the relation between
regional related variety and firm sales is still U-shaped (ﬂ2 =157.478; p< 0.01). Therefore, the result of 2SLS regres-
sion is robust.

5.2 | Other robustness tests

We showed in subsection 5.1 that our regression results are robust even if condition (Ill) cannot fully be satisfied. In
this subsection 5.2, we further conduct four types of robustness tests. First, we perform a U-shaped test by ana-
lysing the location of the extreme points and the slopes on either side of the extreme points. Second, we add more
firm-level control variables. Third, we conduct regression after excluding super-huge and small firms from the full

sample. Fourth, we regress mean-centred related variety against firm sales.

521 | U-Shaped test

We find that the signal of the related variety squared term is always positive in our regressions. However, such evi-
dence alone is not enough to prove the U-shape exists because it is possible that, in a monotone interval, the qua-
dratic term still can be statistically significant (Lind & Mehlum, 2010). Following Lind and Mehlum (2010) and Haans
et al. (2016), we do the following things: we first calculate the extreme point of the U-shape and then check slopes

in the left and right sides of the extreme point. The results are given in Table 6. The interval of related variety is
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TABLE 6 U-test for related variety

and sales

TABLE 7 Other robustness tests

Variables
RV

RV2

c_RV
c_RV2
InCliability
ROE

N

Interval
Slope
t-value

P>t

Lower bound
0.783
—128.882
-1.613
0.053

E | 1151

Upper bound
2.284

208.859
1.818
0.035

Notes: the extreme point is 1.356; overall test of presence of a U shape: t-
value = 1.610; P > |t| = 0.053.

(2) (2) 3 (4)
Sales Sales Sales Sales
—265.358*** (71.714) —589.308*** (154.689) —3.505*** (1.213)

100.244*** (25.303) 226.531*** (57.382) 1.478** (0.465)

0.942*** (0.192)

669,445

0.120 (0.424)
0.000 (0.002)
501,398

335,163

71.309* (36.827)
112.547* (64.603)

670,108

Notes: control variables are the same as Table 4 has; *, **, and ***represent statistical significance at the 10%, 5% and 1%

level, respectively; N refers to observations.

[0.783, 2.284] with the extreme point 1.356. In the left interval [0.783, 1.356], the slope is —128.882 and statistically
significant (p < 0.1); in the right interval [1.356, 2.284], the slope is 208.859 with statistical significance (p < 0.05). This

test reconfirms the existence of the U-shape relationship. Figure 4 visualizes such a U-shape.

522 |

Adding more control variables

Because of the data quality, we do not have many variables at the firm level. In this case, we have still added two

more controls in our 2SLS regression. The purpose of this robustness test is to show that, even in the case of a

FIGURE 4 the U-shaped relationship
between sales and related variety
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decrease in observations, our results remain robust. We first control firms' the current liabilities and take its natural
logarithm (InCliability), because it approximately reflects the short-term solvency that is closely related to firm sales
(Catao & Milesiferretti, 2014). As shown in column (1) of Table 7, the U-shaped relationship between related variety
and firm sales remains robust after controlling for current liabilities (/32 =100.224; p< 0.01). Then, based on current
liabilities, we add firms' return on equity (ROE) as another control variable. The higher the index, the stronger the
profitability of the firm (Lemmon & Zender, 2010). The regression result remains in line with that of 2SLS in subsec-
tion 4.2, and the U-shape is even steeper with the addition of these two firm-level control variables
(/3’2 =226.531andp < 0.01, see column (2) of Table 7).

5.2.3 | Excluding super-huge and small firms from full sample

One may question why all coefficients estimated by the panel model and the 2SLS model are so different in terms of
magnitude. This question can be partly explained by the different regression methods. Larcker and Rusticus (2010)
argued that 2SLS regression is generally better than panel regression due to more unbiased estimation. And,
according to Jiang (2017), it is a normal phenomenon that applying 2SLS regression would get a larger coefficient
than that of applying panel regression. In addition to the common explanation, perhaps the present study can pro-
vide more answers to this question: as mentioned in our descriptive statistics (Table 2, subsection 3.2.4), Japan has
business giants such as Toyota and Honda, who pulled up the heterogeneous treatment effect across our full sample
in the 2SLS regression (Jiang, 2017). In this robustness check, we exclude super-huge and small firms from the full
sample by dropping observations in which firm sales are above 75% or below 25% of the total, and conduct 2SLS
regression again. Our aims are to examine whether the regional industrial structure will have a different impact on
the sales of local medium-sized firms and whether the high values of coefficients result from those business giants.
The influence of related variety on firm sales is negative first and then positive; that is, there is still a U-shaped rela-

tionship between them (see column (3) of Table 7). Furthermore, the magnitudes of all coefficients drop sharply.

524 | 2SLS regression after mean centring

Although multicollinearity issue may not be important for our paper, we still provide extra demonstration by mean
centring and comparing variance inflation factors (VIF). In baseline 25LS regression, its VIF is up to 29.52 and there is
high correlation between variables indeed, especially related variety and quadratic related variety. Here we adopt a
mean centring approach to reduce multicollinearity (Paccagnella, 2006). We subtract RV from its mean value to
obtain c_RV, based on which we obtain the squared term c_RV2. After 2SLS regression against centring related vari-
ety and its quadratic term, all coefficients are stable and, in particular, the quadratic coefficient of interest remains
almost unchanged (see column (4) in Table 7, compared with column (4) in Table 4), but now the VIF decreases to
2.02. That means multicollinearity does not change our conclusion.

To sum up: all regression results show that our hypothesis receives supports; that is, the relationship between
related variety and firm sales takes a U-shape.

6 | DISCUSSION AND CONCLUDING REMARKS

In this paper we have studied how related variety as a kind of regional industrial structure influences firm sales.
Drawing on firm data in all 47 Japanese regions, we apply 2SLS with a relatively new method that can help discuss
the validity of our instrumental variable (Clarke & Matta, 2018; Conley et al., 2012; Kippersluis & Rietveld, 2018).

Our study shows that related variety has a U-shaped relation with firm sales. Such a conclusion is stable and robust.
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Related variety studies have a tradition of concentrating on regional-level issues and, in most cases, related vari-
ety appears to have a linear and positive influence (such as) on regional employment (e.g., Firgo & Mayerhofer, 2018)
and on regional innovation (e.g., Miguelez & Moreno, 2018). Ejdemo and Ortqvist (2020) took a step further. In their
recent study on Swedish regions, the authors showed that related variety and regional innovation appeared to have
an inverted U-shape relationship. Building on what Ejdemo and Ortqvist (2020) have done, our results showed that
if the research focus changes from the regional level to the firm level and concentrates on firm business performance
(in this paper, annual sales) rather than innovations, related variety and firm sales could be U-shaped relationship.
Although our results differed from Ejdemo and Ortqvist's results, our findings do not violate business theory
(Chanaet al., 2020; Younkin & Kashkooli, 2020). For example, Younkin and Kashkooli's (2020) study of the American
music industry found that the most successful artists were those that either provided the most familiar music or the
most distinctive music. Artists who were somewhere between familiarity and distinctiveness found it difficult to
achieve high sales. By the same token, we argue that when a region's related variety is sufficiently low or high, the
region will have a specific feature of regional industrial structure. To sum up, our findings supplement Ejdemo and
Ortqvist's (2020) argument by replacing sales with innovation as the dependent variable. Our findings also reflect
that firm performance differs from regional development.

Our results have two practical implications. One is that entrepreneurs should have different goals and behav-
iours from regional policy-makers. Policy-makers are responsible for the entire local economy; therefore, they have
to balance regional industrial structure (Ejdemo & Ortqvist, 2020). A region with either very high related variety or
very low related variety, however, benefits firms to make business strategies, because entrepreneurs can easily know
what advantages they can take from the regional industrial structure. The second practical implication is that innova-
tions and sales are different. Local externalities, especially knowledge spillover, benefits for generating innovations,
but such benefit will decrease as related variety increases. However, sales are dominated by resource competition
force and externality force.

The present study has certain limitations, three of which we list here. First, due to a lack of data, we only test
how related variety influences firm sales. In the future, scholars may use other data to test how related variety influ-
ences other types of firm performance. The second limitation concerns a methodological issue. Our paper applies
entropy to quantify related variety. Entropy is a popular indicator that has appeared in many studies on related vari-
ety (e.g., Content et al., 2019; da Silva et al., 2020; Fritsch & Kublina, 2018). However, Neffke and Henning (2013)
noted that entropy is not a perfect indicator because it does not necessarily have relationships to those four-digit
sectors in the same two-digit industry. Accordingly, Neffke and Henning suggested that we should observe that how
people flow among different industries, and let such flow reflect industrial relatedness. We expect that, in the future,
our results can be tested using Neffke and Henning's method. Lastly, as we employed statistics to reveal how related
variety influences firm sales, such a method is static rather than dynamic. More specifically, our paper cannot reflect
the concrete mechanism of how related variety causes firm sales change.

Given that most related variety studies at the firm level departed from innovation theory (e.g., Aarstad,
Kvitastein, & Jakobsen, 2016; Ejdemo & Ortqvist, 2020), in the future scholars may combine related variety perspec-
tive with business theory. Considering that related variety per se is an indicator that reflects a type of regional indus-
trial structure, related variety can be used to understand firm's business behaviours and performances. We have
offered a few remarks about the U-shaped relation between the related variety and firm sales, hoping other business
scholars and economic geographers will come up with more insights.
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Resumen. El objetivo de este articulo es estudiar como la variedad relacionada influye en las ventas de las empresas.
Se aplicé un método de variables instrumentales (asi como el método mas reciente de variables instrumentales plausi-
bles en las pruebas de robustez) para analizar mas de 600.000 observaciones de empresas en las 47 prefecturas de
Japén. Se encontré que la variedad relacionada, como una forma de estructura industrial regional, tiene una relacion
en forma de U con las ventas de las empresas. Este hallazgo enriquece la perspectiva de la variedad relacionada al
complementar la evidencia a nivel micro, y revela que la relacion entre "variedad relacionada-ventas de la empresa" no

es lineal, como han sugerido la mayoria de los estudios anteriores.
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