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The nature of the relationship between industry specialisation and employ-
ment growth is uncertain. We use regression analysis to examine the effect
of changes in forward and backward industry linkages, and of changes in the
spread of each of these linkages, on regional competitive employment effects.
The study utilises census data from 2006 and 2011 of 46 Australian non-
urban regions and the results suggest that regional industry specialisation in
firms that export from the region, or in firms that supply to local firms
exporting from the region, will have a positive impact on the region’s
employment. This finding is supportive of smart specialisation policies which
are in keeping with a market approach to regional development.
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1. Introduction
The continued economic development of regional Australia is confronted by a number of pressing
challenges. Charters et al. (2011) categorise these into six, necessarily interrelated, groupings of
governance, the economy, infrastructure, population and social issues, natural resource use man-
agement, and cultural and land rights. The general focus of our paper is the economies of regio-
nal Australia and, more specifically, the development of employment opportunities within these
regions. Cunningham and Davis (2011) noted that, overall, the labour market trends in capital
cities and regional Australia (all non-capital city locations) are similar but that significant
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differences in outcomes across individual regions persist. Garnett and Lewis (2007) adopted a
more detailed spatial classification of five main regions – capital cities, other metropolitan,
coastal, inland and remote. They observed that employment growth in coastal, inland and remote
regions was consistently below that of capital cities and other metropolitan areas. Other writers
have also raised the issue of marked differences in labour market conditions across regional Aus-
tralia (see for example Soul & Dollery, 2000; Beer et al., 2003; Freebairn, 2003; Stimson et al.,
2009; Davies et al., 2009; Beer, 2012; Daley et al., 2017).
Not surprisingly, there has been considerable interest in policy to enhance the employment experi-

ence of workers in regional Australia, with a range of different perspectives given about the nature of
regional development policy in Australian. On one hand Cockfield (2015) regarded regional develop-
ment policy as largely an extension of industry policy, while Daley et al. (2017) somewhat cynically
argued that (regional development) policy was largely driven by assumptions with respect to voting
patterns. However, others have emphasised the importance of understanding the nuances of the
regional context when developing policy. For example, Davies et al. (2009) argued that policies with
respect to the labour force in Australia needed to be tailored to suit economic, social and demographic
circumstances of particular regions, while Mitchell and Carlson (2005) similarly emphasised the need
to avoid a “one-size-fits-all” approach. Plummer et al. (2014) has indicated that a focus on local com-
petitiveness is important when considering regional employment policy.
However, as Cockfield (2015) has noted, regional development policy has undergonemajor change since

the 1960s and early 1970s – a theme occurring with other writers (see for example Beer, 2000; Argent,
2005; Beer et al., 2005; Tonts & Haslam-McKenzie, 2005; McGuirk & Argent, 2011). Cockfield argued that,
whereas once regional policy was directed from the centre by both federal and state governments keen on
being involved in regional development, responsibility has shifted to local governments, private organisa-
tions and individuals. This shift, not unjustifiably, has been laid at the feet of “neo-liberal” economists who
seek the efficiency, equity and openness inherent in the operation of properly constituted and functioning
markets. Thewriting of Freebairn (2003, 2011) is significant in this respect.
Freebairn (2003) argues that it is important to get the policy settings for Australia as a whole correct

and to avoid policies that result in a misallocation of resources as, for example, when subsidies for
specific (regional and rural) industries are applied. This is not to argue that there is no role for govern-
ment intervention, but to stress that governments should intervene to address market failure while at
the same time acknowledging the fact that the potential for government policy failure calls for a bal-
ance in the degree to which government intervention takes place and that this is best assessed on a
case by case basis.
Freebairn (2011) stresses that the key driver of a region’s economy is the comparative advantage of

its natural resource endowment combined with more mobile capital, labour and management inputs
seeking to earn an economy-wide return. A region’s comparative advantage can be enhanced (or
eroded) by technological improvements (or a failure to adopt new technologies). Freebairn argues
that the role of policy, at all levels of government, should be to achieve efficiency and equity through
the operation of effective markets and that a region’s opportunity to develop will inevitably be the
outcome of serendipity, good luck and local entrepreneurial input.
The purpose of this paper is to identify policies that might be effective in enhancing employment

opportunities in regional Australia while remaining in keeping with the tradition of efficient markets.
In this context, the focus of policy must be on local entrepreneurial input as policy is unable to impact
serendipity or luck. In pursing this objective we consider, in Section 2, the merits of encouraging local
entrepreneurs to pursue industry specialisation, rather than diversity, as a means of facilitating
employment growth. However, acknowledging that the debate over specialisation is somewhat incon-
clusive, we then consider the more recent theoretical developments of related variety, smart speciali-
sation and smart specialisation strategy before turning to the older, but related, concept of industry
linkages. Section 3 establishes a method for assessing the impact of industry linkages on employment
which is applied in Section 4. Our results from an application of this method are reported and dis-
cussed in Section 5 and conclusions with respect to policies for enhancing employment opportunities
in regional Australia are provided in Section 6 along with issues for further research.
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2. Specialisation and Diversity, Related Variety, Smart Specialisation and Industry
Linkages

2.1 Specialisation and Diversity
Two competing theories have persisted in the literature about the nature of the relationship between
regional specialisation and economic development. The first, arising out of the theory of international
trade, argues that industry specialisation associated with the concept of agglomeration, is necessary for
the economic development of a region as it permits utility-enhancing trade between regions based on
the specialisation in production of goods and services in which the region has a comparative advantage.
Table 1 indicates a selection of studies that have generally found a positive relationship between speciali-
sation and employment growth. The second theory is conventionally presented in direct opposition to
the first and argues that greater diversity in industry structure insulates a regional economy from eco-
nomic shocks but does not provide for growth in employment (also identified in Table 1).
Empirical analysis of regional employment specialisation and its impact on regional economies has

been the subject of a number of studies world-wide (see for example Lilien, 1982; Wren & Taylor,
1999; Dissart, 2003; Izraeli & Murphy, 2003; Marelli, 2004; Shearmur & Pol�ese, 2005; Belke & Heine,
2006; Mizuno et al., 2006; Robson, 2006, 2009; Suedekum, 2006; Frenken et al., 2007; Deller & Wat-
son, 2016) and a relatively smaller group of studies with a specific Australian orientation (see for
example Bradley & Gans, 1998; Trendle, 2006; Beer & Clower, 2009; Dixon & Freebairn, 2009; Stim-
son et al., 2009 and Hicks et al., 2014). Taken overall, the findings from these studies have lacked
consistency.
Some studies have found evidence in support of the first hypothesis – increased specialisation is

positively associated with economic growth. Marelli (2004) found evidence that increased specialisa-
tion had a positive impact on regional growth in the European Union, Robson (2009) found that spe-
cialisation was positively related to growth in the United Kingdom, while Mizuno et al. (2006) found
that structural and cyclical unemployment were inversely related to industry specialisation in Japan.
Two Australian studies also produced evidence in support of this hypothesis. Beer and Clower (2009)
focused solely on regional cities and found a significant positive relationship between their measure
of the change in employment specialisation and labour force growth, while Hicks et al. (2014) exam-
ined both metropolitan and peripheral regions of Australia, and found evidence that greater employ-
ment specialisation leads to better labour market outcomes for a region.
Other studies, however, have produced evidence in support of the second hypothesis, that greater

economic diversity acts to insulate economies from economic shocks and in doing so supports eco-
nomic growth. In their research, Izraeli and Murphy (2003) produced findings supporting the
hypothesis that industrial diversity supported economic (particularly employment) stability, but
found only weak evidence for the growth hypothesis. Trendle (2006) also found that industry diversi-
fication acts to reduce regional instability. Consistent with this hypothesis, in Australia, Bradley and
Gans (1998) found evidence of a negative relationship between growth and specialisation.
Yet other studies have produced mixed findings. Wren and Taylor (1999) found that all UK regions

had increased in terms of their employment specialisation but that the regions tended to converge
towards the national employment pattern. Stimson et al. (2009) found support for a link between
employment specialisation in a region and in regional growth, though the effects could be variable.

Table 1. Impact of a Regions Employment Specialisation on Employment Growth – Selected Research

Supportive Not supportive Uncertain

Marelli (2004) Bradley and Gans (1998) Wren and Taylor (1999)

Mizuno et al. (2006) Izraeli and Murphy (2003) Stimson et al. (2009)

Robson (2009) Trendle (2006) Deller and Watson (2016)

Beer and Clower (2009)

Hicks et al. (2014)
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Deller and Watson (2016) attempted to provide an explanation for the variation in findings found
in the literature. They suggested on the basis of their empirical work that differential results when
testing for the impact of diversity may arise from data sets that exhibited substantial variation. Along
with Deller and Watson (2016) a number of researchers have raised the issues of both data and
method. Mack et al. (2007), for example, considered a number of measurement issues.

2.2 Related Variety and Smart Specialisation
However, perhaps the biggest shift in the debate has come from the increasing recognition that both
diversity and specialisation can co-exist. This recognition began with the arguments put forward by
Frenken et al. (2007) in relation to the concepts of unrelated variety and related variety. Frenken
et al. (2007) argued that variety can exist at two different levels: (i) the traditional, unrelated variety
– sectors producing different products with little commonality of production process, which has
empirically been shown to provide a hedge against economic shocks; and (ii) a related variety in
which different sectors of a local economy engage in processes that have a common knowledge base
or utilise a related technology.
Amongst sectors that are regarded as having related variety, employment growth is facilitated as

radical innovations are put in place across these industry sectors. Such improvements are driven by
the fact that the firms in these sectors are interacting with one another and using a knowledge base
comprised of similar sets of cognitive capabilities and skills that each is striving to make increasingly
better use of. With each firm striving for an advantage, radical innovations arise and new sectors of
industry are formed (Balland et al., 2018).
In this context, there is an important distinction that must be made between knowledge that is cod-

ified and therefore easily transferable from place to place and knowledge that is tacit or built around
firms working together in a local area to produce innovative processes that enhance the comparative
advantage of a region as a whole (Balland et al., 2018). Over time, tacit knowledge will become codi-
fied, but the economic advantage to a region will be maintained as local firms, continuing to work
and learn together, push back the frontiers of knowledge to their mutual advantage and to the advan-
tage of new businesses that can adopt the new radical processes.
Developments of this type have become known as smart specialisation (McCann & Ortega-Argil�es,

2015) and have given rise to regional development policies that have been termed smart specialisa-
tion strategies. The goal of such policies is not to make the industry structure of regions more spe-
cialised (or less diverse) but rather to build on the existing strengths of a region as reflected in the
common processes and skills used by the region’s firms (Balland et al., 2018). Such policies do not
attempt to pick winners, but rather facilitate entrepreneurial networking and the exchange of ideas
from which new businesses can emerge. Foray (2014) argues that smart specialisation is essentially a
spontaneous process and that the role of smart specialisation policy is to identify the market and coor-
dination failures that are likely to impede that spontaneity. Capello and Kroll (2016) noted that there
are six elements that must be present for smart specialisation to take place: (i) entrepreneurial spirit,
(ii) industrial diversity, (iii) high quality local governance, (iv) a critical mass of capabilities to develop
collective learning processes, (v) adequate market potential, and (vi) industry connectedness.
This new approach is reflected in the work of a number of authors (see for example Wagner, 2000;

Dissart, 2003; Jackson, 2015; Hong & Xiao, 2016). These authors focus on the potential for a region’s
industrial structure to exhibit “diversified specialisations.” Dissart (2003) pointed out that while
diversity has been shown in some research to be associated with more stable unemployment, the
research has not necessarily been able to show that it is associated with greater employment growth.
Thus, Dissart argues, diversification by itself is not sufficient, but must be accompanied by a certain
level of specialisation. Hong and Xiao (2016) were interested in the question of whether or not
growth and stability could be achieved at the same time and concluded this was possible but only if
specialisation was present along with diversity.
The change in thinking which allowed for the possibility of diversity and specialisation co-existing

was accompanied by a number of other developments. Dissart (2003, p. 425) concluded that “[a]-
mong regions or metropolitan areas of sufficient size, multiple specialisations can compensate for one
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another when business cycles or external shocks occur.” A key qualification in this statement is of suf-
ficient size. The potential for relatively small regional or rural localities to meet the requirement of suf-
ficient size is frequently problematic. For small rural communities, multiple specialisations frequently
do not exist and growth may therefore need to be pursued at the risk of greater instability. Hong and
Xiao (2016) recognised this and noted that empirical results varied by geographic units of analysis.
This qualification needs to be kept in mind as our research is conducted on the basis of relatively (to
metropolitan) small regional and rural communities.

2.3 Industry Linkages and Regional Employment
From the perspective of connectedness, an essential element for smart specialisation, an important
consideration may be the extent of industry linkages operating in a region. While the theory empha-
sises a common knowledge base, the sharing of knowledge between firms in different sectors may be
enhanced when the production processes of firms are linked. Wagner (2000) argued that the interac-
tions of linkages present among industries within a region’s economy is important. Dissart (2003, p.
434) reported that his research results show that “[w]hen choosing an optimal industry mix to sta-
bilise local employment, one should consider not only a single industry’s employment variance but
also interindustry covariances.” In arguing that specialisation and diversity can co-exist, Jackson
(2015, p. 116) reminded his readers’ of Rocha and Sternberg’s (2005) findings that “clusters have
three necessary defining dimensions: geographical proximity, an inter-firm network, and an inter-
organisational or institutional network” and that in considering new specialisations for a region it is
crucial to incorporate interindustry linkages (p. 121). This thought was echoed by Hong and Xiao
(2016) who argued that “local governments should focus . . . on recruiting the sectors that have many
linkages with the indigenous comparative advantages in their regions.”
It is therefore upon linkages that the remainder of our paper will focus. This is important because,

as Cho and Scheuermann (1980) point out, an industry can grow in a smaller region – the type that
we will be examining – even if its linkages within the region (both backward and forward) are small
because of the possibility of importing inputs and exporting outputs. However, in such cases the
impact on the local community will be minimal. What is required is the development of key indus-
tries which will develop a greater than average impact on an economy through the linkages with that
economy (Hewings, 1982).
West (1999) and Schnabl et al. (1999) noted that economists would normally expect the process of

industrial change to manifest itself in increasing complexity and increasing levels of economic inter-
dependence as a particular region becomes more self-sufficient. However, such an outcome implies a
decrease in industry specialisation as a region grows. In his empirical work, West (1999) in fact found
that this did not occur for the Australian state of Queensland. In this analysis West (1999) drew on
that branch of input-output analysis associated with linkages and key sectors. He found that rather
than increasing complexity of linkages being formed during periods of growth, the opposite was true.
The state became less self-sufficient despite strong growth and a hollowing out process appeared to be
taking place. He defined hollowing out as “a reduction in the density of the core structure of the
economy as measured by the strength and spread of the inter-sectoral total (direct and indirect)
requirements linkages” (p. 49). More recently, Kay et al. (2007) argued that both the theory and
practice of regional development was dominated by an export base paradigm that focused on the role
of backward linkages. They considered that the importance of local service industries in facilitating
growth required a measure that included both backward and forward linkages. They also point to the
“key industries” literature where attention is given to the importance of both backward and forward
linkages. Building on the work of Miller and Lahr (2001), they developed the concept of hypothetical
extraction (HE) in order to develop a picture of sectors that facilitate economic development without
recourse to distinguishing between backward and forward linkages. That is, they used it as a measure
of total linkage. The approach of West (1999), while recognising the importance of both backward
and forward linkages, was slightly different in that, as discussed below, he considered that there
remained value in examining each of these linkages separately and, importantly, their spread.
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We explore whether the relationship between economic growth (and increasing employment) and
the complexity of each of forward and backward linkages differs. In the literature, it is typically
assumed that both are important for and have a positive effect on economic development; however,
as far as we are aware this has not been demonstrated empirically. In the following, we explore these
questions at the regional level.
In the Australian context, the remainder of this article explores the pattern of intra-regional link-

ages, how it has changed over a limited time span (between the 2006 and 2011 censuses), and the
effects on employment. The results will give us some indication of the importance of linkages (and
therefore connectedness) between industry sectors for a region’s employment growth. In turn, the
finding of a relationship will provide support for the concept of smart specialisation and of a smart
specialisation strategy when formulating regional employment policy, as well as further insight into
how smart specialisation strategies should be designed.

3. Method

3.1 Linkage Assessment and Linkage Indices
In his research, West (1999) developed a series of five input-output tables covering the period 1973/
1974 to 1992/1993 for the state of Queensland. Then, building on the work of Rasmussen (1957) and
Hirschman (1958) with respect to key sectors, he employed the notion of backwards and forward
linkages, the aim of which was to “measure the potential stimulus to other activities from investment
in any sector, and to identify those sectors which create an above average stimulus to the rest of the
economy” (p. 31).
West first considered the backward linkages (L) associated with a change in output of a given

industry (j) in time period (t). Given that xijt is the value of goods and services purchased from each
industry i by industry j to produce a level of output Xjt, we can define the input-output coefficient

matrix
xijt
Xjt

h i
¼ ½aijt� ¼ At. The coefficients of this matrix indicate the share of inputs from each of the i

industries necessary to produce one unit of industry j output. Subtracting the matrix At from the
identity matrix (I) gives the matrix [I�At]. The inverse form of this matrix is Bjt = [I�At]

�1. The coef-
ficients of this matrix, bijt, show the additional output from each industry i required to increase out-
put in industry j by one unit. Bjt is known as the Leontief Inverse or multiplier matrix. The elements
(coefficients bijt) of the Leontief Inverse, Bjt, indicate the impact of a unit change in the output of
industry j on the outputs of each industry, i, supplying industry j.1

From this knowledge, with n industries in each region r, a backwards linkage index can be derived
for each industry in each region (Ljrt) by dividing through the multiplier matrix for the industry by
the average stimulus to the whole region when all industries’ final demands are increased by unity:

Ljrt ¼ n
P

i bijrtP
i

P
j bijrt

ð1Þ

If Ljrt > 1, investment in industry j yields above average multiplier effects in the region and where
Ljrt < 1 below average multiplier effects result from investment in industry j in the region.
However, in this research we are, in the first instance, interested in the extent of linkages in one

region relative to the linkages in others. We suggest two possible measures: The first utilises the link-
age indices for all industries in the region and is given by the following formula:

Lrt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

jðLjrtÞ2
n

s
ð2Þ

We shall refer to this as the regional backward linkage index.

1See Hubacek and Giljum (2003).
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The second measure is the total backwards multiplier for all industries in the region (TBMrt) which
is given by:

TBMrt ¼
X

j
Bjrt ¼

X
j

�
n
X

i
bijrt

�
ð3Þ

The greater the value of TBMrt, the more integrated the region with respect to backward linkages
compared with other regions.
West (1999) pointed out that backward linkages are only part of the story. Backward linkages

report on the “up-stream” impacts. What about the down-stream linkages? Output in industry j may
be used as an input into other industries in the region. An increase in the output of industry j may
have a beneficial impact on down-stream industries by reducing supply bottlenecks or reducing the
cost of inputs – allowing the downstream industries to also increase their production. Measuring the
impact of increasing output in industry j on downstream industries requires the development of a
measure of forward linkages.
In essence, forward linkages identify the output increases that occur in those industries (j) whose

output increases as a result of an increase in output of industry i. Therefore, the forward linkage index
can be written as:

L~irt ¼
n
P

j b
~
ijrtP

i

P
j b
~
ijrt

ð4Þ

Again, however, we are interested in comparing the strength of forward linkages in one region
with the strength of forward linkages in others. Analogous to our previous argument we can com-
pute:

L~rt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

jðL~jrtÞ2
n

s
ð5Þ

as the regional forward linkage index; and the total forward multiplier for the region as:

TFMrt ¼
X

i
B~irt ¼

X
i

ðn
X

j
b~ijrtÞ ð6Þ

The greater the value of either L~rt or TFM_rt, the more important forward linkages are in the
region.
The strength of the combined linkages for a region will be given by the sum of either the two link-

age indices SLrt or the sum of the two multipliers (SMrt) So that:

SLrt ¼ Lrt þ L~rt ð7Þ
and

SMrt ¼ TBMrt þ TFMrt ð8Þ
Finally, as West (1999) explains, it is not just the size of the linkage index that is important, but its

spread. Growth in an industry that has a strong backwards or forward linkage may be dissipated if
that linkage is confined to only a few sectors and not spread widely throughout all sectors. Normalis-
ing the coefficient of variation will give a measure of spread.
Commencing with the shortcut formula for the sample variance:

s2 ¼ 1

n� 1

X
i
b2ijt �

ðPi bijtÞ2
n

" #
ð9Þ

¼ 1

n� 1

X
i
bijt � 1

n

X
i
bijt

� �2

ð9aÞ

We take the square root to give the standard deviation, and dividing through by the mean to give
the coefficient of variation:
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CVjt ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n�1

P
i b

2
ijt �

�P
i
bijt

�2

n

" #vuut
1
n

P
i bijt

ð10Þ

And normalising to give the backward spread index:

Vjt ¼ nCVjtP
j CVjt

ð11Þ

From Equation 9a we can see that for a given industry, j, the smaller the difference between each
of the backward linkage coefficients for each industry (i) and their mean, the lower the value of Vjt

indicating that a given linkage effect must be spread over a larger number of industries. To obtain an
index of the spread represented by all industries in a region, we would utilise the following:

Vrt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

j V
2
jrt

n

s
ð12Þ

By a similar process, an index for the spread of forward linkages can also be developed.
In this paper we choose to look at four “complexity of linkages” factors which could impact on a

region’s economic activity: total backwards multiplier (TBM); total forwards multiplier (TFM); back-
wards spread index (BSI); and forwards spread index (FSI).
It remains to choose the appropriate measure of a region’s economic activity. Regional economic

performance could be measured by employment, value-added or income. In this paper we choose
employment.
However, it is well-known from shift-share analysis2 that employment growth in a region is influ-

enced by what is happening in the state in which that region is located, mix of industry within the
region and the competitive factors operating in the region itself. That is, a traditional shift-share
model expresses the change in employment in the ith industry in the rth region at time t as the sum
of a reference area growth effect (NEirt), an industry-mix growth effect (IMirt) and a competitive effect
(CEirt) or:

DEirt ¼ NEirt þ IMirt þ CEirt ð13Þ
For the rth region, the change in employment between (t�1) and t, will be given by the sum of

ΔEirt over all industries or: Xn

i¼1
DEirt ¼

Xn

i¼1
NEirt þ

Xn

i¼1
IMirt þ

Xn

i¼1
CEirt ð14Þ

Thus, in assessing the impact of the “linkage factors” on a region’s employment it may prove
enlightening to assess the impact on the changes in employment identified as resulting from the com-
petitive effects – the last term in Equation 14, an approach used by Stimson et al. (2009). We there-
fore hypothesise that: Xn

i¼1
CEirt ¼ CErt ¼ f ðTBMrt;BSIrt; TFMrt; FSIrtÞ ð15Þ

That is, having developed linkage multipliers and spread indices our purpose is to use them to
explain regional economic performance to see if there exists a relationship between linkage multipli-
ers and spread indices for regions and the economic performance of the regions. In this paper, our
analysis will focus primarily on the impact of linkages on the employment performance of the region
where the employment performance is captured in the region’s competitive employment effect.
We experiment with both the absolute values of the independent variables and their log. The latter

provides a measure of the change in the competitive effect for a one percent change in the indepen-
dent variable.

2See Matlaba et al. (2012).
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4. Data
In examining the issue from the perspective of Australia’s regions, we first have to define the regions
we will work with. The Australian Bureau of Statistics (ABS) has recently introduced a new standard
of spatial classification – The Australian Statistical Geography Standard (ASGS) (see Australian
Bureau of Statistics, 2011). This classification has defined the Statistical Area Level 4 (SA4) as the lar-
gest sub-State region in the new structure. SA4s are specifically designed to reflect labour markets
within each State and Territory which reflect a high degree of interconnectivity between labour sup-
ply and demand. They do not cross State/Territory borders and they aggregate to cover the whole of
Australia. In total there are 88 SA4s. In our analysis, we utilise only the non-capital city SA4s of
which there are 46. Mean employment level of a non-capital city SA4 is 190,476 with a standard
deviation of 87,786. For capital city SA4s, mean employment level is 319,009 with a standard devia-
tion of 128,560. Thus, the regions on which this study are based are geographically large but with a
lower population than is the case for capital city SA4s.
In order to derive linkage indices we have computed 2006 and 2013 input-output tables for each of

the 46 regions using the technique reported in West et al. (1980) and based on the ABS 2006/07
national input output table; ABS regional employment data for place of work for the 2006 and 2011
census; the Australian Labour Force Survey 2012–2013; Australian National Accounts 2012–2013;
and State Accounts 2012–2013. Our research is limited to employment changes between 2006 and
2011 as the 2016 census data were not available at the time of our research and because of the need
to concord census data prior to 2011 to the SA4 geographic classifications.

5. Results
The summary statistics from our data set are reported in Table 2. Table 3 reports our OLS results test-
ing the hypothesis that total backward and forward multipliers and their spread impact the competi-
tive factor of employment growth. The dependent variable in both models is the growth rate of the
region’s competitive employment effect (PCCErt). In model 1 the independent variables are the abso-
lute values of the independent variables. In model 2 the independent variables are also logged – mak-
ing it a level-log regression. Both models have reasonable explanatory power for cross-sectional data,
with r-square values of 0.500 and 0.489 respectively.
Regressions (1) and (2) in Table 3 show that Total Backward Multipliers (TBMrt) are associated with

a significant positive effect on the competitive factor of employment growth rate (PCCErt). Regression
(2) shows that a one percent increase in TBMrt is associated with an increase in the competitive
employment growth rate of 0.009 or about 78 jobs at the mean value of CE. Thus, even a small
improvement will have a substantial impact on employment.
By contrast, Total Forward Multipliers (TFMrt) are associated with a highly significant negative

effect on the growth rate of the competitive factor of employment (PCCErt). Regression (2) shows that
a one percent increase in TFMrt is associated with a reduction in the growth rate of 0.027 or around
238 at the mean value of CE. Below we explain why this negative result is expected.
The Backward Spread Index (BSIrt) has a negative (meaning the greater the BSIrt the less PCCErt)

but not significant effect on PCCErt in regression (1). However, in regression (2) we see that, at the 90

Table 2. Summary Statistics

Variable Mean Standard deviation Minimum Maximum

CErt �8669.666 13,189.669 �50,159.331 4618.126

TBMrt 0.217 0.023 0.170 0.282

BSIrt 1.012 0.009 0.997 1.042

TFMrt 0.309 0.050 0.186 0.458

FSIrt 1.052 0.015 1.024 1.106

Note: Number of observations 46.
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percent confidence level, a one percent increase in BSIrt is associated with a fall in the competitive
employment growth rate of 0.044. The fall, of over 370 jobs at the mean value of CE, is large suggest-
ing that even very small changes in the index are associated with a considerable impact on
employment.
On the other hand, the Forward Spread Index (FSIrt) is associated with a positive (meaning the

greater FSIrt the greater PCCErt) highly significant effect on PCCErt. From regression (2) we can see that
a one percent increase in the Forward Spread Index is associated with an increase in the rate of
change in competitive employment of 0.054, or over 460 jobs at the mean level of CE – again suggest-
ing that small changes will have a sizeable impact.

6. Discussion and Policy Conclusions
While the relationship between the concepts of industry specialisation, diversity and smart specialisa-
tion on regional employment growth has been the subject of several previous studies, the nature of
the relationships remain uncertain. To better understand the issues, which is important for the effec-
tive formulation of regional development policy to enhance employment, we sought to use a novel
approach that involved examining the effect of both forward and backward linkages, as well as the
spread of these linkages, on competitive employment effects.
The key findings in this study are that stronger backwards multipliers are associated with higher

competitive factor employment growth and that stronger forwards multipliers are associated with
lower competitive factor employment growth. On the other hand, the higher the backward spread
index the lower the competitive factor employment growth and the higher the forward spread index
the higher the competitive factor employment growth.
The relevance of these findings needs to be explained. The positive impact of the backward multi-

pliers tells us that a region has a number of firms purchasing local inputs, but these firms may be sell-
ing relatively little in the region. These firms are likely to be exporting from the region. As such, the
size of the firm is likely to be greater than is sustainable by the local regional market. However, in
turn, it is likely to be a firm that, through its purchases of local output as inputs, is supporting the
local businesses supplying it. Hence, we would want such a firm to have as large a number of local
suppliers as possible. A large number of local suppliers would be reflected in a low backward spread
index (which indicates greater diversity). Hence, for firms with strong backwards linkages, a higher
spread index (reflecting a small number of suppliers) would be a disadvantage and give rise to less
employment than if the backward spread index had been larger.

Table 3. OLS Results. Dependent Variable: PCCErt

Independent variables (1) (2)

TBMrt 3.7717*** (0.9177) –
LnTBMrt – 0.9330*** (0.2188)
BSIrt �3.5672 (2.3203) –
LnBSIrt – �4.3816* (2.4320)
TFMrt �2.7453*** (0.4305) –
LnTFMrt – �0.8850*** (0.14315)
FSIrt 4.5577*** (1.5506) –
LnFSIrt – 5.4034*** (1.7010)
Constant �1.2715 (1.6641) 0.0417 (0.2352)

Observations 46 46

R-square 0.504 0.489

Notes: The quantities in parentheses below the estimates are standard errors. ***Significant at 0.01, **significant at 0.05,
*significant at 0.1.
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In the context of smart specialisation, a number of essential elements are clearly present in the case
of firms with strong backward linkages and a large number of suppliers. First, the linkages themselves
reflect a high likelihood that there is interconnectedness and networks amongst the firms which can
give rise to the development of new knowledge. The relatively large number of suppliers is also in
keeping with the concept of related diversity. Furthermore, the fact that these firms appear to be
dependent on exporting from the region suggests that there is adequate market potential present.
Regions containing firms with strong forward linkages will tend to see these firms supplying local

firms and exporting very little. If they are supplying many local firms, it is likely that the local market
represents the majority of their business but that the variety present is unrelated in terms of pro-
cesses. Under these circumstances, there may be no certainty of an adequate market potential or of a
related diversity of industry suggesting that it might be difficult for smart specialisation to take place.
On the other hand, a high spread index in this case indicates that their business is concentrated in just
a few local firms – suggesting that some of the firms for which they are suppliers may be exporting
and that the relationships between the firms may well be of a nature that gives rise to new ideas.
In general, our examination of industry linkages, particularly backward linkages with a low spread

index are supportive of the concept of smart specialisation and of the positive impact smart specialisa-
tion is hypothesised to have on enhancing regional employment. Similarly, a high spread index for
firms with strong forward linkages is also supportive of the concept of connectedness. Smart speciali-
sation strategies, therefore, may be an effective means of promoting regional employment through
policies that do not seek to pick winners, but rather seek to promote market efficiency and commit
the emergence of new and viable industry sectors to the spontaneous development of new processes
by entrepreneurs who are free to pursue their own best interests. Such policies would be limited to
interventions that seek to rectify market failures at the regional level – particularly in those areas con-
sidered essential for smart specialisation to take place.
Related variety and industry linkages are not synonymous. However, we consider that the presence

of industry linkages reflect the type of industry connectedness that is the key to understanding
related variety – although more work on the relevance of the later concept in Australia is called for.
Research should also be directed to identifying if market failure does indeed exist in the context of
smart specialisation across Australia’s regions. For example, are regional networks of entrepreneurs
strong and effective in the sense that one would expect if ideas are going to flow between, and be
generated by, firms exhibiting related variety? Are new ideas that might emanate from related variety
going to be still-born for lack of financial and knowledge resources, skilled labour, managerial capa-
bility, essential infrastructure, or access to markets? Are local governments within a region capable of
facilitating an environment across the region that will encourage related variety rather the unrelated
variety, and have the necessary governance structures and institutions to do so?
In summary, the concept of related variety, and therefore related variety policy, presents a new

approach to regional development policy which does not advocate intervention in efficiently func-
tioning markets, but rather calls upon government, particularly local government, to address market
failure. Our research, which finds support for a relationship between industry linkages and regional
employment outcomes which are also reflected in exports from the region, supports the further pur-
suit of this concept in the search for policy to address regional economic development in Australia.
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