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Abstract: The purpose of this paper is to analyze the role of the knowledge diffusion process in
employment effects of sustainable development investments for large international firms. We present
an empirical analysis based upon a dataset composed of worldwide Research and Development (R&D)
-intensive firms over the period 2002–2010. In order to identify the technological relatedness measure
between the firms, we use the friendly environmental patents’ distribution. The drivers of labor
innovation effects are identified as a complex combination of job displacement and compensation
forces of innovation. Two research questions are investigated: first, we wonder whether green
economy investments stimulate firm-level jobs within three different environmental contexts: water,
waste and energy; second, we would like to learn the extent to which the knowledge diffusion is
an important channel supporting labor in the environmental context, by analysing the impact of
intra-industry externalities. From the empirical results, we can observe that environmental spillovers
have a negative impact, by confirming the prevalence of the displacement effect. This finding is
extremely important for policy implications. Indeed, not only economic incentives to allow the
transition to cleaner technologies are required, but also stronger actions to favor job creation relative
to environmental activities are needed for a full sustainable achievement of firms.
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1. Introduction

The studies about the sustainable use of economic resources are increasing [1,2]. There are many
studies investigating the link between innovation for increasing firm-level output or productivity
and job-creation effect [3], where this link is found to be quite weak. This result seems to confirm
the technological unemployment because of new machines [4]. Indeed, the role of automation on the
employment change has become central [5].

The employment effects of innovation are a complex combination of job displacement and
compensation forces of innovation [6–8]. The exploration of the impact of innovation on employment
is complex, because it involves more different effects. Indeed, product innovations or the introduction
of new products for the emergence of new markets [7,8] can determine positive job-creation effects,
while process innovations or the implementation of new and significantly improved production
method [7,8] could lead to technological unemployment because of increasing labor productivity.
However, there are also indirect effects as a compensation for the reduction in employment stemming
from process innovations.
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As far as the product innovations are concerning, we may identify a positive impact on
employment [9,10], the so-called ‘welfare effect’, but this result can be weakened by a ‘substitution
effect’ [11–16] due to the displacement of mature products [6,17–19].

If we pay attention to process innovations, we can observe a direct job-destruction effect, because
the newly introduced process method allows to obtain the same output by means of reduced employees.
However, there are more compensation mechanisms [9,20] in such a way that the labor-saving effect
of process innovation is counterbalanced [14,21–26]. First of all, the reduced production costs from a
process innovation could lead to decreasing prices and this effect could stimulate the market demand
by leading to more employment [6,27–32]. However, this finding depends on the hypothesis of perfect
competition [33] and demand elasticity, which might weaken the initial positive effect.

Because of the realization of more potential effects, as described, the final impact of innovation on
employment is unpredictable. For this reason, the interpretation of the empirical analysis is needed to
identify a net employment outcome, taking into account the economic and social context in which the
investigation is applied.

The studies analyzing the effects of green innovations on employment are increasing [34,35].
This attention is due to the objective of fulfillment of more sustainable development in most countries.
However, the nature of green economy investments is peculiar, because the need of government
intervention to create new market opportunities could produce a lower return relative to other
innovations [36].

However, the empirical evidence concerning the role of environmental innovations in the
knowledge diffusion process for favoring employment is quite weak. This paper tries to fill this
gap, by investigating the effects of knowledge spillovers in firms belonging to the same technological
sector (intra-industry spillovers). In particular, we test for two research questions: first, we evaluate the
impact of environmental innovations on employment, taking into account three different fields, such
as water, waste and energy; second, we measure the effect of knowledge externalities from innovations
on employment in the same technology sector.

The rest of this paper is organized as follows: Section 2 reviews the relevant empirical evidence
concerning the relationship between green economy investment and employment. Section 3 describes
dataset and introduces the empirical framework. Section 4 shows the results of the analysis, while
Section 5 discusses the findings and concludes.

2. Literature Review

The research topic concerning the effect of green economy innovations on employment is receiving
more and more attention because of transition to cleaner production for a full sustainable growth of
industrialized countries. Moreover, high unemployment rates can be observed in these economic areas
because of economic and financial crisis since 2006. More empirical studies about these structural
changes are required to compare the benefits and the costs relative to the transition process.

We can distinguish studies dealing with the general nexus between technology and employment,
and studies focusing on green technologies.

2.1. Empirical Evidence Based on Technology and Employment

As far as the macroeconomic perspective is concerned, Sinclair (1981) [37] finds that there is a
positive impact on employment in case of high demand elasticity and elasticity of factor substitution.
Also Layard and Nickell (1985) [38] identify the key role in the elasticity of the demand for labor
with respect to a variation in the ratio between real wages and labor productivity. In particular,
this parameter should be sufficiently high to compensate initial job destruction. Feldman (2013) [39]
finds that technological progress produces unemployment in the short run. Matuzeviciute, Butkus
and Karaliute (2017) [40] outline no significant effect of technological innovations on unemployment.

From a microeconomic perspective, Van Reenen (1997) [41] finds a positive effect of innovation on
employment by using data on UK manufacturing firms. Piva and Vivarelli (2005) [42] evidence a small
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positive effect of gross innovative investment on employment. Hall, Lotti and Mairesse (2008) [19]
find a positive effect of product innovation but he does not find any impact of process innovation.
Bogliacino and Vivarelli (2010) [16] find a positive effect of product innovation on employment, by
analyzing, particularly, high-tech manufacturing sectors in eight European countries. Lachenmaier and
Rottmann (2011) [43] explore German manufacturing firms by evidencing a positive effect of different
innovation measures on employment. Bogliacino and Vivarelli (2012) [44] evidence a job-creation
effect of Research and Development (R&D) expenditures in high-tech industries for 15 European
countries. Harrison, Jaumandreu, Mairesse and Peters (2014) [6] confirm that process innovation
lead to employment displacement, while product innovations have a labor-friendly nature. Ciriaci,
Moncada-Paternò-Castello and Voigt (2016) [45] use Spanish Community Innovation Survey (CIS)
on 3304 Spanish firms to demonstrate that innovative, smaller and younger firms are more likely to
present a high and persistent job-creation effect than non-innovative firms. Barbieri, Piva and Vivarelli
(2018) [46] investigate 265 innovative firms and outline a job-creation effect in high-tech and large
firms. Cirillo, Pianta and Nascia (2018) [47] explore 36 manufacturing and service industries of five
major European countries (Germany, France, Spain, Italy and the UK) and find a different impact
of product innovations taking into account the managerial category with respect to other categories.
Piva and Vivarelli (2018a and 2018b) [7,8] confirm a labor-friendly impact of R&D expenditures in
medium-high sectors, while they do not find any impact in low-tech sectors. Van Roy, Vertesy and
Vivarelli (2018) [48] analyze about 20,000 European firms and outline that technological change, proxied
by forward-citation weighted patents, are labor-friendly.

We can identify in the literature also the relevance of the role of the knowledge diffusion process in
the employment effects of innovation. Indeed, Aldieri and Vinci (2018) [49] find a significant impact of
technological spillovers on firms’ employment within the Triad. Aldieri, Kotsemir and Vinci (2018) [50]
find a labor-creation effect of own innovation and a labor-saving effect of geographical spillovers at a
regional level in Russia.

There are few recent studies also about developing countries [51–53].

2.2. Empirical Evidence Based on Green Technologies and Employment

There are studies where environmental regulations are associated with higher production costs
and higher output prices, which lead to lower demand and then to lower employment growth
rate [54,55], while according to other works, environmental innovations produce a reallocation of labor
from regulated to less polluting industries [56,57]. Pfeiffer and Rennings (2001) [58] evidence a positive
effect of product innovation on labor, but from a qualitative perspective, they find negative effects of
environmental innovations in low-skills intensive industries. Rennings and Zwick (2002) [59] analyze
the environmental innovations in five European countries, taking into account both manufacturing
and service firms and they do not find a significant impact on employment. Horbach (2010) [60] find
a positive impact of environmental innovations on labor in Germany, while Cainelli, Mazzanti and
Zoboli (2011) [61] identify a negative impact of environmental innovations on employment in Italy.
Gagliardi, Marin and Miriello (2016) [35] measure the environmental innovations through patents
and outline their strong positive effect on job creation processes. Costantini, Crespi and Paglialunga
(2018) [62] find that energy efficiency gains in energy intensive industries reduce employment growth
rate, that energy efficiency obtained in the public sector fosters employment growth and that a more
comprehensive policy mix helps reinforcing positive employment growth impacts.

There are also studies where the effect of innovation on employment is found to be positive but
without the distinction between environmental and no-environmental technologies [63].

In Table 1, we summarized the most recent and relevant papers discussed in this Section.
However, empirical evidence concerning the effects of friendly environmental innovations on

employment and, in particular, the role of knowledge diffusion process in employment effects of green
innovation is scarce. This paper tries to fill this gap in the literature.
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Table 1. Literature for employment effect of innovation.

Authors Data Methodology Results

[49]
879 firms in the USA, Europe
and Japan over the period
2002–2010

OLS in First Differences (-) negative effect of own innovation on
employment

[50] 85 Russian regions during
the period 2010–2016

Generalized Method of
Moments (GMM)

(+) positive effect of own innovation on
employment

[46] 265 Italian firms over the
period 1998–2010 Fixed-Effect (FE) (+) positive effect of innovation on

employment

[45] 3304 Spanish firms over the
period 2002–2009 Quantile (+) positive effect of innovation on

employment growth

[47]
36 industries of 5 European
countries during the periods
2002–2007 and 2007 and 2011

OLS in First Differences

(−) negative effect of innovation on
employment in manufacturing
industries and
(+) positive effect of innovation on
employment in service industries

[62] 15 EU countries over the
time span 1995–2009 OLS in First Differences

(−) negative effect of investments for
energy efficiency on employment
growth.

[35] 4507 Italian firms during the
period 2001–2008

Instrumental Variable
(IV) Approach

(+) positive impact of environmental
innovation on employment

[40] 25 European countries over
the period 2000–2012

Generalized Method of
Moments (GMM)

No significant effect of innovation on
employment

[8]
Top European R&D
investors over the period
2002–2013

Least Square Dummy
Variable Corrected
(LSDVC)

(+) positive effect of innovation on
employment only for medium- and
high-tech sectors

[48] 20,000 European firms over
the period 2003–2012

Generalized Method of
Moments (GMM)

(+) positive effect of innovation on
employment

3. Data and Empirical Model

In order to implement the econometric model, we employ data from European Commission R&D
investments Scoreboard (2011) [64]. We identify for each firm the following variables: net sales (S),
the number of employees (L), the annual capital expenditures (C), annual R&D expenditures (RD),
annual operating profit (OP) and the main industry sectors according to the Industrial Classification
Benchmark (ICB) at the two-digit level. Because of no information on wages, they are proxied by
capital expenditures and operating profit [49,65]. Scoreboard dataset is rich in useful information, but it
has also limitations. Indeed, it is affected by sample selection, since it includes only very large R&D
companies. This means that SMEs are not considered. However, green innovation is also important for
SMEs [66].

Moreover, we use also the Organisation for Economic Co-operation and Development (OECD)’s
Regional Patents (REGPAT) database from January 2012 [67] as the second source of information.
This database covers firms’ patent applications to the European Patent Office (EPO), including patents
published up to December 2011. In particular, we select water pollution abatement, land fertilizers
and waste recycling and energy patents for measuring green economy activity, in such a way that we
compute technological proximity between firms [68,69].

In this paper, we explore the role of the knowledge diffusion process, by focusing on the
externalities stemming from firms belonging to the same sector, intra-industry or Marshallian
Spillovers [70–73]. Indeed, spillovers from parent companies within the same sector are crucial [74].

In order to measure the impact of Marshallian Spillovers on firms’ employment, we consider the
following specification model (see Appendix A for the theoretical foundation):

lnLit = αi + λt + β1lnLit−1 + β2lnS + β3lnCit + β4lnOPit + β5lnKit + γ1lnKRit−1 + εit (1)
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where
ln = natural logarithm;
Lit = number of employees for firm i and year t;
Sit = Net Sales of firm i and year t;
Cit = physical capital stock for firm i and year t;
OPit = Operating Profit of firm i and year t;
Kit = R&D capital stock of firm i and year t;
αi = firm’s fixed effects;
λt = set of time dummies;
KRit−1 = vector of Marshallian spillovers (computed as the weighted sum of Kj on the basis of

technological proximity matrix between the firms belonged to the same industry) for firm i and year t;
β, γ = vectors of parameters;
εit = disturbance term.
In Table 2, we show the summary statistics of our sample. In particular, we consider the R&D

capital stock based on the perpetual inventory method [75] with a 5% initial growth rate and a 15%
depreciation rate.

Table 2. Summary statistics.

Variable Mean a Std. Dev.

lnL 10.00 1.340
lnL(t−1) 10.02 1.333

lnS 8.53 1.445
lnC 7.53 1.563

lnOP 4.93 1.892
LnK 7.17 1.419
lnKR 3.94 6.572

Note: a 1779 observations.

4. Results

In order to deal with the endogeneity of the explanatory variables, we estimate Equation (1)
using a one-stage generalized method of moments (GMM) estimator [76,77], which combines the
standard set of equations in the first difference with suitably lagged levels as instruments (GMM in
first differences), with an additional set of equations in levels with suitably lagged first differences
as instruments. The validity of these additional instruments, which consist of first difference-lagged
values of the regressors, can be tested through over-identification tests. The one-stage GMM (GMM
SYS) estimator can lead to considerable improvements regarding efficiency compared to the GMM in
first differences (GMM FD).

In Table 3, we show the empirical estimates for the GMM-SYS estimator. In particular, we evidence
the direct effects of innovation (K) and indirect effects through environmental spillovers (KR) on firms’
employment. We lag environmental spillover components by a year to mitigate contemporaneous
feedback effects.

The model specification includes country, time, and industry dummies, which capture the impact
of factors that change over time but not over the cross-sectional dimension of the sample. The results of
the AR (1) and AR (2) tests are consistent with the assumption of no serial correlation in the residuals
in levels, and the Hansen tests do not reject the null hypothesis of valid instruments, indicating that
the instruments are not correlated with the error term.

The interesting results are relative to causal effects of environmental spillovers on employment.
In particular, environmental spillovers (KR) have a negative impact, by confirming the empirical
evidence based on the negative association between environmental innovations and firms’
competitiveness [54,62]. Empirical investigation allows us to answer our research questions: first,
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environmental innovations have a significant negative effect on employment; second, knowledge
diffusion process through intra-industry externalities assumes a crucial role in the employment effects
of innovation. This finding is extremely important for policy implications. As far as the managerial
implications are concerned, the results seem to evidence the necessity for promoting marketing
activities between firms of the same sector, in such a way that the ability to identify, assimilate and
exploit external knowledge can become stronger. Moreover, if we consider theoretical implications
of the analysis, we can realize that not only economic incentives to allow the transition to cleaner
technologies are required, but also stronger actions to favor job creation relative to environmental
activities are needed for a full sustainable achievement of firms.

Table 3. Labor effects of green: generalized method of moments (GMM) estimates.

Dependent Variable: ∆ ln Lt

Estimate S.E. a

∆ ln Lt-1 0.94 *** (0.060)
∆ ln S 0.12 *** (0.043)
∆ ln C 0.01 (0.035)

∆ ln OP −0.01 (0.014)
∆ ln K −0.07 ** (0.031)

∆ ln KR(t − 1) −0.01 *** (0.001)
AR (1) c test z = −4.89 p > z = 0.000
AR (2) test z = 0.36 p > z = 0.716

Hansen b:χ2 (65) = 71.78 [0.263]

Notes: a: heteroskedastic-consistent standard errors; b: Hansen test of over-identifying restrictions, p-value in
squared brackets; c: AR (1) and AR(2) are tests for first- and second-order serial correlation; ***, **, coefficient
significant at the 1%, 5% level respectively. Country, time and industry dummies included. Endogenous variables
are net sales, physical capital, labor, operating profit, R&D capital stock and spillovers. Instruments are lagged
values (2–9) of all explanatory variables.

5. Discussion and Concluding Remarks

The sustainability of economic systems is extremely important to allow an efficient use of goods
and services in current industrialized countries.

The paper has investigated two important questions. On one hand, the analysis has enriched the
empirical evidence concerning the impact of green economy investments on firm-level jobs. On another
hand, the knowledge diffusion process in the environmental contexts has been further explored by
analyzing the impact of Marshallian externalities.

Indeed, we can observe many studies investigating the link between innovation for increasing
firm-level output or productivity and job-creation effects, but they often ignore the indirect effects of
own investments on other firms’ employment. This paper tries to fill this gap in the previous literature
by assuming a relevant role of knowledge process for green economy activity.

The complex combination of job displacement and compensation forces of innovation seems
to be affected by knowledge spillovers. Indeed, from the empirical results, we can observe that
Marshallian spillovers in green economy have a negative impact, by confirming the prevalence of the
displacement effect. This finding is extremely important for policy implications. Indeed, not only
economic incentives to allow the transition to cleaner technologies are required, but also stronger
actions to favor job creation relative to environmental activities are needed for a full sustainable
achievement of firms.

However, we can identify some limitations on the methodological approach of research, which
has been developed. Indeed, our idea has been to consider the technological proximity between
technology classes of environmental patents. However, Jaffe’s measure has some weaknesses.
Indeed, Jaffe’s proximity deals with flows only occuring within the same technology class defined as
Marshallian or intra-industry or specialized externalities, but rules out spillovers between different
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classes, Jacobian or inter-industry or diversified externalities [78]. In this case, we could assume other
more opportune approaches [68,79,80].

For this reason, further analysis is needed. Indeed, our analysis could be implemented by
observing also Jacobian or inter-industry spillovers. Moreover, it would be interesting to explore the
extent to which other channels of knowledge diffusion, as the mobility of skilled workers or inventors,
may have a significant role on the impact of green economy investments on firms’ employment.

Author Contributions: C.P.V. developed theoretical model in the Appendix A. L.A. reviews the literature, analyzed
the data and implemented the empirical model in Sections 2–4. L.A. and C.P.V. wrote Sections 1 and 5.

Funding: This research received no external funding.
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Appendix A

In order to give a basic theoretical framework for our empirical analysis, we follow Garcia,
Jaumandreu and Rodriguez (2004) [81] and consider only companies with constant returns to scale
technology where different green technological classes are combined with physical, human and
knowledge capital that minimize costs. The number of varieties may be endogenously determined,
investments in these technological classes are assumed to move on rational agents’ decisions [82].

The effects of green innovation on technology and demand function may be illustrated by the
effect of the collected knowledge capital Kg. Defining respectively with: c and w the marginal cost,
and vector inputs prices, we assume c = c

(
w, Kg

)
. Further Y, p and L respectively measure production

of green companies, output prices, and employment; µ captures entrepreneur mark-up on the marginal
cost, de is an index of the market dynamics, and with KgR, pR, respectively we define rival firms’
accumulated Knowledge capital and output prices. We can state:

p = (1 + µ)c
(
w, Kg

)
(A1)

Y = D
(
de, p, pR, Kg, KgR

)
(A2)

KgR = f
(
Kg
)

(A3)

pR = (1 + µR)cR
(
wR, KgR

)
(A4)

L = cL
(
w, Kg

)
Y (A5)

where cL measures the employment’s marginal cost derivative (the Shepard’s lemma) and cR, wR, µR
capture respectively marginal cost, vector inputs prices and mark-up for the competing firms.
Equation (4) may be revised as:

L = cL
(
w, Kg

)
D
[
de, (1 + µ)c

(
w, Kg

)
, (1 + µR)cR

(
wR, f

(
Kg
))

, Kg, f
(
Kg
)]

(A6)

The short run effect of innovation on the employment level may be given by the following:

∂L
∂Kg

=
∂cL
∂Kg

Y + cL

{
∂Y
∂Kg

+
∂Y
∂p

∂p
∂Kg

+
∂Y
∂pR

∂pR
∂KgR

∂KgR

∂Kg
+

∂Y
∂KgR

∂KgR

∂Kg

}
(A7)

From inspection of Equation (7) we can see as the first term on the right takes the displacement
effect, while the second one measures the sum of more compensation effects:

• the first captures demand effect due to product innovation;
• the second is relative to demand effect by the drop of the cost decline owed to price;
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• the third measures the demand effect due to drops in of competing firms price via the influence
on innovation of its rivals;

• the fourth takes the effect on demand due to innovations of its competitors.

Furthermore we assume that, at the beginning of the innovations’ achievement, each entrepreneur
bargains wages w with unions, keeps in mind prices dynamics’ changes (deviations in µ and in µR)
according to a different competitive environment owed to innovation, by denoting with z and zR other
possible reasons of changes on wages and mark-ups, we introduce what follows:

w = w
(
z, Kg

)
(A8)

wR = wR
(
zR, KgR

)
(A9)

µ = µ
(
z, Kg

)
(A10)

µR = µR
(
zR, KgR

)
(A11)

Therefore Equation (A6) will turn in:

L = cL
(
w
(
z, Kg

)
, Kg
)

D[de,
(
1 + µ

(
z, Kg

))
c
(
w
(
z, Kg

)
, Kg
)
,(

1 + µR
(
zR, f

(
Kg
)))

cR
(
wR
(
zR, g

(
Kg
))

, f
(
Kg
))

, Kg, f
(
Kg
)
]

(A12)

The short-run innovation effect on employment will become:

∂L
∂Kg

=
[

∂cL
∂Kg

+ ∂cL
∂w

∂w
∂Kg

]
Y + cL{

∂Y
∂Kg

+ ∂Y
∂p

{
∂µ

∂Kg
c + (1 + µ)

[
∂c
∂w

∂w
∂Kg

+ ∂c
∂Kg

]}
+

∂Y
∂pR

[
cR

{
∂µR

∂KgR

∂KgR
∂Kg

}
+ (1 + µR)

{
∂cR
∂wR

∂wR
∂KgR

∂KgR
∂Kg

+ ∂cR
∂KgR

∂KgR
∂Kg

}]
+ ∂Y

∂KgR

∂KgR
∂Kg

} (A13)

We may perceive as introducing conditions (Equations (A8)–(A11)) alter both the displacement
and the compensation effects.
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