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Chapter 1

Introduction

This  dissertation  aims  to  address  the  two  fundamental  challenges  of
Southern Europe.  The  first  challenge  is  the  fight  against  and adaptation
to  climate  change  which  could  have  particularly  severe  effects  in  this
region,  such  as  extensive  droughts  and  extreme  temperature  spikes
(IPCC,  2014).  The  second  challenge  is  the  prolonged  slowdown  in  eco-
nomic growth and international  competitiveness,  which caused a rise in
long-term unemployment (Fagerberg & Verspagen, 2015).  The two chal-
lenges  are  intertwined as  the  decline in  growth constrains  the  resources
and  responsiveness  of  the  economies  of  Southern  Europe.  At  the  same
time,  restarting economic growth could further increase the pressure on
natural resources.

Environmental innovation is proposed in this context as a potential solu-
tion to these economic and environmental issues. Environmental innova-
tion  can  be  decisive  in  reducing  polluting  emissions  (Carrión-Flores  &
Innes, 2010). Furthermore, it has distinctive and superior effects on envi-
ronmental  performance  compared  to  general  innovative  activities,
although the strength of these effects varies across countries (Töbelmann
& Wendler,  2020).  The literature on environmental  technological  change
explores  in  particular  the  determinants  of  innovation  and  the  role  of
regulations  in  stimulating  competitiveness,  with  positive  effects  on
demand  and  employment  (Horbach,  2008;  Horbach  &  Rennings,  2013;
Porter  & van der  Linde,  1995).  The  literature  on  the  economic  effects  of
environmental innovation is sparser and more focused on the micro level
(Barbieri  et  al.,  2016).  Therefore,  comprehensive studies on the effects of
environmental  innovation  on  demand,  employment  and  international
competitiveness at a macroeconomic level are lacking.
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The challenge is more complex than it may appear in this brief introduc-
tion.  Any  innovation  induces  numerous  direct  and  indirect  effects  on
demand, productivity, output and employment that are difficult to iden-
tify.  Furthermore,  the  effects  vary  according  to  the  type  of  innovation
and the historical and institutional context. Indeed, the general literature
on  the  effects  of  technological  change  has  been  debating  for  years  the
effectiveness  of  the  so-called  'compensation  mechanisms'  in  supporting
demand  and  employment.  The  debate  is  introduced  in  Chapter  2  and
revisited from a sustainable perspective,  including the effect  of  environ-
mental innovation on international competitiveness and employment.

The  scarcity  of  internationally  comparable  data  is  a  further  obstacle  in
investigating  these  effects  beyond specific  sectors.  Precisely  for  this  rea-
son,  this  thesis  draws  on  different  strands  of  literature  and  empirical
calibration  and  simulation  techniques  to  undertake  this  investigation.
Chapter 3 presents a basic two-sector discrete-time model that combines
the mathematical rigour of computable general equilibrium models with
functions and closures from the structuralist literature. The model repro-
duces  the  structural  features  of  the  economies  of  Southern  Europe  and
the  role  of  demand  as  a  driver  of  growth,  employment  and  capital
accumulation.

The  fundamental  purpose  of  the  model  is  to  investigate  the  distinctive
effects of product and process innovation on demand, output and employ-
ment. As detailed in Chapter 3, it is explicitly built to represent the main
causal  interactions  between  these  variables.  An  important  element  of
differentiation from previous macroeconomic models  is  the centrality  of
consumer  preferences  and  product  quality  changes  compared  to  the
traditional  focus  on  productivity  increases.  Furthermore,  the  model
incorporates  the  direct  and  indirect  effects  of  innovation  on  consump-
tion,  investment,  output  and  employment.  Therefore,  it  accounts  for
compensation  mechanisms  through  demand,  prices  and  capital  goods
and substitution effects  between polluting and environmentally friendly
products.
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Chapter 4 presents a new approach to calibrate the model on the Italian
economy,  combining  data  from environmental  accounts,  national  input-
output  tables,  supply  and use  tables,  socioeconomic  accounts  and  addi-
tional  sources.  Both  changes  in  productivity  and  consumer  preferences
in  favour  of  the  environmentally  friendly  goods  are  introduced  in  this
chapter and investigated over the period 1995-2050. The aim is to analyse
and compare the effects on growth and employment of an environmental
process  innovation  and  an  increase  in  consumer  environmental  aware-
ness  in  the  context  of  a  demand-driven economy with  fragmented mar-
kets and unused capacity.

Chapter  5  extends  the  base  model  to  incorporate  further  geographical
and sector specificities. The multi-regional and multi-sector model investi-
gates  the  role  of  of  environmental  innovation  in  the  context  of  interna-
tional  trade  and  the  substitution  effects  between  domestic  green  prod-
ucts and foreign brown products. It represents specifically the effects of a
rise in productivity in the less polluting industries and an increase in the
quality  of  the  environmentally  friendly  products.  The  aim  is  to  analyse
and compare the effects of an environmental product and process innova-
tion  on  growth  and  employment  in  the  Southern  European  economies
exposed to international competitiveness.

The next sections introduce the context and motivation of the research in
greater  detail,  presenting  the  environmental  and  economic  challenge.
The  first  section  illustrates  the  catastrophic  potential  of  rising  global
temperatures on natural and human systems and the specific vulnerabili-
ties  of  Southern  Europe.  The  second  section  identifies  the  structural
problems of the Southern European economies that affect their ability to
contain the effects of climate change. The last section introduces the role
of  environmental  innova-tion  in  tacking  the  dual  environmental  and
economic  challenge.  This  section  discusses  the  main  research  question,
the contribution of each chapter and the structure of the dissertation.

The overview of the scope and purpose of the main chapters reveals the
dual  narrative  structure  of  the  dissertation.  Each  chapter  builds  on  the
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previous one, in a very similar way to a monographic work. The second
chapter  identifies  the  main  conclusions  and  limitations  of  the  existing
literature  and  suggests  a  new  approach  and  direction  of  research.  The
third chapter constructs the theoretical framework of the analysis, identi-
fying  the  causal  relationships  between  the  main  variables.  The  fourth
chapter  introduces  the  main  methodological  approach  and  tests  the
functioning  of  the  model  in  the  context  of  a  closed  economy.  The  fifth
chapter  extends the model  to incorporate  additional  regions and sectors
and the role of international trade.

Each chapter can also be read as a story on its own. The second chapter
introduces  the  role  of  environmental  innovation  and  international  com-
petitiveness in the debate on technological change and employment. The
third chapter builds a model that incorporates the structural characteris-
tics of the economies of Southern Europe and allows to explore the direct
and  indirect  effects  of  environmental  innovation.  The  fourth  chapter
investigates the effects of an increase in productivity in the less polluting
industries  and  a  change  in  consumer  preferences  in  favour  of  environ-
mentally  friendly  goods  in  the  context  of  the  Italian  economy.  The  fifth
chapter  analyses  and  compares  environmental  product  and  process
innovation in the context of the global economy and international trade.

The common thread in both narratives is environmental innovation as a
potential solution to the environmental and economic problems of South-
ern Europe.

1.1 The climate challenge

The fight against climate change represents one of the most complex and
imminent  challenges  of  our  century.  The  rise  in  global  temperature  of
about  one  degree  Celsius  from  pre-industrial  levels  threatens  the  sur-
vival  of  natural  and  human  ecosystems  (IPCC,  2018).  Global  warming
has direct and indirect effects on land and ocean surfaces.  It  can change
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the interactions  of  the  oceans and cryosphere  with other  components  of
the  climate  system,  irreversibly  altering  the  exchanges  of  energy  and
water (IPCC, 2019b). The ocean plays a vital role in the redistribution of
human-induced heat and carbon dioxide and it contributes to the produc-
tion  of  renewable  energy,  trade  and  transport.  The  ice  and  permafrost
that  constitute  the  cryosphere  are  an  important  source  of  fresh  water.
However, they can amplify global warming through feedback effects.

The increase  in  ocean acidity  and warming,  the  melting of  the  polar  ice
caps and the consequent rise in sea level  threaten the survival  of  over a
quarter  of  the  global  population  living  in  coastal  areas  (IPCC,  2019b).
The  alterations  of  the  cryosphere  also  endanger  the  communities  of  the
Artic  and  mountain  regions  which  represent  about  one  tenth  of  the
world population. However, the increase in average temperature is even
more  marked  in  the  land  regions,  where  the  effects  of  climate  change
above  1.5  degrees  Celsius  have  already  occurred  locally  and  seasonally
(IPCC,  2018).  In  fact,  the  rise  in  temperature  on  the  land  surfaces  was
almost  double  the  global  average  increase  compared  to  pre-industrial
levels  (IPCC,  2019a).  The difference depends on the specific  interactions
between  climate  and  land  and  on  the  intensity  of  the  radiative  forcing
that alter  the composition and structure of  climatic regimes.  This causes
more  extreme  temperature  peaks  in  tropical  regions  and  a  shift  of  the
other regions towards medium-high latitudes.

The  most  evident  outcome  is  the  concomitant  increase  in  the  intensity
and  frequency  of  rainfall  and  drought  in  different  regions  and  seasons
(IPCC, 2018).  The increase in heavy rainfall  often associated with floods
can  also  have  serious  repercussions  on  natural  and  human  systems,
destroying  crops  and  livestock  and  damaging  transport  and  infrastruc-
ture.  Furthermore,  heavy  rainfall  can  be  associated  with  other  extreme
climatic events such as tropical  cyclones.  Tropical  cyclones encompass a
variety of climatic hazards such as destructive storms, coastal floods and
storm surges, high-speed winds, landslides and tornadoes (WMO, 2017).
The  combination  of  these  catastrophic  events  explains  why  tropical
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 catastrophic  explains  why  tropical
cyclones are considered one of the most destructive climatic phenomena,
affecting hundreds of millions of people every year and causing billions
of dollars in economic losses.

Another  important  effect  of  global  warming  is  the  increases  the  fre-
quency  and  extent  of  droughts  and  wild  fires  which  add  to  the  emer-
gence of new pests and diseases in the erosion of forest resources (IPCC,
2019a).  Increased  desertification  in  semi-arid  and  arid  regions  reduces
agricultural  productivity  and  depletes  groundwater  reserves.  Sand-
storms  are  unleashed  with  greater  intensity,  with  important  effects  on
mortality from cardiopulmonary diseases and major disruptions to trans-
port and renewable energy sources.

The effects  described so far  could be even more worrying in the case of
compound  events,  the  simultaneous  occurrence  of  extreme  climatic
events  or  the  combination  of  events  whose  characteristics  amplify  their
impact (IPCC, 2012). For example, the simultaneous rise in sea level and
the intensification of rainfall could increase the risk of flooding in coastal
regions.  Conversely,  extreme  temperature  peaks  associated  with  pro-
longed  drought  intervals  increase  the  risk  of  fires  in  dry  regions.  The
succession  of  opposite  climatic  extremes  such  as  drought  and  heavy
rainfall  can  have  equally  important  repercussions.  Such  compound
events can originate from complex feedback mechanisms between differ-
ent  climatic  processes,  which  can  amplify  the  response  of  the  system to
the  increase  in  radiative  forcing.  For  example,  the  carbon  absorption
capacity is reduced in the regions most exposed to prolonged drought.

Given the complexity of  such feedback mechanisms,  the preservation of
natural  ecosystems  is  of  the  utmost  importance  for  the  mitigation  of
climate  change.  However,  over  the  past  few  decades,  human  activities
have incessantly contributed to the depletion of the richness and variety
of  ecosystems.  In  particular,  the  degradation of  natural  habitats  and the
overexploitation of wildlife have resulted in a 60 percent reduction in the
population  of  mammals,  fish,  birds,  amphibians  and  reptiles  (WWF,
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population  amphibians  reptiles  (WWF,
2018).  Climate  change  can  dramatically  worsen  this  trend.  Changes  in
temperature  and  water  quality  alter  freshwater  habitats,  decimating  the
fish population. Droughts and heavy rainfall degrade terrestrial habitats,
threatening  the  survival  of  birds  and mammals.  Although  the  effects  of
climate change are  still  modest  compared to the direct  effects  of  human
exploitation,  the  combination  of  these  factors  can  irreparably  compro-
mise the responsiveness of the system.

Global  warming  therefore  has  direct  and  indirect  effects  on  natural
ecosystems  that  ensure  the  constant  support  of  oxygen,  clean  air  and
water  and  prevent  the  spread  of  pests  and  diseases.  Therefore,  it  can
have a catastrophic impact on human systems, particularly on food sup-
plies, health and economic activities. It is precisely human activities that
constitute the main determinant of the increase in average temperatures
across the globe, with a modest contribution of solar and volcanic activ-
ity  (IPCC,  2018).  In  fact,  an  immediate  reduction  in  all  anthropogenic
emissions  would  lead  to  an  increase  in  the  global  average  temperature
below 0.5  Celsius  degrees,  considerably  reducing  the  damage  to  health,
resources and ecosystems.

The  call  for  action  formulated  in  sustainable  development  goal  13  of
'Take  urgent  action  to  combat  climate  change  and  its  impacts'  demon-
strates  how climate change mitigation is  inextricably linked to the other
fundamental  dimensions  of  sustainable  development  (United  Nations,
2020).  The  main  measures  proposed are  the  strengthening  of  the  adapt-
ability of socio-economic systems and infrastructures to climate risks, the
integration  of  appropriate  measures  in  education  systems  and  national
policies  and  the  creation  of  institutional  capacity  and  human  capital
specialised in the mitigation of climate change.

The extent and type of climate risks varies considerably between regions.
A further  increase  in  river  and  coastal  flooding  would  have  destructive
effects  on  communities  and  infrastructures  in  Asia,  while  temperature
spikes raise the risk of heat-related mortality (IPCC, 2014). Rising temper-
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spikes  mortality (IPCC, 2014). Rising temper
atures  would  further  increase  stress  on  water  resources  in  regions  of
Africa  already  exposed  to  drought,  with  devastating  consequences  on
agricultural productivity and food security. Rising sea levels and coastal
erosion  would  impose  heavy  economic  and  human  losses  on  Europe.
Climate  risks  are  most  important  in  Southern  Europe.  This  region  is
particularly  exposed  to  heat  peaks,  with  important  consequences  on
health,  productivity,  agricultural  and forest  resources (IPCC,  2014).  Fur-
thermore,  the  resulting  economic  losses  are  unsustainable  for  Southern
Europe, already plagued by decades of slowdown in economic growth.

1.2 The economic challenge

The costs of mitigation and adaptation to climate change could be unsus-
tainable  for  the  countries  of  Southern  Europe  that  suffered  decades  of
lack  of  demand,  slowdown  in  growth  and  loss  of  competitiveness  on
international  markets.  The  process  of  convergence  in  income  per  capita
between  European  countries  that  began  after  the  Second  World  War
slowed  down  sharply  in  the  1970s  and  1980s,  with  the  Southern
economies  consistently  underperforming  compared  to  their  Northern
counterparts  (Fagerberg  &  Verspagen,  1996).  The  per  capita  GDP  of
Norway  and  Switzerland  was  15-20  percent  lower  than  that  of  the
United States in the late 1990s (OECD, 2000). However, the gap widened
to 30-60 percent for Italy, Spain, Portugal and Greece. If it can be agreed
that  the  economic  integration  of  European countries  spawned a  process
of convergence, many uncertainties arise regarding the speed, continuity
and homogeneity of this process.

The  classical  approach  suggests  that  absolute  convergence  emerges  in
groups  of  economies  that  share  similar  steady-state  values  (Barro,  1991;
Barro & Sala-I-Martin, 1992). The empirical applications indicate a speed
of  convergence  of  about  2  percent  per  year  across  European  regions,
suggesting  that  the  peripheral  areas  tend  to  grow  faster  and  that  the
dispersion  in  their  real  per  capita  GDP decreases  over  time  (Sala-i-Mar-
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dispersion  per  capita  (Sala-i-Mar
tin,  1996).  However,  the convergence occurs  at  a  much slower pace and
more discontinuously than theoretically predicted. In fact, the analysis of
various sub-periods and regional groups reveals an important process of
convergence  in  the  period  1960-1973  and  a  consistent  slowdown  in  the
following  period  1975-1994,  which  suggests  the  emergence  of  a  club-
convergence  (Tondl,  1998).  Further  studies  contest  the  very  existence  of
stable growth paths, identifying a high persistence in the long run and a
distribution  of  income  oriented  towards  the  high  and  low  extremes
(Quah, 1993).  These studies also underline the importance of geographi-
cal factors and spatial spillovers in determining regional income distribu-
tion (Quah, 1996).

The  gap  between  the  Northern  and  Southern  European  countries  also
created a divergence in the external balance, with the former accumulat-
ing substantial  surpluses in their current accounts (Fagerberg & Verspa-
gen, 2015). The divergence is usually attributed to excess borrowing and
consumption  that  would  have  raised  relative  prices,  deteriorating  the
competitiveness of  the Southern European economies  (Simonazzi  et  al.,
2013).  However,  the  reliability  of  existing price  indicators  and the  effec-
tiveness  of  devaluation  measures  to  support  competitiveness  has  been
questioned  (Harmsen  et  al.,  2011).  Furthermore,  all  Southern  European
economies  except  Greece  exhibited  wage  growth  rates  in  line  with  or
below  productivity  growth  over  the  same  period  (Fagerberg  &  Verspa-
gen,  2015).  Conversely,  involvement  in  global  trade  has  grown  much
slower than in the rest of Europe.

The inability to cope with the integration of international markets and to
invest  in  technological  competitiveness  therefore  appear  as  crucial  fac-
tors  in  the  deterioration  of  the  economic  performance  of  the  Southern
European countries (Fagerberg & Verspagen, 1996, 2015). The slowdown
in  economic  growth  and  technological  competitiveness  triggered  a
vicious circle of slowing productivity and demand (Storm & Naastepad,
2006).  The  dominance  of  traditional  sectors,  the  scarce  dynamism  and
competitiveness,  the  inadequate  tangible  and  intangible  infrastructures
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competitiveness,  inadequate  tangible  intangible
consistently reduced productivity growth (Ciocca,  2003).  The imposition
of budget constraints to contain explosive public debts, the rising unem-
ployment  and  the  growing  uncertainties  about  the  future  further  con-
tributed  to  the  slowdown  in  consumption  and  demand.  The  prolonged
slowdown  in  demand  weakened  potential  output  growth  and  capital
accumulation, generating hysteresis effects (Ollivaud et al., 2018).

In  conclusion,  the  literature  reviewed  in  this  subsection  identified  a
group of Southern European economies with low economic performance
and  ability  to  adapt  to  environmental  changes,  including  Italy,  Spain,
Portugal  and  Greece.  These  countries  have  failed  to  develop  sufficient
technology and human capital to emerge on increasingly integrated and
competitive international markets. They also failed to support productiv-
ity  growth  and  aggregate  demand,  remaining  trapped  in  a  path  of  low
growth and high unemployment. Therefore, they are poorly equipped to
face the environmental challenge.

1.3 Is environmental innovation the key to the dual 
challenge?

The  picture  presented  so  far  illustrates  the  vulnerability  of  Southern
European economies,  poorly  equipped to  cope with climate  change and
international  competition.  The  rise  in  investment  in  education,  research
and development and the adoption of industrial policies aimed at techno-
logical  competitiveness  could  boost  these  economies.  At  the  same  time,
economic  expansion  may  exacerbate  the  pressure  on  environmental
resources  and  the  impact  on  natural  and  human  systems,  which  would
restrain growth in the medium and long term.

The fundamental purpose of this dissertation is to investigate the role of
environmental  innovation in  solving these  economic and environmental
problems.  Environmental  innovation  could  foster  demand  and  enhance
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problems.
competitiveness,  contributing  to  the  reduction  of  polluting  emissions,
while stimulating growth and employment. Both represent pressing and
crucial  challenges  for  the  survival  of  these  economies.  Since  numerous
historical,  institutional  and  behavioural  factors  govern  the  interactions
between these variables, investigating the effects of environmental inno-
vation  is  a  complex  and  multifaceted  issue.  Environmental  innovation
produces a series of direct and indirect effects on productivity, consump-
tion,  investment,  output,  employment  and the  accumulation  of  capacity
and capital. All these variables in turn interact simultaneously, influenc-
ing the intensity and direction of the effects of environmental innovation.

The  scarcity  of  data  on  the  effects  of  environmental  innovation  at  the
macroeconomic  level  prevents  the  empirical  analysis  of  such  interac-
tions. Therefore, this dissertation introduces a computable general equilib-
rium  model  (CGE)  to  investigate  all  simultaneous  interactions  between
these  variables.  Each  equation  in  the  model  represents  the  external  fac-
tors  (parameters)  that  affect  a  specific  variable  and  the  relationships
between  the  latter  and  the  other  variables  in  the  model.  Therefore,  the
variation  of  a  specific  parameter  determines  a  series  of  ripple  effects
throughout the system. However, most of the computable general equilib-
rium models currently existing are based on restrictive assumptions such
as the existence of perfectly competitive markets and the perfect flexibil-
ity  of  prices  and  wages  which  are  in  direct  contradiction  with  the  pur-
pose  and  context  of  the  analysis.  Therefore,  several  macroeconomic
functions  and  closures  of  the  structuralist  literature  are  introduced  into
the  general  equilibrium  framework  to  overcome  such  restrictive
assumptions.

The resulting structuralist  CGE model  allows to  incorporate  the  distinc-
tive  characteristics  of  the  economies  of  Southern  Europe  such  as  the
existence of fragmented and oligopolistic markets, the underutilisation of
productive resources and the influence of  demand on prices and capital
accumulation.  In the following chapters,  the structuralist  CGE  model is
introduced  and  calibrated  first  on  the  Italian  economy  and  then  on  the
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world economy to explore how different types of environmental innova-
tion determine structural changes in the economies of Southern Europe.

The second chapter of the dissertation illustrates the main challenges and
interest  of  this  investigation,  starting  from  the  debate  on  technological
change  and employment  (Pianta,  2003;  Vivarelli,  2007).  The  existence  of
so-called  'compensation  mechanisms'  suggests  that  the  final  effect  on
employment  and  hours  worked  could  vary  depending  on  the  type  of
innovation  and  the  level  of  analysis  (Fagerberg  et  al.,  1999;  Vivarelli,
2007) . Each type of innovation has specific direct and indirect effects on
productivity,  demand  and  employment.  For  example,  introducing  a
process innovation into a firm or industry can reduce hours worked, but
indirectly increase demand through lower prices. Furthermore, the same
innovation can raise the demand for capital goods, fostering growth and
employment in other sectors.

The  debate  on  technological  change  is  revisited  from  a  sustainable  per-
spective.  The  specific  literature  suggests  that  environmental  innovation
has distinctive features and investigates the role of regulations in stimulat-
ing  competitiveness  (Ambec  et  al.,  2013;  Costantini  &  Mazzanti,  2011).
The main focus of the analysis is on innovation drivers and cost competi-
tiveness,  neglecting  the  role  of  demand  and  the  substitution  effects
between more or less polluting technologies. A broader theoretical frame-
work must be adopted to incorporate all the direct and indirect effects of
innovation on demand, productivity, growth and employment.

The basic model introduced in Chapter 3 is specifically built  to incorpo-
rate  these  aspects.  It  builds  on  the  mathematical  rigour  of  the  general
equilibrium framework to clearly represent the interactions between the
main  aggregate  variables.  However,  general  equilibrium  models  are
usually built  on restrictive assumptions such as high flexibility of prices
and wages  and market  clearing  through prices.  These  assumptions  pre-
vent  the  investigation of  the  direct  and indirect  effects  of  innovation on
employment. Therefore, the framework is extended through structuralist
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employment.  through
pricing and investment functions.

The  model  includes  the  compensation  mechanisms  via  new  machinery
and  investments  and  via  a  decrease  in  prices  identified  in  the  general
literature  (Pianta,  2003;  Vivarelli,  2007).  It  is  therefore  suited  to  investi-
gate  the  effects  of  a  process  innovation.  The  model  also  addresses  the
fundamental  limitations identified in the literature as it  incorporates the
role of demand and consumer preferences. The demand is a fundamental
driver  of  capital  accumulation,  but  also  influences  prices  through  an
endogenous  markup  function.  The  preferences  are  modelled  through
utility  functions  in  which  the  households  and  the  government  can
choose between environmentally friendly and polluting products.

The  substitution  effects  between  more  and  less  polluting  goods  are
explored in Chapter 4, in which the theoretical model is calibrated on the
data of the Italian economy. The first part of the chapter is devoted to the
construction  of  the  time  series  of  the  variables  of  the  model  for  the
period 1995-2005 and to the estimation of the parameters, addressing the
main limitations  of  the  empirical  calibration methods highlighted in  the
literature.  The second part  investigates  the  effects  of  an  increase  in  pro-
ductivity in the less polluting industries and a change in consumer prefer-
ences  in  favour  of  environmentally  friendly  goods.  The  investigation  is
conducted  through  the  simulation  of  alternative  scenarios  over  the
period 1995-2050. The aim is to compare the effects of an environmental
process  innovation  and  a  rise  in  consumer  awareness  of  environmental
issues in order to derive economic policy indications.

An increase in the quality of environmentally friendly products is explic-
itly  modelled  in  Chapter  5,  which  introduces  the  role  of  international
trade.  The  model  previously  calibrated  on  the  national  economy  is
extended to the global economy divided into five regions, 75 green indus-
tries  and  100  brown  industries.  An  environmental  product  innovation
and an environmental  process innovation in Southern Europe are there-
fore  simulated  over  the  period  1995-2040,  including  the  substitution
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 period  including
effects  between  green  and  brown,  domestic  and  foreign  products.  The
main  aim  is  to  investigate  and  compare  the  effects  of  different  types  of
environmental innovation on growth and employment, in the context of
global competitiveness.
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Chapter 2

The  long-lasting  debate  on  technical  change
and employment. A sustainable perspective

Abstract

The  debate  on  the  effects  of  technological  change  on  growth  and  employment  has

traditionally  centered  on  the  effectiveness  of  the  so-called  'Compensation  Mecha-

nisms'. A variety of methodologies and approaches have been employed to explore the

effects of  innovation, resulting in often ambiguous and conflicting results.  The com-

plexity  of  this  investigation  is  tied  to  the  multiplicity  of  levels  of  analysis  and  the

presence of direct and indirect effects on demand and output. Furthermore, the impor-

tance of climate change mitigation places new emphasis on the analysis of the specific

effects of the environmental innovation, which could contribute to reducing emissions

while  supporting  growth  and  employment.  This  review  aims  to  compare  the  main

results from the general  and specific  literature at the firm, industry and macro level

to  derive  new potential  directions of  research.  Micro-level  studies  explore  the  role  of

innovation  in  relation  to  the  strategic  choices  of  companies  and  their  competitive

positioning,  identifying  mostly  positive  effects.  Meso-level  studies  investigate  user

requirements,  technological  opportunities  and  competitive  strategies  of  each  sector,

identifying compensation mechanisms and substitution effects between more and less

innovative  companies.  Finally,  macro-level  studies  include  all  indirect  and  indirect

effects on demand and growth. However, restrictive assumptions and scarcity of data

limit their application.

Keywords:  Employment,  Environmental  Innovation,  Substitution  Effects,

Technical Change

JEL Classification: E24, J23, 033, 044, Q52, Q55
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2.1 Introduction

The  fight  against  climate  change  is  undoubtedly  one  of  the  great  chal-
lenges  of  this  century.  The  increase  in  the  atmospheric  concentration  of
carbon  dioxide,  methane  and  nitrous  oxide  due  to  human  activities
caused a rise of about one degree Celsius in global temperatures over the
past  century  (IPCC,  2021).  The  main  consequences  are  the  increase  in
precipitation, the reduction of Arctic ice, the rise in the average sea level
and the acidification of ocean surfaces. Furthermore, rising temperatures
cause  extreme  climatic  events,  with  catastrophic  consequences  for
human  and  natural  systems  (IPCC,  2014;  IPCC,  2018).  The  containment
of  global  warming  requires  a  fundamental  restructuring  of  socio-eco-
nomic  systems,  a  change  in  consumption  habits  and  investments  in
renewable  technologies.  However,  the  costs  associated  with  climate
change  mitigation  and  adaptation  may  be  unsustainable  for  the  most
vulnerable  economies,  particularly  in  contexts  of  high  unemployment
and slowing economic growth (OECD, 2019).

Environmental  innovation  could  represent  the  instrument  to  mitigate
climate  change,  while  supporting  economic  growth  and  employment.
The  literature  indicates  that  environmental  innovation  can  contribute
significantly  to  reducing  emissions  and  has  distinct  effects  compared  to
general  innovation  (Carrión-Flores  &  Innes,  2010;  Töbelmann  &
Wendler,  2020).  However,  most  studies  investigate  the  determinants  of
innovation  and  the  role  of  environmental  regulations  (Horbach,  2008;
Horbach  and Rennings,  2013;  Porter  & van  der  Linde,  1995).  The  litera-
ture  on  the  economic  effects  of  environmental  innovation  is  scarce  and
mostly focused at the firm level (Barbieri et al., 2016). The effects of envi-
ronmental innovation on growth and employment at the macroeconomic
level  are  still  unclear.  Therefore,  this  paper  starts  from  the  most  exten-
sive general literature on the effects of technical change at the firm, sector
and country level.
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The  most  relevant  aspect  of  the  general  literature  is  the  relationship
between  technical  change  and  employment.  Indeed,  while  technical
change generally has positive effects on growth, different types of innova-
tion  can  have  significantly  different  effects  on  the  demand  for  labour.
Since  the  XIX  century,  the  debate  about  the  effects  of  structural  and
technical change on the labour market has focused strongly on the classi-
cal  'Compensation  Theory',  concerning  the  effectiveness  of  several  mar-
ket mechanisms in counterbal-ancing the labour saving effects of techni-
cal  development  (Fagerberg  et  al.,  1999;  Vivarelli,  2007).  Several  studies
have  attempted  to  assess  the  overall  balance  between  these  competing
forces, investigating the distinctive effects of product and process innova-
tion  (Benavente  &  Lauterbach,  2008;  Hall  et  al.,  2008;  Harrison  et  al.,
2014).  Both  types  of  innovation  have  direct  and  indirect  effects  on
demand and employment.

Process  innovation  is  often  assumed  to  have  a  direct  negative  effect  on
employment, because it involves a reduction in the use of energy, materi-
als and labour force. If cost savings are transferred to consumers through
lower  prices,  the  resulting  increase  in  consumption  can  nevertheless
stimulate  the  demand  for  labour  (Becker  &  Egger,  2007;  Garcia  et  al.,
2004;  Pianta,  2003).  Furthermore,  the  demand for  labour  can  increase  in
other  sectors  that  produce  new  machinery  and  components.  Therefore,
the  indirect  effect  on  employment  is  positive.  Product  innovation  is
usually  associated  to  direct  positive  effects  on  output  and  employment.
However,  new  goods  and  services  can  replace  existing  products  in  the
same  firm  and  sector  as  well  as  in  other  sectors,  with  negative  indirect
effects  on  employment.  The  complexity  and  variability  of  these  mecha-
nisms  explains  why  different  studies  produce  conflicting  results  at  the
firm, industry and macroeconomic level.

This paper reviews the main strands of literature on the effects of innova-
tion on growth and employment to identify the main findings and limita-
tions. The aim is to determine the most appropriate reference framework
for  investigating  and  comparing  the  effects  of  environmental  product
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 investigating  comparing  product
and process innovation on growth and employment. The proposed theo-
retical  and  methodological  framework  will  be  detailed  in  the  following
chapter.  The  next  section  (2.2)  introduces  the  empirical  evidence  avail-
able  at  the  firm  level.  Micro-level  studies  identify  differentiated  strate-
gies  based  on  technological  or  price  competitiveness  (Antonucci  &
Pianta, 2002). The effects of technological change on employment depend
on the specific type of innovation, the competitive positioning of the firm
and its  size  (Brouwer  et  al.,  1993;  Evangelista  &  Savona,  2003;  Zimmer-
mann, 2008).  These studies are often based on business survey data and
explore the strategic choices and the direct effects of product and process
innovation  within  the  firms.  The  following  section  (2.3)  presents  the
sector-level studies, which explore the effects of innovation in relation to
prevailing  user  requirements,  technological  opportunities  and  competi-
tive strategies (Bogliacino et al., 2014; Bogliacino & Pianta, 2010; Vivarelli
et  al.,  1996).  These  studies  also  analyse  the  compensation  mechanisms
and  substitution  effects  between  more  and  less  innovative  firms  within
the same sector.

The  macroeconomic  models  introduced  in  section  2.4  incorporate  all
direct  and indirect  effects  of  innovation on demand and output,  includ-
ing  the  substitution  effects  between  sectors  (Layard  &  Nickell,  1985;
Padalino & Vivarelli, 1997; Pini, 1995). The main types of models and the
role  of  the  macroeconomic  closures  in  influencing  their  results  is  dis-
cussed  in  the  following  section  (2.5)  (Taylor,  1990,  2004).  The  specific
literature on environmental innovation is introduced in section 2.6, focus-
ing  on  the  existence  of  externalities  and  the  effectiveness  of  internalisa-
tion  mechanisms.  A  related  line  of  research  introduced  in  section  2.7
concerns the effect of environmental regulations on growth and interna-
tional competitiveness (Pfeiffer & Rennings, 1999; M. E. Porter & van der
Linde, 1995; Rehfeld et al., 2004; Rennings & Zwick, 2001). However, the
empirical evidence is scarce and controversial,  mainly due to the lack of
data  at  the  international  level.  The  main  conclusions  and  limitations  of
the  general  and  specific  literature  on  environmental  innovation  are  dis-
cussed in the last section (2.8) to identify a new direction of research.
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2.2 Firm-level evidence

Most  recent  studies  aiming  at  disentangling  the  effects  of  product  and
process  innovation  on  employment  have  been  carried  out  at  the  firm
level using data from innovation surveys. These studies investigate how
the  effects  of  technical  change  vary  according  to  the  type  of  innovation
and the characteristics of the firm such as size and rate of growth. How-
ever,  the  substitution  effects  between  different  firms  and  sectors  are
usually not considered.

The  empirical  evidence  points  out  an  overall  positive  effect  of  technical
change  on  employment  at  the  firm  level  that  endures  over  time  and
remains  significant  even  after  controlling  for  endogeneity  and  fixed-
effects (Reenen, 2016). In addition, conventional OLS estimations identify
a  stronger  positive  effect  in  small  firms  compared  to  larger  companies
(Brouwer et al.,  1993).  This size effect is overestimated if small firms are
at  the  beginning  of  their  lifecycle,  when  the  benefits  of  innovation  are
greater.  In  fact,  estimates  based  on  Weighted  Least  Squares  rather  than
OLS  suggest  that  larger  innovating  firms  have  greater  potential  for  job
creation  (Coad  &  Rao,  2011).  Similarly,  quantile  regression  points  to
larger  demand  and  employment  increases  for  faster  growing  firms,
although  the  effect  is  positive  for  both  expanding  and  shrinking  firms
(Zimmermann,  2008).  In  contrast,  Vivarelli  et  al.  (1996)  find  a  negative
effect  of  technical  change  on  employment   in  the  manufacturing  sector,
with  the  exception  of  the  most  innovative  firms.  Other  studies  report  a
positive  but  smaller  impact  on  employment  (Piva  &  Vivarelli,  2005).
Even in the service sector, employment rises mostly in highly innovative
and smaller firms less exposed to international competition (Evangelista
& Savona, 2003).

At  the  firm  level,  three  main  strategies  can  be  identified:  technological

competitiveness,  aimed at  improving product quality and variety to enter

new  markets;  active  price  competitiveness,  based  on  restructuring  process

innovation  and  productivity  improvements;  passive  price  competitiveness,
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 productivity passive  price  competitiveness

relying  on  cost-cutting  in  order  to  survive  on  the  market  (Antonucci  &
Pianta,  2002).  Product  innovation  and  sales  expansion  for  old  products
are identified as the main positive contributions to employment (Hall  et
al.,  2008),  which  compensate  for  the  constant  increase  in  productivity
(Benavente  &  Lauterbach,  2008).  The  role  of  product  innovation  as  a
major  source  of  employment  gains  is  confirmed  even  after  discounting
the  displacement  of  old  products  (Harrison,  Jaumandreu,  Mairesse,  &
Peters,  2014).  Furthermore,  employment  grows  faster  in  firms  with  a
higher share of  product-related R&D (Brouwer et  al.,  1993).  The empiri-
cal  evidence  appears  to  be  consistent  in  both  mature  and  fast-growing
European economies (Meriküll, 2010). An additional positive effect arises
when  the  product  innovation  is  associated  with  a  patent  application
(Lachenmaier  &  Rottmann,  2007).  This  does  not  seem  to  occur  for  pro-
cess  innovation,  although the intellectual  property  is  rarely  protected in
the  latter  case.  Product  innovation  may  even  change  the  market  struc-
ture,  reducing  price  competition  and stimulating  innovation  behaviours
(Smolny, 1998). However, the contribution of the new products in terms
of employment may be lower than the old ones, due to their higher effi-
ciency (Benavente & Lauterbach, 2008).

Process  innovation  is  often  associated  with  labour  displacement  effects.
The  latter  are  more  evident  in  the  manufacturing  sector  and  in  associa-
tion  with  organisational  innovation  (Evangelista  &  Vezzani,  2012).  Fur-
thermore, firms replacing new products with new processes experience a
significant  decline  in  employment  (Becker  &  Egger,  2007).  On  the  con-
trary, Internet-based technologies are positive enablers of process innova-
tion  and  enhance  the  employment  performance  of  innovating  firms
(Koellinger,  2008).  However,  some studies identify greater benefits from
process  innovation  than  product  innovation  (Greenan  &  Guellec,  2000;
Lachenmaier  & Rottmann,  2007,  2011;  Zimmermann,  2008).  The benefits
may arise  as  a  result  of  increased competitiveness  and efficiency,  which
counterbalance  the  displacement  effects  usually  associated  with  process
innovation  (Becker  &  Egger,  2007).  Indeed,  if  the  decrease  in  marginal
costs is transferred to the consumers via lower prices to expand demand,
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 prices  expand
it  can  outweigh  the  direct  negative  effect  on  employment  (Garcia  et  al.,
2004). Moreover, process innovations frequently require the implementa-
tion  of  routines  and organisational  changes,  therefore  the  lagged effects
may be more relevant (Koellinger, 2008). The analysis of panel data con-
firms that price and demand effects prevail in the long run. Process inno-
vation  may  even  exhibit  stronger  positive  effects  on  employment  than
product  innovation  on  longer  time  periods,  with  the  exception  of  small
firms (Lachenmaier and Rottmann, 2007).

In  conclusion,  most  empirical  studies  at  the  firm  level  identify  positive
employment  effects  from  new  products,  which  countervail  the  labour-
saving  effects  associated  with  productivity  improvements.  However,
micro-level studies overlook both the effects related to the displacement
of  competitive  products  and  the  indirect  effects  at  the  meso  and  macro
level  (Pianta,  2003).  In particular,  they do not capture the indirect  redis-
tributive  effects  from  low  to  high  innovative  firms  competing  in  the
same industry and the indirect demand effect related to lower prices. To
address these important limitations the focus of analysis is shifted to the
industry level.

2.3 Industry-level evidence

The  micro-level  empirical  evidence  from  the  previous  section  pointed
out  that  innovating  firms  outperform their  non-innovating  counterparts
in  terms  of  output  and  employment  growth.  However,  the  effect  at  the
sector level depends on the balance between the gains of the former and
the  losses  of  the  latter  (Antonucci  &  Pianta,  2002).  Meso-level  studies
identify the technological sources and user requirements within a sector
and  the  replacement  effects  between  more  and  less  innovative  compa-
nies  in  the  same  sector.  However,  they  do  not  consider  the  indirect
effects  of  innovation  throughout  the  economy  and  the  substitution
effects between different sectors.
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The consistency of results across firms and industries downsizes the role
of  business  stealing  effects,  especially  in  the  catching-up  European
economies,  where few highly innovative and fast-growing firms emerge
from the low-cost competition (Meriküll, 2010). Most empirical studies at
the  industry  level  relate  positive  overall  employment  effects  with  high
demand  growth,  prominence  of  dynamic  and  innovative  sectors,  and
orientation  toward  product  innovation  (Pianta,  2003).  The  highest
employment  gains  are  found  in  science-based  industries  focused  on
technological competitiveness  and industrial dynamism. For instance, firms

investing  in  information  technology  perform  well  above  the  average  in
terms  of  employment  growth  (Brouwer  et  al.,  1993).  Conversely,  scale
and  supplier-dominated  sectors  are  demand-driven  and  rely  on  cost

competitiveness, with net employment losses (Bogliacino et al., 2014; Boglia-

cino  & Pianta,  2010;  Evangelista  &  Savona,  2003).  While  most  scale  and
capital-intensive  industries  undertake  restructuring  investments  based
on  labour-saving  process  innovations,  compensation  mechanisms  'via
new machines' and 'via new products' prevail in a few science-based and
capital  goods sectors  (Vivarelli  et  al.,  1996).  The prevalence of  strategies
rooted in active price competitiveness rather than technological competitive-

ness and product innovation can therefore explain the negative trend of
employment  in  the  European  manufacturing  sector  in  the  last  decades
(Antonucci & Pianta, 2002).

Several  studies  identify  a  stronger  effect  of  innovation  on  employment
growth in  services  compared to  manufacturing,  suggesting  that  alterna-
tive and more effective compensation mechanisms may be in place in the
first  sector  (Bogliacino  et  al.,  2014;  Evangelista  &  Savona,  2003).  Others
point  to  the  underperformance  of  small  businesses  in  the  service  sector
introducing  new  products  and  processes,  despite  a  notable  positive
association  between  incremental  process  innovation  and  productivity
growth  (Freel  &  Robson,  2004).  The  results  vary  considerably  across
different branches of services, with the most positive effects occurring in
science  and  technology-based  sectors,  while  labour-savings  innovation
prevails  in  technology  users  such  as  transportation,  financial  and  tradi-
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prevails  technology  transportation,
tional  services  (Evangelista  &  Savona,  2003).  However,  the  cross-sec-
tional  and  retrospective  nature  of  the  data  does  not  allow  tracing  the
effect of innovation in the long run, since the maximum time lag associ-
ated to the survey data used in these studies is three years (Evangelista &
Savona,  2003;  Freel  &  Robson,  2004).  Indeed,  the  respective  effects  of
product  and process  innovation change over the medium and long run.
New  products  entail  higher  uncertainty  about  consumers'  reaction  than
price  reductions.  Therefore,  they  may  be  associated  with  short-term  job
transfers.  Furthermore,  process  innovation  could  generate  more  long-
term  stable  employment  opportunities  (Greenan  &  Guellec,  2000).  The
reverse  holds  true  whenever  imitation  effects  are  taken  into  account  in
that the positive potential net effects of the main product innovations are
persistent,  while  the  benefits  from  process  innovation  are  substantially
eroded  over  time  (Garcia  et  al.,  2004).  Finally,  few  empirical  studies
differentiate  the  impacts  of  innovation  along  workers'  classes.  One
notable exception is Sakurai's attempt to assess the relative importance of
skill-biased  technological  change  compared  to  trade  effects  (Sakurai,
2001).

In conclusion, empirical studies at the industry level may address within-
industry  displacement  effects,  compensation  mechanisms  'via  new
machines'  related  to  process  innovation  and  differences  in  industrial
structures  across  countries.  However,  price  effects  and  the  related
income  and  distributive  effects  are  usually  overlooked  (Vivarelli  et  al.,
1996).  Most  important,  sector-level  studies  are  not  able  to  identify  'bus-
iness  stealing'  effects  across  industries,  therefore  a  more  comprehensive
macroeconomic framework is needed.

2.4 Macro-level evidence

The  inability  to  analyse  substitution  effects  between  different  firms  and
sectors  and  the  indirect  effects  of  innovation  throughout  the  economy
were  identified  as  the  main  limitations  of  the  literature  at  micro  and
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meso level. The studies at the macroeconomic level offer a more compre-
hensive  picture,  taking  into  account  all  direct  and  indirect  effects  of
technical  change  on  employment.  However,  they  are  often  based  on
strong assumptions that limit their plausibility.

Sinclair  models  a  closed  one-sector  economy  in  which  demand  is  not
rationed  and  perfect  competition  governs  both  commodity  and  factor
markets  (Sinclair,  1981).  The  assumption  of  perfect  flexibility  of  wages
and  prices  limits  the  possibility  of  technological  unemployment.  To
explain  short-term deviations  from the  non-accelerating inflation rate  of
unemployment  (NAIRU),  Layard  and  Nickell  (1985)  introduce  a  struc-
tural  macroeconomic  model  in  which  employment  depends  on  both
demand   and  real  wages.  Their  estimates  of  the  elasticity  of  labour
demand close to unity (0.9)  suggest  that  technical  change is  not  a  major
cause  of  British  employment.  Padalino  and  Vivarelli  (1997)  extend  the
analysis  to  the  G7  countries  finding  positive  and  constant  employment
elasticity  over  time,  despite  the  diverging  patterns  of  'extensive'  and
'intensive' growth between the USA and Europe.

Pini  (1995)  confirms  the  relative  temporal  stability  and  geographical
instability  of  employment  patterns  in  European  versus  other  OECD
countries. In other words, the effect of innovation on employment is not
spatially  invariant,  in  that  the  structural  conditions  of  the  region  where
the innovation takes place influence the magnitude of this effect (Capello
&  Lenzi,  2012).  In  addition,  Englmann  (1992)  notes  that  the  effect  of
innovation on employment depends on the structure of  the labour mar-
ket,  in  particular  on  the  bargaining  process  between  labour  unions  and
employers.  Since  the  wage  rate  associated  with  the  new  technology  is
higher,  its  diffusion  may  slow  down  employment  growth  in  the  short
and  medium  run,  but  the  long  run  impact  is  positive.  Most  important,
the  possibility  of  a  country  to  benefit  from  technological  change  and
sustain  employment  growth  depends  on  its  readiness  to  consistently
match  and  expand  demand  and  on  its  capacity  to  transform  and  adapt
the industrial structure to rapid and radical changes in the trajectories of
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 rapid  changes  trajectories
innovation  (Antonucci  &  Pianta,  2002).  In  addition,  a  more  technical
orientation in  education and training is  required to  overcome the short-
age of qualified workers in the most rapidly growing sectors of the econ-
omy  and  to  respond  effectively  to  the  recent  qualitative  changes  in  the
composition of the labour force (Sacristan Diaz & Quiros Tomas, 2002).

In  conclusion,  despite  providing  a  more  exhaustive  analytical  frame-
work,  the  studies  at  the  macro  level  present  several  methodological
problems. Firstly, the lack of data, the high number of variables and the
complexity of interactions at the aggregate level may hamper the correct
specification of all relevant relationships (Pianta, 2003). Secondly, macroe-
conomic studies often focus on the internal components of the aggregate
demand, overlooking the stimulating effect of international competitive-
ness on internal growth and employment. Furthermore, such models are
often built on limiting assumptions such as perfect price and wage flexi-
bility and are fundamentally dependent on macroeconomic closures.

2.5 The open-ended debate on macroeconomic 
closures

The  previous  section  identified  macroeconomic  modelling  as  the  most
comprehensive  approach  for  determining  the  direct  and  indirect  effects
of innovation. However, the brief overview of the macroeconomic litera-
ture illustrated how the assumptions of the model can have a fundamen-
tal importance on the results produced. In particular, the macroeconomic
closures  of  the  model  determine  the  causal  relationships  between  the
variables  and  the  driving  forces  of  the  economy  under  investigation.
Therefore,  the  choice  of  closures  should  be  modelled  according  to  the
specific  research  question  and  the  available  empirical  evidence  on  the
functioning of the economy in question. In practice, the decision refers to
the previous models and their main theoretical differences.
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Two  main  strands  can  be  identified,  the  first  evolving  from  the  macro
models of the 1970s in the Kaleckian and Keynesian tradition; the second
rooted in the neoclassical trade theory and the Walrasian general equilib-
rium  framework  (Robinson,  1991).  The  Keynesian  and  Kaleckian  macro
models complement the traditional input-output analysis with consump-
tion and income flows (Thissen, 1998a). The main focus is on changes in
the  sector  composition  of  national  income,  the  trade  balance  and  the
distributive  effects.  The  purpose  could  be  general  or  very  specific,  like
assessing the effects of variations in food and energy subsidies and identi-
fying  the  constraints  in  water  allocation  (Thissen,  1998b).  The  empirical
relevance is  favoured over  the internal  rigour resulting from optimising
representative  agents.  Structuralist  features  such  markup  pricing  and
excess  capacity  may be  included to  reproduce  the  existence  of  rigidities
in one or more sectors of the economy. These features are likely to arise
as  a  consequence  of  a  prolonged  slowdown  in  growth  or  when  frag-
mented markets allow firms to retain some price-setting power (Löfgren,
1995).

Neoclassical  and  Walrasian  models  build  upon  utility-maximizing  con-
sumers and profit-maximizing firms to evaluate the impact of exogenous
shocks  on  welfare  and  efficiency.  This  kind  of  models  has  been  fre-
quently applied to assess the effects of fiscal policies on income distribu-
tion  and  the  consequences  of  trade  liberalization  on  national  welfare
(Thissen,  1998b).  While  the  general  macro  models  focus  on  the  role  of
income  distribution  and  demand,  the  neoclassical  models  are  mostly
supply-driven,  with  important  implications  for  the  determination of  the
equilibrium output and employment. The first mostly rely on the Keyne-
sian-Kaleckian  principle  of  effective  demand,  according  to  which  the
level of investment,  independent of savings flows, may not be sufficient
to  guarantee  the  full  utilisation  of  available  labour  and  capital  (Taylor,
2005).  The  latter  assume  that  factors  of  production  are  fully  employed
and available savings determine output and investment.
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These basic macroeconomic relationships can be summarised in a simple
system of equations, following Sen’s (1963) contribution:

(1) X = XL, X

(2) w =
dX

dL

(3) X = π + w L

(4) I = sp π + sw w L

(5) I = I*

Assuming a one sector economy with constant returns to scale,  the total
product  (X)  depends  on  the  amount  of  goods  (X)  and  labour  (L)

employed in  production  (Eq.  1)  and can  be  decomposed into  profits  (π)
and wage income (w L) (Eq. 3). Labour and capital are the only factors of

production  and  are  paid  their  marginal  product  (Eq.  2-3).  The  invest-
ment-savings  identity  (Eq.  4)  describes  different  saving  behaviours
depending on the sources of income. Conversely, investment is given in
equation  (5).  Being  the  system  overdetermined,  one  equation  at  a  time
can be dropped to illustrate antithetical principles of economic causation.
The most evident feature of the system is the incompatibility of the 'Neo-
classical'  and  'Neo-Keynesian'  perspectives.  The  neo-classical  system
rules out the independent investment equation (5), introducing an exter-
nal  mechanism,  such  as  the  interest  rate,  to  render  investment  equal  to
planned  savings.  The  neo-Keynesian  system  discards  the  marginal  pro-
ductivity  equation  (2),  relying  on  changes  in  income  distribution  to
ensure the equality between investment and savings.

The own basis of the system can be questioned, due to the assumption of
full  employment.  Given  the  relationship  between  prices  and  wages,  the
level  of  employment  is  determined  in  the  short  run.  However,  prices
react  to  variations  in  investment  and demand in  the  long run,  therefore
the resources are fully utilized and the stability of the system is ensured
(Kaldor, 1956). This contradicts Keynes’ own criticism of the neoclassical
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(Kaldor, 1956).  Keynes’
theory for approaching the labour market as a commodity market, where
employment  is  determined at  the  intersection  between the  demand and
the  supply  function  and  workers  are  able  to  negotiate  their  real  wages
(Asimakopulos,  1991).  Rather,  nominal  wages  depend  on  historical  bar-
gaining and institutional  factors,  while  real  wages  are  the  result  of  sup-
ply  and  demand  conditions  prevailing  in  commodities  markets.  As  a
consequence,  nominal  wage  variations  do  not  automatically  restore  full
employment.

The functional  income distribution in  the  Keynesian closure  is  therefore
more  sensitive  to  changes  in  factor  prices  compared  to  the  neo-classical
alternative (Taylor & Lysy,  1979).  Due to the stability of  real  wages and
the  limited  substitution  effects  between  labour  and  capital,  the  Keyne-
sian  model  generates  a  high  level  of  unemployment  (Manning,  2000).
The  increase  in  unemployment  is  limited  in  the  neoclassical  alternative,
thanks  to  the  flexible  wage  adjustments.  The  implications  from a  policy
perspective are substantially different. An increase in government spend-
ing  slows  down  growth  in  a  savings-driven  model,  while  it  may  have
ambiguous  or  even  positive  effects  in  an  investment-driven  model  with
strong crowding-in effects (Perotti, 2007).

The demand side and the institutional factors assume fundamental impor-
tance  in  the  structuralist  approach.  The  orthodox  prescriptions  are  to
limit government spending, reduce wages and weaken the exchange rate
to  promote  exports,  while  the  structuralist  literature  proposes  a  more
varied  range  of  policy  choices  (Gibson  & vanSeventer,  2000).  Assuming
markup  pricing  and  firms  operating  at  less  than  full  capacity,  policies
aimed  at  stimulating  demand  and  employment  may  counteract  chronic
excess  supply  in  the  labour  markets  (Gibson  &  vanSeventer,  2000;
Thissen,  1998a).  Even  when  alternative  closures  produce  similar  assess-
ments  of  a  policy  intervention,  the  magnitude  of  the  effects  produced
and  the  related  trade-offs  may  differ  widely.  For  instance,  the  elimina-
tion  of  price-distorting  subsidies  has  stronger  contractionary  effects
when the government savings are used to repay foreign debt rather than
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 government savings  repay foreign
reinvested or  redistributed to  households  via  government  transfers  (Lö-
fgren,  1995).  The  convergence  to  a  long-run  steady-state  can  still  be
ensured  (Duménil  &  Lévy,  1997).  Any  price  level  and  profit  rate  may
prevail in the short term, while variations in the degree of capacity utiliza-
tion  ensure  the  equilibrium  between  demand  and  supply.  In  the  long-
term,  prices  adjust  to  the  normal  level  of  capacity  utilisation  and  prof-
itability differentials disappear.

More  recently,  Taylor  (1990,  2004)  has  revived  the  debate  on  closures,
proposing a basic set-up for a real closed economy with alternative pric-
ing  mechanisms.  The  first  approach  assumes  that  firms  operate  in  a
regime of imperfect competition, where the price is set as a markup over
the labour remuneration. The second approach assumes perfectly compet-
itive  markets,  where  the  price  can  be  derived  from  a  linearly  homoge-
nous cost function based on constant returns to scale. The main purpose
of  the  exercise  is  to  underline  the  importance  of  the  macroeconomic
closure  on the  model  outcomes,  independently  from the  pricing mecha-
nism.  If  available  saving  constrains  capital  accumulation,  government
spending crowds out private investment in both versions. However, if an
output  adjustment  is  introduced,  an  increase  in  government  spending
has positive effects on demand and output.

2.6 Environmental innovation and employment

The effects  of  general  innovation  on  growth and employment  were  dis-
cussed  in  the  previous  sections  focusing  on  different  levels  of  analysis.
This  section  introduces  the  role  of  environmental  innovation,  including
the main theoretical approaches and the limited empirical evidence on its
determinants  and  effects.  The  specific  literature  focuses  on  productivity
increases  and  the  effects  of  environmental  regulations  on  international
competitiveness,  while  the  distinctive  effects  of  product  and  process
environmental innovation are usually neglected.
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The  concept  of  environmental  innovation  adopted  in  this  research  is
based on the requirements of novelty and direct environmental benefits,
the latter being intentional or unintentional:

“Environmental  innovations consist  of  new or  modified processes,  tech-
niques,  practices,  systems and products to avoid or reduce environmen-
tal damage. Environmental innovations may be developed with or with-
out  the  explicit  aim  of  reducing  environmental  damage.  They  also  may
be  motivated  by  the  usual  business  goals  such  as  reducing  costs  or
enhancing product quality” (Rennings et al., 2004: p. 376).

The  neoclassical  approach  to  environmental  innovation  has  been  based
on market failure (Jacobsson & Bergek, 2011). Firms tend to under-invest
in  green  R&D  compared  with  the  social  optimum,  because  the  public
good character of environmental benefits may limit their appropriability.
Further,  the  markets  fail  to  internalise  the  cost  of  energy  supply  and
punish  environmentally  harmful  behaviours,  distorting  competition
(Kunapatarawong  &  Martínez-ros,  2014).  To  overcome  these  failures,
either environmental costs should be internalised or good environmental
performance  should  be  made  appropriable  and  tradable  using  instru-
ments such as CO2 taxes and tradable emission permits.  Porter and van
der  Linde  (1995)  challenge  this  traditional  view  of  a  trade-off  between
environmental  goals  and  industrial  competitiveness,  using  a  dynamic
model  based  on  innovation.  They  identify  an  innovation-stimulating
effect  of  stricter  environmental  regulations  that  may  even  countervail
compliance  costs  and  enhance  business  performance  and  international
competitiveness. Therefore, the need to comply with higher environmen-
tal  standards  is  assumed  to  generate  distinctive  effects  on  employment
(Pfeiffer & Rennings, 1999).

Empirical  evidence  on  the  relationship  between  environmental  innova-
tions  and  employment  is  scarce  and  controversial.  Most  of  the  recent
studies are at  the firm level,  while  the scarce literature at  the macroeco-
nomic  level  focuses  on  policy  inducement  mechanisms  (Barbieri  et  al.,
2016).  Some studies rely on CIS and patent data to investigate synergies
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2016).  rely  patent  investigate synergies
between  environmental  innovation  and  employment  drivers,  including
knowledge  spillovers  and  displacement  effects  (Aldieri  &  Vinci,  2018;
Triguero  et  al.,  2017).  However,  the  lack  of  data  on  the  direct  effects  of
environmental  innovation  on  employment  produces  conflicting  results
and  hinders  their  comparability.  Furthermore,  cross-sectional  data  from
environmental and innovation surveys do not allow inter-temporal analy-
sis  and  cross-country  comparisons  and  mostly  lack  information  on  the
share of sales related to environmental product innovations (Kunapatar-
awong  &  Martínez-ros,  2014;  Licht  &  Peters,  2013).  One  notable  excep-
tion is Rennings and Zwick (2001) study within the IMPRESS project that
analyses  a  unique  firm-level  database  across  five  European  countries,
finding  a  weak  overall  effect  of  environmental  innovation  on  employ-
ment.  Conversely,  most  firm-level  studies point  out  the higher competi-
tiveness  and  employment  performance  of  environmental  innovators
(Horbach & Rennings, 2012). In particular, cleaner production as well as
material  and  energy  savings  enhance  the  international  competitiveness
of  the  innovating  firms,  with  positive  effects  on  demand  and  employ-
ment  (Horbach,  2012;  Horbach  &  Rennings,  2012;  Pfeiffer  &  Rennings,
1999).  Conversely,  end-of-pipe  technologies,  such  as  air  and  water  pro-
cess  innovations,  have  lower  or  negative  effects.  At  the  macroeconomic
level,  Input-Output  models  can  assess  the  size  of  energy  savings  from
environmental  policies and track how these savings are reinvested from
one sector  to  another.  The  effects  on  employment  observed at  the  econ-
omy  level  are  positive,  although  relatively  small  (Laitner  et  al.,  1998).
However, the increase is conditional on the size of the initial investment
and  does  not  include  input  substitution  and  demand  effects  that  could
only be identified using a computable general equilibrium model.

In  conclusion,  environmental  process  innovation  is  more  frequent  than
environmental  product  innovation  and  usually  has  a  positive  effect  on
employment,  in  contrast  with  the  general  empirical  findings  (Licht  &
Peters, 2013). With respect to the drivers of innovation, cost competitive-
ness  ultimately  drives  the  diffusion  of  green  technologies  on  interna-
tional markets. Nevertheless, complying with environmental regulations
is still relevant for recycling and end-of-pipe technologies (Rehfeld et al.,
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 recycling  end-of-pipe technologies (Rehfeld
2004; Rennings & Zwick, 2001).

2.7 Technical change and competitiveness

The review of  the  general  literature  indicates  that  existing  studies  focus
on  productivity  increases  and  direct  effects  of  innovation,  while  the
substitution  effects  and  the  role  of  international  trade  are  often  over-
looked.  Conversely,  the  specific  literature  underlines  the  importance  of
innovation  in  stimulating  international  competitiveness.  However,  the
distinctive  effects  of  environmental  product  and  process  innovation  are
not explored. This section introduces the main theoretical  approaches to
technical change and international trade, starting from the general litera-
ture and focusing on specific studies on environmental innovation.

Over the last  decades,  three main trends have reshaped the relationship
between  innovations  and  competitiveness,  namely  the  globalisation  of
competition,  the  conceptualization  of  path  dependency,  and  the  adop-
tion  of  a  holistic  approach  (Clark  & Guy,  1998).  Meanwhile,  technology
and capacity have emerged as crucial factors in explaining cross-country
differences  in  GDP growth  in  the  long  run,  challenging  the  widespread
view of  unit  labour cost  as  main driver  of  international  competitiveness
(Fagerberg, 1988). However, the determinants of the propensity to export
vary  significantly  between  innovating  and  non-innovating,  capital  and
knowledge-intensive firms (Tether & Hipp, 2002; Wakelin, 1998). Further-
more,  competitive  strategies  are  built  on  several  preconditions,  namely
productive  capacity,  technological  and  socio-economic  infrastructures
(Porter  et  al.,  2001).  These  trends  have  been  analyzed  using  two  main
perspectives, namely the New growth theories, embedded into a neoclassi-

cal  equilibrium  framework,  and  the  Evolutionary  view   of  trade  as  a

dynamic  adjustment  process  (Verspagen  &  Wakelin,  1997).  Despite  the
common  focus  on  innovation  and  diffusion  of  knowledge,  the  two
approaches  differ  with  respect  to  their  theoretical  and  analytical  frame-
work (Castellacci, 2008).
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Integrating the Porter  hypothesis  into the neo-Schumpeterian evolution-
ary framework, Costantini and Mazzanti (2011) identify a crucial role of
energy taxes  in  explaining export  competitiveness  for  the  high-tech and
the medium-low sectors. Jaffe and Palmer (1997) confirm the existence of
significant variation across industries,  but identify a weaker response in
high-tech.  While  these  findings  are  consistent  with  the  weak  Porter
hypothesis  that  environmental  regulations  stimulate  specific  types  of
innovations,  conclusions  on  the  strong  version  are  more  mixed  (Ambec
et al.,  2013; Costantini & Mazzanti, 2011). Limited data availability ham-
per  longitudinal  and  global  analysis  and  the  use  of  inadequate  proxies
for  environmental  regulations  overestimate  actual  compliance  costs
(Ambec et  al.,  2013;  Jaffe  et  al.,  1995).  Even though environmental  goals
exhibit  potential  interrelation  with  economic  growth  and  international
competitiveness,  little  empirical  evidence  has  been  provided  in  support
of either adverse effects or innovation-stimulating effects of environmen-
tal  regulations  (Gilli  et  al.,  2013).  Furthermore,  the  majority  of  these
studies  neglect  the role  of  technical  progress.  To address this  limitation,
Carraro  and  Galeotti  (1997)  apply  a  general  equilibrium  econometric
model  with  endogenous  technological  progress  to  the  European  econ-
omy (WARM), but  find negligible effects on employment.

2.8 Concluding remarks

This review of the general and specific literature on environmental inno-
vation  and  employment  identified  distinctive  effects  associated  with
different levels of analysis. The literature at the firm level identifies posi-
tive and significant effects of innovation on employment that persist over
time.  These  effects  are  more  important  in  small  firms  early  in  their  life
cycle and in larger and more innovative companies. Firms with a higher
growth  rate,  more  oriented  towards  technological  competitiveness  and
product  innovation  offer  the  greatest  potential  to  support  employment.
Process  innovation  appears  to  be  associated  with  displacement  effects,
although  several  studies  attest  to  a  positive  effect  on  competitiveness
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although  positive  competitiveness
and  adoption  of  more  effective  organisational  models  and  suggest  that
the demand effect prevail in the long term.

The  literature  at  the  sector  level  indicates  that  technical  progress  has
positive  effects  on  employment  in  the  most  dynamic  sectors  oriented
towards product innovation, where demand grows faster. Compensation
mechanisms  through  new  capital  goods  and  products  are  more  impor-
tant  in  science  and  technology-based  sectors,  while  labour-saving  pro-
cess  innovation  prevails  in  scale  and  supplier-dominated  sectors  and
technology  users.  However,  process  innovation  can  also  generate  stable
employment opportunities in the long term, particularly in some service
branches. Macroeconomic studies reveal that the effects of innovation on
employment depend on the structural  characteristics  of  each region and
the  ability  of  each  country  to  rapidly  adapt  its  industrial  structures  to
changes in technological trajectories, as well as to support the expansion
of demand.

The  review  also  highlighted  the  main  limitations  of  each  strand  of  the
literature.  Micro-level  studies  analyse  the  competitive  strategies  and
characteristics of innovative firms, but do not consider the effects on non-
innovating firms.  Meso-level  studies  explore the effects  of  innovation in
relation to prevailing technological regimes and the distinctive character-
istics  of  each  sector,  but  overlook  the  distributive  and  labour  displace-
ment  effects  across  industries.  The  analyses  at  the  aggregate  level  are
more comprehensive, because they take into consideration all direct and
indirect  effects  of  innovation.  However,  they  often  rely  on  restrictive
assumptions and focus primarily on domestic demand and productivity
increases. Finally, few studies attempt to assess empirically the effects of
environmental  innovation  on  employment.  They  mainly  explore  the
effects  of  environmental  regulations,  neglecting  the  role  of  consumer
preferences  and  product  innovation  in  changing  consumption  patterns.
Furthermore,  their  findings  cannot  be  generalised  due  to  limited  data
availability.
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The  introduction  of  a  multi-sector  and  multi-regional  macroeconomic
framework  that  includes  the  main  drivers  of  domestic  demand  and  the
role  of  global  competition  would  allow  to  overcome  these  limitations.
The  analytical  framework  must  be  built  specifically  to  model  all  direct
and  indirect  effects  of  technical  change  on  productivity,  demand  and
exports.  As  far  as  methodological  choices  are  concerned,  the  empirical
calibration  of  a  computable  general  equilibrium  model  would  obviate
the  problem  of  the  scarcity  of  data  on  environmental  innovation  at  the
international  level.  This  framework  would  also  allow  to  analyse  the
distinctive  role  of  environmental  product  and  process  innovation  in
stimulating growth and employment.
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Chapter 3

A  two-sector  discrete-time  model  of  a
Southern European economy

Abstract

A prolonged  economic  stagnation  and  a  severe  loss  of  competitiveness  have  plagued

the Southern European economies over the past decades. The persistent decline in the

aggregated  demand  for  goods  and  services  favoured  the  emergence  of  oligopolistic

market structures and lead to a state of underutilisation of productive resources. This

paper draws on different strands of literature to integrate these structural features in

a  basic  discrete-time  model  with  two  sectors  and  two  income  classes.  The  model

includes both capital accumulation and demand expansion as fundamental drivers  of

growth. Furthermore, it introduces demand functions to model consumer preferences

and  substitution  effects.  Finally,  it  accounts  for  demand  and  distributive  effects

through an endogenous markup function. The model can be used to simulate a change

in productivity and consumer preferences for a specific good, investigating the direct

and  indirect  effects  on  demand,  employment  and  growth.  The  initial  assumption  of

perfectly  symmetrical  sectors  is  therefore  relaxed  to  account  for  differences  between

sectors in investment responsiveness,  consumer preferences and labour productivity.

The results underline the importance of substitution effects between sectors and their

impact at the aggregate level over the long term.

Keywords:  Demand,  Endogenous,  General  Equilibrium,  Redistribution,

Structural

JEL Classification: C62, C63, C68, E24, E27, O33

37



3.1 Introduction

A  prolonged  slowdown  in  economic  growth  and  employment  afflicted
the European economies over the last decades. The slackening aggregate
demand  for  goods  and  services  represents  the  most  profound  cause  of
this  stagnation  (Hein  &  Vogel,  2007;  Storm  &  Naastepad,  2006).  The
persistent deficiency in aggregate demand caused a severe loss in produc-
tivity  and  competitiveness,  favouring  the  emergence  of  oligopolies.  The
lack  of  strategic  industrial  policies  geared  towards  technological
progress  reinforced  this  trend  (Fagerberg  &  Verspagen,  2015).  The
decline in demand and productivity in turn generated long-term involun-
tary unemployment (Stockhammer, 2009). Due to the low responsiveness
of markup rates and prices, the economy remained in a state of underutili-
sation of resources.

Technical change has been identified as a fundamental driver of growth
and  employment,  capable  of  stemming  the  slowdown  in  demand  and
increasing  competitiveness  (Koellinger,  2008;  Reenen,  2016;  Zimmer-
mann,  2008).  Firms  and  sectors  with  rapid  growth  and  more  oriented
towards  technological  competitiveness  and  product  innovation  exhibit
the greatest  potential  to support growth and employment (Bogliacino et
al., 2014; Bogliacino & Pianta, 2010; Vivarelli et al.,  1996). However, pro-
cess  innovation  can  also  be  associated  with  compensation  mechanisms
that  indirectly  stimulate  the  expansion  of  demand,  generating  stable
employment opportunities  in the long term (Becker & Egger,  2007;  Gar-
cia  et  al.,  2004;  Pianta,  2003).  To evaluate  any policy intervention aimed
at  fostering  employment  and  generating  growth,  these  direct  and  indi-
rect  effects  on  demand,  growth  and  employment  must  be  taken  into
consideration (Antonucci & Pianta, 2002; Pianta, 2003; Vivarelli, 2007).

The fundamental purpose of this paper is to draw on the main strands of
literature introduced in the previous chapter (Taylor, 1990, 2004; Thissen,
1998b)  to  create  a  structuralist  computable  general  equilibrium  model
which incorporates  all  these  direct  and indirect  effects.  The model  must
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be  sufficiently  structured  and  rigorous  to  allow  the  identification  of
compensation  and  substitution  effects  associated  with  technical  change
and  to  be  easily  extended  to  a  multi-country  and  multi-sector  context.
However,  it  must  also  be  able  to  reproduce  the  functioning  of  a  low-
growth economy with high unemployment rates. In this respect, it  must
reproduce the limited substitutability between factors of production and
inflexible  wage and price  adjustment  mechanisms.  In particular,  it  must
reflect  the  presence  of  monopolistic  structures  and fragmented markets,
but  also  bargaining  processes  highly  dependent  on  the  historical  and
institutional  context.  Consequently,  demand  plays  a  central  role  and
investment drives savings through redistributive mechanisms.

All  the  main  transactions  within  the  economy  can  be  reproduced  in  a
general  equilibrium  framework,  including  consumption,  investment,
and  production  in  a  set  of  simultaneous  equations.  This  framework
allows  to  assess  the  effects  of  a  policy  intervention  in  a  comprehensive
way,  considering  the  variations  in  the  target  variables  and  the  related
feedback  effects  throughout  the  economy.  Therefore,  the  internal  rigour
of  the  general  equilibrium  framework  is  applied  to  bring  aggregate
demand into equality with aggregate supply and to model the consumer
behaviour  based  on  nonlinear,  first-order  optimality  conditions.  How-
ever, most general equilibrium models rely on the assumption of full use
of productive resources and perfect flexibility of prices and wages, there-
fore they cannot account for  enduring unemployment.  Furthermore,  the
role of demand as a fundamental driver of growth is not acknowledged.

The  pricing  function  and  the  other  constraints  at  the  macro  level  are
designed to overcome these limitations. In particular, an alternative way
to  achieve  the  saving-investment  balance  is  identified,  based  on  the
structuralist  literature.  Finally,  an endogenous markup function is intro-
duced  to  account  for  demand  and  distributive  effects.  Assuming  per-
fectly  symmetrical  sectors,  the  function  ensures  the  convergence  of  the
model  to  the  intertemporal  equilibrium,  which  is  stable  and  attracting.
The assumption of symmetrical sectors is then relaxed, introducing differ-
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 assumption  symmetrical  introducing
ences  in  investment  responsiveness,  consumer  preferences  and  labour
productivity.  The  main  parameters  are  varied  one  at  the  time,  to  check
the robustness of the model and assess the outcomes at the sector and at
the aggregate level.

The  paper  is  structured  as  follows.  The  next  section  (3.2)  identifies  the
main  variables  of  the  model  and  explains  the  causal  relationships
between  them,  assuming  an  exogenous  markup.  The  following  section
(3.3)  introduces  the  endogenous  markup  function  that  relates  the  price
and income functions  to  changes  in  demand.  Section 3.4  illustrates  how
the  same  function  governs  the  convergence  towards  the  intertemporal
equilibrium  and  presents  the  equilibrium  solutions  for  the  one-sector
version.  Section  3.5  details  the  under-lying  assumptions  of  the  model
and  describes  the  two-sector  version.  The  following  sections  (3.6-3.8)
introduce  differences  between  sectors,  varying  one  at  a  time  the  funda-
mental  parameters  of  the  model,  namely  the  coefficients  of  the  invest-
ment  functions,  the  share  parameters  of  the  demand  functions,  and  the
unit labour requirements. The aim is to investigate the direct and indirect
effects  on demand and growth of  an increase  in  investment  responsive-
ness to demand and profitability, a change in consumer preferences and
a decline in productivity. The last section (3.9) provides some concluding
remarks.

3.2 The causal structure

Drawing  on  the  previous  discussion  on  alternative  macroeconomic  clo-
sures (Sen, 1963; Taylor, 2004), this chapter introduces a basic model of a
closed  economy  with  two  sectors  and  two  income  classes.  The  model
combines the main structuralist functions included in Taylor (1990, 2004)
with  standard  equations  such  as  the  identity  between  supply  and
demand  and  the  capital  accumulation  function.  This  set  of  basic  equa-
tions is integrated in the next section (Section 3.3) with a particular func-
tional  form of  endogenous  markup that  governs  the  convergence  of  the
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 endogenous  markup  governs  convergence
model  to  an  intertemporal  equilibrium  and  the  interactions  between
demand and prices. The one-sector model is subsequently expanded into
a  two-sector  model,  including  expenditure  functions  and  CES  utility
functions (Section 3.5). The main purpose of this section is to break down
the model into basic elements to illustrate its functioning and to analyse
the  causal  relationships  among  the  main  variables.  The  model  will  be
reassembled step by step in the following sections.

The set of equations that represents the core of the model is represented
in Figure (3.1). The investment-saving identity is insufficient to close the
two-sector  version,  therefore  it  is  replaced  with  the  equality  between
aggregate demand and aggregate supply (Eq. 3.1). The output produced
(X)  is  equal  to  the  sum  of  the  demand  for  consumption  (CONS)  and
investment (INV). To determine the level of consumption, capital income
and labour income must first be computed (Eq. 3.2). Therefore, consump-
tion  is  a  function  of  the  price  of  output  (p)  and  the  amount  of  hours
worked (LAB). To understand the implications for the functioning of the
model,  the  price  of  output  is  assumed  to  depend  on  the  hours  worked
and a constant level of markup (π) and wages (w) (Eq. 3.5). However, an
endogenous markup function is introduced in the next section.

The amount of  hours worked is  in turn proportional  to the level  of  out-
put  (Eq.  3.6).  The  second  fundamental  component  of  demand  is  invest-
ment, which is a function of the rate of profit (r) and the rate of capacity
utilisation  (u)  (Eq.  3.3).  The  rate  of  profit  also  depends  on  the  price  of
output and the amount of hours worked (Eq. 3.4).  Moreover,  the rate of
capacity  utilisation  is  a  function  of  the  level  output  (Eq.  3.7).  Therefore,
this  set  of  equations  must  be  solved  simultaneously.   Finally,  a  capital
accumulation function is  introduced,  to  generate  dynamism on the sup-
ply  side  (Eq.  3.8).  In  each  period,  the  existing  capital  stock  (KAPt-1)  is
augmented by investment net of depreciation.
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Figure 3.1. The basic model with exogenous markup

Source: Author' s own elaboration

Combining  the  definitions  above  (Eq.  3.4-3.7),  both  consumption  and
investment can be represented as functions of output:

(3.2.b) CONS = X 
cw + cr τ

1 + τ


(3.3.b) INV = g0 KAPt-1 + α
τ

(1 + τ)
X +

β

k
X

The identity between aggregate demand and supply (Eq. 3.1) can then be
rewritten  as  an  equation  in  the  current  level  of  output,  the  parameters
and  the  capital  stock  from  the  previous  period.  Assuming  a  constant
markup rate, there is a unique solution to this equation:

(3.1.b) X =
KAPt-1 (g0 k (1 + τ))

k (1 - cw - τ (-1 + cr + α)) - (1 + τ) β

It follows from the equations (3.1.b) and (3.2.b) that the higher the propen-
sities  to  consume  (cr)  and  (cw),  the  higher  the  level  of  consumption  and
output. Given the propensities to consume, a fixed proportion of income
is  saved  and  consumed  every  year.  Furthermore,  if  the  markup  rate  is
given,  the  profit  share  is  constant.  Therefore,  the  distribution  of  income
between  capital  and  labour  remains  unvaried.  It  also  follows  from  the
equations (3.1.b) and (3.3.b) that the higher the values of the profit coeffi-
cient (α) and the capacity utilisation coefficient (β), the higher the level of
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 ( )  capacity  (β),  higher
investment  and  output.  Given  a  constant  value  of  these  coefficients,
output merely increases due to capital accumulation. As a result, the rate
of profit (r) and the rate of capacity utilisation (u) remain constant. How-
ever,  assuming  an  initial  state  of  under-utilisation  of  resources,  an
increase in demand should raise the rate of capacity utilisation, until the
economy operates at full capacity. Conversely, a weaker demand should
lower the rate of capacity utilisation, causing the economy to slacken. In
sum, capital accumulation solely drives this basic model with exogenous
markup rate and prices.  The role of  demand and the distributive effects
are neglected.

3.3 The endogenous markup rate

The  previous  section  illustrated  a  simple  set  of  equations  in  which  the
investment  and  structuralist  pricing  functions  (Taylor,  1990,  2004)  are
combined  with  other  standard  equations  such  as  the  identity  between
supply and demand and the capital accumulation function. The introduc-
tion of the identity between supply and demand will serve to expand the
model from one to two sectors in section 3.5 and incorporate the role of
consumer  preferences  in  the  remainder  of  the  dissertation.  The  capital
accumulation function introduces dynamism into the model on the sup-
ply  side.  This  section  introduces  an  endogenous  markup  function  to
account  for  the  role  of  demand and the  variations  in  the  distribution  of
income  between  capital  and  labour.  The  purpose  of  this  section  is  to
explain  how  the  specific  functional  form  of  the  endogenous  markup
introduced  (Eq.  3.9)  alters  the  functioning  of  the  model.  A  more  exten-
sive  discussion  on  the  endogenization  of  markup  and  its  distributive
effects is included in Taylor (1990, 2004) and Fujita (2019).

Assuming that the economy suffers from chronic excess capacity, a target
rate  of  capacity  utilisation  (u*)  is  first  identified,  toward  which  the  cur-
rent  rate  of  capacity  utilisation  (u)  should  converge.  The  target  is  set

below unity,  to ensure reserve capacity and avoid excessive inflationary
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 unity,  capacity  inflationary
pressures. The current markup rate (τ) is then expressed as a function of
its  value from the previous period (τt-1)  and the difference between the
current rate and the target rate of capacity utilisation (u - u*). As detailed

in  the  next  section,  this  specification produces  a  smooth convergence  to
the steady state, both upward and downward. If the current rate of capac-
ity utilisation is  lower than the target (u < u*),  the markup rate declines

(and  viceversa).  However,  it  converges  to  a  constant  value  in  the  long
run,  when  the  actual  rate  of  capacity  utilisation  equals  the  target  rate.
The convergence is smoother the lower the value of the coefficient ϕ.

Figure (3.2)  illustrates how the basic model is  solved, when the endoge-
nous  markup  function  is  introduced.  The  closure  of  the  model  is  the
identity  between  aggregate  demand  and  aggregate  supply,  as  in  the
previous  graph  (Eq.  3.1).  Both  consumption  and  investment  ultimately
depend  on  the  amount  of  hours  worked  and  the  price  of  output  (Eq.
3.2-3.3). However, the latter can only be determined after computing the
value of the markup rate (Eq. 3.5). Given the target rate of capacity utilisa-
tion, the current markup rate depends on its lagged value and on the rate
of  capacity  utilisation  (Eq.  3.9).  The  latter  is  in  turn  a  function  of  the
current  level  of  output  (Eq.  3.7).  As  detailed  in  Section  3.5,  the  nominal
wage  included  in  the  structuralist  price  function  depends  on  historical
collective bargaining processes (Taylor, 1990, 2004). Therefore it does not
respond to changes in the utilisation rate. Although this set of equations
is  simultaneous,  it  can  be  solved  step  by  step  to  understand  the
behaviour of the main variables and identify the solutions.
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Figure 3.2. The basic model with endogeous markup

Source: Author' s own elaboration

Drawing  on  the  definition  of  capacity  utilisation  (Eq.  3.7),  the  markup
rate and the price of output can be represented as an increasing function
of the output itself and a decreasing function of the capital stock from the
previous  period  (Eq.  3.9.b,  Eq.  3.5.b).  A  labour  productivity  shock  or  a
strengthening  of  the  power  of  the  unions  to  negotiate  higher  nominal
wages  both  raise  the  price  level.  Given  the  nominal  wages  (w)  and  the

unit  labour  requirements  (b),  a  decrease  in  the  markup  rate  lowers  the

price of output (and viceversa).

(3.9.b) τ = τt-1 + ϕ
X

k KAPt-1
- u*

(3.5.b) p = b w 1 + τt-1 + ϕ
X

k KAPt-1
- u*

Combining  the  definition  of  employment  and  the  definition  of  price
introduced above (Eq. 3.5.b, Eq. 3.6), the real aggregate consumption can
be rewritten as an increasing function of both the output and the capital
stock from the previous period (Eq. 3.2.c). Assuming that the propensity
to  consume  out  of  labour  income  is  higher  than  the  propensity  to  con-
sume out  of  capital  income (cw > cr),  a  decline  in  the  markup rate  raises
consumption.
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(3.2.c) CONS = X cr +
(cw - cr) k KAPt-1

ϕ X + k KAPt-1 (1 + τt-1 - u* ϕ)

Drawing on the same definitions, the profit rate can be represented as an
increasing  function  of  the  rate  of  capacity  utilisation  and  the  share  of
profits  in  total  income  (Eq.  3.4.b).  A  decrease  in  the  markup  rate  raises
the rate of capacity utilisation, at the same time reducing the profit share.
The effect on the rate of profit is ambiguous.

(3.4.b) r =
X (ϕ X + k KAPt-1 (τt-1 - u* ϕ))

KAPt-1 (ϕ X + k KAPt-1 (1 + τt-1 - u* ϕ))
=

X

KAPt-1

(p X - w LAB)

p X

The rate of profit and the rate of capacity utilisation are in turn the main
drivers  of  the  real  gross  investment.  Plugging  the  definitions  for  both
variables  (Eq.  3.4.b,  Eq.  3.7)  into  the  investment  equation,  the  latter  can
be represented as an increasing function of both the output and the capi-
tal stock from the previous period (Eq. 3.3.c).

(3.3.c) INV =

g0 KAPt-1 + X α +
β

k
-

α k KAPt-1

ϕ X + k KAPt-1 (1 + τt-1 - u* ϕ)

Finally,  building on the definitions of  consumption and investment  (Eq.
3.2.c,  Eq.  3.3.c),  the  identity  between  aggregate  demand  and  aggregate
supply can be reduced to a quadratic equation in (X) with the following
solutions:

(3.1.d) X =

k KAPt-1

2 ϕ z5
k (τt-1 z1 - z1 z2 + z3) - (β (1 + τt-1 - z2) + z4) ±

√ (β (1 + τt-1 - z2) + k (-τt-1 z1 + z1 z2 - z3) + z4)
2 -
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4 (1 + τt-1 - z2) z4 z5

Where zi ∀ i = 1,..,5  are the combinations of parameters specified below.

z1 = (1 - cr - α)

z2 = (ϕ u*)

z3 = (1 - cw)

z4 = (ϕ g0)

z5 = (β - k (1 - cr - α))

It follows from (3.1.d) that output is an increasing function of the lagged
capital  stock  and  a  decreasing  function  of  the  lagged  markup  rate.  The
latter are the main drivers of the model, as detailed below.

3.4 The long run

The endogenous markup function introduced in the previous section can
produce a convergence to a unique intertemporal equilibrium in the long
run. Given reasonable values of the parameters and the lagged variables,
the equilibrium is also stable and attracting. The one-sector model is first
run to understand how it works and to analyse the interactions between
the main variables over time. The conditions for the existence and stabil-
ity of the intertemporal equilibrium are then analysed, with reference to
the set of equations previously introduced. The initial values of parame-
ters  and  exogenous  variables  and  the  relative  conditions  of  stability  are
reported in Appendix 3.A.  The trend of  the main variables is  illustrated
in Figure 3.3.

Assuming  an  initial  state  of  under-utilisation  of  resources,  the  markup
rate  (τ)  decreases  proportionally  to  the  excess  of  productive  capacity,
until reaching the steady state. Since the price of output (p) and the share
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 reaching  steady p

of  profit  (ps)  are  functions  of  the  markup  rate,  they  follow  the  same

trend.  Both  variables  are  constant  in  the  long  term,  when  the  markup
rate is in equilibrium. Moreover, the decrease in the profit share implies
a  redistribution  of  income  from  the  capital-owners  to  the  workers,  that
consume  a  higher  proportion  of  their  income.  As  the  share  of  labour
income out of total income (rlinc) increases, so does the share of consump-

tion (rcons). Therefore, consumption (CONS) rises to a greater extent than

capital.  Once these  redistributive  effects  fade,  consumption continues to
grow,  due  to  capital  accumulation.  Thanks  to  the  positive  effect  on  the
rate  of  capacity  utilisation  (u)  and  the  rate  of  profit  (r),  the  aggregate

investment  (INV)  also  surges.  Both  rates  are  constant  in  the  long  run,

while  investment  continues  to  rise  at  the  growth  rate  of  capital.  The
increase in consumption and investment raises aggregate output (X) and

hours  worked  (LAB).  The  implicit  assumption  is  that  high  unemploy-

ment  rates  and  migration  flows  provide  a  potentially  unlimited  labour
pool  and  that  the  labour  supply  does  not  represent  a  constraint  on
growth in  this  scenario.  However,  the increase  in  output  is  greater  than
the  initial  increment  in  the  capital  stock.  As  a  consequence,  the  rate  of
capacity  utilisation  (u)  rises,  converging  to  the  target.  The  opposite

would occur in the case of overutilisation of resources. Both the markup
rate  and the  price  would  increase,  depressing  consumption  and output.
As a  result,  the rate  of  capacity utilisation would decline,  converging to
the same target. In sum, any difference between the current rate and the
target  rate  of  capacity  utilisation  implies  variations  in  the  markup  rate,
causing a redistribution of income between capital and labour. Consump-
tion,  investment,  employment,  and  output  vary  more  than  proportion-
ally due to these distributive effects, then grow at the constant rate of the
capital  stock.  The  other  variables  converge  to  the  intertemporal
equilibrium.
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Figure 3.3. Long-term trends of the main variables
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The identity  between aggregate  demand and aggregate  supply  (Eq.  3.1)
can  be  reduced  to  a  recurrence  equation  in  the  markup  rate,  to  analyse
the  existence  and  stability  of  the  steady  state.  In  fact,  the  basic  model
described  above  can  be  represented  as  a  system  of  two  equations.  The
first  is  the  difference  equation  in  (τ),  which  drives  the  convergence
toward the steady state (Eq. 3.10). The second is the capital accumulation
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 steady  (Eq. 3.10).  capital
function, which ensures a constant growth of the main variables once the
intertemporal equilibrium is reached (Eq. 3.11). The current markup rate
is a function of its lagged value (τt-1), while the capital stock is a function
of  both  its  lagged  value  (KAPt-1)  and  the  lagged  value  of  the  markup
rate (τt-1). The first equation is therefore sufficient to identify the equilib-
rium solutions.

(3.10)
1

(1 + τ) ϕ
KAPt-1

(k (-1 + cw + τ (-1 + cr + α)) (τ - τt-1 + u* ϕ) +

(1 + τ) (g0 ϕ + β (τ - τt-1 + u* ϕ))) = 0

(3.11)
1

(1 + τ) ϕ

(k KAPt-1 τ α (τ - τt-1 + u* ϕ) + (1 + τ) (KAPt-1 (τ - τt-1) β -

KAP ϕ + KAPt-1 (1 + g0 + u* β - δ) ϕ)) = 0

The difference equation in (τ) (Eq. 3.10) has two real solutions, which are
presented  below  in  the  canonical  form:  τ(n+1)  =  f (τn).  As  illustrated  in
Figure 3.4, only the first function intersects the bisector of the first quad-
rant over the range considered.

(3.12) τ(n+1) =
1

2 z5
- β + τn β - k τn z1 - β z2 + k z1 z2 + k z3 -

z4 ±
√(β - τn β + k z1 (τn - z2) + β z2 - k z3 + z4)

2 -

4 (-(τn - z2) (β - k z3) + z4) z5

The unique intertemporal equilibrium is reached when τ(n+1) = τ(n) = τstar.

(3.13) τstar = -
g0 + u* ((-1 + cw) k + β)

g0 + u* (k (-1 + cr + α) + β)
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This equilibrium is stable and attracting if | f ' (τ(n)) | < 1. Taking the first
order  derivative  of  the  solution  identified  in  (Eq.  3.12)  and  substituting
the  equilibrium  value  of  the  markup  rate  from  (Eq.  3.13),  the  stability
conditions can be analyzed with respect to a single parameter or a group
of parameters. The results are reported in Appendix 3.A.

Figure 3.4. First-order recurrence relations
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3.5 The two-sector model

The previous sections have illustrated the causal structure and function-
ing of the one sector model. In this section, the set of equations represent-
ing  the  core  of  the  model  is  extended  to  build  a  two-sector  model  of  a
closed economy. The extension of the model is fundamental for investigat-
ing  how  the  introduction  of  an  innovation  in  a  specific  sector  directly
affects output and employment within the same sector and indirectly the
rest of the economy. Furthermore, the two-sector version is necessary to
explore  the  role  of  consumer  preferences  and  the  substitution  effects
between two different products. The initial version of the model has two
perfectly  symmetrical  sectors.  In  the  next  sections,  this  hypothesis  is
gradually  relaxed  to  introduce  differences  in  some  key  parameters  that
define  investment  responsiveness,  consumer  preferences  and  labour
productivity.

The  model  includes  two  main  groups  of  actors  and  their  interactions
within the economy: workers and capital owners. The role of the govern-
ment  is  neglected in  this  preliminary analysis.  The focus  is  on the  main
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 neglected  preliminary analysis.
macroeconomic  aggregates,  whereas  the  only  behavioural  equation  is
introduced to model  consumer preferences.  The model  attempts to inte-
grate  the  main  features  of  the  Southern  European  economies  over  the
period analysed.  The  slackening growth that  burdened these  economies
over  the  last  decades  has  favoured  the  emergence  of  structuralist  fea-
tures such as excess capacity and mark-up pricing. Insofar as this state of
under-utilisation  of  resources  endures,  labour  is  steadily  supplied.  The
causes of  persistent  unemployment in these economies should be rather
found in the decline of the aggregate demand for goods and services.

The  role  of  effective  demand  for  goods  and  services  is  crucial  in  that
output  adjusts  to  the  level  of  consumption  and  investment.  Aggregate
consumption  depends  on  the  propensities  to  save  out  of  capital  income
and labour income that are mostly stable over time. However, any varia-
tion  in  prices  and  distribution  of  income  between  workers  and  capital
owners  influences  the  level  of  consumption  in  each  sector.  Aggregate
investment  mainly  varies  in  response  to  changes  in  the  rate  of  capacity
utilisation and the rate of profit in each sector. Due to the lack of coordina-
tion  among  actors,  output  variations  are  also  the  means  through  which
aggregate  nominal  savings  and  investments  are  rendered  equivalent.
However,  there  is  no  automatic  mechanism  ensuring  that  this  equilib-
rium  will  result  in  the  full  employment  of  the  labour  and  capital  avail-
able  within  the  economy.  The  assumptions  underlying  the  model  are
detailed  below,  in  order  to  illustrate  its  causal  structure.  The  complete
list  of  endogenous  variables,  exogenous  variables,  and  parameters  is
provided in Appendix 3.B.

Assumption  1.  The  persistent  slowdown  in  economic  growth  over  the  last

decades  has  created  excess  capacity  in  the  main  Southern  European economies.

The  actual  level  of  production  is  assumed to  be  persistently  lower  than
the  one  attainable  if  the  labour  and  capital  available  within  these
economies  were  to  be  fully  employed.  Therefore,  the  rate  of  capacity
utilisation  in  each  sector  (ui)  is  lower  than  unity.  As  illustrated  in  the
previous section, the rise in demand moves the economy from this initial
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previous  economy
state of  under-utilisation of  resources towards the target  utilisation rate.
The rate of capacity utilisation is defined as the ratio of the current level
of output (Xi)  to the potential output (Qi).  To avoid the assumption of a
constant  technical  rate  of  substitution equal  to  one,  the  potential  output
is  assumed  to  be  proportional  to  the  capital  stock  from  the  previous
period  (KAPi) through a coefficient (ki).

(3.14) ui =
Xi

Qi

(3.15) Qi = ki KAPi (t-1)

Assumption  2.  Any  change  in  the  aggregate  demand  influences  markup  rates

and  prices,  but  the  latter  react  slowly.  The  exogenous  markup  rate  from

Taylor (1990, 2004) is replaced with the endogenous function introduced
in section 3.3. As detailed in the same section, the markup rate increases
every  year  proportionally  to  the  difference  between  the  current  rate  of
capacity utilisation (ui) and the target rate (ustar). Therefore, any variation
in  aggregate  demand  causes  a  redistribution  of  income  between  capital
and labour. However, the coefficient (ϕi) is assumed to be low, due to the
increase  in  market  concentration.  Therefore,  the  indirect  effects  on
demand and income distribution are weak in the short and medium run.
As a result, the markup rate remains persistently higher than its equilib-
rium value. The low value of the coefficient determines the smooth trend
illustrated in section 3.4.

(3.16) τi = τi (t-1) + ϕi (ui - ustar)

Assumption  3.  The  combination  of  sluggish  demand  and  weak  institutions

afflicting  the  main  Southern  European  economies  over  the  last  decades  has

caused  the  emergence  of  oligopolistic  market  structures.  Consistently,  the

firms are assumed to retain some price-setting power. More specifically,
the price in each sector (pi) is set as a markup over the unit costs of pro-
duction.  Drawing  on  Taylor  (1990,  2004),  the  nominal  wage  rate  (w)  is
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 Drawing  Taylor  wage

assumed to be exogenous, depending on the historical collective bargain-
ing processes and the institutional environment of the country analysed.
Therefore, the assumption of perfectly flexible wages ensuring the equilib-
rium  between  labour  demand  and  supply  is  rejected,  in  both  the  short
and  the  medium  run.  In  addition,  the  marginal  product  of  labour  is
constant  and  the  unit  labour  requirements  (bi)  depend  on  the  sector-
specific technology. The number of hours worked in each sector (LABi) is
proportional  to  the  level  of  output  produced  through  these  coefficients.
It  follows  that  the  increasing  trend  of  hours  worked  reproduces  that  of
output, as illustrated in the previous section.

(3.17) LABi = bi Xi

Assuming that  no intermediate  inputs  are  used in  production,  the  price
is  set  as  a  markup  over  the  unit  labour  costs.  Taking  into  account  the
proportional  relationship  between  output  and  employment  (Eq.  3.17),
the  price  for  each  sector  can  be  rewritten  as  a  function  of  the  mark-up
rate, the nominal economy-wide wage, and the unit labour requirements
specific  to  that  sector  (Eq.  3.18).  Drawing  on  the  endogenous  markup
equation  (3.16)  and  the  definition  of  the  rate  of  capacity  utilisation  (Eq.
3.14),  the  price  of  output  can  also  be  represented  as  a  function  of  the
current  level  of  output  (Eq.  3.18.b).  Any  variation  in  the  aggregate
demand  can  produce  indirect  effects  through  a  change  in  prices.  How-
ever,  due  to  the  low  value  of  the  coefficient  (ϕi),  these  effects  are  only
relevant in the long run.

(3.18) pi = (1 + τi) w
LABi

Xi

(3.18.b) pi = 1 + τi (t-1) + ϕi

Xi

k KAPi (t-1)
- ustar w bi

The price of output and the price of capital are assumed to be different in
the two-sector version. In particular, the price of capital is defined as the
weighted  average  of  the  prices  of  output  in  each  sector,  where  the
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weighted  average  prices  output
weights  are  the  coefficients  of  the  origin-destination  investment  matrix
(iii,  iji).  The  coefficient  (iii)  represents  the  proportion  of  investment  of

sector i  that  originated in the same sector,  whereas (iji)  is  the amount of

investment with origin j allocated to sector i.

(3.19) pki = iii pi + iji pj

(3.20) iii =
INVii

INVi

(3.21) iji =
INVji

INVi

Assumption  4.  The  payments  to  workers  and  capital  holders  generate  incomes.

The  aggregate  income  of  the  economy  is  the  sum  total  of  all  labour
incomes (LINC) and capital  incomes (KINC) across sectors (Eq.  3.24).  In
particular,  the  aggregate  labour  income  is  the  sum  across  sectors  of  all
payments  to  labour.  The  latter  are  defined  as  the  number  of  hours
worked  in  a  sector  times  the  nominal  wage  (Eq.  3.22).  The  aggregate
capital  income  is  the  sum  across  sectors  of  all  payments  to  capital.  The
latter  are  defined  as  the  residual  income  in  each  sector,  after  deducting
the  payments  to  labour  (Eq.  3.23).  Therefore,  the  aggregate  nominal
income (Ytot) is equal to the sum of the sector outputs times their relative
price (Eq. 3.24).

(3.22) LINC =
i

w LABi

(3.23) KINC =
i

(pi Xi - w LABi)

(3.24) Ytot = KINC + LINC =
i

pi Xi

Assumption  5.  A  part  of  the  income  flows  generates  final  consumer  demand,

while the rest is saved. More specifically, the propensity to consume out of

capital  income  (cr)  is  positive  but  much  lower  than  the  propensity  to
consume  out  of  labour  income  (cw).  Given  the  propensities  to  consume,
the  aggregate  nominal  consumption  (CONSnom)  can  be  derived  from
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 aggregate  consumption  ( )
labour  income  and  capital  income.  However,  to  determine  the  quantity
consumed of  each  good (CONSi),  a  behavioural  function  must  be  intro-
duced.  The  demand  functions  for  both  sectors  are  therefore  obtained
from the constrained optimisation of a standard CES utility function. The
equation  (3.26)  is  the  solution  to  this  optimisation  problem,  where  the
quantity demanded for each sector is expressed as a function of the total
expenditures and the relative output prices.

(3.25) CONSnom = cr KINC + cw LINC

(3.26) CONSi =
pj
ϵ CONSnom

pi
ϵ pj + pi pj

ϵ

Assumption  6.  The  investment  in  each  sector  is  determined  independently  of

potential  savings  flows.  The  sector-specific  investment  demand  (INVi)  is

built  on  the  standard  structuralist  investment  function  already  intro-
duced in section 3.2 (Eq. 3.28), where the main drivers are the coefficient
of autonomous investment (g0 i),  the gross rate of profit (ri),  and the rate
of capacity utilisation (ui). As illustrated in the same section, an increase
in output indirectly stimulates investment through the levers of profitabil-
ity  and demand.  Whereas the rate  of  profit  is  simply the product  of  the
profit share and the rate of capacity utilisation in Taylor (1990, 2004), it is
defined below as the ratio of the gross profits in each sector to the nomi-
nal value of the capital stock from the previous period (Eq. 3.27). In fact,
not  only  the  profit  share  varies  due  to  the  introduction  of  the  endoge-
nous markup function, but the price of capital and the price of output are
different.

(3.27) ri =
(pi Xi - w LABi)

pki KAPi (t-1)

(3.28) INVi = KAPt-1 (g0 i + αi ri + βi ui)

Assumption 7.  The aggregate demand for goods and services in the economy is

equal to the aggregate supply.  The level of effective demand in each sector
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equal  aggregate supply.

is  the  sum  of  all  demand  meant  for  consumption  (CONSi)  and  invest-
ment (INVi). In turn, this should be equal to the level of output supplied
in the same sector (Xi).  Building on the previous assumptions,  the iden-
tity  between  aggregate  demand  and  aggregate  supply  can  be  rewritten
as a function of the output, the lagged variables and the parameters. The
solutions to the model are the combinations of Xi  and Xj  that simultane-

ously  equate  demand  and  supply  for  each  sector.  The  same  solutions
ensure the equality between aggregate savings and aggregate investment.

(3.29) Xi = CONSi + INVi

Assumption  8.  Persistent  involuntary  unemployment  arose  as  a  result  of  the

prolonged  slow-down  in  demand  and  growth  in  the  Southern  European

economies over the past decades. As detailed in Chapters 1 and 2, the causes

of  the  enduring  unemployment  in  the  Southern  European  economies
over the last decades are to be found in the persistent deficiency of aggre-
gate demand for goods and services and the subsequent loss of technolog-
ical  competitiveness  in  the  global  markets.  Equation  (3.17)  establishes  a
proportionality  ratio  between  hours  worked  and  output.  According  to
equation  (3.29),  consumption  and  investment  are  the  main  drivers  of
output.  Therefore,  a  slowdown in  consumption and investment  reduces
both  output  and  hours  worked.  In  other  words,  the  lower  the  level  of
effective demand, the lower the volume of employment.

The causal  relationships among the variables  defined in this  section can
be  represented  in  a  structural  matrix,  as  detailed  in  Appendix  3.C.
Although  this  set  of  equations  represents  the  simultaneous  core  of  the
two-sector model, the matrix can be used to solve it recursively in terms
of Xi  and Xj. Under the assumption of perfectly symmetrical sectors, it is

possible  to  derive  two  identical  positive  solutions.  This  assumption  is
relaxed  in  the  next  sections,  where  differences  in  the  coefficients  of  the
investment  function,  consumer  preferences  and  labour  productivity
between  sectors  are  taken  into  account.  The  relevant  parameters  are
varied one at a time, to understand the short-term and long-term effects
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 long-term
on  the  main  variables.  The  percentage  variations  in  the  main  variables
and their rates of growth are detailed in Appendix 3.D and 3.E.

3.6 Differences in investment responsiveness

The  extended  version  of  the  model  allows  to  analyse  the  effects  of  a
change  in  a  specific  sector  on  consumption,  investment,  output  and
employment in the same sector and in the rest  of  the economy. The ini-
tial hypothesis of completely symmetrical sectors is then relaxed to intro-
duce differences in the key parameters between the two sectors, starting
with  the  responsiveness  of  investment  to  profitability  and  demand.  An
increase in any of the coefficients of the investment function in one sector
produces  similar  results  at  both  the  sector  and  the  aggregate  level,
although at  different  scales.  The  positive  changes  produced in  the  main
variables  are  represented  in  the  following  equations  with  an  upward
delta,  while  the  negative  variations  are  illustrated  with  a  downward
delta.  On the  one  hand,  a  higher  coefficient  (α1)  amplifies  any variation

in  the  rate  of  profit  (Eq.  3.30.a).  On  the  other  hand,  a  higher  coefficient

( β1) heightens any variation in the rate of capacity utilisation (Eq. 3.30.b).

In  both  cases,  the  main  direct  effect  is  a  surge  in  the  real  gross  invest-
ment  in  the  first  sector.  The  investment  rises  also  in  the  second  sector,
although  to  a  lesser  extent  (Eq.  3.31).  The  simultaneous  increment  in
capital and labour income raises aggregate consumption (Eq. 3.32). Since
markup  rates  and  prices  are  stable,  the  quantities  consumed  of  each
good  increase  in  the  same  proportion  (Eq.  3.33).  Due  to  these  positive
effects  on  consumption  and  investment,  the  level  of  output  produced
and the amount of hours worked in each sector rises (Eq. 3.34). However,
the effect on capital and potential output is marginal. As a result, the rate
of  capacity utilisation and the rate of  profit  increase in both sectors (Eq.
3.35-3.36), further contributing to the initial surge in investment.

(3.30.a) INV1 = KAP1 (t-1) (go1 + Δα1 Δr1 + β1 Δu1)
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(3.30.b) INV1 = KAP1 (t-1) (go1 + α1 Δr1 + Δβ1 Δu1)

(3.31) INV2 = KAP2 (t-1) (go2 + α2 Δr2 + β2 Δu2)

(3.32) CONSnom = cr ΔKINC + cw ΔLINC

(3.33) CONS1 =
ΔCONSnom

p2 
(1-s)

s
p1

p2

ϵ
+ p1

;

CONS2 =
ΔCONSnom

Δp1 
(1-s)

s
p1

p2

-ϵ

+ p2

(3.34) LAB1 = b1 ΔX1; LAB2 = b2 ΔX2

(3.35) r1 =
(p1 ΔX1 - w ΔLAB1)

(pk1 KAP1 (t-1))
; r2 =

(p2 ΔX2 - w ΔLAB2)

(pk2 KAP2 (t-1))

(3.36) u1 =
ΔX1

Q1
; u2 =

ΔX2

Q2

An increase in the coefficients (α1) and ( β1) produces similar effects also

in the long run. Firstly, the positive effects on consumption, investment,
and  output  are  strengthened,  both  at  the  sector  and  at  the  aggregate
level.  Secondly, there is a redistribution from the second to the first sec-
tor  and  from  labour  to  capital  income.  Thirdly,  capital  accumulation
erodes the initial increase in the rates of capacity utilisation, although the
effect  is  qualitatively  different  in  the  first  and  in  the  second sector  (Fig.
3.5).  More  specifically,  the  rise  in  the  capital  stock  in  the  first  sector

(KAP1)  exceeds that  in the output in the long run.  Therefore,  the rate  of

capacity utilisation (u1)  and the rate of profit  (r1)  rise above the baseline

for the first decades, then fall below this level. The markup rate (τ1) and

the  price  of  output  (p1)  follow  the  same  trend,  even  if  the  effect  is

delayed.  Conversely,  the  rate  of  capacity  utilisation  (u2)  and  the  rate  of
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profit (r2) remain higher than the baseline in the second sector, where the

increment  in  the  level  of  output  (X2)  is  greater  than  that  in  the  level  of

capital  (KAP2).  Therefore,  the  markup  rate  (τ2)  and  the  price  of  output

(p2) rise above the baseline.

In sum, an increase in the coefficients associated with demand and prof-
itability  produces  similar  effects  on  the  main  variables.  However,  the
effects produced are of a different order of magnitude. An increase in the
coefficient  of  the  rate  of  profit  (α1)  produces  modest  variations  over  the

period  analysed.  Moreover,  it  does  not  significantly  affect  the  rates  of
growth of consumption, investment, and output. Conversely, an increase
in the coefficient of the rate of capacity utilisation ( β1) raises the growth

rates of the same variables of about one percentage point.  In both cases,
the  rates  of  growth  of  capacity  utilisation,  markup  and  prices  tend  to
zero,  while  the  other  variables  continue  rising  at  the  growth  rate  of
capital.
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Figure 3.5. Variations from the baseline for β1= 0.1-0.12 and t= 1-100

Source: Author' s own elaboration
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3.7 Differences in consumer preferences

The second variation introduced is a difference in consumer preferences,
which in this scenario are oriented towards a specific sector. The demand
function  of  each  good  depends  on  the  proportion  of  aggregate  income
dedicated  to  consumption,  the  relative  prices  and  the  consumer  prefer-
ences.  An  increment  in  the  share  parameter  (s)  represents  a  change  in

consumer  preferences  in  favour  of  the  first  good,  because  the  utility
derived from it directly increases at the same level of prices and dispos-
able income. In the short run, the main direct effect is an upsurge in the
real quantity consumed in the first sector (Eq. 3.37). Thanks to this posi-
tive  effect  on  consumption,  the  output  produced  in  the  same  sector
increases.  Both  the  rate  of  capacity  utilisation  and  the  rate  of  profit
respond  to  the  rise  in  output  (Eq.  3.38-3.39),  with  a  positive  effect  on
investment  (Eq.  3.40).   The  reverse  occurs  in  the  second  sector,  where
consumption,  investment,  and  output  decline.  Given  a  constant  level  of
productivity,  the  amount  of  hours  worked  increases  proportionally  to
output in the first  sector and drops in the second sector (Eq. 3.41).  Even
though this redistribution between sectors is important, the effect on the
aggregate  variables  is  insignificant.  Finally,  the  change  in  consumer
preferences has indirect effects on markup rates and prices, but the latter
are negligible.

The results are based on the assumption of a constant elasticity of substi-
tution between the two goods. This assumption does not pose any prob-
lem  if  the  two  sectors  are  perfectly  symmetrical,  because  the  relative
price  corresponds  to  one.  However,  in  the  case  of  a  preference  for  the

first good, an increase in the elasticity of substitution (ϵ ) produces distinc-

tive effects. A shock on the share parameter (s) is first imposed, to ensure

that the relative price is different from one. Then, an increase in the elas-
ticity  of  substitution  (ϵ )  from  5  to  20  percent  is  simulated.  The  main

direct effect is a further increase in consumption, investment, and output
in  the  first  sector.  However,  this  increase  is  not  sufficient  to  offset  the
decline  of  the  same  variables  in  the  second  sector.  While  the  rates  of
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capacity utilisation and the rates of profit vary roughly in the same pro-
portion as output, the effect on markup rates and prices is still insignifi-
cant. Therefore, a higher elasticity of substitution amplifies the effects of
a  change  in  consumer  preferences.  Compared  to  the  previous  case,  the
negative effects on the second sector largely outweigh the positive effects
on the first sector. However, as the share of income allocated to the latter
increases, the effect on the aggregate variables remains unimportant.

(3.37) CONS1 =
CONSnom

p2 
(1-Δs)
Δs

p1

p2

ϵ
+ p1

;

CONS2 =
CONSnom

Δp1 
(1-Δs)
Δs

p1

p2

-ϵ

+ p2

(3.38) r1 =
(p1 ΔX1 - w ΔLAB1)

(pk1 KAP1 (t-1))
;

r2 =
(p2 ▽X2 - w ▽LAB2)

(pk2 KAP2 (t-1))

(3.39) u1 =
ΔX1

Q1
; u2 =

▽X2

Q2

(3.40) INV1 = KAP1 (t-1) (go1 + α1 Δr1 + β1 Δu1);

INV2 = KAP2 (t-1) (go2 + α2 ▽r2 + β2 ▽u2)

(3.41) LAB1 = b1 ΔX1; LAB2 = b2 ▽X2

The asymmetry between the first and the second sector is relevant also in
the  long  run  (Fig.  3.6).  The  positive  effect  on  consumption  in  the  first
sector  (CONS1)  weakens  over  time.  Conversely,  the  negative  effect  on

consumption in the second sector (CONS2) persists. However, the change

in consumer preferences does not significantly influence the distribution
of income between capital  and labour. Therefore,  the share of  consump-
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 capital  consump
tion out of total income remains fairly stable.  Both the positive effect on
investment in the first sector (INV1) and the negative effect on the second

sector  (INV2)  are  strengthened  over  time.  As  a  consequence,  the  capital

stock (KAP1) rises above the baseline, curtailing the increment in the rate

of capacity utilisation (u1) and the rate of profit (r1).

The  decline  in  investment  reduces  capital  accumulation  in  the  second
sector. While the effect on the rate of capacity utilisation (u2) turns posi-
tive,  the rate of  profit  (r2)  remains substantially lower than the baseline.
Therefore,  both  the  amount  of  hours  worked (LAB1,  LAB2)  and the  out-

put  produced  in  each  sector  (X1,  X2)  significantly  differ  over  time.  The

markup rates (τ1, τ2) and the prices (p1, p2) also respond to the variations

in the level of output. As the losses in the second sector largely outweigh
the gains in the first sector, the result is a moderate decline at the aggre-
gate  level.  An  increase  in  the  elasticity  of  substitution  produces  similar
redistributive  effects,  although  more  marked.  The  effect  on  the  growth
rates  of  aggregate  consumption,  investment,  and  output  is  negative  but
insignificant.  The  only  significant  effect  is  a  decrease  in  the  rate  of
growth of investment in the second sector, which in turn slackens capital
accumulation. All growth rates converge to the baseline level in the long
run.
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Figure 3.6. Variations from the baseline for s= 0.5-0.6 and t= 1-100

Source: Author' s own elaboration
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3.8 Differences in labour productivity

The last  variation concerns a  decline in productivity in a  specific  sector.
A rise in the unit labour requirements in one sector (b1) causes both nomi-
nal  effects,  through  an  increase  in  the  price  of  output  within  the  same
sector,  and  real  effects,  through a  decrease  in  the  level  of  output  within

the same sector and a redistribution across sectors. Since the markup rate
is  a  positive  function  of  the  current  rate  of  capacity  utilisation  and  the
real  quantity  consumed  in  each  sector  is  a  function  of  relative  prices,
nominal  and  real  effects  are  intertwined.  A  drop  in  productivity  in  the
first  sector  causes  a  strong  decline  in  output  and  capacity  utilisation
compared  to  the  baseline  (Eq.  3.42).  In  turn,  the  decrease  in  the  rate  of
capacity utilisation lowers the markup rate in the same sector (Eq. 3.43),
with  depressive  effects  on  the  price  of  output.  However,  given  a  low
value  of  the  coefficient  ϕ1,  the  effect  is  insignificant  in  the  short  run.
Therefore, the rise in output prices is almost directly proportional to the
initial  increase  in  the  unit  labour  requirements  (Eq.  3.44).  On  the  con-
trary,  in  the  sector  with  constant  productivity,  the  rise  in  the  level  of
output and capacity utilisation has only a marginal effect on the markup
and the price of output.

The change in relative prices causes a redistribution from the first to the
second  sector.  Consumption  falls  in  the  first  sector,  but  increases  to  a
larger extent in the second sector (Eq. 3.45). The effect on aggregate con-

sumption  and  output  is  positive,  but  modest.  Due  to  the  simultaneous
decline  in  output  and  productivity,  the  profit  rate  decreases  in  the  first
sector  but  increases  in  the  same  proportion  in  the  second  sector  (Eq.
3.46).  The  effect  on  aggregate  investment  is  unimportant  (Eq.  3.47).
Despite the decline in output, the increase in the unit labor requirements
(b1)  temporarily  fosters  the  demand  for  labour  in  the  first  sector  (Eq.
3.48).  Given  a  constant  level  of  productivity,  the  amount  of  hours
worked  rises  with  output  in  the  second  sector.  Therefore,  the  effect  on
aggregate employment is strongly positive.
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(3.42) u1 =
▽X1

Q1
; u2 =

ΔX2

Q2

(3.43) τ1 = τ1 (t-1) + ϕ1 (▽u1 - (u*)1)

(3.44) p1 = w Δb1 (τ1 + 1)

(3.45) CONS1 =
ΔCONSnom

p2 
(1-s)

s
Δp1

p2

ϵ
+ Δp1

;

CONS2 =
ΔCONSnom

Δp1 
(1-s)

s
p1

p2

-ϵ

+ p2

(3.46) r1 =
(Δp1 ▽X1 - w ΔLAB1)

(pk1 KAP1 (t-1))
;

r2 =
(p2 ΔX2 - w ΔLAB2)

(pk2 KAP2 (t-1))

(3.47) INV1 = KAP1 (t-1) (go1 + α1 ▽r1 + β1 ▽u1);

INV2 = KAP2 (t-1) (go2 + α2 Δr2 + β2 Δu2)

(3.48) LAB1 = Δb1 ▽X1; LAB2 = b2 ΔX2

In  the  long  run,  aggregate  consumption,  investment,  and  output
marginally  decline.  Even though the  decrease  in  the  markup rate  (τ1)  is
more marked, the price of output in the first sector (p1) remains consider-
ably higher than the baseline. Therefore, the negative effect on consump-
tion  and  output  (CONS1,  X1)  persists.  The  decline  in  investment  and
capital  stock  in  the  same  sector  (INV1,  KAP1)  becomes  more  important
over  time.  Accordingly,  the  rate  of  profit  (r1)  is  steadily  lower  than  the
baseline.  In  the  second  sector,  the  rise  in  the  markup  rate  (τ2)  and  the
price  of  output  (p2)  weakens  the  positive  effect  on  consumption  and
output (CONS2, X2). On the contrary, investment and capital stock in the
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output ( ).  contrary,  capital
same sector  (INV2,  KAP2)  further  rise  above the baseline.  Therefore,  the
positive effect on the rate of profit (r2) lessens. The rates of capacity utilisa-
tion (u1, u2) tend to the target value, while the convergence of the rates of
profit  is  slower  (Fig.  3.7).  The  redistributive  effects  are  also  significant
over the whole period of analysis.

The  effects  are  similar  in  the  case  of  a  constant  productivity  improve-
ment  in  the  second  sector.  The  labour  unit  requirements  in  the  second
sector  (b2)  are  assumed  to  fall  every  year  by  a  constant  amount  (ψ2).
Similar  to  the  previous  case,  the  loss  in  consumption,  investment,  and
output  in  the  first  sector  exceeds  the  benefits  in  the  second  sector.  The
effect  at  the  aggregate  level  is  still  negative  and insignificant.  However,
the  decline  in  output  in  the  first  sector  (X1)  is  greater  than  that  in  the
capital  stock  (KAP1).  Therefore,  the  rate  of  capacity  utilisation  (u1)  rises
above the target. The reverse occurs in the second sector, where the rate
of capacity utilisation (u2) is lower than the baseline. While the effect on
the  markup rates  (τ1,  τ2)  is  similar  to  the  previous  case,  the  decrease  in
the  unit  labor  requirements  considerably  reduces  the  price  of  output  in
the second sector (p2) and to a lesser extent in the first sector (p1). Finally,
the increase in productivity causes a substantial decline in the amount of
hours worked in the second sector (LAB2), but also a moderate reduction
in  the  first  sector  (LAB1).  The  result  is  a  modest  decrease  in  aggregate
employment.  The  redistributive  effects  are  heightened  over  time,  as  the
share  of  consumption,  investment,  and  output  of  the  first  sector  con-
stantly declines.
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Figure 3.7 . Variations from the baseline for b1= 0.05-0.06 and t= 1-100

Source: Author' s own elaboration
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3.9 Concluding remarks

The  basic  discrete-time  model  with  two  sectors  and  two  income  classes
illustrated in this paper reproduces the distinctive features of the South-
ern European economies. The persistent decline in the aggregate demand
for  goods  and  services  that  affected  these  economies  over  the  past
decades  reduced  economic  growth.  The  slowdown  in  growth  created
excess  capacity,  as  the  level  of  production  has  been  persistently  lower
than  the  one  attainable  if  capital  and  labour  available  were  fully
employed.  The  emergence  of  oligopolistic  market  structures  slackened
the  response  of  the  markup  rate  to  the  state  of  under-utilisation  of
resources, hampering the redistribution of income from capital to labour.
The  nominal  wages  being  the  result  of  collective  bargaining,  their  level
did not adjust to restore full employment. Finally, assuming that invest-
ment depends on the expected earnings and the level of economic activ-
ity, the slowdown in growth also reduced capital accumulation. 

Drawing  on  the  previous  literature  on  alternative  macroeconomic  clo-
sures  (Sen,  1963;  Taylor,  1990,  2004),  these  assumptions  were  integrated
in a basic set of simultaneous equations. To this end, the causal structure
of the model was built as follows. Firstly, the investment-savings identity
was replaced with the equality between supply and demand. Secondly, a
consumption  demand  function  for  each  sector  was  derived  from  the
constrained  optimisation  of  a  CES  utility  function,  given  the  level  of
disposable  income.  Thirdly,  a  capital  accumulation  function  was  intro-
duced to produce dynamism on the supply side. Finally, an endogenous
markup  function  was  added  to  account  for  the  role  of  demand.  This
function  produces  a  smooth  convergence  to  the  intertemporal  equilib-
rium. The latter is  both stable and attracting,  given reasonable values of
the  parameters.  Therefore,  consumption,  investment,  employment  and
output rise at the growth rate of capital in the long run.

The assumption of perfectly symmetrical sectors is then relaxed, introduc-
ing variations in the key parameters of the model to evaluate the effects
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ing  key parameters
on  the  main  variables  at  the  sector  and  aggregate  level.  An  increase  in
any of  the  coefficients  of  the  investment  function in  the  first  sector  pro-
duces  positive  effects  in  both  sectors.  The  increase  in  demand,  produc-
tion  and  employment  is  more  evenly  distributed  in  the  short  run.  The
effect on the main variables is strengthened in the long run, but the first
sector benefits the most. This causes a divergence in markup and capac-
ity  utilisation  rates,  which  is  reflected  in  a  price  and  profit  differential.
As a consequence, the income is redistributed from labour to capital. The
rise  in  the  aggregate  variables  is  however  important.  These  results  sug-
gest  that  an  increase  in  the  responsiveness  of  investments  to  demand
could  have  particularly  positive  effects  that  the  current  context  of  eco-
nomic stagnation conceals.

A  change  in  consumer  preferences  in  favour  of  the  first  good  causes
more relevant redistributive effects. In the short run, consumption, invest-
ment,  employment  and  production  increase  in  the  first  sector  and
decrease  in  the  second.  In  the  long  run,  the  latter  effect  prevails.  The
rates  of  capacity  utilisation converge due to  capital  accumulation,  while
the difference between markup and profit  rates remains significant.  The
result is a moderate decline in the main variables at the aggregate level.
Finally, following an increase in the unit labour requirements in the first
sector,  consumption,  investment  and  output  decrease  within  the  same
sector and increase in the second sector.  In the long run,  the differences
between  sectors  widen.  Therefore,  the  main  aggregate  variables
marginally  decrease.  However,  the  rise  in  employment  is  important.
These  results  underline  the  importance  of  analysing  the  substitution
effects between sectors and their long-term impact at the aggregate level.

This  basic  two-sector  model  with  endogenous  markup  offers  several
advantages for exploring the role of innovation in fostering demand and
employment.  First,  it  incorporates  structural  features  such  as  under-
utilisation  of  resources  and  oligopolistic  market  structures.  Second,  it
represents  accumulation  of  capital  and  expansion  of  demand  as  funda-
mental  drivers  of  growth.  Finally,  it  includes  consumer  preferences  and
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substitution  effects  between  different  types  of  goods.  Therefore,  the
model is  introduced in the next chapter of  the dissertation to divide the
Italian  economy  into  more  and  less  polluting  sectors.  The  model  cali-
brated on the Italian economy is  then employed to  simulate  an increase
in productivity in the less polluting industries. Furthermore, it is used to
model  a  change  in  consumer  preferences  in  favour  of  the  environmen-
tally  friendly  goods  and  the  related  substitution  effects.  The  direct  and
indirect effects on demand, output and employment in the two scenarios
are analysed and compared.

The model has two other fundamental characteristics that will emerge in
the rest of the dissertation. First, it can be easily extended to incorporate
more sector and geographical specificities. Chapter 5 presents the multi-
regional and multi-sector version of the model, which is calibrated to the
world economy. The aim is to explore the effects of environmental innova-
tion in the context of international trade. Second, a qualitative parameter
can be introduced in the utility function to reproduce an increase in the
quality of the environmentally friendly products. Therefore, the model is
used  in  the  same  chapter  to  simulate  an  environmental  product  and
process innovation in Southern Europe. The fundamental aim is to investi-
gate and compare the effects of the main types of environmental innova-
tion on output and employment across different sectors.
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Appendix 3.A

Values of parameters and lagged variables

Coefficient of the rate of profit α → 0.1

Coefficient of the rate of capacity utilisation β → 0.1

Propensity to consume out of capital income cr → 0.1

Propensity to consume out of labour income cw → 0.9

Coefficient of autonomous investment g0 → 0.01

Coefficient of the markup function ϕ → 0.01

Coefficient of the capital stock k → 0.7

Nominal wage rate w → 1

Target rate of capacity utilisation u * → 0.8

Markup rate τ(t-1) → 0.2

Capital stock KAP(t-1)→ 1

Stability conditions

Coefficient of the rate of profit α < 0.7393 || 0.7393 < α < 0.8

Coefficient of the rate of capacity utilization β < 0.5475 || 0.5475 < β < 6.4582x1012

Propensity to consume out of capital income cr < 0.7393 || 0.7393 < cr < 0.8

Propensity to consume out of labor income cw < -0.1662 || 0.1085 < cw < 1.2126x1015

Coefficient of autonomous investment g0 < -97.2626 || -23.7583 <

g0 < -0.0057 || -0.0014 < g0 <

0.368 || 0.368 < g0 < 3.2452x1017

Coefficient of the markup function ϕ > 1.143x10 -17

Coefficient of the capital stock k < -2.4065x1014 ||

0 < k < 0.1406 || k > 0.1406
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Appendix 3.B

Endogenous variables

CONSi Real quantity consumed in sector i

CONSnom Nominal aggregate consumption

CONStot Aggregate real consumption

INVi Real gross investment in sector i

KAPi Capital stock in sector i

KINC Aggregate capital income

LABi Amount of hours worked in sector i

LINC Aggregate labor income

pi Price of output in sector i

pki Price of capital in sector i

Qi Potential output in sector i

ri Rate of profit in sector i

ui Rate of capacity utilization in sector i

Xi Real output produced in sector i

τi Markup rate in sector i

Exogenous and lagged variables

bi Unit labor requirements in sector i

iii Share of investment from sector i allocated to sector i

iji Share of investment from sector j allocated to sector i

KAPi (t-1) Capital stock in sector i at t-1

u *
i Target rate of capacity utilization in sector i

w Economy-wide nominal wage

τi (t-1) Markup rate in sector i at t-1

Parameters

αi Coefficient of the rate of profit in sector i

βi Coefficient of the rate of capacity utilization in sector i

cr Propensity to consume out of capital income

cw Propensity to consume out of labor income

δi Rate of depreciation in sector i

ϵ Elasticity of substitution between good i and good j

g0 i Coefficient of the autonomous investment in sector i

ϕi Coefficient of the markup function in sector i

ki Coefficient of the capital stock in sector i

s Share parameter of the CES utility function
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Appendix 3.C

The structural matrix illustrated in Figure (3.8) represents the set of equa-
tions  that  composes  the  two-sector  model  both  in  row  and  in  column.
Each  equation  corresponds  to  a  variable.  The  equations  must  be  solved
simultaneously  to  identify  the  values  of  the  variables.  However,  the
matrix  represents  the  causal  relationships  between  the  different  vari-
ables. Each colour and number represents a set of variables that depends
on the previous set.  The rows and columns in grey represent the exoge-
nous  and  lagged  variables  that  are  initially  assigned  to  the  model.  The
set of equations can also be solved recursively keeping the output values
(in red) unknown.
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Appendix 3.D

Table 3.1. Percentage variations, for α1={0.1-0.12}, at t={2,100}

Source: Author' s own elaboration
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Table 3.2. Percentage variations, for β1={0.1-0.12}, at t={2,100}

Source: Author' s own elaboration
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Table 3.3. Percentage variations, for s={0.5-0.6}, at t={2,100}

Source: Author' s own elaboration
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Table 3.4. Percentage variations, for ϵ ={2-2.4} (s=0.6), at t={2,100}

Source: Author' s own elaboration
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Table 3.5. Percentage variations, for b1={0.05-0.06}, at t={2,100}

Source: Author' s own elaboration
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Table 3.6. Percentage variations, for ψ2={0.00-0.002}, at t={2,100}

Source: Author' s own elaboration
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Appendix 3.E

Table 3.7 . Main growth rates, for α1={0.1-0.12}, at t={2,100}

Source: Author' s own elaboration
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Table 3.8. Main growth rates, for β1={0.1-0.12}, at t={2,100}

Source: Author' s own elaboration
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Table 3.9. Main growth rates, for s={0.5-0.6}, at t={2,100}

Source: Author' s own elaboration
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Table 3.10. Main growth rates, for s=0.6 and ϵ ={2-2.4}, at t={2,100}

Source: Author' s own elaboration
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Table 3.11. Main growth rates, for b1={0.05-0.06}, at t={2,100}

Source: Author' s own elaboration
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Table 3.12. Main growth rates, for ψ2={0.00-0.002}, at t={2,100}

Source: Author' s own elaboration
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Chapter 4

The sustainable future of the Italian economy:
modelling  the  effects  of  environmental
innovation on growth and employment

Abstract

The effects of rising global temperatures are increasingly evident: melting of the polar

ice  caps,  cyclones  and hurricanes,  desertification and destruction of  ecosystems.  The

Italian  economy  is  particularly  vulnerable  to  the  climate  challenge,  due  to  the  pro-

longed slowdown in economic growth and the high unemployment that have plagued

this  economy  over  the  last  decades.  Environmental  innovation  could  be  the  key  to

tackling  climate  change,  while  promoting  growth  and  employment.  A  complete

assessment of  the effects of  environmental innovation on growth and employment at

the  macroeconomic  level  should  consider  the  compensation  mechanisms  associated

with productivity gains, the substitution effects between more or less polluting goods

and the role of demand and consumer preferences. However, a comprehensive analy-

sis  that  includes  all  direct  and  indirect  effects  of  environmental  innovation  at  the

macroeconomic level is still lacking. This study aims to bridge this gap, introducing a

structuralist  CGE  model  to  simulate  the  effects  of  an  increase  in  productivity  in

industries with a low environmental impact and a change in consumer preferences in

favour of  the less polluting goods in the Italian economy over the period 1995-2050.

The  results  of  the  simulations  indicate  that  a  change  in  consumer  preferences  in

favour of environmentally friendly goods in the Italian context may be more effective

than an increase in productivity in stimulating demand, growth and employment.

Keywords: Calibration, Climate change, Employment, Growth, Innovation

JEL Classification: C68, D57, E27, O33, Q52, Q55
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4.1 Introduction

The consequences of rising radiative forcing and global temperatures are
already  evident:  rising  sea  levels,  ocean  acidification,  desertification,
cyclones  and  hurricanes  (IPCC,  2019a,  2019b;  WMO  &  GAW,  2018).  A
more rapid transition in infrastructures and industrial systems is needed
to reach a zero level of emissions within 2050 (Allen et al., 2018). Despite
the  economic  recession  and  the  contraction  in  industrial  output,  Italy  is
still  one  of  the  largest  emitters  in  the  European  Union  (EEA  &
ETC/CME, 2019). The need for a more efficient use of resources adds to
the  structural  problems  that  have  plagued  the  Italian  economy  for
decades (ISTAT, 2019). The combination of slowing consumption, slump-
ing  productivity  and  scarce  dynamism  of  exports  have  weakened  its
growth potential, causing a widening gap with its main trading partners
(Storm & Naastepad, 2006). Given the current state of affairs, the promise
of sustainable growth, aimed at stimulating employment and competitive-
ness is far from being fulfilled (European Commission, 2011).

Environmental innovation could contribute to climate change mitigation,
while  promoting  growth  and  employment.  However,  Chapter  2  indi-
cated  that  a  clear  assessment  of  the  effects  of  environmental  innovation
at the macroeconomic level is still missing. Furthermore, Chapter 3 illus-
trated that distinct types of innovation cause different direct and indirect
effects  on  output  and  employment.  An  increase  in  productivity  in  the
less  polluting  industries  can  be  associated  with  compensation  mecha-
nisms  via  demand,  prices  and  capital  goods  (Antonucci  &  Pianta,  2002;
Pianta, 2003; Vivarelli, 2007). Furthermore, a change in consumer prefer-
ences  in  favour  of  the  same  industries  can  induce  substitution  effects
between  polluting  and  environmentally  friendly  goods.  Therefore,  a
comprehensive  analysis  should  include  all  these  direct  and  indirect
effects on demand, output and employment.

The  main  purpose  of  this  paper  is  to  investigate  all  direct  and  indirect
effects  of  environmental  innovation  on  growth  and  employment  in  the
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 growth  employment
context of the Italian economy. In particular,  an increase in productivity
and  a  change  in  consumer  preferences  in  favour  of  the  less  polluting
Italian  industries  are  analysed  and  compared.  The  structuralist  com-
putable general equilibrium model introduced in the previous chapter is
best suited for this purpose. The model is specifically built to reproduce
the  functioning  of  a  Southern  European  economy,  including  all  direct
and  indirect  effects  of  innovation  on  demand,  output  and  employment.
Therefore,  the  model  is  first  calibrated  on  the  time  series  for  the  Italian
economy for the period 1995-2005. The calibrated model is then run over
the period 1995-2050 to simulate the effects of environmental innovation.
The  quantitative  results  are  presented  in  this  chapter  to  identify  the
magnitude of the effects and the extent of the redistribution of consump-
tion,  investment,  output  and  hours  worked  in  favour  of  environmental
creditors.  However,  the  analysis  focuses  on  the  main  qualitative  and
structural changes in the economy to derive economic policy indications.

The paper is structured as follows. The next section (4.2) details the data
and methodology. Firstly, the Italian industries are grouped into environ-
mental creditors and debtors (4.2.1). Secondly, the values of the real and
nominal  variables  of  the  model  for  the  period  1995-2005  are  identified
(4.2.2-4.2.4).  The  time  series  are  used  in  the  following  section  (4.3)  for
estimating  the  model  parameters.  The  new  calibration  method  intro-
duced  aims  at  tackling  the  main  criticisms  emerged  in  the  literature
(Dawkins et al., 2001; Hoover, 1995; Watson, 1993). The first refers to the
norm of  calibrating the  model  on benchmark data  that  reproduce  a  sin-
gle  equilibrium  observation.  To  overcome  this  limitation,  the  values  of
the  parameters  are  estimated  over  the  entire  period  1995-2005.  The  sec-
ond  concerns  the  lack  of  rigour  in  the  choice  of  parameters  (Hoover,
1995).  To address this criticism, a literature review is first  conducted for
each of the main parameters to define its range of estimation. A Pearson
correlation test is then carried out to identify the value of the parameter
within this range. The third criticism concerns the absence of a reference
metric  to  evaluate  the  performance  of  the  model  (Watson,  1993).  There-
fore,  a  replication  test  is  conducted  to  ensure  that  the  simulated  trends
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reproduce  the  real  trends  with  a  mean  absolute  percentage  error  lower
than 5 percent.

The  selected  parameters  are  used  to  run  the  model  over  the  period
1995-2050  (4.4).  The  results  of  the  base  simulation  are  first  presented
(4.4.1).  The  main  purpose  is  to  understand  whether  a  significant  eco-
nomic  redistribution  toward  the  less  polluting  industries  can  occur
within  the  period  considered  for  zeroing  emissions.  Starting  from  the
base simulation, two alternative scenarios are introduced. The first  is  an
increase in the growth rate of productivity in the less polluting industries
(4.4.2).  The second is  a  change in consumer preferences in favour of  the
environmentally  friendly  goods  (4.4.3).  The  effects  on  demand,  output
and  employment  in  the  two  scenarios  are  compared  to  evaluate  which
instrument is most effective to tackle the dual economic and environmen-
tal challenge of the Italian economy. Finally, sections 4.5 and 4.6 discuss
the results and provide some concluding remarks.

4.2 Data and Methodology

The  structuralist  computable  general  equilibrium  is  used  to  investigate
the effects of a change in productivity or consumer preferences in favour
of the less polluting Italian industries. The model reproduces the function-
ing  of  a  closed  two-sector  economy,  including  all  direct  and  indirect
effects  on  demand,  output  and  employment.  Thanks  to  the  structuralist
investment and pricing functions, the model incorporates the compensa-
tion  mechanisms  associated  with  an  increase  in  productivity.  The  con-
stant elasticity of substitution (CES) utility functions represent the substi-
tution  effects  between  polluting  and  environmentally  friendly  goods
following  a  change  in  preferences.  The  redistributive  effects  are  also
included  through  income  functions  and  different  propensities  to  con-
sume out of labour and capital income. Finally, the endogenous markup
functions  reproduce  the  existence  of  oligopolistic  structures  and  deter-
mine the degree of responsiveness of the system to a change in demand

92



 degree  responsiveness  system  change
and capacity utilisation.

The Italian economy is first divided into two macro-sectors, Environmen-
tal Creditors and Environmental Debtors. Each of the 35 industries of the
NACE 1.1 classification is assigned to a macro sector, based on the contri-
bution to emissions (EMC) and the contribution to emissions over value
added  (EMVAC).  The  purpose  of  this  classification  is  to  identify  indus-
tries  whose  contribution  to  the  production  of  economic  value  is  more
significant  than  the  contribution  to  emissions.  The  basic  assumption  is
that  an  increase  in  consumption  and  investment  in  these  industries  can
contribute to the mitigation of climate change, at the same time support-
ing  growth  and  employment.  The  classification  is  used  to  construct  the
time series of all model variables over the period 1995-2005.

The main data source for the construction of the time series is the World
Input-Output  Database  (WIOD)  2013  Release  (Headteacher  et  al.,  2013).
The 2013 release covers the period from 1995 to 2011, including 27 coun-
tries  from  the  European  Union  and  other  13  major  countries  in  the
world.  The WIOD data used in this  study are the national  use and sup-
ply  tables  (SUTs),  the  national  input-output  tables  (NIOTs),  the  world
input-output  tables  (WIOTs),  the  socioeconomics  accounts  (SEAs),  and
the environmental satellite accounts. The structure and main elements of
each source are detailed in Appendix 4.A.

The model is calibrated on the time series for the period 1995-2005, using
a  new  method.  This  method  combines  an  extensive  literature  review  to
define the estimation range of each parameter with a Pearson correlation
test  between  the  target  vector  and  response  vectors  corresponding  to
alternative parameter combinations.  The main purpose is  to identify the
value  of  the  parameters  that  will  be  used  for  the  simulation  in  a  more
rigorous  manner.  The  values  of  the  parameters  estimated  in  the  new
calibration procedure are also used to conduct a replication exercise over
the  period  1995-2005.  The  main  aim of  this  exercise  is  to  verify  that  the
trend  of  the  main  variables  simulated  through  the  model  follows  the
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actual  trend  of  the  same  variables,  with  a  mean  percentage  error  lower
than 5 percent.

The  calibrated  model  is  then  run  over  the  period  1995-2050.  The  main
purpose is to understand if the current growth path can lead to a signifi-
cant  redistribution  of  consumption,  investment  and  output  towards  the
Environmental  Creditors  within  the  target  set  for  zeroing  emissions.
Building on the base simulation, two main alternative scenarios are intro-
duced.  The  first  is  an  increase  in  the  growth  rate  of  productivity  of  the
Environmental  Creditors.  The  second  is  a  change  in  consumer  prefer-
ences  in  favour  of  environmentally  friendly  goods.  The  effects  on
demand,  growth  and  employment  of  Environmental  Creditors  and
Debtors in the two scenarios are analyzed and compared. The purpose is
not  to  obtain  quantitative  forecasts,  but  rather  to  conduct  a  qualitative
investigation  into  the  effectiveness  of  different  policy  instruments  in
tackling  the  dual  environmental  and  economic  challenge  of  the  Italian
economy.

4.2.1 Environmental Creditors and Debtors

Before proceeding to analyse the data and estimate the parameters of the
model, the Italian economy must be divided into more and less polluting
industries. This breakdown will serve to simulate an increase in produc-
tivity and a change in preferences in favour of low environmental impact
sectors  in  the  next  section.  The  purpose  of  this  subsection  is  to  identify
appropriate indicators for this  breakdown. The first  step is  to group the
35 industries of the NACE 1.1 classification into two macro-sectors, Envi-
ronmental  Creditors  and  Environmental  Debtors.  The  Environmental
Creditors  include  all  industries  whose  contribution  to  the  economic
value  of  the  sector  (manufacturing  or  services)  is  significantly  higher
than  the  contribution  to  greenhouse  gas  emissions  in  the  same  sector.
The Environmental Debtors comprise the remaining industries.

94



The  classification  requires  the  introduction  of  suitable  indicators,  which
allow  to  compare  the  contribution  to  climate  change  and  the  economic
contribution  of  each  sector  in  a  specific  period  of  time.  The  indicator
should  not  depend  on  the  difference  in  the  marginal  cost  of  reducing
emissions  (Appendix  4.B).  The  contribution  to  emissions  (EMC)  is
defined  as  the  ratio  of  the  emissions  of  carbon  dioxide  (CO2),  methane
(CH4),  and  nitrous  oxide  (N2 O)  of  a  specific  industry  to  the  total  emis-
sions  of  the  same  pollutants  produced  for  intermediate  uses,  expressed
in  kilotons  of  carbon  dioxide  equivalent  (CO2 e).  The  air  emission
accounts  (WIOD,  2013  Release)  provide  information  on  these  pollutants
disaggregated  by  industry  and  use.  Since  each  pollutant  has  a  different
capacity  for  absorbing  heat  and  persisting  in  the  atmosphere,  methane
and  nitrous  oxide  are  first  converted  into  carbon  dioxide  equivalent
(CO2 e),  based on their global warming potential (GWP) (Solomon et al.,
2007).

The contribution to  emissions over  value added (EMVAC) is  defined as
the  ratio  between  the  contribution  to  emissions  of  a  specific  industry
(EMC) and its contribution to the total production of value added (VAC),
expressed  in  millions  of  Euro  1995.  The  indicator  is  calculated  for  the
entire  period  1995-2005,  to  ensure  the  stability  of  the  classification  over
time. The EMC and EMVAC indicators are tested on the Italian economy
separately and in a combined manner to produce a sufficiently consistent
classification.  The EMVAC indicator allows to identify industries whose
contribution to the economic value produced is higher than the contribu-
tion to polluting emissions (EMVAC<1). However, a classification based
exclusively  on  this  indicator  would  overestimate  the  importance  of  the
environmentally  friendly  sector,  as  the  three  most  polluting  industries
'Electricity,  Gas  and  Water  Supply'  (secE),  'Agriculture,  Hunting,
Forestry and Fishing'  (secAtB),  and 'Other Non-Metallic  Mineral'  (sec26)
account for most of the GHG emissions (51%). In addition, some sectors
that  contribute  significantly  to  emissions  such  as  'Food,  Beverages  and
Tobacco' would be included among the environmental creditors.
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Even  using  a  lower  threshold  for  the  same  indicator,  the  classification
would  produce  inconsistent  results.  For  instance,  if  only  the  industries
with  an  EMVAC  lower  than  0,5  were  selected  as  environmental  credi-
tors,  the  whole  service  sector  with the exception of  transport  would fall
into this category. The combined use of the EMVAC and the EMC indica-
tors allows to obtain a more representative picture. The industries whose
average  contribution  to  emissions  over  value  added  is  less  than  unity
(EMVAC<1) in the period 1995-2005 are first selected. The median of the
average  contributions  to  emissions  for  all  industries  over  the  period
1995-2005 is calculated for this subgroup. The industries whose contribu-
tion  is  lower  than  the  median  of  the  subgroup are  classified  as  'Enviro-
nmental Creditors', the remaining industries as 'Environmental Debtors'.
The  classification  is  reported  in  Table  (4.1).  The  composition  of  the  two
sectors is analysed  in Appendix 4.C.
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Table 4.1. Environmental Creditors and Debtors

Source: Author' s elaboration from WIOD (2013)

The  classification  proposed  presents  some  obvious  limitations.  On  the
one  hand,  there  are  important  complementarities  between  environmen-
tal creditors and debtors. For example, manufacturing of transport equip-
ment  and  transport  activities  are  classified  as  environmental  debtors.
However,  repair  of  motor  vehicles  and  transport  support  activities  are
classified as  environmental  creditors.  On the  other  hand,  environmental
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creditors cannot replace some core activities such as agriculture and food
production.  However,  the  purpose  of  this  analysis  is  not  to  understand
how to replace specific productive activities. The aim is rather to under-
stand to what extent a strengthening of some low environmental impact
sectors  such as  recycling and education can contribute  to  the  mitigation
of climate change and at the same time foster growth and employment.

4.2.2 The time series of input-output matrices

The previous subsection selected environmental creditors and debtors in
the Italian economy. The next step is to identify the values of the real and
nominal  variables  for  both  groups  over  the  period  1995-2005.  The  data
are reported in Appendix 4.D and will be used to estimate the parameter
values  in  section  4.3.  The  time  series  for  most  of  the  real  variables  are
derived from the national input-output tables. The national input-output
tables  are  based  on  NACE  revision  1.1  with  35  industries  and  include
both domestically produced and imported goods for each use category. 

The economy is first divided into two main sectors based on the classifica-
tion  introduced  above.  Firstly,  this  division  emphasizes  the  distinctive
characteristics  of  each  group and the  importance  of  planning  differenti-
ated  economic  policy  interventions.  Secondly,  it  allows  identifying
changes  over  time  in  the  main  trends  of  the  environmentally  friendly
and polluting industries.  Thirdly,  it  underlines the structural  changes in
the  Italian  economy,  with  particular  reference  to  the  redistribution  of
consumption,  investment,  output  and  employment  towards  less  pollut-
ing  sectors.  Finally,  it  allows  to  model  how a  change  in  productivity  or
consumer  preferences  in  favour  of  a  specific  group  of  industries  can
accelerate  these  structural  changes.  Since  Italy  is  the  main  focus  of  the
analysis, the data are further reorganised to reproduce the functioning of
a  closed  economy  for  two  main  purposes.  The  first  is  to  investigate  the
structural  and  redistributive  effects  of  innovation  within  the  domestic
economy, regardless of trade flows with other countries and their embed-
ded  emissions.  The  second  is  to  avoid  artificially  reproducing  the  func-
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 artificially  reproducing
tioning of a small open economy.

In  the  context  of  a  closed  economy,  all  previously  exported  goods  and
services  would  be  redirected  to  domestic  uses.  At  the  same  time,  all
imports  of  products  for  intermediate  and  final  uses  would  be  lacking.
Therefore,  each  national  input-output  table  for  the  period  1995-2005  is
restructured to reproduce this context. Firstly, the matrices of intermedi-
ate  and  final  uses  are  aggregated  to  create  an  open  economy  with  two
sectors,  environmental  creditors  and  debtors.  Secondly,  the  import  and
export are reallocated to reproduce the functioning of a closed economy
(Fig.  4.1).  Finally,  the  time  series  of  matrices  of  intermediate  and  final
uses in current prices are converted in real terms, using the correspond-
ing series in previous year's prices.

The  first  step  is  to  convert  the  matrices  of  intermediate  and  final  uses
from the industry to the sector level. The matrices of the inputs produced
domestically  and  the  inputs  imported  for  intermediate  uses  are  scaled
down to the matrices INTD and INTM below, where the subscripts c and

d refer to environmental creditors and debtors.

INTD =
intdcc intdcd

intddc intddd
INTM =

intmcc intmcd

intmdc intmdd

The  international  trade  and  transportation  margins  are  reattributed  to
each industry  of  origin  i  using the  weights  of  the  inputs  imported from

the  same  sector  and  collected  into  the  sector-by-sector  matrix  ITM  (Fig.

4.1).  To  ensure  the  equality  between  total  inputs  and  total  output,  the

goods  and  services  domestically  produced  and  intended  for  final  uses
must  be  redistributed  to  each  sector  (CONS,  GFCF).  The  taxes  on  prod-

ucts  net  of  subsidies  and the value added are  also summed up for  each
sector (npt’ and va’). The summation along the rows of intermediate and

final  uses  gives  the  column vector  of  gross  output  go,  which  is  equal  to

the row vector go’.
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The  input-output  table  at  the  sector  level  can  be  further  reorganised  to
reproduce  the  functioning  of  a  closed  two-sector  economy  (Fig.  4.1).
Firstly,  the  matrices  INTD,  INTM,  and  ITM  are  aggregated  into  the

matrix  of  intermediate  inputs  INT.  Secondly,  the  intermediate  inputs

imported  (intmi)  and  the  international  transportation  margins  (itmi)  are

subtracted  from  the  exports  of  each  industry  (expi).  The  exports  net  of

intermediate inputs are then summed up for each sector and reallocated
to  final  domestic  uses  based  on  the  weights  from  the  corresponding
world  input-output  table.  This  operation  restores  the  equality  between
input  and  output.  The  methodology  is  applied  to  each  national  input-
output  table  over  the  period  1995-2005.  The  result  is  a  time  series  of
matrices in current prices for a closed economy with two sectors.

The  time  series  of  input-output  matrices  in  current  prices  is  deflated
using  the  world  input-output  tables  in  previous  year’s  prices  (PYP
WIOT). The data from each PYP WIOT are used to build the correspond-
ing national  input-output table in PYP. The latter is  then reorganized to
reproduce the functioning of a closed two-sector economy, following the
methodology  detailed  above.  The  result  is  a  series  of  matrices  in  previ-
ous  years’  prices  for  a  closed  economy  with  two  sectors,  which  corre-
spond to the nominal series for the period 1995-2005. Each pair of tables
in  current  (SNIOTp_t)  and  previous  years’  prices  (SNIOTp_t-1)  provides

the price indexes associated with each sector and used for the conversion
from  year  t  to  year  t-1.  Therefore,  intermediate  and  final  uses  for  each

sector can be brought to the base year using the respective time series of
price indexes.
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Figure 4.1. NIOT of an open and closed economy

Source: Author' s elaboration from WIOD (2013)

The  input-output  matrices  of  intermediate  and  final  uses  provide  the
time series of all the main real variables for the identities between supply
and demand which close the model (Eq. 4.1). The gross output produced
in each sector i  (Xi)  is equal to the sum of intermediate inputs produced

and  used  within  sector  i  (INTii),  intermediate  inputs  from  sector  i  to

sector j (INTji), final consumption by households (CONSh_i), government

(CONSg_i),  and  non-profit  organizations  (CONSn_i)  in  the  same  sector,

gross  fixed  capital  formation  (INVOi),  and  changes  in  inventories

(DINVi).  All  variables are converted from US dollars to euros,  using the

exchange  rates  from  the  WIOD  database  (September  2012  release).  The
time series  for  the above mentioned variables  are  reported in Appendix
4.D.

(4.1) Xi = INTii + INTij +

CONSh_i + CONSg_i + CONSn_i + INVOi + DINVi

The gross  fixed capital  formation appears  by industry  of  origin  (INVOi)

in  the  aggregate  demand  and  by  industry  of  destination  (INVDi)  in  the

capital  accumulation  function.  To  relate  the  investment  of  origin  to  the
investment of destination, the coefficients of the origin-destination invest-
ment  matrix  ODINV  must  be  estimated.  The  latter  can  be  built  from  a
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vector  of  investment  of  origin and a  vector  of  investment  of  destination
of  the  same  length,  using  the  RAS  method  (Appendix  4.E).  The  gross
fixed capital formation by sector of destination i (INVDi) is the weighted

sum of the investment of origin i  (INVOi) and the investment of origin j

(INVOj),  where  the  weights  (ii)  and  (jj)  are  the  diagonal  coefficients  of

the origin-destination investment matrix (Eq. 4.2).

(4.2) INVDi = iiii INVOi + (1 -iijj) INVOj

4.2.3 Capacity utilisation and potential output

The previous subsection explained how to construct input-output matri-
ces  that  include  the  main  real  variables.  The  remaining  variables  are
derived  from  socioeconomic  accounts  and  business  and  consumer  sur-
veys.  In  particular,  potential  output  and  capacity  utilisation  are  impor-
tant determinants of markup and prices. The concept of capacity utilisa-
tion is usually defined as the actual output produced over some measure
of  potential  output  or  capacity  output  (Christiano,  1981;  Malgarini  &
Paradiso,  2010;  Nelson,  1989).  The  potential  output  is  defined as  a  level
of production achievable if all factors of production were fully employed
and  used  at  their  normal  intensity  level  (Artus,  1977).  This  does  not
necessarily correspond to the optimal level from a policy-making perspec-
tive  as  it  could  be  associated  with  excessive  inflation.  Therefore,  the
potential output can be more narrowly defined as the maximum level of
output  attainable  within  an  economy  without  generating  inflationary
pressures  (Bassanetti  et  al.,  2013;  Zizza,  2006).  If  the  actual  output  is
greater than the capacity output, the economy is in a state of over-utilisa-
tion  of  productive  resources  and  viceversa  (Dergiades  &  Tsoulfidis,
2007).  Indeed,  the  previous  chapter  illustrated  how  an  increase  in  the
current rate of capacity utilisation (u) above the target utilisation rate (u*)
increases markup and prices over time and vice versa.

The  growth  of  the  potential  output  of  the  Italian  economy has  declined
sharply  over  the  last  few  decades  and  the  marginal  contribution  from
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sharply  marginal
productivity  has  eroded   (Artus,  1977;  Baghli,  Cahn,  &  Villetelle,  2006;
Cahn  &  Saint-Guilhem,  2010).  Conversely,  the  gap  between  actual  and
potential  output  has  widened.  The  measures  of  capacity  utilisation  are
persistently  lower  than  unity,  but  vary  significantly  depending  on  the
methodology (Berndt & Hesse, 1986; Parigi & Siviero, 2001). The informa-
tion on physical capital capacity utilisation from business surveys can be
used  to  improve  the  reliability  of  the  estimates  (Graff  &  Sturm,  2012).
The survey data represent the most direct and timely source of informa-
tion  on  technical  capacity,  from  the  perspective  of  the  entrepreneurs
(Dergiades & Tsoulfidis, 2007). The Joint Harmonised EU Programme of
Business  and  Consumer  Survey  provides  harmonized  data  on  current
operating  capacity  as  a  percentage  of  full  capacity  for  the  28  member
states  of  the  European  Union,  based  on  NACE  Revision  1.1  (European
Commission, 2016). The quarterly figures from the survey data are trans-
formed into  yearly  rates  and weighted  based  on  the  contribution  to  the
total  value  added  produced  in  the  sector.  Finally,  the  rate  of  capacity
utilisation  for  each  sector  is  calculated  as  the  weighted  average  of  the
rates of the industries belonging to the same sector.

Given  the  time series  of  current  output  (Xi)  and rate  of  capacity  utilisa-

tion  (ui),  the  potential  output  for  each  sector  (Qi)  can  be  identified  (Eq.
4.3). Furthermore, assuming that the potential output increases each year
by  a  certain  fraction  k  of  current  investment,  this  proportionality  coeffi-

cient can be derived for each sector (Eq. 4.4). Finally, the rate of deprecia-
tion for each sector (δi) can be computed based on the time series of cur-
rent  and  lagged  values  of  the  capital  stock  (Eq.  4.5).  The  lagged  valued
for the first year (KAPi_ 94) is calculated based on the average growth rate

of the capital stock in the same sector over the observed period. The time
series of  capital  stock and potential  output for  both sectors are reported
in Appendix 4.D. 

(4.3) Qi =
Xi

ui

(4.4) Qi = ki INVDi + Qi (t-1)
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(4.5) KAPi = (1 -δi) INVDi +KAPi (t-1)

4.2.4  Sources  of  income  and  remuneration  of  production
factors

The time series for all real variables have been identified in the previous
subsections.  The  main  source  of  data  for  the  nominal  variables  intro-
duced in this section is the socioeconomic accounts. The identity between
inputs and output within each sector implies that the sum of the demand
components in nominal terms is equal to the sum of intermediate inputs
(INTii, INTji), taxes on products net of subsidies (NPTi), capital compensa-

tion (KINCi) and labour compensation (LINCi) (Eq. 4.6). Given intermedi-
ate  inputs  and  income  flows,  the  taxes  on  products  net  of  subsidies
(NPTi) can be calculated from Equation (4.6).

(4.6) pi Xi = pi INTii + pj INTji + KINCi + LINCi + NPTi

The  capital  compensation  (KINCi)  corresponds  to  the  gross  mark-up  on

the costs of production. Therefore, the markup rate for each sector (τi)  is
computed as the ratio between the capital compensation and the sum of
intermediate  costs  (pi INTii + pj INTji)  and  labour  cost  (w LABi)  in  the

same sector (Eq. 4.7). The nominal wage rate (w) corresponds to the ratio

between the labour compensation (LINC) and the total hours worked by

persons engaged (LAB) (Eq. 4.8). Finally, the net tax rate on products for

each  sector  (ptaxi)  is  calculated  as  the  ratio  between  the  net  taxes  on

products  and  the  remuneration  of  capital  and  labour  (Eq.  4.9).  The
sources  of  income  and  the  rates  of  remuneration  for  both  sectors  are
summarized in Appendix 4.D.

(4.7) τi =
KINCi

(pi INTii + pj INTji + w LABi)
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(4.8)w =
LINC

LAB

(4.9) ptaxi =
NPTi

(1 + τi) (pi INTii + pj INTji + w LABi)

The price of capital in sector i (pki) is the average of the prices of the two

sectors  (pi, pj),  weighted for  the  respective  share  of  investment  of  origin

(iiii  INVOi,  (1 - iijj)  INVOj)  and divided by  the  investment  with  destina-

tion in the same sector (INVDi)  (Eq. 4.10). The gross rate of profit (ri)  for

the same sector can be calculated as the ratio between the capital compen-
sation (KINCi) and the nominal value of the capital stock from the previ-

ous year (pki KAP(t-1) i) (Eq. 4.11).

(4.10) pki =
iiii INVOi pi + 1 - iijj INVOj pj

INVDi

(4.11) ri =
KINCi

pki KAP(t-1) i

4.3 Calibration (1995-2005)

The  model  is  calibrated  on  the  time  series  constructed  in  the  previous
section. The values of the parameters are estimated over the entire obser-
vation period 1995-2005, to improve the accuracy and consistency of the
simulated  results.  For  each  equation,  the  real  values  calculated  in  the
previous section are first attributed to the independent variables and the
dependent variable for the entire period. The result is a time series of the
same equation over the period 1995-2005 in which the parameters repre-
sent  the  unknowns  to  be  estimated.  The  values  of  the  parameters  are
then estimated within the range defined on the basis of the literature. In
particular,  a  review  of  previous  empirical  studies  is  conducted  for  each
of the main parameters pari, parj figuring in the equation. The extremes

of  the  estimation  range  for  each  parameter  are  obtained as  a  10  percent
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 range  parameter  percent
variation  around  the  average  value  from  the  literature
(avpari -10× %; avpari +10× %).  The first  ten instances of  the parameters

are calculated within the respective ranges for the entire period of analy-
sis parist, parjst ∀ s = 1, ..., 10; t = 1, ..., n. The average value of the param-

eters avparis, avparjs for each instance (s) is used to solve the initial equa-

tion  over  the  observed  period.  The  resulting  vector  (vi)  is  compared  to
the target vector (v) associated to the actual trend of the dependent vari-

able,  using  the  Pearson  correlation  test.  The  combination  of  parameters
which shows the lowest p-value in the correlation test between the associ-
ated vector and the target vector is selected for the final simulation.

The  following  subsections  detail  the  application  of  the  method  to  the
main equations of  the model  to  estimate the coefficients  of  the expendi-
ture,  consumption,  markup  and  investment  functions.  The  last  subsec-
tion  reports  the  results  of  the  replication  exercise  which  compares  the
simulated  and  real  trends  for  all  model  variables  over  the  period
1995-2005,  to  check  the  accuracy  of  the  estimated  values  of  the
parameters.

4.3.1 Coefficients of the expenditure functions

The  expenditure  functions  introduced  in  this  subsection  serve  to  deter-
mine the portion of capital and labour income allocated to the consump-
tion  of  households,  government  and  non-profit  organizations  (Eq.
4.12-13).  In our simplified model,  the consumption expenditures of gov-
ernment  and  organisations  (CONSnom_gn)  correspond  to  the  summation

of  the  net  taxes  on  capital  compensation  (ktax  KINC),  labour  compensa-

tion (ltax  LINC),  and products  (NPTi, NPTj)  (Eq.  4.12).  The consumption

expenditures  of  households  (CONSnom_h)  are  calculated  as  the  share  of

disposable income from capital ((1-ktax) KINC) and labour ((1-ltax) LINC)

corresponding to their respective propensities to consume (Eq. 4.13). The
consumption  expenditures  of  households,  government  and  non-profit
organisations are calculated from the time series of prices and quantities
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organisations  prices  quantities
consumed  reported  in  Appendix  4.D.  The  time  series  of  capital  and
labour income are included in the same appendix. Therefore, the parame-
ters  to  be  estimated  for  both  equations  are  the  tax  rates  (ktax,  ltax)  and

the propensities to consume for capital and labour income (cr, cw). 

(4.12) CONSnom_gn = NPTi + NPTj + ktax KINC + ltax LINC

(4.13) CONSnom_h = cr (1 - ktax) KINC + cw (1 - ltax) LINC

Drawing  on  the  European  Commission  studies  (DG  Taxation  and  Cus-
toms Union & European Commission, 2017; EUROSTAT & Commission,
2009),  the  ratio  between  the  implicit  tax  rate  on  labour  and  the  implicit
tax rate on capital is supposed to vary between 1.54 and 1.88. Therefore,
the  tax  rates  (ktax,  ltax)  are  estimated  within  this  range.  The  results  are

reported in Appendix 4.E. Once the tax rates have been determined, the
propensities  to  consume  can  be  estimated  from  equation  (4.13).  The
previous literature focuses on saving propensities associated with differ-
ent  income  groups  and  the  resulting  redistributive  effects  (Bhaduri   &
Marglin,  1990).  If  the propensity to  save out  of  labour income is  signifi-
cantly lower than the propensity to save out of capital income, any redis-
tribution from wages to profits reduces aggregate consumption.

Most studies on the main OECD economies provide empirical support to
the  saving  differential  hypothesis,  with  an  estimated  average  difference
between the propensity to save out of wages and the propensity to save
out  of  profits  of  0.36-0.46  (Bowles  &  Boyer,  1995;  Stockhammer,  2009;
Storm & Naastepad, 2006). The difference could be even more important,
with  values  around  zero  for  wage  earners  and  around  unity  for  profit
earners  (Hein  and  Ochsen,  2003).  However,  the  estimates  vary  depend-
ing on the size and the degree of openness of the economy. The consump-
tion differential between profit and wage income is lower for small open
economies  like  Austria  and  the  Netherlands  (0.23-0.30)  compared  to
medium-sized  and  less  open  economies  such  as  France  and  Germany
(0.33-0.44) (Hein & Vogel, 2007, 2009; Stockhammer et al., 2011; Stockham-
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(0.33-0.44) (Hein  Vogel,
mer & Ederer, 2008). 

Based on the  overview presented in  this  section,  the  difference  between
the propensity to consume out  of  wages (cw)  and the propensity to con-
sume out of  profits  (cr)  is  supposed to vary between 0.32 and 0.44.  Both
propensities are estimated within this range based on disposable capital
and  labour  incomes  (Eq.  4.13).  The  first  ten  instances  of  the  parameters
and  the  associated  p-values  for  the  Pearson  correlation  test  are  sum-
marised in Appendix 4.E. The average values of the propensities to con-
sume out of capital and labour income reporting the lowest p-values are
respectively 0.51 and 0.88.

4.3.2 Coefficients of the consumption functions

The  previous  subsection  introduced  the  government  and  household
spending  functions  and  estimated  the  related  parameters.  The  demand
functions introduced in this subsection are derived from the constrained
maximisation  of  CES  utility  functions  and  determine  the  quantity  con-
sumed  of  each  good  (Eq.  4.14-4.15).  Given  the  nominal  aggregate  con-
sumption  of  government  and  households  (CONSnom_gn, CONSnom_h),

the  real  quantity  of  good  i  consumed  (CONSgn_i, CONSh_i)  and  the

relative prices  (pi, pj),  their  preferences for  each good and the degree of

substitutability  between  the  same  goods  can  be  determined.  Therefore,
the  parameters  estimated  in  this  subsection  are  the  share  parameters  of
the utility functions (s, z) and the elasticities of substitution (σ, ϵ).

(4.14) CONSgn_i =
CONSnom_gn

pi + pj 
pi (1-z)

pj z

σ

(4.15) CONSh_i =
CONSnom_h

pi + pj 
pi (1-s)

pj s

ϵ
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The literature on the substitutability between polluting and environmen-
tally friendly goods is scarce, therefore this subsection refers to the stud-
ies  on  the  elasticity  of  substitution  between  clean  and  dirty  inputs.  The
elasticity  of  substitution  is  important  in  determining  the  direction  of
technological  change  (Acemoglu  et  al.,  2012).  The  complementarity
between clean and dirty  sources  can prevent  the  switch to  environmen-
tally  friendly  technologies,  even  with  government  intervention  (Pelli,
2012).  Most  studies  estimate  that  this  parameter  is  significantly  higher
than unity, with values between 1.61 and 2 for the energy sector (Lanzi &
Sue  Wing,  2010;  Malikov  et  al.,  2018;  Papageorgiou  et  al.,  2017;  Popp,
2004).  Estimates  for  non-energy  sectors  are  more  varied  (Malikov  et  al.,
2018;  Papageorgiou at al., 2017).

Drawing on the few empirical  studies based on a CES function,  the val-
ues  of  the  elasticities  of  substitution  (σ,  ϵ)  for  the  utility  functions  of

government  and  households  are  estimated  within  the  range  1.87-2.29.
The  first  ten  instances  of  the  parameters  with  the  lowest  values  for  the
Pearson's  correlation  test  are  reported  in  Appendix  4.E.  The  average
value  of  the  elasticity  of  substitution  between  the  two  goods  for  both
government and households (σ,  ϵ)  over the observed period is 1.95.  The

average  value  of  the  share  parameter  of  the  utility  function  for  govern-
ment  (z)  and  households  (s)  are  respectively  0.35  and  0.42.  Based  on

these estimates, private consumers appear to attribute a greater value to
cleaner  goods than public  actors,  although the degree of  substitutability
with the dirty good is the same. 

4.3.3 Coefficients of the markup functions

The  endogenous  markup  functions  represent  the  fundamental  link
between demand and prices. The markup rate in each sector (τi) depends
on  its  lagged  value  (τi (t-1))  and  the  difference  between  the  current  (ui)
and the target rate of capacity utilization (ui*)  (Eq. 4.16).  The time series

for the rates of capacity utilisation and the markup rates are reported in
Appendix 4.D. The lagged value of the markup for the first year (τi_ 94) is
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Appendix  lagged  markup  year _

calculated  using  the  average  growth  rate  of  the  same  variable  over  the
period  of  analysis.  Therefore,  the  parameters  estimated  from  the  equa-
tion  (4.16)  are  the  coefficient  of  the  markup  function  (ϕi)  and  the  target
rate of capacity utilisation (ui*).

(4.16) τi = τ(t-1) i + ϕi (ui - ui
*)

Since  any  deviation  from  the  target  rate  involves  price  variations
through the markup function, the target rate (ui*)  can be identified with

the non-accelerating inflation rate of  capacity utilisation (NAIRCU).  The
NAIRCU  has  been  introduced  as  an  alternative  indicator  for  European
countries,  where  the  estimates  of  the  non-accelerating  inflation  rate  of
unemployment  (NAIRU)  are  less  reliable  due  to  the  role  of  hysteresis
(Franz  &  Gordon,  1993).  The  indicator  is  directly  measurable  from  sur-
vey data, available in a timely manner and not subject to revisions, pro-
viding  an  effective  instrument  for  policy  interventions  (Fessler  et  al.,
2014;  Köberl  &  Lein,  2011).  Furthermore,  it  performs  reasonably  well
compared  to  other  benchmark  measures  like  deviations  from  the  long-
run average, unit labour costs and output gap (Fessler et al., 2014; Köberl
and Lein, 2011). The empirical studies find a similar role of partial hystere-
sis and demand effect across countries (Franz and  Gordon, 1993). How-
ever,  the  estimates  vary  significantly  depending  on  efficiency  and
entrepreneurial  attitudes,  with values ranging from 75 for Italy to about
85  for  Germany,  Switzerland  and  United  States  (Franz  and   Gordon,
1993; Köberl and Lein, 2011; Nahuis, 2003).

Based  on  the  limited  literature  available  on  the  NAIRCU  for  the  Euro-
pean  countries,  the  target  rate  of  capacity  utilisation  in  each  sector  is
supposed  to  vary  between  0.75  and  0.91.  The  coefficient  of  the  markup
function in each sector is estimated within the range 0-1. A positive value
of the coefficient ensures a pro-cyclical behaviour of the markup rate and
its  convergence  to  the  steady  state.  A  value  close  to  zero  implies  the
existence  of  oligopolistic  market  structures,  which  prevent  the  immedi-
ate adjustment of prices to changes in demand.  The first ten instances of
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 adjustment  prices  changes
the coefficients are reported in Appendix 4.E.

The estimated value of the target rate of capacity utilisation is lower for
environmental  creditors  (0.76)  than  for  environmental  debtors  (0.79),
indicating  a  weaker  potential  for  expanding  demand  without  creating
inflationary pressures in this sector. Both rates are lower than the median
value from the literature, but in line with (Nahuis, 2003) which indicates
a  limited  capacity  to  increase  the  utilisation  of  resources  in  Italy.  The
markup  coefficient  of  the  environmental  creditor  is  considerably  larger
(0.81)  than  that  of  the  environmental  debtors  (0.17),  suggesting  greater
price responsiveness to demand variations in this sector.

The  differences  between  the  two  sectors  are  represented  in  Figures  4.2
and 4.3, where the trend in the markup rates is compared to the trend in
the  rates  of  capacity  utilisation  over  the  observed  period.  A  marked
increase  in  the  markup  rate  of  the  environmental  creditors  can  be
observed  in  correspondence  with  the  rise  in  the  rate  of  capacity  utilisa-
tion above the target (Fig. 4.2). On the contrary, the trend of the markup
rate of the environmental debtors follows a marginal decline, as the rate
of capacity utilisation remains below the target during the whole decade
(Fig.  4.3).  The  persistent  state  of  underutilisation  of  resources  combined
with the weak responsiveness of the markup rate to changes in demand
could explain the relative stability of the markup rate in this sector.

Figure 4.2. Markup and utilisation rates, sector c (1995-2005)

Source: Author' s own elaboration
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Figure 4.3. Markup and utilisation rates, sector d (1995-2005)

Source: Author' s own elaboration

4.3.4 Coefficients of the investment functions

The  rate  of  capacity  utilisation  is  also  an  important  driver  of  the  struc-
turalist investment functions (Eq. 4.17). The gross fixed capital formation
is a function of the capital stock from the previous period (KAP(t-1) i), the
coefficient of  autonomous investment (g0 i),  the rate of  profit  (ri)  and the
rate of capacity utilisation (ui). The time series of capital stock, profit and
utilisation rates are reported in Appendix 4.D. Therefore, the parameters
estimated  from  Eq.  (4.17)  are  the  rate  of  autonomous  investment,  the
coefficient of the rate of profit (αi) and the coefficient of the rate of capac-
ity utilisation (βi).

(4.17) INVDi =KAP(t-1) i g0 i+αi ri +βi ui)

The coefficients of the investment function are investigated in numerous
empirical studies as fundamental levers of demand and profitability. The
relative  importance  of  the  two  levers  has  relevant  implications  from  a
redistributive  perspective.  A  cooperative  relationship  between  labour
and  capital  is  possible  only  where  a  rise  in  the  real  wage  raises  output
and capital owners continue to benefit from a higher rate of profit trough
increased  sales  (Bhaduri  &  Marglin,  1990).  Most  empirical  studies  iden-
tify a positive and significant effect of profitability on investment and an
even more remarkable demand effect  (Storm & Naastepad,  2006).  While
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 (Storm  Naastepad,  2006).
the  effect  of  demand  on  capital  accumulation  is  fairly  stable  (0.2),  the
effect  of  profitability  appears  to  weaken  over  time  (Glyn,  1997;  Hein  &
Ochsen, 2003). Therefore, the falling labour share and higher responsive-
ness of investment to demand factors are the most plausible causes of the
slowdown in  capital  accumulation in  the  main  European countries  dur-
ing the 1980s (Hein & Krämer,  1997).  However,  the role of  demand and
profitability  in  driving  capital  accumulation  differs  widely  across  coun-
tries.  The  investment  responsiveness  to  profitability  ranges  from 0.53  in
Japan  to  0.14  in  the  United  Kingdom  and  is  weakly  significant  in  Ger-
many  (Bowles  &  Boyer,  1995;  Hein  &  Vogel,  2009;  Stockhammer  et  al.,
2011).

Even  taking  exports  into  consideration,  a  'wage-led  regime'  prevails  in
France, Germany, Italy, and Spain, while Japan and the United States are
classified  as  'profit-led  regimes'  (Bowles  &  Boyer,  1995;  Hein  &  Vogel,
2009;  Storm  &  Naastepad,  2006).  Further  studies  suggest  that  large  and
less open economies such as France, Germany, the United Kingdom and
the  United  States  exhibit  characteristics  of  wage-led  regimes,  while  the
small  open  economies  of  Austria  and  the  Netherlands  are  profit-led
(Hein & Vogel,  2007).  However,  a reduction in the wage share can have
important contractionary effects on domestic demand even in small open
economies like Austria and the Netherlands (Naastepad, 2006; Stockham-
mer  &  Ederer,  2008).  The  euro  area  can  also  be  considered  as  a  large
integrated  economy  following  a  wage-led  pattern,  with  an  important
role of consumption and demand (Stockhammer, 2009).

In conclusion, previous studies identify a wage-led regime in the largest
and relatively closed continental European economies,  at  least when the
role of exports is not accounted for. However, the estimates of the coeffi-
cients of the investment function are not comparable, due to the different
specifications  and indicators  used.  Therefore,  the  entire  range  identified
in the literature is taken into account. The coefficient of the rate of profit
(αi) is estimated within the range 0-0.5, while the coefficient of the rate of
capacity  utilisation  (βi)  is  estimated  within  the  range  0-1.  The  rate  of
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capacity β  range
autonomous  investment  (g0 i)  is  supposed  to  vary  between  0  and  0.05.
The first ten instances of the parameters and their probability values for
the  Pearson  correlation  test  are  presented  in  Appendix  4.E.  The  coeffi-
cient of the rate of capacity utilisation (0.07) is almost three times higher
than  the  coefficient  of  the  rate  of  profit  (0.03)  in  the  environmentally
friendly sector. The opposite occurs in  the more polluting sector, where
the coefficient  of  the rate  of  capacity utilisation is  about  one third (0.02)
of the coefficient of the profit rate (0.05). The demand effect appears to be
dominant  in  the  fist  sector,  while  profitability  is  the  main  driver  in  the
second sector.

4.3.5 Replication exercise

The parameters estimated in the previous subsections are used to run the
model  over  the  period  1995-2005.  The  results  are  compared  to  the  real
trends over the observed period to verify the accuracy of the calibration
procedure. Figure (4.4) shows the real trend of the variables in blue and
the  simulated  trend  in  orange.  The  calibrated  model  accurately  repro-
duces the actual trend of the variables, with a mean absolute percentage
error (MAPE) of less than 5 percent over the entire period. The simulated
output  of  the  environmental  creditors  (sXc)  increases  from  over  400  bil-
lion  to  over  500  billion,  while  the  output  of  the  environmental  debtors
(sXd)  increases  from  1.3  to  1.6  trillion.  Both  increments  are  in  line  with
what  is  observed  in  the  real  economy.  The  modest  increase  in  hours
worked in the environmental creditors sector (sLABc)  from 7.8 billion to
8.1 billion and the largest increase in hours worked in the environmental
debtors  sector  (sLABd)  from  33  billion  to  38  billion  reflect  the  actual
changes over the same period. The rise in the household consumption of
environmentally  friendly  goods  (sCONShc)  from  170  billion  to  over  200
billion  also  finds  confirmation  in  the  data.  Conversely,  the  expected
increase  in  the  household  consumption  of  the  more  polluting  goods
(sCONShd)  from  350  billion  to  440  billion  is  higher  than  the  actual
increase,  although  the  MAPE  does  not  exceed  the  5  percent  level.  The
difference is likely due to the deflection in the real trend of consumption
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 likely  consumption
from 2002 onwards.

The simulation faithfully reproduces the accumulation of capital and the
related expansion in production capacity in both sectors. The investment
destined to the environmental creditors (sINVDc) rises from 27 billion to
33  billion.  The  environmental  debtors  (sINVDd)  further  increase  their
investment  from  150  billion  to  over  180  billion.  Both  increments  are  in
line  with  the  data.  The  capital  stock  of  environmental  creditors  (sKAPc)

rises from almost 380 billion to over 480 billion. The increase in the capi-
tal stock of the environmental debtors (sKAPd) is less important, from 2.9
to 3.7 trillion. However, due to the difference in the initial level of produc-
tive capacity and the technical coefficients, the rise in potential output is
similar.  Both  environmental  creditors  and  debtors  build  production
capacity beyond the current demand. All trends find confirmation in the
data.
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Figure 4.4. Simulated and real trends (1995-2005)

Source: Author' s own elaboration

4.4 Main results

4.4.1 Baseline

The  results  of  the  simulation  over  the  period  1995-2050  reveal  that  the
important  structural  changes  required  to  cope  with  the  climatic  emer-
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important  changes  required  cope
gency  do  not  occur  within  the  time  frame  considered.  Not  only  do  the
environmental creditors fail to capture the main share of output, but the
redistribution of consumption and investment towards the latter is mod-
est (Fig. 4.5). Since the elasticity of substitution and the share parameters
of the utility function are initially assumed to be constant,  any variation
in the share of  consumption is  mainly due to  changes in  relative prices.
The latter in turn depend on variations in unit  labour requirements and
markup rates.

Not only the initial level of productivity of the environmental creditors is
higher, but it increases at a faster rate (1.4 percent) compared to the envi-
ronmental debtors (0.9 percent). However, the markup rate of the environ-
mental  creditors  (τc)  continues  to  rise,  partially  offsetting  the  decline  in
relative  prices.  Once  the  current  rate  of  capacity  utilisation  (uc)  reaches
the  target  value  (0.76),  it  gradually  declines.  The  convergence  is
smoother  in  the  more  polluting sector,  where  the  initial  rate  of  capacity
utilisation  (ud)  is  closer  to  the  target  rate  (0.79)  and  the  response  of  the
markup rate (τd) to changes in demand is weaker. The markup decreases
constantly over the observed period. The rates of profit (rc, rd) follow the
same  patterns.  Essentially,  the  gap  between  the  two  sectors  is  terms  of
markup, profitability, and utilised capacity persists.

Due  to  the  variations  in  productivity  and  markup,  the  price  ratio  (rp)

rises for more than a decade, then it slowly declines (Fig. 4.6). Therefore,
the  green  share  of  households  consumption  (rconshc)  marginally
increases from 33 percent to 35 percent. Despite the decline in the rate of
capacity  utilisation,  the  gross  fixed  capital  formation  destined  to  the
environmental  creditors  responds  positively  to  the  increasing  returns.
On  the  contrary,  the  concomitant  decline  in  utilisation  and  profit  rates
slows down the  capital  accumulation in  the  more  polluting sector.  As  a
result, the green share of investment (rinvdc) increases from 15 percent to

19 percent.
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Following  the  modest  increment  in  the  consumption  and  investment
ratio,  the  output  share  of  the  environmental  creditors  (xc)  increases
marginally  from  24  percent  to  26  percent.  The  expansion  in  demand  is
therefore  insufficient  to  compensate  for  the  labour  losses  associated  to
the increase  in  productivity  in  the  same sector.  Therefore,  their  share  of
hours worked declines from 19 percent  to 16 percent.  In conclusion,  the
difference  in  productivity  and  profitability  between  the  sectors  is  not
sufficient  to  ensure  a  restructuring  of  the  economic  system in  favour  of
the  environmental  creditors,  due  to  the  low  level  of  initial  capital,  the
high  initial  markup  rate  and  its  scarce  responsiveness  to  changes  in
demand.

Figure 4.5. Environmental creditors and debtors, main trends (1995-2050)

Source: Author' s own elaboration

Figure 4.6. EC share of the main aggregate variables (1995-2050)

Source: Author' s own elaboration
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4.4.2 Change in consumer preferences

A  change  in  consumer  preferences  accelerates  the  structural  changes
described  in  the  previous  section,  fostering  consumption,  investment,
and  output  in  the  less  polluting  sector.  The  change  in  preferences  is
simulated through a 25 percent increment in the share parameter s of the

household utility function compared to the base scenario. The increase is
analysed  through  successive  simulations  in  progressive  steps  of  5  per-
cent  (Fig.  4.7).  The change in preferences produces a  more than propor-
tional  increase  in  the  household  consumption  of  environmentally
friendly goods (CONShc). The rise in consumption in turn stimulates the
expansion in output (Xc) and employment. The effect on available produc-
tive  capacity  is  limited  in  the  short  run,  therefore  the  rates  of  capacity
utilisation (uc) and markup (τc) rise with output. Thanks to the combined
increase  in  markup  and  utilisation  rates,  the  rate  of  profit  (rc)  surges.
Finally,  the rise in demand and profitability fosters the gross fixed capi-
tal formation in the same sector (INVDc). Over time, the accumulation of
capital  and  the  consequent  increase  in  production  capacity  erase  the
increment in the rates of markup and capacity utilisation, while the expan-
sive effects on consumption and investment are strengthened (50 percent
and 43 percent  respectively).  The result  is  a  significant  increase in gross
output and hours worked in the last scenario (25 percent).
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Figure 4.7 . Main effects of a change in preferences (1995-2050)

Source: Author' s own elaboration

The  effects  in  the  most  polluting  sector  are  negative,  but  smaller.  The
change in consumer preferences causes a less than proportional decrease
in household consumption (CONShd) of the more polluting goods in the
short run. As a result, output (Xd) and employment (LABd) suffer a mod-
est reduction compared to the base scenario. The rates of capacity utilisa-
tion (ud) and markup (τd) decrease in the same proportion. However, the
reduction in the rate of profit (rd) is more significant. The decline in utilisa-
tion and profit  rates  curtails  the investment  in the same sector  (INVDd),
but the effect remains modest.  Over time, the rate of capacity utilisation
converges  toward  the  target,  while  markup  (τd)  and  profitability  (rd)

collapse.  Therefore,  the  decline  in  investment  is  more  important  (10
percent),  while  consumption  losses  are  contained  (22  percent).  As  a
result,  the  decline  in  output  and  hours  worked  in  the  last  scenario  is
modest (5 percent).

The  strongly  expansionary  effect  in  the  environmental  creditors’  sector
and  the  modest  decline  in  the  environmental  debtors’  sector  cause  a
redistribution  of  consumption,  investment,  output  and  employment  in
favour  of  the  former  (Fig.  4.8).  Following  a  change  in  preferences,  the
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 (Fig.  4.8).  Following  change  preferences,
relative price of environmentally friendly products increases rapidly and
then  gradually  converges  towards  the  baseline.  The  rise  in  the  relative
price slows down the redistribution in favour of the environmental credi-
tors,  which  nevertheless  conquer  the  main  share  of  consumption  at  the
end  of  the  period  (52  percent).  They  also  increase  their  share  of  invest-
ment  (28  percent)  and  capital  (21  percent),  but  the  effect  is  less  impor-
tant.  As  a  result,  the  redistribution  of  output  (32  percent)  and  employ-
ment is significant but more contained  (20 percent).

Figure 4.8. Redistributive effects of a change in preferences (1995-2050)

Source: Author' s own elaboration

Table  (4.2)  summarizes  the  medium and long-run effects  on the  growth
rates  of  the  main  variables  in  the  first  and  last  scenario,  considered  at
different  points  in  time.  In  the  short  run,  a  change  in  consumer  prefer-
ences  in  favour  of  the  environmental  creditors  has  a  strong  negative
effect  on  the  growth rates  of  the  main  variables  in  the  same sector.  The
inflationary  effects  that  follow  the  sudden  rise  in  the  rate  of  capacity
utilisation slow down the growth of consumption and output.  From the
second  decade  onward,  the  effect  turns  positive.  The  rate  of  capacity
utilisation  declines,  considerably  reducing  the  growth  rates  of  markup
and prices. Thanks to the slow down in inflation and the change in prefer-
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 prices.  change  prefer
ences,  the  growth rate  of  household consumption (CONShc)  rises  above
its  base  value.  Despite  the  slackening  profitability,  the  demand  effect
sustains the growth rate of investment and capital stock INVDc, KAPc .

The acceleration of consumption and capital accumulation determines an
increase  in  the  rate  of  growth  of  output  Xc  and  employment  LABc  of

half a percentage point. Over time, the growth rates of the main variables
gradually converge to the baseline.

Table 4.2. Effects on main growth rates (t=2020,2050,2200)

Source: Author' s own elaboration

The opposite occurs for the environmental debtors. In the short term, the
decline in the growth rate of markup and prices fosters consumption and
output growth. However, in the medium and long run, the rate of capac-
ity  utilisation  grows  faster  than  the  baseline,  accelerating  inflation  and
slowing  consumption  (CONShd).  The  slowdown  in  consumption  com-
bined  with  the  persistent  decline  in  investment  (INVDd)  reduces  the
growth  rates  of  employment  (LABd)  and  output  (Xd).  However,  the
effects  are  modest.  Over  time,  the  faster  growth  of  markup  and  prices
further reduces consumption growth. Conversely, the rise in the growth
rate  of  return  weakens  the  negative  effect  on  gross  fixed  capital  forma-
tion and capital  accumulation.  In the very long run,  the growth rates  of
the main variables converge to the baseline values.

4.4.3 Productivity increase

The effect of a change in household preferences in favour of the environ-
mental  creditors is  compared to the effect  of  an increase in productivity
in the same sector. An increase in the growth rate of productivity of the
environmental  creditors  (gbc)  from  1.4  percent  to  1.9  percent  is  simu-

lated, which corresponds to a 25 percent decline in the unit labour require-
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 corresponds  percent  require
ments  in  the  same  sector  over  the  observed  period  (bc).  The  increase  is

analysed  through  successive  simulations  in  progressive  steps  of  5  per-
cent, as in the previous case (Fig. 4.9). The increase in productivity boosts
profitability in the same sector, raising the markup rate (τc) and the profit
rate  (rc).  The  rise  in  the  markup  rate  partially  offsets  the  decline  in  the
unit labour requirements, causing a modest decrease in the price of out-
put  compared  to  the  baseline.  The  result  is  a  moderate  increase  in  con-
sumption  (CONShc)  and  investment  (INVDc)  (5-6  percent)  and  a

marginal increase in gross output (Xc) in the last scenario (3 percent). The
demand effect  is  insufficient  to  compensate  for  the  labour  losses  due  to
the  increase  in  productivity,  resulting  in  a  significant  decline  in  the
amount of hours worked in the same sector (LABc) (22 percent).

The boost  in profitability in the first  sector  corresponds to an erosion in
profitability in the second sector. Both the markup (τd) and profit rate (rd)

of the environmental debtors decline. Despite the decline in the markup
rate,  the reduction in the price of output is modest.  Therefore,  the effect
on consumption is  marginal.  Since  the  rate  of  capacity  utilisation  is  sta-
ble,  the  effect  on  investment  is  also  unimportant.  Therefore,  both  the
output and the amount of hours worked in the same sector are stable. In
sum, the increment in productivity widens the gap in markup and prof-
itability between the two sectors, but has modest effects on the real vari-
ables,  with  the  exception  of  employment.  The  redistributive  effects  are
even less evident (Fig. 4.10). The share of hours worked suffers a modest
decline. However, the increase in the share of consumption of the environ-
mental  creditors  compared  to  the  baseline  is  minimal  and  the  effect  on
the other variables is insignificant.

123



Figure 4.9. Main effects of an increase in productivity (1995-2050)

Source: Author' s own elaboration

Figure 4.10. Redistributive effects of an increase in productivity (1995-2050)

Source: Author' s own elaboration

Table  (4.3)  summarizes  the  medium and long run effects  on the  growth
rates of the main variables in the first and last scenario. In the short run,
the  growth  rate  of  markup  of  the  environmental  creditors  rises  moder-
ately,  partially offsetting the increase in the growth rate of productivity.
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ately,  partially offsetting  growth  productivity.
The  growth  rate  of  prices  is  only  marginally  reduced.  Therefore,  the
effect  on the growth rates  of  consumption (CONSc),  investment (INVDc)

and output  (Xc)  is  minimal.  The most  important  effect  is  the  substantial

decline  in  the  growth  rate  of  employment  (LABc).  Over  time  the  devia-

tion in the growth rates of markup and profitability with respect to their
base values widens. However, the effect on the growth rates of consump-
tion,  investment,  and  output  remains  marginally  positive.  Conversely,
the  growth  rates  of  markup  and  returns  of  the  environmental  debtors
further  decline.  However,  the  effect  on  the  growth  rates  of  the  main
variables is unimportant.

Table 4.3. Effects on main growth rates (t=2020,2050,2200)

Source: Author' s own elaboration

4.5 Discussion

The  analysis  identified  fundamental  differences  between  environmental
creditors  and  debtors  in  terms  of  initial  resources,  ability  to  expand
demand and drivers  of  capital  accumulation.  The target  rate  of  capacity
utilisation  of  the  environmental  creditors  is  lower,  which  limits  their
ability  to  drive  demand  without  generating  inflation.  The  initial  capital
stock and the autonomous investment rate are also lower for the environ-
mental  creditors,  which  constrains  capital  accumulation.  Their  markup
rate is considerably higher than that of the environmental debtors, but it
is more responsive to changes in demand. The latter are the main driver
of investment in this sector, while profitability prevails in the more pollut-
ing sector.

An effective  policy  should take  into  consideration  the  differences  in  the
structural  characteristics  of  high  and  low  environmental  impact  indus-
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 high  impact
tries.  Given  the  greater  responsiveness  of  investment  to  demand  in  the
less polluting industries,  the introduction of targeted policies to support
consumption could foster the accumulation of capital and the expansion
of  productive  capacity  in  the  same  industries.  Furthermore,  the  expan-
sion in productive capacity would contain the inflationary effects associ-
ated  with  a  rise  in  demand  in  the  same  sector.  Finally,  an  increase  in
competition  in  the  market  for  environmentally  friendly  products  could
have very positive effects,  as  the expansion of  demand would offset  the
negative  effect  of  a  reduction  in  markup  on  investment  and  capital
accumulation.

The  base  simulation  over  the  period  1995-2050  suggests  that  the  eco-
nomic  redistribution  towards  less  polluting  industries  is  much  slower
than  desired.  Despite  the  persistent  gap  in  terms  of  productivity  and
profitability between the two sectors,  the redistribution of consumption,
investment and output in favour of the environmental creditors is  mod-
est.  Furthermore,  their  share  of  hours  worked  decreases  significantly.
The high markup rate and its low responsiveness to increases in demand
prevent  the  transfer  of  productivity  growth into  significant  price  reduc-
tions.  The scarce initial  capital  and limited investment response to prof-
itability hinder capital accumulation in the same sector. The growth rates
of  consumption,  investment  and output  of  the  environmentally  friendly
sector are marginally higher in the long run. However, this difference is
insufficient  to  bridge  the  initial  gap  and  implement  the  structural
changes  necessary  to  face  the  climate  emergency  within  the  time  frame
considered.

The  alternative  scenarios  indicate  that  environmental  innovation  could
contribute  to  the  mitigation  of  climate  change  while  promoting  growth
and  employment  in  the  Italian  economy.  However,  in  the  context  of
sluggish  demand  and  fragmented  markets,  the  expansionary  effects  are
contained. A 25 percent increase in the productivity of the less polluting
sector produces only a modest rise in consumption and investment in the
same  sector  over  the  entire  simulation  period  (5-6  percent).  Therefore,

126



 period  (5-6  percent).
the final increase in  output is marginal (3 percent).  However, the hours
worked  in  the  same  sector  are  considerably  reduced  (22  percent).  Since
the growth rate  of  productivity  is  constant  in  the more polluting sector,
the  decrease  in  consumption,  investment,  hours  worked  and  output  is
marginal. The redistributive effects are also unimportant.

A change in consumer preferences in favour of the environmental credi-
tors has far more important effects than an increase in productivity. A 25
percent  increase  in  the  share  parameter  utility  function  generates  a  50
percent  rise  in  the  household  consumption  of  environmentally  friendly
products over the entire simulation period. The rise in both demand and
profitability  fosters  capital  accumulation  in  the  less  polluting  sector,
resulting  in  a  43  percent  increase  in  investment  over  the  same  period.
The final increase in output and hours worked is important (25 percent).
The  opposite  occurs  in  the  more  polluting  sector,  where  consumption
declines  and  the  erosion  in  profitability  depresses  capital  accumulation.
However,  the  loss  of  output  and  hours  worked  remains  modest  (5  per-
cent).  The  redistributive  effects  are  also  more  evident  in  this  scenario.
The environmental creditors capture the largest share of private consump-
tion  at  the  end  of  the  simulation  (52  percent)  and  control  an  important
share of investment (28 percent) and output (32 percent). The increase in
the share of hours worked is less significant (20 percent).

The  results  of  the  simulations  underline  the  importance  of  consumer
preferences  and  demand.  The  role  of  demand  and  preferences  is
neglected  in  most  macroeconomic  studies  that  focus  on  variations  in
productivity.  However,  in  a  context  of  economic  stagnation  and  low
competitiveness,  an  increase  in  productivity  may  not  be  transferred  to
consumers  through  price  reductions  and  therefore  be  insufficient  to
support an expansion in demand. Furthermore, the role of demand as an
engine of growth, employment and capital accumulation is usually under-
estimated.  However,  the  results  of  this  study  suggest  that  a  change  in
preferences in favour of environmentally friendly goods can have impor-
tant  effects  on  demand,  growth  and  employment  in  the  context  of  the
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 growth  employment
Italian  economy.  Therefore,  policies  to  raise  consumer  awareness  and
support for investment in research and development of quality products
with a reduced environmental impact could be decisive.

4.6 Concluding remarks

Environmental  innovation  can  support  the  expansion  of  less  polluting
industries  in  the  Italian  economy,  contributing  to  the  mitigation  of  cli-
mate  change  and  fostering  growth  and  employment.  The  previous
macroeconomic studies on environmental innovation focus on the role of
environmental  regulations  and  the  direct  effects  on  productivity.  This
study considers the role of demand and consumer preferences in acceler-
ating  the  economic  redistribution  towards  low  environmental  impact
industries.  Furthermore,  it  underlines  the  importance  of  compensation
mechanisms associated with an increase in productivity and substitution
effects between products with high and low environmental impact.

The  simulation  conducted  over  the  period  1995-2050  indicates  that  the
differences in the initial endowments and in the structural characteristics
between  sectors  prevent  the  restructuring  of  the  Italian  economy
towards  the  less  polluting  industries.  The  role  of  demand  in  driving
capital  accumulation  and  prices  is  more  important  in  the  less  polluting
sector. However, the low levels of capital stock and target rate of capac-
ity  utilization  constrain  its  ability  to  foster  demand  and  growth.  The
adoption  of  targeted  policies  that  support  demand  and  the  controlled
expansion of production capacity could accelerate the growth of the less
polluting sector without generating excess inflation.

The role of demand and consumer preferences emerge also in the alterna-
tive scenarios. An increase in the rate of productivity growth in the envi-
ronmentally  friendly  sector  expands  consumption  through  slowing
inflation.  However,  the  resulting  increase  in  markup  in  the  same  sector
contains the effect on prices, resulting in a modest increase in output and
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 prices, resulting  output
a significant loss of  hours worked. A change in preferences in favour of
environmentally friendly products fosters demand and capital accumula-
tion in the same sector,  with modest losses in the more polluting sector.
The  prolonged  slowdown in  demand and  the  scarce  competitiveness  of
the Italian economy contain the positive effects of an increase in produc-
tivity  on  demand and growth.  In  this  context,  policies  that  promote  the
qualitative  improvement  of  environmentally  friendly  products  and  that
raise consumer awareness of the effects  of climate change could be more
effective in stimulating demand, growth and employment.
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Appendix 4.A

The  supply  and  use  tables  are  based  on  the  equality  between  the  total
value of  inputs  and the total  value of  output,  therefore they contain the
elementary  units  for  the  construction  of  the  NIOT  and  the  WIOT  (Fig.
4.11-4.12). However, both tables are of a product-by-industry dimension,
therefore  they  provide  more  detailed  information  on  the  value  and  ori-
gin of  goods and services.  The core  of  the  supply table  (Fig.  4.11)  is  the
domestic supply of each good in basic prices (DSUP_bas), which account

for all costs born by the producers. For each good i, the summation of the

domestic supply,  the imports in cif prices (impi), the trade and transporta-

tion margins (margi),  and the taxes net of subsidies (txspi)  gives the total

supply  of  the  same  good  in  purchaser’s  prices  (sup_puri).  The  use  table

(Fig. 4.12) provides additional information on the allocation of the goods
produced  between  intermediate  (INTC)  and  final  consumption.  More-

over,  it  specifies  whether  the  final  goods  are  destined  to  exports  (expi),

gross  fixed  capital  formation  (gfcfi)  or  consumption  by  households

(conshi),  non-profit  organizations  (consnpi),  and  government  (consgi).  For

each  product  i,  the  summation  of  intermediate  and  final  uses  gives  the

total use of the same product at basic prices (use_basi). For each industry

j, the summation of intermediate uses, value added (vaj), and taxes net of

subsidies  txspj  gives  the  gross  output  of  the  same  industry  at  basic

prices (go’).  The same information is also available at purchasers'  prices,

while the estimates of margins and net taxes used for the conversion are
provided in separate tables.

Figure 4.11. Supply table at basic prices

Source: Author' s elaboration from the SUTs (WIOD, 2013)
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Figure 4.12. Use table at basic prices

Source: Author' s elaboration from the SUTs (WIOD, 2013)

The national input-output table combines the information from the sup-
ply and the use tables, including all transactions between producers and
consumers  within  the  economy.  It  represents  the  flows  of  goods  and
services intended for intermediate and final uses, produced domestically
and  imported.  More  specifically,  the  matrix  of  domestic  intermediate
inputs  (INT_dom)  and  the  matrix  of   imported  intermediate  inputs

(INT_imp)  detail  the  amount  of  domestically  produced  and  imported

goods  supplied  and  used  in  each  industry  (Fig.  4.13).  While  the  SUT
differentiate between products and industries,  the NIOT is based on the
assumption that  each industry produces goods and services in only one
product  class.  As  a  result,  the  matrices  are  squared  and  the  flows  are
defined  in  terms  of  industry  output.  The  matrix  INT_dom  is  comple-

mented with a series of column vectors that detail the amount of domes-
tic  products  destined  for  final  consumption  of  households  (consh_dom),

non-profit  organizations  (consnp_dom)  and  government  (consg_dom),  as

well as capital formation (gfcf_dom) and exports (exp). The same informa-

tion is  also  provided for  imported products,  in  separate  column vectors
(consh_imp,  consnp_imp,  consg_imp,  gfcf_imp).  Both matrices  of  intermedi-

ate  inputs  are  complemented  with  the  row  vectors  of  the  taxes  net  of
subsidies  (txsp_int’),  the  value  added  (va’),  and  the  international  trans-

portation  margins  (marg_int’).  Margins  and  taxes  are  specified  for  each

end-use  category.  The  summation  along  the  rows  of  the  intermediate
and final uses for each industry gives the vector of gross output (go). The
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 industry gives  gross g

latter  is  equal  to  the  summation  along  the  columns  of  the  intermediate
inputs  and  the  value  added  for  each  industry,  including  margins  and
taxes.

Figure 4.13. National input-output table

Source: Author' s elaboration from the NIOTs (WIOD, 2013)

The world input-output table combines the information from the NIOTs,
describing the  transactions among industries,  households,  governments,
and users  of  capital  goods for  the  40  countries  included in  the  database
and  the  rest  of  the  world.  The  table  is  estimated  using  data  from  the
national  accounts,  supply  and  use  tables,  and  international  trade  statis-
tics.  The  socio  economics  accounts  provide  additional  data  on  capital
and  labour  inputs,  for  each  of  the  35  industries  and  40  countries  repre-
sented in the WIOTs (Erumbam et  al.,  2012b).  They include information
on  capital  stock  and  gross  fixed  capital  formation,  at  current  and  basic
prices.  They also detail  hours  worked and compensation for  three  labor
types.  Most  importantly,  they  indicate  the  price  levels  of  the  main  vari-
ables,  with  respect  to  the  base  year  1995.  Finally,  the  environmental
satellite  accounts  provide  industry-specific  information  on  energy,  air
emissions,  materials  extraction,  land  use  and  water  use  (Genty  et  al.,
2012).  The  energy  accounts  include  the  gross  energy  use  and  the  emis-
sion relevant energy use by sector and energy commodity. The air emis-
sion accounts  detail  the  carbon dioxide (CO2)  emissions  (in  kilotons)  by
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)  (in  kilotons)  by
sector  and  energy  commodity.  The  other  air  pollutants  included  in  the
database  are:  nitrous  oxide  (N2 O),  methane  (CH4),  nitrogen  oxides
(NOx),  sulphur  oxides  (SOx),  ammonia  (NH3),  non-methane  volatile
organic  compounds  (NMVOC),  carbon  monoxide  (CO).  Among  these
pollutants,  carbon  dioxide,  methane  and  nitrous  oxide  are  the  main
greenhouse gases responsible for global warming.

133



Appendix 4.B

Table  4.4  illustrates  the  average  annual  variations  and  the  average
annual contributions to CO2 emissions for each of the 35 industries of the
NIOT, over the period 1995-2005. The most polluting industry is ‘Electric-
ity,  Gas, and Water Supply’ (secE),  which is responsible for over a third
of total CO2 emissions (34.4%). However, the average annual increase for
this  industry is  close to the median (1.6%).  The third largest  contributor
to emissions ‘Coke, Refined Petroleum and Nuclear Fuel’ (sec23) exhibits
an  average  annual  reduction  of  0.4%.  Furthermore,  some  of  the  most
polluting  industries  such  as  ‘Chemicals  and  Chemical  Products’  (sec24)
and  ‘Textiles  and  Textile  Products’  (sec17t18)  have  an  average  annual
reduction  above  the  median,  respectively  -2.6  and  -2.8%.  On  the  con-
trary, the average annual increase in emissions is higher than the median
in  some  of  the  least  polluting  industries,  such  as  ‘Education’  (secM),
‘Manufacturing,  Nec;  Recycling’  (sec36t37),  and  ‘Electrical  and  Optical
Equipments’ (sec30t33).
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Table 4.4. Average variations and contributions to CO2 emissions (1995-2005)

Source: Author' s elaboration from the Italian air emissions accounts (WIOD, 2013)
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Appendix 4.C

The  composition  of  Environmental  Creditors  and  Debtors  is  illustrated
in Table 4.5. The gross output, the gross value added, and the total hours
worked by persons engaged for each industry are provided in the same
table,  with  reference  to  the  base  year.  The  environmental  creditors
includes 10 industries, which produce 30 percent of the total value added
and 24 percent of the total gross output. However, they represent only 19
percent of  the total  hours worked.  Among these sectors,  4  belong to the
secondary sector and 6 to the tertiary sector.  The environmental debtors
includes  the  remaining  25  industries,  one  of  which  belongs  to  the  pri-
mary sector, 13 to the secondary sector, and 11 to the tertiary sector. The
environmental debtors account for 70 percent of the value added, but 81
percent of the total hours worked.

Table 4.5. Composition of Environmental Creditors and Debtors

Source: Author' s elaboration from WIOD (2013)
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Appendix 4.D

Table 4.6. Main variables in real terms (1995-2005)

Source: Author' s elaboration from the WIOD (2013)

Table 4.7 . GFCF , price of capital and profit rates (1995-2005)

Source: Author' s own elaboration

Table 4.8. Rates of capacity utilisation (1995-2005)

Source: Author' s elaboration from the BSC archive database (2010)

Table 4.9. Capital stock and potential output (1995-2005)

Source: Author' s elaboration from the WIOD (2013)

137



Table 4.10. Sources of income and remuneration (1995-2005)

Source: Author' s elaboration from the WIOD (2013)

138



Appendix 4.E

Table  4.10  summarizes  the  information  available  on  gross  fixed  capital
formation  from  all  the  data  sources  described  in  the  previous  sections.
All  the  sources  are  based  on  the  same  industrial  classification,  NACE
Revision  1.1,  but  contain  different  information.  The  NIOTs  include  the
gross  fixed  capital  formation  for  each  industry  of  origin  i  (1).  They  also

provide separate estimates for the imported gross fixed capital formation
(3).  However,  the international transportation margins and the taxes net
of subsidies are not available at the industry level. More importantly, the
industry  of  destination  j  is  not  specified.  Conversely,  the  SEAs  include

the  gross  fixed  capital  formation  for  each  industry  of  destination  j  (2),

estimated through the perpetual inventory method. However, the domes-
tic capital is combined with the imported capital, the international trans-
portation margins and the taxes net of subsidies. Finally, the SUTs detail
the  gross  fixed  capital  formation  for  each  product  at  purchaser’s  prices
(1),  including  imports.  Furthermore,  the  trade  and  transportation  mar-
gins and the taxes net of subsidies are available at the product level (4-5).
However,  several  entries  are  missing  (35  products  corresponding  to  18
industries).  Therefore,  the  vector  of  the  investment  of  origin  is  con-
structed starting from the NIOT, adding the taxes and margins estimated
from the SUT.

Table 4.11. Data sources on GFCF

Source: Author' s elaboration from the WIOD (2013)

For  each sector  of  origin  i,  the  capital  imported (gfcfmi)  is  added to  that

produced  domestically  (gfcfi).  The  international  transportation  margins

on  gross  fixed  capital  formation  (itmgfcf)  are  attributed  to  each  sector  of
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 gross gfcf

origin i using the weight of the capital imported from that sector (gfcfmi)

over the total  capital  imported (gfcfm).  The estimated gross  fixed capital

formation  after  taxes  for  each  sector  of  origin  i  (gfcf


at_i)  is  equal  to  the

sum of the imported and domestic capital, including the margins. 

gfcf


at_i = gfcfi + gfcfmi +
gfcfmi

gfcfm
itmgfcf

The taxes net of subsidies for each sector of origin i are derived from the

SUT,  as  follows.  Firstly,  the  95  products  from  the  SUT  are  classified
based  on  the  NACE  Revision  1.1  and  aggregated  into  the  35  sectors  of

the  NIOT.  Secondly,  the  tax  rate  t
~

gfcf_t  for  the  m  sectors  (m=17)  with

positive  entries  is  calculated as  the  ratio  between the  net  taxes  npt
~

gfcf_t

and the gross fixed capital formation at purchaser’s prices gfcf
~

pp_t. This

tax rate is applied to the gross fixed capital formation after taxes (gfcf


at_t)

derived  from  the  NIOT,  to  estimate  the  taxes  net  of  subsidies  for  the
same sectors (npt


gfcf_t).

t
~

gfcf_t =
npt
~

gfcf_t

gfcf
~

pp_t

npt


gfcf_t = t
~

gfcf_t *gfcf


at_t

The  sum of  the  estimated net  taxes  for  the  m  sectors  with  positive  mar-

gins  ∑t=1
m npt


gfcf_t  is  deducted  from  the  total  net  taxes  on  gross  fixed

capital  formation  nptgfcf.  The  sum  of  the  estimated  gross  fixed  capital

formation after taxes for the same sectors ∑t=1
m gfcf


at_t is subtracted from

the  total  estimated  gross  fixed  capital  formation  after  taxes  (gfcf


at).  The

tax rate for the sectors with zero margins t
~

gfcf_nt is obtained by dividing

the residual taxes for the residual gross fixed capital formation. This rate
is  used  to  estimate  the  taxes  net  of  subsidies  for  the  remaining  sectors
(npt


gfcf_nt).

t
~

gfcf_nt = nptgfcf -
t=1

m

npt


gfcf_t  gfcf


at -
t=1

m

gfcf


at_t
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npt


gfcf_nt = t
~

gfcf_nt *gfcf


at_nt

The gross fixed capital formation of all sectors of origin (gfcfo) is the sum

of  the  gross  fixed  capital  formation  after  taxes  (gfcf


at_i)  estimated  from

the  NIOT  and  the  taxes  net  of  subsidies  estimated  from  the  SUT

(npt


gfcf_i),  for  both  sectors  with  positive  and  nil  margins.  The  latter  is

equal  to  the  gross  fixed  capital  formation  of  all  sectors  of  destination
from the SEAs.

gfcfo =
t=1

m

gfcf


at_t + npt


gfcf_t + 
nt=1

(i-m)

gfcf


at_nt + npt


gfcf_nt

The vector  of  investment  of  origin  derived from the  NIOT and the  SUT
and  the  vector  of  investment  of  destination  from  the  SEAs  are  used  to
estimate the origin-destination investment matrix ODINV, using the RAS

method.  The  latter  can  be  scaled  down  to  a  2x2  matrix,  based  on  the
classification  in  Appendix  4.C.  The  coefficients  of  the  sector-by-sector
matrix are used to allocate the domestic gross fixed capital  formation to
the industries of destination, including the export converted to the same
use (exp gfcf).
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Appendix 4.F

Table 4.12. PC test, ktax and ltax

Source: Author' s own elaboration

Table 4.13. PC test, cr and cw

Source: Author' s own elaboration
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Table 4.14. PC test, σ and z

Source: Author' s own elaboration

Table 4.15. PC test, ϵ and s

Source: Author' s own elaboration

Table 4.16. PC test, u *
c and ϕc

Source: Author' s own elaboration

143



Table 4.17 . PC test, u *
d and ϕd

Source: Author' s own elaboration

Table 4.18. PC test, αc, βc and goc

Source: Author' s own elaboration

Table 4.19. PC test, αd, βd and god

Source: Author' s own elaboration

144



Appendix 4.G

The simulation is run until 2200, in order to highlight three main aspects.
Firstly,  the  main  variables  grow  at  a  constant  rate  over  the  very  long
term,  more  than  a  century  after  the  beginning  of  the  simulation  (Fig.
4.14).  Secondly,  the  difference  in  profitability  and  productivity  causes
redistributive  effects  from  one  sector  to  another,  producing  a  partial
convergence  between  them.  Finally,  the  difference  between  the  growth
rates of the main variables in the two sectors persists, with the exception
of the utilised capacity. The growth of the latter variable (guc, gud)  tends

to zero in the very long run. The markup rates also converge over time,
but the difference between their growth rates is permanent. The markup
of  the  environmental  creditors  (gτc)   decreases  at  a  constant  rate  of  -0.4

percent,  while  the  markup  of  the  environmental  debtors  (gτd)  rises  at

0.44 percent.  The convergence in the markup rates has a direct effect on
the  profitability  of  the  two sectors.  The  profit  rate  of  the  environmental
creditors (grc) declines at a constant rate of -0.36 percent, while the profit

rate of the environmental debtors grows at 0.4 percent (grd).  Despite the

convergence,  the  profit  rate  of  the  environmental  creditors  remains
higher  than  that  of  the  environmental  debtors  throughout  the  observed
period. As a result, the gross fixed capital formation destined to the same
sector (gINVDc) grows at a higher rate (2.3 percent) than that of the envi-

ronmental debtors (2 percent). Given a constant sector allocation of invest-
ment,  the  capital  stock  (gKAPc, gKAPd)  grows at  the  same rate  of  gross

fixed capital formation in each sector. Due to the persistent decline in the
price  ratio,  the  consumption  of  environmentally  friendly  goods
(gCONShc)  grows  at  2.6  percent,  while  the  consumption  of  the  more

polluting  goods  (gCONShd)  stands  at  1.9  percent.  Owing  to  the  concur-

rent  increase in consumption and investment,  the output rises exponen-
tially  in  both  sectors.  However,  its  growth  rate  over  the  long  term  is
almost  half  a  percentage  point  higher  for  the  environmental  creditors
(gXc)  than for  the environmental  debtors  (respectively 2.4  percent  and 2

percent).  Despite  the  positive  effect  on  the  long-term  growth  rates  and
the considerable length of the observed period, the environmental credi-
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 length  period,
tors are unable to overcome the environmental  debtors,  which still  hold
the largest share of output at the end of the simulation.

Figure 4.14. Main growth rates (1995-2200)

Source: Author' s own elaboration
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Chapter 5

The  sustainable  future  of  the  Southern
Eurozone:  modelling  the  effects  of
environmental  product  and  process
innovation in the global economy

Abstract

The  effects  of  climate  change  could  be  particularly  severe  in  the  Southern  Eurozone

countries,  exposed  to  temperature  spikes  and  extreme  climatic  events.  The  issue  of

climate  change  mitigation  adds  to  structural  problems  that  have  worn  these

economies  for  decades.  The  introduction  of  an  environmental  innovation  in  this

region  can  reduce  the  polluting  emissions,  while  fostering  demand,  growth  and

employment. However, these effects may vary according to the type of innovation and

the  patterns  of  innovation  prevailing  at  the  sector  and  macroeconomic  level.  An

environmental  product  innovation  could  generate  substitution  effects  between  more

and  less  polluting  products  and  between  local  and  foreign  products.  An  increase  in

productivity  in  the  less  polluting  sector  could  induce  compensation  mechanisms

through  prices  and  demand.  The  aim  of  this  study  is  to  explore  all  the  direct  and

indirect effects of environmental innovation on growth and employment through the

simulation  and  calibration  of  a  multi-region  and  multi-sector  model  of  the  world

economy over the period 1995-2040. The results of the simulations confirm the impor-

tance of compensation and substitution effects. The final effects on output and employ-

ment depend fundamentally on the prevailing patterns in a specific sector.

Keywords: Climate change, Employment, Growth, Innovation, International

Trade

JEL Classification: C68, D57, E27, F17, O33, Q55
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5.1 Introduction

The  fight  against  climate  change  has  a  long  history.  The  participants  in
the Earth Summit in Rio de Janeiro in 1992 pledged to integrate environ-
mental  factors  into  resource  planning  and  management,  to  protect  air
quality  and  combat  deforestation,  desertification  and  drought  (United
Nations, 1992). The pledge was renewed a decade later during the World
Summit  on  Sustainable  Development  in  Johannesburg  (United  Nations,
2002).  The  Copenhagen  Conference  on  Climate  Change  in  2009  intro-
duced  a  commitment  to  contain  the  rise  in  global  temperature,  which
turned  into  a  legally  binding  agreement  during  the  twenty-first  session
of  the Conference of  the Parties  (COP),  held in Paris  in  2015 (UNFCCC,
2009; United Nations, 2015).  Above all,  the 196 parties involved decided
to  pursue  the  more  ambitious  goal  of  limiting  global  warming  to  1.5
degrees  Celsius  above  pre-industrial  levels  to  avoid  irreversible  effects
on natural and human systems (IPCC, 2018). 

The European Union achieved a 31 percent reduction in greenhouse gas
emissions from 1990 levels, well above the targets set in the Kyoto agree-
ments and the climate and energy package (EEA, 2021; UNFCCC, 2008).
However,  keeping  the  global  average  temperature  increase  within  the
limit of 1.5 degrees Celsius requires further efforts. The potential impact
of  climate  change  varies  across  European  regions,  depending  on  the
stability and responsiveness of their socio-economic systems (Kelemen et
al.,  2009).  The  effects  are  expected  to  be  particularly  severe  in  Southern
Europe,  with  a  higher  intensity  and  frequency  of  heat  spikes  compared
to  the  other  regions  and  a  more  substantial  loss  of  ecosystems  (IPCC,
2014).  The  impact  on  economic  activities  is  also  estimated  to  be  more
important, as it affects crucial sectors like agriculture, tourism and infras-
tructure.  The  costs  of  climate  change  mitigation  and  adaptation  add  to
the high unemployment rates and slowing growth that have plagued the
Southern European economies over the past decades (Zamora-Kapoor &
Coller, 2014). Therefore, Southern Europe is facing a dual environmental
and economic challenge.
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Environmental innovation represents a potential solution to the environ-
mental  and  economic  problems  of  Southern  Europe.  In  particular,  the
introduction  of  less  polluting  goods  and  services  could  stimulate  con-
sumption and investment  in  the  region,  with  positive  effects  on  growth
and employment.  As detailed in the previous chapter,  the direction and
intensity  of  these  effects  depend  on  the  compensation  and  substitution
mechanisms  prevailing  in  a  specific  economy.  Chapter  4  investigated  a
change  in  consumer  preferences  in  the  Italian  economy  and  the  related
substitution effects  between more  and less  polluting domestic  products.
This  chapter  explores  both the  substitutability  between environmentally
friendly  and  polluting  products  and  between  products  from  Southern
Europe and other regions. Furthermore, the role of environmental prod-
uct  innovation  is  specifically  modelled  as  an  increase  in  the  quality  of
environmentally  friendly  products.  Chapter  4  also  suggested  that  an
increase  in  productivity  in  industries  with  a  low  environmental  impact
can  foster  consumption  and  investment  through  compensation  mecha-
nisms via price, demand and capital goods (Pianta, 2003; Vivarelli, 2007).
The effect on employment is positive if the expansion in demand offsets
the  initial  decline  in  hours  worked.  In  the  context  of  a  closed  and  stag-
nant  economy with fragmented markets,  these effects  are  limited.  How-
ever,  an  increase  in  productivity  in  less  polluting  industries  could  have
more varied effects in the context of international trade.

The  aim  of  this  study  is  therefore  to  investigate  the  direct  and  indirect
effects  of  environmental  product  and  process  innovation  on  demand,
growth  and  employment  in  the  Southern  Eurozone  in  the  context  of
international  trade.  The  investigation  is  carried  out  through  the  calibra-
tion  and  simulation  of  a  multi-regional  and  multi-sector  model  of  the
world economy over the period 1995-2040. The multi-regional and multi-
sector model builds on the structuralist general equilibrium model intro-
duced in Chapter  3  and calibrated on the Italian economy in Chapter  4.
As  detailed  in  the  same  chapters,  the  model  reproduces  the  distinctive
features  of  the  Southern  European  economies  and  accounts  for  the  cen-
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tral  role  of  demand  and  consumer  preferences.  It  includes  variations  in
productivity  and  the  resulting  compensation  mechanisms  via  demand
and prices. It also represents the substitution effects between environmen-
tally friendly and polluting products. Therefore, it is useful for investigat-
ing  the  direct  and  indirect  effects  of  different  types  of  environmental
innovation on growth and employment.

The  closed  economy  model  from  Chapter  4  is  extended  to  incorporate
the role of international trade, including five regions and 100 sectors. The
sectors are further divided into 100 brown industries and 76 green indus-
tries  on  the  basis  of  the  contribution  to  emissions  over  contribution  to
value added indicator introduced in the previous chapter. The consump-
tion  structure  is  expanded  accordingly  to  represent  within  each  sector
the choice between brown and green products from different regions. In
addition,  a  parameter  v  is  introduced  into  the  utility  function  of  each

green industry to simulate an increase in the quality of the environmen-
tally  friendly  products.  Therefore,  the  extended  version  of  the  model
incorporates environmental product innovation and the related substitu-
tion effects between more and less polluting firms within the same sector
and  between  different  regions.  The  extended  model  is  first  calibrated
combining  data  from  the  environmental  accounts,  the  world  input-out-
put  tables,  the  socioeconomic  accounts  and  additional  sources.  The
model is  then run over the period 1995-2040 to simulate the effect  of  an
environmental  product  and  process  innovation  in  the  Southern
Eurozone.

The next section illustrates the data and methodology for the calibration
of  the  model.  In  particular,  it  details  how  the  matrix  decomposition  of
emissions is used to divide each sector into a brown and green industry
and  how  the  time  series  of  matrices  of  intermediate  and  final  uses  are
constructed  based  on  the  same  classification.  Section  5.3  introduces  the
base  scenario  and  explores  the  trend  of  more  and  less  polluting  indus-
tries across regions and sectors.  The analysis  then focuses on the South-
ern European economies most vulnerable to climate change. An increase
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 European  change.
in  the  growth  rate  of  green  productivity  and  an  improvement  in  the
quality  of  environmentally  friendly  products  are  simulated  to  compare
their  distinctive  effects  on output  and employment.  Sections  5.4  and 5.5
discuss  the  results  of  the  simulations  and  provide  some  concluding
remarks.

5.2 Data and methodology

A multi-regional  and multi-sector model  of  the world economy is  intro-
duced  to  investigate  the  direct  and  indirect  effects  of  environmental
innovation  on  growth  and  employment  in  the  Southern  European
economies. The full version of the model is not reported here due to the
large  number  of  equations  (n=4975).  However,  the  complete  code  to
reproduce each set of equations in the Wolfram Mathematica language is
detailed in Appendix 5.A. The structure builds on the structuralist  com-
putable  general  equilibrium  model  introduced  in  Chapter  3  and  cali-
brated  on  the  Italian  economy  in  Chapter  4.  The  model  is  extended  to
incorporate  the  role  of  international  trade,  an  increase  in  the  quality  of
environmentally  friendly  products  and  the  substitution  effects  within
each sector between more and less polluting firms from different regions.
Firstly,  the  effects  of  an  environmental  process  innovation  are  investi-
gated in the context of international trade. In the context of a closed and
stagnant  economy  described  in  Chapter  4,  an  increase  in  productivity
did  not  necessarily  translate  into  a  rise  in  demand.  However,  the  direct
and indirect effects of a change in productivity on demand, growth and
employment  in  the  context  of  international  competitiveness  are  much
more varied. Secondly, a specific parameter is introduced in the demand
functions of the green industries to simulate an increase in the quality of
the environmentally friendly products.  Chapter 4 focused on changes in
consumer preferences and substitution effects between domestic sectors,
while  this  chapter  explicitly  models  the  direct  and indirect  effects  of  an
environmental product innovation on demand, growth and employment
in  the  context  of  international  trade.  Therefore,  the  substitution  effects
between green and brown products within the same sector and between
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different  regions  are  also  explored.  Finally,  the  model  is  extended  to
incorporate  further  sector  and  geographical  specificities,  including  five
regions and 100 sectors, further divided into 100 brown industries and 76
green industries.

Since the economies of Southern Europe are the main focus of the analy-
sis, the world economy is divided into five main regions with particular
regard  to  intra-European  trade.  In  particular,  the  40  countries  repre-
sented  in  the  World  Input-Output  database  (2013)  are  reclassified  into
five main areas: North-Eastern (N), Western (W), and Southern (S) Euro-
zone, other European Union countries (O), and the rest of the world (R).
Each  country  is  attributed  to  the  selected  areas  based  on  the  UN  Geo
Scheme,  which  is  used  for  statistical  purposes  and  does  not  consider
affiliations of a political or other nature. The 35 sectors of the NACE 1.1
industrial  classification  are  further  aggregated  to  ensure  the  tractability
of the model. Therefore, the extended version of the model represents 20
sectors for each region, for a total of 100 sectors. The sector classification
is reported in Table 5.1.
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Table 5.1. Sector classification

Source: Author' s own elaboration

The  product  of  each  sector  is  then  divided  into  an  environmentally
friendly or  green (G)  component  and a non-environmentally  friendly or
brown component (B), using its contribution to emissions over contribu-
tion  to  value  added  (EMVAC).  For  this  purpose,  the  emissions  of  the
main  pollutants  responsible  for  global  warming  are  collected  from  the
environmental satellite accounts over the period 1995-2009. The environ-
mental  accounts  provide  supply-side  emissions,  based  on  the  quantities
produced  in  each  sector.  However,  considering  only  the  supply  side
would  lead  to  biased  estimations  for  the  sectors  most  dependent  on
polluting inputs from other sectors and regions. To overcome this limita-
tion, the matrix decomposition of total emissions is used to calculate the
demand-side emissions for each sector.
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The  EMVAC  indicator  is  then  used  to  construct  the  time  series  for  the
100  brown  industries  and  the  75  green  industries  over  the  period
1995-2009.  The  time  series  of  the  main  real  variables  are  obtained  from
the emvac  vector  and the  regional  input-output  matrices  of  intermediate

and final uses at the sector level for the period 1995-2009 (Section 5.2.1).
The  prices  of  brown  and  green  industries  are  estimated  on  the  basis  of
the existing literature on green price premia for goods and services with
reduced  climate  impact  (Section  5.2.2).  Finally,  the  time  series  of  the
nominal variables are derived from the socioeconomic accounts (Section
5.2.3). The methods of construction of the world origin-destination invest-
ment  matrices  and the  time series  of  the  rates  of  capacity  utilisation are
detailed in Appendix 5.B and 5.C.

The values  of  some key parameters  are  attributed on the basis  of  previ-
ous  estimates,  namely  the  difference  in  the  propensity  to  consume
between  capital  and  labour  income  (0.4),  the  ratio  between  the  coeffi-
cients  of  the  investment  function (2.34)  and the  elasticity  of  substitution
between environmentally friendly and polluting goods (2). The 1994 year
values for all lagged variables such as government spending, wages and
productivity are calculated from the base year values, using the average
growth rate over the period 1995-2009.  Given the level  of  detail  and the
non-linearities of the extended model, the calibration procedure over the
entire  observation period 1995-2009 does not  produce consistent  results.
The  calibration  on  the  time  series  instead  of  on  a  single  equilibrium
observation introduces a deviation between simulated solutions and real
data. This deviation is greater for some variables, for example changes in
inventories.  If  the  number  of  equations  relating  to  these  variables  is
sufficiently  large,  the  deviation  is  amplified.  Therefore,  the  model  is
calibrated  on  the  base  year,  while  the  time  series  are  used  to  test  the
performance  of  the  model  through  a  replication  exercise.  The  exercise
produces  consistent  results,  with  a  mean  percentage  error  close  to  zero
and within the 10 percent limit for all variables and the entire model.
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5.2.1 The world matrices of intermediate and final uses

The contribution to emissions over contribution to value added indicator
(EMVAC) was introduced in the previous chapter to divide the sectors of

the Italian economy into two groups,  environmental  creditors  and envi-
ronmental  debtors.  The  fundamental  purpose  was  to  analyze  whether
and to what extent an environmental innovation could produce a redistri-
bution  of  consumption,  investment,  output  and  hours  worked  from  the
most polluting sectors to the least polluting sectors of the same economy.
However,  Chapter  1  of  this  dissertation  highlighted  the  existence  of
further  substitution  effects  between  more  and  less  polluting  companies
within the same sector.

In order to comprehensively study the direct and indirect effects of envi-
ronmental innovation, it is essential to investigate the substitution effects
within each sector. Unfortunately, the existing databases do not allow to
identify the more or less polluting companies within each sector. Further-
more,  the implementation of  a  worldwide survey for  the environmental
mapping of  each sector would not be feasible.  Therefore,  the previously
introduced EMVAC indicator is used to determine to what extent a spe-
cific sector is environmentally friendly.

The  degree  of  greening  of  a  sector  is  defined  as  its  ability  to  contain  cli-

mate  change  while  supporting  growth  and  employment.  In  fact,  Chap-
ters 1 and 2 of the dissertation introduced environmental innovation as a
possible  instrument  to  tackle  the  dual  economic  and  environmental
challenge  of  Southern  Europe.  Suppose  a  sector  s  achieves  the  goal  of

zeroing  greenhouse  gas  emissions.  Suppose  that  the  same  sector  s  con-

tributes 1 percent of the total value added of global manufacturing. Since
sector s  has a zero contribution in terms of emissions and a contribution

to the value added of one percent, its EMVAC will be 0. Therefore, sector
s  will  be  considered  entirely  green.  Suppose  that  another  sector  z  still

contributes  1  percent  of  the  total  value  added  of  global  manufacturing,
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 percent  global  manufacturing,
but its  contribution to emissions is  1.5 percent.  Since the contribution to
emissions is higher than the added value, the EMVAC of the same sector
is higher than one. This indicates that sector z  is not contributing in any

way  to  the  goal  of  limiting  the  climate  impact  and  supporting  growth
and employment. Therefore, the sector will be classified as entirely brown.

There  are  numerous  sectors  whose  contribution  to  emissions  is  lower
than the contribution to the total value added, but it is still positive. The
EMVAC  of  these  sectors  will  be  a  decimal  between  0  and  1.  This  value
indicates to what extent the sector is green, i.e. it contributes to both the
reduction of emissions and the production of economic value. Therefore,
the  EMVAC  indicator  is  used  to  divide  each  sector  in  each  region  into
two ideal components, a brown  industry or environmental debtors and a

green  industry  or  environmental  creditors.  This  further  subdivision

allows to investigate the redistributive effects within each sector between
more  and  less  polluting  firms  from  different  regions.  The  values    of  the
real  variables  for  the  brown  and  green  industries  over  the  period
1995-2009 are identified through the construction of  input-output matri-
ces of intermediate and final uses at the sector and industry level.

The  matrices  are  constructed  from  the  world  input-output  tables  and
satellite  environmental  accounts  (WIOD,  2013).  Firstly,  the  world  matri-
ces  of  intermediate  uses,  end  uses  and  value  added  are  extracted  from
the global input-output tables for each year and aggregated into the five
regions and twenty sectors mentioned above. Secondly, matrix decompo-
sition  is  used  to  convert  emissions  from the  supply  side  to  the  demand
side.  The  contribution  to  emissions  over  contribution  to  value  added
(EMVAC) is then used to identify the most and least polluting sectors in
each  region.  Finally,  the  emvac  environmental  decomposition  matrices

are used to divide the 100 sectors into 100 brown industries and 75 green
industries.

The  first  step  is  the  construction  of  the  time  series  of  intermediate  and
final use matrices at the sector level. The world matrices of intermediate
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inputs  at  current  prices  (IIy)  included  in  the  world  input-output  tables

are  reduced  to  the  regional  input-output  matrices  (RIIy)  of  dimensions

(100x100) through the summation along columns and rows of the inputs
used and supplied within the same area and sector. The matrix of indices
for  the  year-to-year  conversion  of  each  sector  and  region  in  real  terms
(PYI)  is  calculated  as  the  ratio  between  the  two  output  matrices  in  cur-

rent (CPX) and previous year's prices (RPX) (Eq. 5.1).

(5.1) PYI(100 x15) = CPX(100 x15) /RPX(100 x15)

The PYI values are then chained together to derive the vector of the price

indices  (py)  for  the  conversion  of  a  specific  year  and  sector  to  the  base

year.  Each  regional  input  matrix  in  real  terms  (RRIy)  is  obtained  as  the

product  of  the  diagonal  matrix  of  the  sector  price  indices  for  a  specific
year Dpy and the corresponding reduced input matrix for the same year

(RIIy) (Eq. 5.2). The world matrices of final uses and value added for the

period 1995-2009 are also aggregated at the regional level (RUy, RVy) and

converted  in  real  terms  (RRUy, RRVy)  using  the  diagonal  matrix  of  the

sector price indices (Eq. 5.3-5.4).

(5.2) RRIy (100 x100)  = Dpy (100 x100) x RIIy (100 x100)

(5.3) RRUy (100 X25) = Dpy (100 x100) x RUy (100 x25)

(5.4) RRVy (5 x100) = RVy (5 x100) x Dpy (100 x100)

The second step is the conversion of the emissions from the supply side
to the demand side. The purpose is to calculate the effective contribution
to  emissions  of  each  sector,  including  the  component  associated  to  the
inputs  used  and  produced  in  different  regions  and  sectors.  To  estimate
the  net  contribution  of  each  sector,  the  polluting  emissions  associated
with intermediate inputs must be reallocated from the sector of produc-
tion to the sector of use. The emissions of carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N2 O)  produced in each sector and region in a
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),  produced  region
specific  year are first  summed up and converted into kilotons of  carbon
dioxide  equivalent  using  their  global   warming  potential  (IPCC,  2007).
The result is a time series of word supply-side emissions vectors (sey) for

the period 1995-2009.

The  demand-side  emission  vector  for  a  specific  year  (dey)  is  then  calcu-

lated  as  the  matrix  product  between  the  supply-side  emission  vector

(sey),  the  inverse  diagonal  output  matrix  (Dxy),  and  the  regional  input

matrix in real terms (RRIy). This corresponds to the product between the

supply-side  emissions  vector  and  the  global  matrix  of  technical  coeffi-
cients (Ay) (Eq. 5.5).

(5.5) dey (1 x100) = se'
y (1 x100) x Dxy (100 x100) x RRIy (100 x100) =

= se'
y (1 x100) x Ay (100 x100)

The  third  step  is  the  expansion  of  the  regional  matrices  of  intermediate
inputs (RRIy), final uses (RRUy), and value added (RRVy) at the industry

level,  using  the  matrix  decomposition  of  emissions.  The  demand-side
emission vector dey  is divided by the total emissions demanded to obtain

the contribution to the emissions of each sector for the period 1995-2009.
The average value of the contribution to emissions over the contribution
to  value  added  for  each  sector  over  the  period  1995-2009  is  considered.
Since  the  value  of  the  indicator  is  much  higher  for  manufacturing  than
for services,  it  is  calculated separately for sectors 1-12 and sectors 13-20.
The sectors for which the average ratio is greater than one are considered
entirely  polluting  and  their  value  is  normalised  to  one.  Therefore,  the
final vector emvac has dimensions 1x100, with values ranging from 0 to 1.

The  emvac  vector  is  then  used  to  construct  two  diagonal  matrices.  The

first  is  the  'brown'  matrix  (Db)  of  dimensions  100x100,  whose  diagonal
corresponds  to  the  same  emvac  vector  and  all  the  other  coefficients  are

equal to zero. The second is the 'green' matrix (Dg), also with dimensions
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100x100, which corresponds to the difference between the identity matrix
(I100)  and  the  matrix  Db  (Dg=  I100  - Db).  The  coefficients  of  the  brown

matrix (Db) identify the brown component of each sector, while the coeffi-
cients of the green matrix (Dg)  indicate the corresponding green compo-

nent.  Therefore,  the  matrix  of  final  uses  for  the  brown  industries  is
obtained as the product between the brown matrix (Db) and the matrix of
end uses at  the sector  level  (RRU),  as  illustrated in Equation (5.6).  Simi-

larly, the matrix of final uses for the brown industries is obtained as the
product between the green matrix (Dg) and the matrix of end uses at the

sector level (RRU).

(5.6) RRUb= Db x RRU;  RRUg = Dg x RRU

To  construct  the  intermediate  input  matrices  at  the  industry  level,  it  is
first necessary to identify the four main quadrants that correspond to the
exchanges  between  brown and  green  industries,  as  illustrated  in  Figure
(5.1).  In  particular,  the  first  quadrant  RRIbb  corresponds  to  the  input

supplied and used within the brown industries.  Therefore, the quadrant
is obtained through the pre-multiplication and post-multiplication of the
matrix of intermediate uses at the sector level (RRI) for the brown matrix

(Db),  as  illustrated in Equation (5.7).  The opposite  quadrant  RRIgg  corre-

sponding  to  the  input  supplied  and  used  within  the  green  industries  is
obtained  through  the  pre-multiplication  and  post-multiplication  of  the
matrix of intermediate uses at the sector level (RRI)  for the green matrix

(Dg).  The  remaining  quadrants  are  calculated  as  the  matrix  products  in

equation  (5.8),  which  represent  the  exchange  of  intermediate  inputs
between  brown  and  green  industries.  Figure  5.1  provides  a  schematic
representation of the input-output matrices of intermediate and end uses
at  the  industry  level.  The  world  matrices  of  intermediate  and final  uses
at the industry level provide the time series for the main real variables of
the model over the period 1995-2009.

(5.7) RRIbb = Db x RRI x Db;  RRIgg= Dg x RRI x Dg
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(5.8) RRIbg = Db x RRI x Dg;  RRIgb = Dg x RRI x Db

Figure 5.1. Industry-level input-output matrices

Source: Author' s own elaboration

5.2.2 The green price premium

The prices of each sector are derived from the world input-output tables
in previous year’s  prices,  as  detailed in the previous sections.  However,
the specific prices of the brown and green industries (pib, pig)  within the

same  sector  must  be  estimated.  The  income  of  a  specific  sector  (Ys)  is
equal to the real output of its brown and green industries (Xib, Xig)  multi-

plied by the respective prices (Eq. 5.9).

(5.9) Ys =pib Xib + pig Xig

The literature on the green price premium can be divided into two main
strands.  The  first  explores  the  consumer  willingness  to  pay  for  organic
and eco-labelled products, including the positive effects on both environ-
ment  and  health  conditions.  The  second  focuses  on  the  products  aimed
at  reducing  waste  and  material  consumption  or  increasing  energy  effi-
ciency.  Therefore,  it  is  directly  associated  with  a  reduction  in  air
emissions.

Most studies conducted in the US market identify a higher willingness to
pay  for  organic  fresh  produce.  Following  an  experimental  design,
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pay  organic  produce.  Following  experimental  design,
Roosen  et  al.  (1998)  estimate  an  average  willingness  to  pay  for  apples
produced  without  neuroactive  insecticides  between  9  and  18  percent
above the market  value.  Other  studies  based on surveys and interviews
identify  lower  price  premia  for  eco-labeled  apples,  between  5  and  10
percent (Loureiro et al., 2002; van Ravenswaay & Blend, 1999). The price
premium for  pesticide-free fresh produce is  similar  in the Georgian and
Italian  markets,  between  5  and  15  percent  (Boccaletti  &  Nardella,  2000;
Misra et al., 1991). However, the analyses of products available in super-
markets  and  retail  order  catalogues  indicate  much  higher  price  premia
and highly variable from one product to another (Nimon & Beghin, 2020;
Thompson & Kidwell,  2016).  For  some products  such as  eco-labeled sea
food, the price premium varies significantly from one market to another
(Johnston et al., 2001). The results are more ambiguous for more differenti-
ated  products  like  wine  (Delmas  &  Grant,  2014).  The  estimated  price
premia  for  organic  products  reflect  the  consumer  concern  about  the
effects  on  the  environment  and  their  own  health.  However,  the  studies
focused  on  climate  change  mitigation  in  the  energy,  transportation  and
hospitality sectors find smaller green price premia.

The studies in the transport sector reveal a lower propensity to pay in the
airline  sector  than  in  the  automotive  sector.  Based  on  interviews  with
potential  car  buyers  in  Germany,  Achtnicht  (2012)  identifies  a  willing-
ness  to  pay  between  13  and  37  euros  for  a  carbon  dioxide  reduction  of
one  gram  per  kilometre.  The  willingness  to  pay  a  price  premium  on
airline  tickets  for  offsetting  emissions  ranges  from  16  dollars  for  Asian
travellers  to  27  dollars  for  Europeans  (Brouwer  et  al.,  2008).  These
amounts  correspond  to  approximately  3  percent  of  the  base  price.  The
price premia in the real estate market vary according to the type of certifi-
cation and contract. The price premium for installing solar panels on the
US housing market is modest, between 3.6 and 4 percent (Dastrup et al.,
2012). The premia on the sale price of eco-certified buildings are substan-
tial, but the rental premium remains between 3.7 and 6 percent (Fuerst &
McAllister, 2011). Similarly, the positive pre-sale price premium on green
buildings  in  the  Chinese  real  estate  market  is  associated  with  a  much
lower  after-sales  value  (Zheng  et  al.,  2012).  However,  extending  the
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 (Zheng  2012).  extending
analysis to eleven OECD countries, Krishnamurthy  and Kriström (2016)
find  a  willingness  to  pay  for  green  residential  buildings  close  to  12
percent.

The studies on environmental  practices in the lodging sector also reveal
modest  price  premia.  Kang  et  al.  (2012)  find  a  price  premium  of  1-10
percent  for  green  initiatives  in  US  hotels,  with  a  higher  willingness  to
pay  for  consumers  of  luxury  hotels.  Despite  the  favourable  attitude  of
the  consumers  towards  environmentally  sound  practices,  the  price  pre-
mium in the lodging industry in India is only 4-6 percent (Manaktola &
Jauhari, 2007). The studies on consumer goods identify a higher willing-
ness to pay, which varies across countries and product categories. Droz-
denko  et  al.  (2011)  estimate  a  premium  for  music  players  and  hybrid
vehicles  of  9.5  percent  and  10.4  percent  respectively.  Gallaraga  et  al
(2011) identify a similar premium for energy-efficient refrigerators, about
9  percent.  However,  Kapelianis  and  Strachan  (1996)  find  a  lower  pre-
mium  of  5.5  percent  for  deodorant  aerosol  cans  displaying  ozone
friendly labels  in  South Africa.  Finally,  Kotchen and Moore (2008)   sug-
gest that the introduction of a price premium on the electric bill to fund a
wind  turbine  has  different  effects  on  consumption  patterns  depending
on environmental  awareness.  Based on the studies  reviewed in this  sec-
tion with particular reference to the second strand of literature,  the esti-
mated average green price premium is around 6 percent.

5.2.3 The sources of income and factor remuneration

The capital  and labour income for each sector and country are available
in  the  socioeconomic  accounts  (Release  2013),  which  are  based  on  the
same  industrial  classification  as  the  input-output  tables  (NACE  1.1).
However,  the  capital  income  time  series  count  several  missing  or  nega-
tive values. Therefore, the series for both income sources at the industry
level  are  recalculated  from  the  real  value  added,  using  the  share  of
labour in total income from the socioeconomic accounts.  The time series
of the value added from the corresponding world matrices at the indus-
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 corresponding
try level (RRVi) are first transformed in nominal terms using the specific
price indexes. The time series of capital and labour income from the SEA
are  converted  into  US  dollars,  cleaned  for  negative  and  missing  values,
and aggregated by sector and region. The average annual share of labour
in  total  income  for  each  sector  is  used  to  allocate  the  valued  added  in
current prices to capital and labour income.

The time series of wages over the same period is calculated based on the
hours worked and the labour income in each industry. The data from the
SEA are aggregated by sector and region to obtain the regional matrix of
hours  worked.  The  time  series  at  the  industry  level  are  obtained  as  the
matrix  products  of  the  diagonal  matrices  Db  and  Dg  and  the  regional

matrix  of  hours  worked.  Since  some  of  the  countries  classified  as  the
'Rest  of  the  World'  are  not  included  in  the  SEA,  the  amount  of  hours
worked in the same region is corrected based on the data from the Penn
World  Tables  (version  9.1).  In  particular,  the  annual  hours  worked  in
each  country  are  computed  as  the  product  between  the  number  of  per-
sons  engaged  (in  millions)  and  the  average  annual  hours  worked  by
persons engaged. The missing values for the latter variable are replaced
with  the  average  amount  of  hours  worked  in  all  the  selected  countries.
The annual hours worked in all countries from the PWT are summed up
and reallocated to each industry based on the weights  derived from the
SEA.  Therefore,  the  hours  worked  in  each  industry  of  the  'Rest  of  the
World'  (Hrowi)  are  calculated  as  the  sum  of  the  values  included  in  the
SEA and the share of the additional hours from the PWT.

(5.10) Hrow_i = Hrow_sea _i + THrow_penn (Hrow_sea _i /∑i=1
n Hrow_sea _i)

Finally, the nominal wages over the period 1995-2009 are obtained as the
ratio between the labour income and the hours worked in a specific year
and  industry.  The  average  growth  rates  of  the  nominal  wages  over  the
same period are used to derive the lagged values for the same variable.
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5.3 Main results

5.3.1 Baseline

The  simulation  results  indicate  that,  in  the  absence  of  innovation,  the
distribution of environmental creditors and debtors between regions and
sectors remains rather stable over time. The baseline scenario points to a
minimal  redistribution of  output  to  the environmental  creditors  in  most
sectors (Appendix 5.D). The only significant increase occurs in the trans-
port and chemical sectors, while a modest decline is observed in the real
estate and machinery and equipment sectors. The environmental debtors
dominate  all  regions,  with  the  exception  of  the  Western  Eurozone  (46
percent).  In  particular,  they  control  the  main  share  of  output  in  the
North-Eastern Eurozone (77 percent)  and the Rest  of  the World (89 per-
cent). The distribution between creditors and debtors is more balanced in
the  Southern  Eurozone  (56  percent)  and  in  the  other  EU  countries  (64
percent).

The regional differences are more evident in some sectors, where speciali-
sation  in  different  productive  activities  is  observed.  The  environmental
debtors dominate the 'Agriculture, Forestry, and Fishing' (1) sector in the
North-Eastern Eurozone and the other EU countries, where forestry and
cattle-related  activities  prevail  (EEA,  2015;  Eurostat,  2019).  The  environ-
mental  creditors  dominate  the  Southern  Eurozone,  where  the  largest
contribution  to  output  comes  from  fruits,  vegetables  and  wine  and  the
intensity of capital use and artificial agriculture is lower (Eurostat, 2019).
The distribution is more balanced in the Western Eurozone, traditionally
devoted  to  the  production  of  meat  and  dairy  products,  but  also  cereals
and  potatoes  (Eurostat,  2009).  Similarly,   the  environmental  debtors
control the main share of output of the 'Wood, Paper, Printing, and Pub-
lishing' (5) sector in the North-Eastern Eurozone, which include some of
the  main  producers  of  pulp  and  industrial  round  wood.  Thanks  to  the
production of fuelwood and the higher recycling rates,  the environmen-
tal  creditors  prevail  in  the  Western  and  Southern  Eurozone  (European
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 prevail  (European
Commission,  2013;  Eurostat,  2019).  The  regional  disparities  may  also
reflect  the  different  role  of  institutions  and  green  public  procurement.
Numerous  environmental  initiatives  are  implemented in  the  'Education'
(19) and 'Public administration' (18) sectors of the Western and Southern
Eurozone  like  increase  in  energy  efficiency  in  state-owned  buildings,
recycling  and  composting  areas,  zero-kilometre  food  in  canteens  (Canf-
ora et al., 2019; Malay et al., 2014; Tiyarattanachai & Hollmann, 2016).

The  environmental  debtors  dominate  several  key  sectors  across  all
regions like energy, food, hospitality and metallurgy. The main products
of the 'Coke, refined petroleum and nuclear fuel'  (6) sector are diesel oil
and  gasoline,  which  generate  numerous  air  pollutants  throughout  the
production  process  from  distillation  to  blending  (Emep  &  EEA,  2019;
Eurostat,  2009).  The  'Electricity,  Gas  and  Water  Supply'  (11)  sector  is
highly  reliant  on  traditional  sources  like  fossil  fuels  and  coal,  while  the
'Basic  metal  and  fabricated  metal  products'  sector  is  largely  dependant
on the import of polluting ores and minerals from other countries (Nakaj-
ima  et  al.,  2017).  The  main  factors  hindering  the  greening  of  the  'Food,
beverages,  and  tobacco'  (3)  and  'Hotels  and  restaurants'  (14)  sectors  are
the massive consumption of water, energy and materials, waste fermenta-
tion  and  treatment,  use  of  facilities  and  machinery  (Batini,  2019;
Luansak, 2015).

The  environmental  debtors  also  control  the  main  share  of  the  trade,
transport and health sectors in all  regions except the Western Eurozone.
The 'Wholesale and retail trade' (13) sector produces polluting emissions
along all stages of distribution, which increase with the length and com-
plexity of  the supply chain (Rizet  et  al.,  2010).  Thanks to the renovation
of infrastructures and vehicle fleets, the 'Transport, storage, and commu-
nication'  (15)  sector  exhibits  a  greening  pattern,  particularly  evident  in
the Southern and Western Eurozone (Satta et al.,  2011). On the contrary,
the  'Health  and social  work'  (20)  sector  remains  highly  polluting  (Karli-
ner et al.,  2019).  The main sources of emissions are the use and disposal
of  pharmaceuticals  and  food,  medical  instruments  and  machinery,  the
use of energy and own vehicles.
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The environmental creditors control an important share of output in the
textile,  machinery  and  equipment,  recycling,  construction  and  financial
sectors  in  all  regions  except  the  Rest  of  the  World.  The  most  evident
trend in the 'Textile, leather and footwear' (4) sector is the decline in the
European Union and the creation of linear value chains in which indus-
trial  waste  and carbon-intensive  processes  are  relocated to  the  low- and
middle-income  economies  in  the  Rest  of  the  World  (EEA,  2019).  The
sector 'Machinery and equipment' (9) includes strategic activities like the
manufacture  of  machinery  and  equipment  for  general  and  special  pur-
poses, electrical and optical equipment, instrument engineering, commu-
nication  and  transportation  equipment  (Eurostat,  2009).  The  main  envi-
ronmental  impact  concerns  the  production  of  electrical  and  electronic
waste  and  the  energy  consumption  over  the  life  span  of  the  products
rather than the direct effect on emissions (Awasthi & Li, 2017). The green-
ing pattern emerging in the 'Construction' sector is associated to improve-
ment  in  energy  performance  and  increased  use  of  environmentally
friendly  materials,  particularly  evident  in  the  Western  Eurozone  (Eur-
opean  Commission,  2016).  Finally,  'Financial  intermediation'  (16)  activi-
ties  have  increasingly  been  oriented  toward  automation  and  online  ser-
vices (Al-Hawari, 2006).

The  distribution  of  environmental  creditors  and  debtors  is  more  varied
in  the  remaining  sectors.  The  extraction  of  energy-producing  materials
like  coal,  petroleum and natural  gas  generates  most  of  the  value  added
of the 'Mining and Quarrying' (2) sector (Eurostat, 2009). The main envi-
ronmental impact derives directly from the emission of dust and particu-
lates  in  all  phases  of  the  production  process  and  indirectly  from  the
erosion of  stockpiles  due to rain and wind (Emep & European Environ-
ment Agency, 2016). However, the effects are concentrated in the North-
Eastern Eurozone and the Rest of the World. The availability of cheaper
sources  outside  the  EU,  the  introduction  of  more  stringent  regulations
and financial support in phasing out coal have contributed to the persis-
tent decline in output in this sector (Wehnert et al., 2017). The most impor-
tant  products  in  the  'Chemicals,  Plastics,  and other  Non-metallic  Miner-
als'  (7)  sector  are  basic  chemicals,  pharmaceuticals  and  plastic  products
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 (7)  pharmaceuticals  plastic  products
(Eurostat,  2009).  The  use  of  highly  polluting  inputs  derived  from
petroleum for the manufacture of these products explains the dominance
of  the  environmental  debtors  in  most  regions.  However,  the  sector
exhibits  a  greening  trend  over  the  simulated  period.  Conversely,  the
simulation  identifies  a  redistribution  in  favour  of  the  environmental
debtors  in  the  'Real  estate,  renting  and  business  activities'  sector  in  all
regions  with  the  exception  of  the  other  EU  countries.  The  implementa-
tion of retrofit measures on existing buildings represents the most impor-
tant and still  unresolved challenge for the reduction of emissions in this
sector (CRREM, 2020).

The  next  sections  introduce  alternative  scenarios  compared  to  the  base-
line,  to  explore  and  compare  the  effects  of  environmental  product  and
process  innovation  on  output  and  employment.  The  first  alternative
scenario consists of an increase in the rate of growth of productivity (gb)

in the green industries of the Southern Eurozone. The second alternative
scenario represents an increase in the quality (v) of green products in the

Southern Eurozone. The increase in the gb and v parameters is 50 percent

in  the  first  step  and 100  percent  in  the  second step.  The  parameters  are
increased in  one industry at  a  time to  identify  and compare the distinc-
tive  effects  on  output  and  employment.  Table  5.2  summarises  the  main
effects on output (x) and hours worked (h) for each sector n, following a

50  percent  (var50)  and  100  percent  (var100)  variation  in  the  parameters
(gb) and (v). The results are detailed in the following sections.
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Table 5.2. Main effects of variations in gb and v (%), (2020-2040)

Source: Author' s own elaboration

5.3.2 Process innovation

The  first  fundamental  change  compared  to  the  baseline  scenario  is  the
introduction of a radical environmental process innovation in the South-
ern Eurozone. Chapter 4 explored the effects of increased productivity in
sectors  with  reduced  environmental  impact.  In  this  chapter,  each  sector
is further divided into a brown industry and a green industry. Therefore,
an increase in productivity in the green industry can cause a redistribu-
tion within the same sector between more and less polluting companies.
The  rise  in  the  growth  rate  of  productivity  in  the  green  industry  (gb)  is

simulated  in  one  sector  at  a  time,  to  identify  the  distinctive  effects  on
output  and  employment.  The  increase  in  the  parameter  is  50  percent  in
the first step and 100 percent in the second step.

The expected effects are an increase in output in the same industry and a
simultaneous  decline  in  hours  worked.  However,  the  final  effect  on
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output and employment at the sector level depends on the existence and
strength  of  substitution  effects  and  compensation  mechanisms.  The  rise
in  productivity  could  be  transferred  to  the  consumers  through  lower
prices and stimulate the demand for goods and hours worked in the less
polluting  industry.  This  increase  in  demand  could  partially  offset  the
initial decline in employment. However, the rise in demand for environ-
mentally  friendly  products  could  displace  the  consumption  of  more
polluting  products,  reducing  output  and  employment  in  the  brown
industry.  This  substitution  between  green  and  brown  products  would
contain the increase in output at the sector level. 

The  results  of  the  simulations  are  illustrated  in  Figures  (5.2-5.4).  The
figures  illustrate  the  trend  of  output  (x)  and  hours  worked  (h)  in  the
various sectors of the Southern Eurozone (S) numbered from 1 to 20. As
detailed  above,  the  manufacturing  sector  includes  sectors  1  to  12,  while
the  service  sector  includes  sectors  13  to  20.  The  brown  industries  are
indicated with the letter b and the green industries with the letter g. The

sectors that do not include a green industry are excluded. The real trends
of  output  and  employment  are  reported  with  the  letters  x  and  h,  while

the corresponding simulated trends are identified with the codes vx  and

vh.  For  example,  the real  trend of  the brown industry of  the 'Machinery

and Equipment' sector (9) in the Southern Eurozone is indicated as xS9b,

while the corresponding simulated trend is identified as vxS9b.
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Figure 5.2. Variations in gross output, manufacturing sector (SEZ)

Source: Author' s own elaboration
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Figure 5.3. Variations in gross output, service sector (SEZ)

Source: Author' s own elaboration
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Figure 5.4. Variations in hours worked, manufacturing sector (SEZ)

Source: Author' s own elaboration
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Figure 5.5. Variations in hours worked, service sector (SEZ)

Source: Author' s own elaboration

The  results  of  the  simulation  confirm  the  importance  of  compensation
and  substitution  effects,  which  depend  also  on  the  initial  share  of  the
environmental creditors. The rise in productivity generates an important
rise  in  output  in  at  the  industry  level  (19-46  percent)  and  a  significant
increase  at  the  sector  level  (8-19  percent).  The  loss  of  hours  worked  is
modest at both industry (3-6 percent) and sector level (4-7 percent). There-
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 industry (3-6 percent)  (4-7 percent).
fore,  the  substitution  effects  reduce  the  initial  increase  in  output.  How-
ever, the rise in demand contains the loss of hours worked. Finally, there
are important differences between manufacturing and services and from
one sector to another. 

5.3.2.1 Manufacturing

An increase in the growth rate of productivity in the less polluting indus-
tries  within  the  manufacturing  sector  causes  an  important  increase  in
output in the same industry and a modest decrease in the brown indus-
try. The net effect is a 7-15 percent rise in output on average. The substitu-
tion effects are limited and the increase at sector level depends to a large
extent  on the demand effect  and the initial  output  share  of  the environ-
mental creditors. The most important effect occurs in the 'Machinery and
Equipment'  sector  (9),  with  an  outstanding  increase  at  the  industry  and
sector  level  (22-50  percent).  The  rise  in  output  is  also  important  in  the
'Basic  Metals  and  Fabricated  Metals'  (8),  'Manufacturing  Nec  and  Recy-
cling'  (10),  'Wood,  Paper,  Printing  and  Publishing'  (5)  and  'Agriculture,
Forestry,  and  Fishing'  (1)  sectors.  The  net  increase  at  the  sector  level  is
smaller  but  still  significant  (7-19  percent).  Finally,  the  effect  is  modest
(2-6 percent) or unimportant in the remaining sectors.

The decline in hours worked is 4-7 percent on average. The effect is posi-
tive and significant only in the 'Machinery and Equipment' sector (9) (4-8
percent), where the remarkable rise in output compensates for the loss of
labour demand due to higher  productivity.  The effect  is  unimportant  in
the 'Construction' (12), 'Textile, leather and footwear' (4), and 'Manufactu-
ring  Nec  and  Recycling'  sectors  (10),  where  the  second  most  important
increase in output occurs. The effect is negative but modest (3-7 percent)
in the 'Chemicals, Plastics and other Non-Metallic Mineral' (7) and 'Basic
Metals and Fabricated Metals' (8) sectors. The decline is more significant
in  the  'Wood,  Paper,  Printing  and  Publishing'  (5)  (6-13  percent)  and
'Mining  and  Quarrying'  (2)  (10-18  percent)  sectors.  However,  the  most
important  losses  occur  in  the  'Agriculture,  Forestry,  and  Fishing'  (1)

174



important  'Agriculture,  Forestry,  Fishing'  (1)
sector (15-28 percent).

5.3.2.2 Services

The  effects  of  an  increase  in  the  growth  rate  of  productivity  in  the  less
polluting industries are more relevant in the service sector, with an aver-
age rise in output between 9 and 24 percent. The increase in output in the
green industry  is  generally  more important  in  the  service  sector  than in
manufacturing. However, the decline in output in the brown industry is
also more significant.  Therefore,  the increase at  the sector level  depends
both  on  the  initial  output  share  of  the  green  industry  and  the  substitu-
tion effects. The most relevant effects occur in the 'Transport, storage and
communication'  (15)  and  ‘Financial  intermediation’  (16)  sectors,  where
the significant decrease in brown output partially offsets the exceptional
increase  in  green  output.  The  net  effect  at  the  sector  level  is  important
(24-100  percent).  The  substitution  effects  are  minimal  in  the  'Public
Administration'  (18)  sector,  but  the  initial  share  of  the  environmental
creditors  is  lower.  Therefore,  the rise  in  output  is  significant  both at  the
industry  and  sector  level  (8-18  percent).  Finally,  the  initial  increase  in
output  is  greater  in  the  'Health  and  social  work'  (20)  sector  than  in  the
'Education'  (19)  sector,  but  the  initial  share  of  the  environmental  credi-
tors is lower. Therefore, the net effect is modest in both sectors (3-7 per-
cent). The effect is unimportant in the remaining sectors.

The  rise  in  the  growth  rate  of  green  productivity  causes  an  average  4-7
percent  decrease  in  hours  worked  at  the  sector  level.  In  particular,  the
effect  on  hours  worked  in  the  brown  industries  is  always  negative  and
generally significant. The effect on hours worked in the green industries
is more ambiguous, depending on the effectiveness of the compensation
mechanisms.  The  extraordinary  expansion  in  demand in  the  'Transport,
storage  and  communication'  sector  (15)  compensates  for  the  loss  of
labour  demand  associated  with  the  increase  in  productivity,  raising  the
amount of green hours worked. However, the brown hours worked drop
significantly.  The  result  is  an  important  loss  at  the  sector  level  (11-26
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significantly.  important  (11-26
percent).  The  decline  is  also  significant  in  the  'Financial  intermediation'
(16)  and  'Real  estate,  renting,  and  business  activities'  (17)  sectors  (7-16
percent). The effect is minimal in the remaining sectors.

5.3.3 Product innovation

The second fundamental change from the initial scenario is the introduc-
tion of a radical environmental product innovation in the Southern Euro-
zone. Chapter 4 investigated a shift in consumer preferences in favour of
environmentally  friendly  goods.  The  change  was  simulated  through  an
increase  in  the  share  parameter  of  the  utility  function.  This  increase
caused substitution effects between sectors with a high and low environ-
mental impact. In this chapter, the consumption structure is extended to
incorporate  substitution  effects  between  brown  and  green  products
within  the  same  sector  and  between  different  regions.  Furthermore,  an
additional  parameter  v  is  explicitly  introduced  in  the  utility  function  of

each sector to simulate an increase in the quality of the environmentally
friendly products. The rise in the qualitative parameter associated to the
green  products  (v)  is  simulated  in  one  sector  at  a  time,  to  identify  the

distinctive effects on output and employment. The increase in the parame-
ter is 50 percent in the first step and 100 percent in the second step.

The structure of private consumption illustrated in the previous chapters
is  extended  to  multiple  levels.  The  aggregate  nominal  consumption  for
each  region  (ncor)  depends  on  the  aggregate  capital  and  labour  income
flows (cir, lir)  and the propensities  to  consume out  of  capital  and labour
income within the same region (ck_r, cw_r).

(5.11) ncor = ck_r cir + cw_r lir

The aggregate nominal consumption of a specific region is then allocated
to  the  final  products  trough  a  two-step  decision-making  model.  In  the
first  step,  the  consumers  decide how to  distribute  the  available  regional
budget  among  the  twenty  sectors.  Their  preferences  are  expressed
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budget  among  twenty  preferences  expressed
through  a  generalised  Cobb-Douglas  utility  function.  The  sectors  repre-
sent  macro  categories,  including  relatively  heterogeneous  products.
Given  the  available  budget,  the  quantities  consumed  for  each  sector
(card_s) are determined exclusively by sector preferences (γrd_s) and sector
price indices pard_s. Therefore, this first step explains the sector composi-

tion of  consumption within each region of  destination,  regardless  of  the
region of origin and the specific type of product.

(5.12) card_s = (ncord γrd_s) pard_s

The  price  index  associated  with  a  specific  sector  and  region  of  destina-
tion pard_s  is calculated as the average of the quantities consumed from

the  different  regions  and  industries  of  origin  (cord_ro _s _b, cord_ro _s _g),

weighted by the corresponding prices (pro_s _b, pro_s _g). 

(5.13) pard_s = (∑ro=1
a cord_ro _s _b pro_s _b + ∑ro=1

a cord_ro _s _g pro_s _g) 

(∑ro=1
a cord_ro _s _b + ∑ro=1

a cord_ro _s _g)

In  the  second  step,  the  consumers  decide  how  to  allocate  the  quantity
consumed in each sector of  destination among the different regions and
industries  of  origin.  In  other  words,  the  consumers  decide  whether  to
purchase  a  local  or  foreign  product,  environmentally  friendly  or  not.
Their preferences are represented through a constant elasticity of substitu-
tion (CES) utility function. Therefore, the quantity consumed of a specific
industry i  in each region of  destination rd  (cord_ro _i)  depends on the sec-

tor  budget (cars pars),  the  price  and  consumer  preferences  for  the  good

produced in the same industry (prd_i , srd_ro _i), the price and share param-
eters  of  all  the  other  green  (pro_s _g  , srd_ro _s _g)  and  brown

(pro_s _b , srd_ro _s _b) industries in the same sector, the elasticity of substitu-
tion in the region and sector of destination (σrd_s).  As mentioned above,
the  parameter  (vrd_ro _i)  is  added  to  each  green  industry  to  simulate  an
increase in the quality of the green products in the industry i.
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(5.14) cord_ro _i = card_s pard_s prd_i
σrd_s-1 srd_ro _i

1-σrd_s vrd_ro _i
1-σrd_s 

∑ro=1
a pro_s _b

σrd_s srd_ro _s _b
1-σrd_s +

∑ro=1
a pro_s _g

σrd_s srd_ro _s _g
1-σrd_s vrd_ro _s _g

1-σrd_s

Equations  (5.11-5.14)  are  calibrated  on  the  base  year  assuming  initially
that the value of the parameter s is equal to 1 for all green industries. The

alternative  scenarios  are  then  simulated  through  a  50  percent  and  100
percent  increase  in  the  s  parameter  in  one  industry  at  a  time.  Figures

(5.6-5.11)  illustrate  the  effects  on  household  consumption  for  all  sectors
of the Southern Eurozone. The manufacturing sector includes sectors 1 to
12,  while  the  service  sector  includes  sectors  13  to  20.  For  each  sector  n
(n=1,...,20)  the  distribution  of  real  household  consumption  (co)  is

reported  in  the  base  scenario  (base)  and  in  the  last  simulated  scenario

(var)  for  the last  year  of  the simulation (2040).  Each pie  chart  represents

the allocation of real consumption of sector n  within the Southern Euro-

zone (S) to the different brown (b) and green (g) products from the same

region  and  from the  other  regions  represented:  Northern  Eurozone  (N),

Other  countries  of  the  European  Union  (O),  Rest  of  the  World  (R)  and

Western Eurozone (W). Therefore, for each element the first capital letter

identifies  the  region  of  destination,  the  second  capital  letter  represents
the  region  of  origin,  the  number  indicates  the  sector  and the  final  letter
specifies whether the consumed product is brown or green. For example,
the first element indicated with coSN1b in Figure (3) identifies the brown

products  (b)  from the Northern Eurozone (N)  consumed in sector  (1)  of
the  Southern  Eurozone  (S).  The  environmental  product  innovation  has
direct  effects  on the consumption patterns in the same region and in all
export  regions.  The rise in consumption produces an average 11-18 per-
cent  increase in output and hours worked in the same sector.  However,
the  average  increase  hides  substantial  differences  across  sectors.  The
effects  on  output  and  employment  in  other  regions  are  limited  as  the
Southern  environmental  creditors  hold  a  limited  share  of  foreign  con-
sumption. 
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Figure 5.6. Household consumption, sectors 1-4 (SEZ, 2040)

Source: Author' s own elaboration
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Figure 5.7 . Household consumption, sectors 5-8 (SEZ, 2040)

Source: Author' s own elaboration
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Figure 5.8. Household consumption, sectors 9-12 (SEZ, 2040)

Source: Author' s own elaboration
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Figure 5.9. Household consumption, sectors 13-15 (SEZ, 2040)

Source: Author' s own elaboration
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Figure 5.10. Household consumption, sectors 16-18 (SEZ, 2040)

Source: Author' s own elaboration
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Figure 5.11. Household consumption, sectors 19-20 (SEZ, 2040)

Source: Author' s own elaboration

5.3.3.1 Manufacturing

The introduction of a radical green product innovation in the manufactur-
ing  sector  generates  an  average  21-34  percent  increase  in  output  and
employment  compared  to  the  baseline.  This  type  of  innovation  induces
important  substitution  effects  between  local  and  foreign  products  and
between green and brown products  in various sectors.  If  the innovation
prevents  the  substitution  of  local  products  with  polluting  foreign  prod-
ucts, the effect on output and employment is significant. The most impor-
tant effects occur in the 'Machinery and Equipment' and the 'Manufactu-
ring  NEC  and  Recycling'  sectors.  The  rise  in  consumption  of  domestic
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ring  Recycling'  consumption
green products in the 'Machinery and Equipment' (9) sector contains the
overflow of green products from the Western Eurozone and brown prod-
ucts from the Rest of the World. The result is an outstanding increase in
output and employment over the baseline (81-147 percent). Similarly, the
consumption  of  domestic  green  products  rises  in  the  'Manufacturing
NEC and Recycling'  (10)  sector,  mainly  at  the  expense  of  North-Eastern
products.  The  result  is  a  considerable  increase  in  output  and  employ-
ment (42-67 percent).

The effect is significant in the 'Base Metals and Fabricated Metals', 'Agricu-
lture,  Forestry,  and Fishing'  and 'Textile,  Leather  and Footwear'  sectors.
The green domestic products conquer the main share of consumption in
the 'Base Metals and Fabricated Metals'  (8)  sector and further raise their
share of  the 'Agriculture,  Forestry,  and Fishing'  (1)  sector,  mainly to the
detriment of the brown domestic products. The net effect is a significant
increase  in  output  and employment  in  both  sectors  (15-29  percent).  The
environmental  creditors  conquer the main share of  the domestic  market
also in the 'Textile,  Leather and Footwear'  sector (4)  partially containing
the inflow of highly polluting products from the Rest of the World.  The
effect weakens over time, but the resulting increase in output and employ-
ment  is  significant  (18  percent).  The  substitution  between  green  and
brown  domestic  products  reduces  the  increase  in  output  and  employ-
ment in the 'Wood, Paper,  Printing,  and Publishing'  (5)  sector (7-10 per-
cent). The domestic substitution effects prevail in the 'Mining and Quarry-
ing',  'Chemicals,  Plastics and other Non-Metallic Mineral',  and 'Constru-
ction'   sectors,  resulting  in  a  modest   increment  in  output  and  hours
worked (3-6 percent).

The  introduction  of  a  product  innovation  induces  limited  changes  in
consumption patterns in other regions, as the environmental creditors of
the  Southern  Eurozone  represent  a  minimal  share  of  foreign  markets.
Therefore,  the  effects  on  output  and  employment  are  modest  in  most
sectors.  The  main  exception  is  the  'Agriculture,  Forestry,  and  Fishing'
sector (1). The share of consumption of green agricultural products from
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 (1).  consumption  green agricultural products
the  South  doubles  in  the  other  regions,  mainly  to  the  detriment  of  the
brown  domestic  products.  However,  the  losses  of  output  and  hours
worked  are  modest  (3-7  percent),  with  the  exception  of  the  other  EU
countries.  Other  significant  reductions  in  output  and  hours  worked
occur  in  the  'Machinery  and  Equipment'  (10)  and  'Manufacturing  Nec
recycling'  (9)  sectors  (4-15  percent)  and  to  a  lesser  extent  in  the  'Basic
Metals and Fabricated Metal'  sector (8)  (3-8 percent).  The share of  green
products  from  the  South  increases  also  in  the  'Textile,  Leather  and
Footwear' sector, but the effect on output and hours worked is minimal.

5.3.3.2 Services

The  introduction  of  an  environmentally  friendly  product  innovation  in
the service sector produces a significant increase in the share of domestic
green consumption. However, the effects on output and employment are
ambiguous and vary significantly from one sector to another, depending
on the substitution effects. The most important effects occur in the 'Fina-
ncial  intermediation'  (16)  and  the  'Transport,  storage  and  communica-
tion'  (15)  sectors.  The innovation further increases the share of  the envi-
ronmental  creditors,  which  ultimately  dominate  both  sectors.  However,
it causes an equally significant reduction in the share of domestic brown
products and a moderate decline in the consumption of foreign products.
The net effect is an 11-28 percent increase in output and employment.

The  effects  are  modest  or  unimportant  (1-5  percent)  in  the  'Education'
(19),  'Wholesale and retail  trade' (13),  and 'Public administration' sectors
(18),  where  the  increase  in  the  share  of  the  environmental  creditors
equally  affects  the  consumption  of  brown  domestic  products  and  prod-
ucts  from  the  Western  Eurozone.  The  consumption  of  brown  domestic
products collapses in the 'Real estate, renting and business activities' (17),
'Hotels  and  restaurants'  (14)  and  'Health  and  social  work'  (20)  sectors.
The result is a 3-11 reduction in output and employment in both sectors.
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The  share  of  Southern  green  services  in  the  other  regions  is  negligible.
Therefore,  the  variations  in  the  foreign  consumption  patterns  are  mini-
mal  and  the  effect  on  output  and  hours  worked  unimportant,  with  few
exceptions. The first is the 'Financial intermediation' sector of the North-
Eastern  Eurozone,  where  the  share  of  Southern  green  products  soars.
The  effect  on  output  and  employment  is  equally  important,  with  losses
between 11 and 26 percent. An important increase in the share of South-
ern  green  products  also  occurs  in  the  'Education'  sector  of  the  same
region.  However,  the  effect  on  output  and hours  worked remains  mini-
mal. 

5.4 Discussion

The  world  economy  was  divided  into  five  main  regions,  based  on  the
UN  Geo  Scheme:  North-Eastern  (N),  Western  (W),  and  Southern  (S)
Eurozone,  other  European  Union  countries  (O),  and  the  Rest  of  the
World  (R).  Each  region  included  20  sectors  derived  from  the  industrial
classification  NACE  1.1.  The  matrix  decomposition  of  the  air  emissions
was  used  to  further  divide  each  sector  into  environmental  creditors  or
green  industry  (G)  and  environmental  debtors  or  brown  industry  (B).
The final model included 100 sectors, 176 industries and 4975 equations.
The  model  was  calibrated  combining  data  from  the  world  input-output
tables,  the socio-economic accounts,  the supply and use tables,  the Busi-
ness and Consumer Survey Archive and the Penn World Tables 9.1. The
model was then run over the period 1995-2040 to investigate the trend of
environmental creditors and debtors across regions.

The  results  of  the  base  simulation  indicate  a  very  stable  regional  and
intra-sector  distribution.  The  environmental  creditors  contribute  an
important share of output in the Western and Southern Eurozone, while
the  environmental  debtors  dominate  the  remaining  regions.  The  diver-
gence of the Western and Southern Eurozone patterns with respect to the
rest  of  the  European  Union  is  particularly  evident  in  some  sectors,
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 European  particularly
namely  agriculture,  wood  and  paper,  public  administration  and  educa-
tion. The base simulation also identified some distinctive patterns at the
sector level.  The environmental  debtors control  almost the entire output
of  the  'Food,  beverages,  and  tobacco',  'Coke,  Refined  Petroleum  and
Nuclear Fuel', 'Electricity, Gas, and Water Supply' and 'Hotel and restau-
rants'  sectors  in  all  regions.  In  contrast,  the  environmental  creditors
contribute  an  important  share  of  output  in  the  'Textile,  Leather,  and
Footwear',  'Machinery  and  Equipment',  'Manufacturing  NEC  and  Recy-
cling'  and  'Construction'  sectors  in  most  regions,  with  the  exception  of
the Rest of the World.

The  analysis  then  focuses  on  the  Southern  Eurozone  countries,  exposed
to  economic  and  environmental  vulnerabilities.  An  increase  in  the
growth rate of productivity or in the quality of the products of the green
industry  are  simulated  in  one  sector  at  a  time,  to  compare  their  direct
and  indirect  effects  on  growth  and  employment.  The  simulations  con-
firm  the  importance  of  substitution  effects  between  environmentally
friendly and polluting products and the existence of compensation mecha-
nisms  via  prices  and  demand.  However,  the  strength  of  substitution
effects  and  compensation  mechanisms  varies  considerably  from  one
sector to another.

The  simulations  of  alternative  scenarios  identify  numerous  sectors  in
which  both  types  of  innovation  have  positive  and  significant  effects  on
the output. Both environmental process and product innovation produce
an  exceptional  rise  in  output  in  the  'Machinery  and  Equipment'  sector
and  a  significant  increase  in  the  'Manufacturing  NEC  and  Recycling',
'Transport,  storage  and  communication'  and  'Financial  intermediation'
sectors.  However,  an  environmental  product  innovation  is  much  more
important in the recycling sector, while an environmental process innova-
tion is more effective in the transportation and financial sectors.

Both  types  of  innovation  have  similar  effects  in  the  'Agriculture,  Hunt-
ing,  Forestry  and  Fishing',  'Wood,  Paper,  Printing  and  Publishing'  and
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ing,  Forestry  Fishing  Paper,  Printing  Publishing
'Basic  Metals  and  Fabricated  Metal'  sectors.  In  some  sectors,  only  one
type  of  innovation  is  effective.  For  instance,  an  environmental  process
innovation  has  significant  effects  on  output  in  the  'Public  Administra-
tion'  sector,  while  a  product  innovation  is  unimportant.  The  opposite
occurs  in  the  'Textile,  Leather  and  Footwear'  sector.  In  conclusion,  the
combined use of policies in favour of environmental product and process
innovation is  effective in several  sectors.  However,  providing differenti-
ated  incentives  could  strengthen  the  final  effects  on  output.  Finally,
promoting a specific type of innovation may be more effective in specific
sectors.

The results of the simulations suggest that a policy in support of environ-
mental  innovation  can  only  be  effective  if  it  is  designed  on  the  basis  of
the  prevailing  patterns  in  each  sector.  The  economic  policy  goals  also
define  the  most  appropriate  type  of  innovation.  A  policy  to  support
growth  and  employment  in  the  manufacturing  sector  should  favour  an
environmental  product  innovation.  This  type  of  innovation  generally
produces a greater increase in output than a rise in productivity and has
positive  effects  on  hours  worked.  However,  even  a  process  innovation
can  have  significant  effects  on  output  with  limited  losses  of  hours
worked in most sectors. A policy to support growth in the services sector
should,  on  the  contrary,  favour  an  environmental  process  innovation.
This  type  of  innovation  has  positive  effects  on  output  and  generally
more significant than a product innovation.

Finally, the trade-off between increasing growth and supporting employ-
ment  must  be  taken  into  consideration  in  order  to  design  appropriate
incentives.  The effect on hours worked also varies according to the type
of  innovation  and  patterns  prevailing  in  each  sector.  An  environmental
process  innovation is  usually  associated with a  modest  decline  in  hours
worked  at  the  sector  level.  Both  an  environmental  product  and  process
innovation  have  positive  and  comparable  effects  in  the  'Agriculture,
Hunting, Forestry and Fishing' and 'Wood, Paper,  Printing and Publish-
ing' sectors, but the latter has strong negative effects on employment.  A
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g  strong negative  employment.
process innovation reduces the hours worked in the 'Mining and Quarry-
ing',  'Chemicals,  Plastics,  and  other  Non-metallic  Minerals'  and  'Real
estate,  renting  and  business  activities'  sectors,  without  generating  an
equally significant increase in output.  On the contrary, the rise in output
can compensate  for  the  loss  of  hours  worked in  other  sectors  like  'Basic
Metals and Fabricated Metal', 'Financial Intermediation', 'Public Adminis-
tration', 'Education' and 'Health and Social Work'.

An environmental product innovation usually has positive effects on the
hours  worked.  The  increase  is  particularly  significant  in  the  'Machinery
and Equipment',  'Manufacturing  NEC and Recycling',  'Basic  Metals  and
Fabricated  Metal'  and  'Agriculture,  Forestry,  and  Fishing'  sectors.  How-
ever, an environmental product innovation can induce important substitu-
tion effects between green and brown local products, causing a decline in
production and hours worked. These negative effects occur in the 'Hotels
and  restaurants',  'Health  and  social  work'  and  'Real  estate,  renting  and
business  activities'  sectors.  The  decline  in  output  and  hours  worked  is
particularly important in the latter sector.

5.5 Concluding remarks

The  base  simulation   indicates  that  a  significant  economic  restructuring
in  favour  of  the  environmental  creditors  cannot  take  place  within  the
time  frame  considered.  The  environmental  debtors  dominate  most
regions and control several key sectors of the economy like 'Food, bever-
ages, and tobacco', 'Coke, Refined Petroleum and Nuclear Fuel', 'Electric-
ity,  Gas,  and  Water  Supply',  'Hotel  and  restaurants',  'Wholesale  and
retail  trade',  'Transport,  storage  and  communication',  and  'Health  and
social  work'.  Furthermore,  the  regional  and  sector  patterns  tend  to
remain  stable  over  time.  The  economies  of  the  Southern  Eurozone  are
particularly  exposed  to  extreme  weather  events  and  at  the  same  time
face  a  prolonged  slowdown  in  economic  growth  and  high  unemploy-
ment rates. An environmental innovation in this region can have positive
and significant effects on output, which vary considerably depending on
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 significant  output,  vary considerably depending
the type of innovation and the prevailing patterns in a specific sector. 

An  environmental  product  innovation  has  more  important  effects  than
an  increase  in  productivity  in  the  manufacturing  sector.  In  addition  to
generating  a  larger  increase  in  output,  it  has  a  positive  and  significant
effect  on  employment.  However,  a  process  innovation  can  also  have
positive  effects  on  output,  with  modest  losses  of  hours  worked  in  most
sectors. A policy promoting environmental innovation in the 'Machinery
and  Equipment'  and  'Manufacturing  NEC  and  Recycling'  sectors  can
have positive and important effects on output and employment,  regard-
less  of  the  type  of  innovation.  This  policy  is  also  effective  in  the  'Basic
Metals  and  Fabricated  Metal'  and  'Textiles,  Leather  and  Footwear'  sec-
tors,  but  greater  incentives  should  be  dedicated  to  product  innovation.
Finally,  an  environmental  product  innovation  is  better  suited  to  foster
growth  and  employment  in  the  'Agriculture,  Hunting,  Forestry  and
Fishing' and 'Wood, Paper, Printing and Publishing' sectors.

An environmental  process  innovation is  more  effective  in  services,  with
modest  losses  of  hours  worked  in  most  sectors.  In  particular,  it  would
have positive and important effects on output in the 'Financial intermedia-
tion'  and  'Transport,  storage  and  communication'  sectors.  However,  the
loss  of  hours worked associated with an increase in productivity would
be significant. Finally, process innovation is more suitable for supporting
the  growth  of  the  'Public  Administration',  'Education'  and  'Health  and
Social Work' sectors.

In conclusion, an effective industrial policy should design an appropriate
incentive system, according to the distinctive effects of each type of inno-
vation and the prevailing patterns in each sector. In particular, it should
take  into  consideration  the  substitution  effects  between  more  and  less
polluting  goods  and  the  indirect  effects  of  productivity  on  demand.
Indeed,  substitution  and  compensation  effects  vary  from  one  sector  to
another,  determining  which  type  of  innovation  is  most  appropriate  and
for what specific purpose.
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Appendix 5.A
areas = {"N", "O", "R", "S", "W"};

inds = {"N1b", "N2b", "N3b", "N4b", "N5b", "N6b", "N7b", "N8b",

"N9b", "N10b", "N11b", "N12b", "N13b", "N14b", "N15b", "N16b",

"N17b", "N18b", "N19b", "N20b", "O1b", "O2b", "O3b", "O4b",

"O5b", "O6b", "O7b", "O8b", "O9b", "O10b", "O11b", "O12b",

"O13b", "O14b", "O15b", "O16b", "O17b", "O18b", "O19b", "O20b",

"R1b", "R2b", "R3b", "R4b", "R5b", "R6b", "R7b", "R8b", "R9b",

"R10b", "R11b", "R12b", "R13b", "R14b", "R15b", "R16b", "R17b",

"R18b", "R19b", "R20b", "S1b", "S2b", "S3b", "S4b", "S5b",

"S6b", "S7b", "S8b", "S9b", "S10b", "S11b", "S12b", "S13b",

"S14b", "S15b", "S16b", "S17b", "S18b", "S19b", "S20b", "W1b",

"W2b", "W3b", "W4b", "W5b", "W6b", "W7b", "W8b", "W9b", "W10b",

"W11b", "W12b", "W13b", "W14b", "W15b", "W16b", "W17b", "W18b",

"W19b", "W20b", "N1g", "N2g", "N4g", "N5g", "N7g", "N9g",

"N10g", "N12g", "N13g", "N15g", "N16g", "N17g", "N18g", "N19g",

"N20g", "O1g", "O2g", "O4g", "O5g", "O7g", "O8g", "O9g", "O10g",

"O12g", "O13g", "O15g", "O16g", "O17g", "O18g", "O19g", "O20g",

"R1g", "R2g", "R5g", "R9g", "R10g", "R12g", "R13g", "R16g",

"R17g", "R20g", "S1g", "S2g", "S4g", "S5g", "S7g", "S8g", "S9g",

"S10g", "S12g", "S13g", "S14g", "S15g", "S16g", "S17g", "S18g",

"S19g", "S20g", "W1g", "W2g", "W4g", "W5g", "W7g", "W8g", "W9g",

"W10g", "W11g", "W12g", "W13g", "W14g", "W15g", "W16g", "W17g",

"W18g", "W19g", "W20g"};

sis = inds;

setPIU = TableToExpressionStringJoin"piu", ToStringsisi ⩵

ToExpressionStringJoin"wpiu", ToStringsisi*

ToExpressionStringJoin"p", ToStringsisi,

i, 1, Lengthsis;

setPK = TableToExpressionStringJoin"pk", ToStringsisi ⩵

ToExpressionStringJoin"wpk", ToStringsisi*

ToExpressionStringJoin"p", ToStringsisi,

i, 1, Lengthsis;

setB = TableToExpressionStringJoin"b", ToStringsisi ⩵

1 + ToExpressionStringJoin"gb", ToStringsisi*

ToExpressionStringJoin"lb", ToStringsisi,

i, 1, Lengthsis;
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setW = TableToExpressionStringJoin"w", ToStringsisi ⩵

1 + ToExpressionStringJoin"gw", ToStringsisi*

ToExpressionStringJoin"lw", ToStringsisi,

i, 1, Lengthsis;

setNCG = TableToExpressionStringJoin"ncg", ToString[areas[[a]]] ⩵

ToExpressionStringJoin"lncg", ToString[areas[[a]]]*

1 + ToExpressionStringJoin"gncg", ToString[areas[[a]]],

{a, 1, Length[areas]};

setCG =

Flatten

TableTableToExpressionStringJoin"cg", areas[[a]], indsi ==

ToExpressionStringJoin"ϝ", ToString[areas[[a]]],

ToStringindsi*

ToExpressionStringJoin"ncg", ToString[areas[[a]]]

ToExpressionStringJoin"p", indsi,

i, 1, Lengthinds, {a, 1, Length[areas]};

setIU = TableToExpressionStringJoin"iu", ToStringsisi ==

ToExpressionStringJoin"au", ToStringsisi*

ToExpressionStringJoin"x", ToStringsisi,

i, 1, Lengthsis;

setQ = TableToExpressionStringJoin"q", ToStringsisi ⩵

ToExpressionStringJoin"lq", ToStringsisi +

ToExpressionStringJoin"k", ToStringsisi*

ToExpressionStringJoin"did", ToStringsisi,

i, 1, Lengthsis;

setCU = TableToExpressionStringJoin"cu", ToStringsisi ==

ToExpressionStringJoin"x", ToStringsisi

ToExpressionStringJoin"q", ToStringsisi,

i, 1, Lengthsis;

setH = TableToExpressionStringJoin"h", ToStringsisi ==

ToExpressionStringJoin"b", ToStringsisi*

ToExpressionStringJoin"x", ToStringsisi,

i, 1, Lengthsis;

setTIU =

tiu == TotalTableToExpressionStringJoin"iu", ToStringsisi,

i, 1, Lengthsis;
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setTAU = TableToExpressionStringJoin"τ", ToStringsisi ==

ToExpressionStringJoin"ϕ", ToStringsisi*

ToExpressionStringJoin"cu", ToStringsisi,

i, 1, Lengthsis;

setLI = TableToExpressionStringJoin"li", ToStringsisi ==

ToExpressionStringJoin"w", ToStringsisi*

ToExpressionStringJoin"h", ToStringsisi,

i, 1, Lengthsis;

setIS = TableToExpressionStringJoin"is", ToStringsisi ==

ToExpressionStringJoin"wis", ToStringsisi*

ToExpressionStringJoin"x", ToStringsisi,

i, 1, Lengthsis;

setCI = TableToExpressionStringJoin"ci", ToStringsisi ==

ToExpressionStringJoin"τ", ToStringsisi*

ToExpressionStringJoin"piu", ToStringsisi*

ToExpressionStringJoin"iu", ToStringsisi +

ToExpressionStringJoin"w", ToStringsisi*

ToExpressionStringJoin"h", ToStringsisi,

i, 1, Lengthsis;

setP = TableToExpressionStringJoin"p", ToStringsisi ⩵

1 + ToExpressionStringJoin"rtm", ToStringsisi*

1 + ToExpressionStringJoin"τ", ToStringsisi*

ToExpressionStringJoin"piu", ToStringsisi*

ToExpressionStringJoin"au", ToStringsisi +

ToExpressionStringJoin"w", ToStringsisi*

ToExpressionStringJoin"b", ToStringsisi,

i, 1, Lengthsis;

setLIR = TableToExpressionStringJoin"li", ToString[areas[[a]]] ==

TotalTableToExpressionStringJoin"li", ToStringrisa, i,

i, 1, Lengthris[[a]], a, 1, Lengthris;

setCIR = TableToExpressionStringJoin"ci", ToString[areas[[a]]] ==

TotalTableToExpressionStringJoin"ci", ToStringrisa, i,

i, 1, Lengthris[[a]], a, 1, Lengthris;

setNCO = TableToExpressionStringJoin"nco", ToString[areas[[a]]] ==

ToExpressionStringJoin"cr", ToString[areas[[a]]]*

ToExpressionStringJoin"ci", ToString[areas[[a]]] +

ToExpressionStringJoin"cw", ToString[areas[[a]]]*

ToExpressionStringJoin"li", ToString[areas[[a]]],

{a, 1, Length[areas]};
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setDID = TableToExpressionStringJoin"did", ToStringsisi ⩵

0.5*ToExpressionStringJoin"δ", ToStringsisi*

ToExpressionStringJoin"lka", ToStringsisi +

ToExpressionStringJoin"α", ToStringsisi*

ToExpressionStringJoin"ci", ToStringsisi

ToExpressionStringJoin"pk", ToStringsisi +

ToExpressionStringJoin"β", ToStringsisi*

ToExpressionStringJoin"x", ToStringsisi,

i, 1, Lengthsis;

setPOA =

Flatten

Table

Table

ToExpressionStringJoin"pa", ToString[areas[[a]]],

ToString[secs[[s]]] ==

Total

Table

ToExpressionStringJoin"p",

StringDropToStringacoa, s, i, 3*acoa, s, i,

i, 1, Length[aco[[a, s]]](Total[aco[[a, s]]]),

{s, 1, Length[aco[[a]]]}, {a, 1, Length[aco]};

setCOA =

Flatten

Table

Table

ToExpressionStringJoin"ca", ToString[areas[[a]]],

ToString[secs[[s]]] ⩵

ToExpressionStringJoin"γ", ToString[areas[[a]]],

ToString[secs[[s]]]

ToExpressionStringJoin"pa", ToString[areas[[a]]],

ToString[secs[[s]]]*

ToExpressionStringJoin"nco", ToString[areas[[a]]],

{s, 1, Length[secs]}, {a, 1, Length[areas]};

setTDD =

tdd ==

TotalTableToExpressionStringJoin"did", ToStringsisi,

i, 1, Lengthsis;

setTIO =

tio ==

TotalTableToExpressionStringJoin"dio", ToStringsisi,

i, 1, Lengthsis;
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setDIO = TableToExpressionStringJoin"dio", ToStringsisi ==

ToExpressionStringJoin"wio", ToStringsisi*

ToExpressionStringJoin"did", ToStringsisi,

i, 1, Lengthsis;

setKA = TableToExpressionStringJoin"ka", ToStringsisi ==

ToExpressionStringJoin"did", ToStringsisi +

1 - ToExpressionStringJoin"δ", ToStringsisi*

ToExpressionStringJoin"lka", ToStringsisi,

i, 1, Lengthsis;

eqcos2 = {};

vlst = {};

DoDoclst = aco[[a, s]];

plst =

ToExpression

TableStringJoin"p", StringDropToStringacoa, s, i, 3,

i, 1, Length[aco[[a, s]]];

blst = {};

glst = {};

DoIfStringTakeToString[clst[[n]]], -1 ⩵ "b",

AppendTo[blst, clst[[n]]], AppendTo[glst, clst[[n]]],

{n, 1, Length[clst]};

bplst =

TableToExpression

StringJoin"p", StringDropToString[blst[[n]]], 3,

{n, 1, Length[blst]};

gplst =

TableToExpression

StringJoin"p", StringDropToString[glst[[n]]], 3,

{n, 1, Length[glst]};

bslst = ToExpressionStringReplaceToString[blst], "co" → "s";

gslst = ToExpressionStringReplaceToString[glst], "co" → "s";

gvlst = ToExpressionStringReplaceToString[glst], "co" → "v";

AppendTo[vlst, gvlst];

sigma = ToExpressionStringJoin"σ", ToString[areas[[a]]],

ToString[secs[[s]]];

coa = ToExpressionStringJoin"ca", ToString[areas[[a]]],

ToString[secs[[s]]];

poa = ToExpressionStringJoin"pa", ToString[areas[[a]]],

ToString[secs[[s]]];

tblst = Tablebplsti
sigma

*bslsti
1-sigma

, i, 1, Length[bplst];

tglst = Tablegplsti
sigma

*gslsti
1-sigma

*gvlsti
1-sigma

,

i, 1, Length[gplst];
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eqcob =

Tableblst[[n]] == coa*poa*bplst[[n]]sigma-1*

bslst[[n]]1-sigmaTotalJoin[tblst, tglst], {n, 1, Length[blst]};

eqcog =

Tableglst[[n]] == coa*poa*gplst[[n]]sigma-1*gslst[[n]]1-sigma*

gvlst[[n]]1-sigmaTotalJoin[tblst, tglst], {n, 1, Length[glst]};

eqco = DropJoin[eqcob, eqcog], -1;

constr =

Last[clst]⩵

(coa*poa - Total[Table[plst[[e]]*clst[[e]],

{e, 1, Length[plst] - 1}]])/Last[plst];

eqcoc = Join[eqco, {constr}];

AppendTo[eqcos2, eqcoc], {s, 1, Length[aco[[a]]]},

{a, 1, Length[aco]}

setCO2 = Flatten[eqcos2];

setX = TableToExpressionStringJoin"x", ToStringsisi ⩵

ToExpression StringJoin"is", ToStringsisi +

ToExpressionStringJoin"dio", ToStringsisi +

Totalcgindi + Totalcoindi, i, 1, Lengthsis;

vmodel = Flatten[{setPIU, setPK, setB, setW, setNCG, setCG, setIU,

setCU, setQ, setH, setTIU, setTAU, setLI, setIS, setCI, setP,

setLIR, setCIR, setNCO, setDID, setPOA, setCOA, setTIO, setTDD,

setDIO, setKA, setCO2, setX}];

Length[vmodel]

4975
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Appendix 5.B

The  world  origin-destination  investment  matrices  over  the  period
1995-2009 are constructed using the RAS method based on the vectors of
investment  of  origin  and  the  corresponding  vectors  of  investment  of
destination  for  each  year  of  the  series.  The  time  series  of  gross  fixed
capital formation by country and sector of destination (GFCFcs) are avail-
able  in  the  socio  economic  accounts  (Release  2013).  The  latter  are  con-
verted in real terms using the specific price indexes provided in the same
accounts  (RGFCFcs)  and  aggregated  at  the  regional  and  sector  level
(RINVDrs).  The  matrices  of  investment  of  destination  at  the  industry
level (INVDi) are calculated as the union of the matrix products between
the regional matrices and the diagonal matrices Db and Dg (Eq. 5.15).

(5.15) INVDi = (Db x RINVDrs) U (Dg x RINVDrs)

The total investment of origin for each region is extracted from the world
matrices  of  final  uses  derived  in  the  previous  section  (invor)  and  reallo-
cated to each sector of destination using the annual share of each indus-
try in total fixed capital formation (Eq. 5.16).

(5.16) idiy = invory (invdriy/∑i=1
n invdriy)

Finally, each pair of vectors of origin (ioy) and destination (idy) is used to

construct the 176x176 matrix of  investment of  origin and destination for
the  same year.  The result  is  a  time series  of  industry-by-industry  matri-
ces over the period 1995-2009.

The  time  series  of  gross  fixed  capital  stock  in  real  terms  for  each  sector
and  country  are  extracted  from  the  socioeconomic  account  (Release
2013).  The  series  are  converted  into  1995  US  dollars  based  on  the
exchange rates from the WIOD and aggregated at the regional level. The
capital stock is then allocated to each industry based on the emvac classifi-
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cation.  Given  the  numerous  missing  entries  for  the  years  2008-2009,  the
average  growth  rates  of  the  capital  stock  for  each  industry  over  the
period 1995-2007 are used to recalculate the values for the last two years
of  the  series.  Since  the  socioeconomic accounts  do not  include the  gross
fixed  capital  stock  for  all  the  countries  classified  as  'Rest  of  the  world',
the  time  series  for  the  same  region  is  adjusted  using  the  data  from  the
Penn World Tables version 9.1. The tables include the values of the capi-
tal  stock at constant 2011 national prices (in millions of US dollars) dur-
ing the period 1995-2009, for several countries missing in the SEAs.

The countries for which the value of  this  variable was missing for more
than  half  of  the  time  series  are  excluded.  The  missing  values  are  calcu-
lated on the basis of the average growth rate of the available years for the
remaining countries. The values are then converted to 1995 million of US
dollars  using  the  specific  price  indices  provided  in  the  PWT  and
summed  up.  Finally,  the  total  capital  stock  obtained  from  the  PWT
(TKArow_p) is reallocated to each industry based on its weight in the total

capital stock of the same region. Therefore, the real gross capital stock for
each industry of the 'Rest of the World' (KArow_i) is calculated as the sum
of the value derived from the SEA and the share of the additional capital
from the PWT (Eq. 5.17).
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Appendix 5.C

The availability of data on current capacity utilisation at the sector level
is limited. Therefore, the regional series are estimated on the basis of the
information available  for  the  27  countries  and 21  industries  represented
in the BCS archive. The quarterly data for each country and industry are
first  cleaned  and  combined  into  annual  data.  The  annual  data  are  then
reorganised  to  ensure  the  correspondence  with  the  industrial  classifica-
tion  NACE  1.1.  For  this  purpose,  the  share  of  supply  of  each  industry
within  the  corresponding  NACE  1.1  sector  is  obtained  from  the  world
supply tables (Release 2013) for the period 1995-2009. The current utilisa-
tion rate of each NACE sector in a specific year (unace_y _s) is calculated as

the average of the p utilisation rates of the BCS industries (ubcs_y _i) belong-

ing  to  the  same  sector,  weighted  by  their  share  of  supply  (Eq.  5.17).
Finally, the regional rates of capacity utilisation for each NACE 1.1 sector
in a specific year are calculated as the average of the m  national rates in

the same sector,  weighted by the respective supply share  (Eq.  5.18).  For
the  missing  sectors,  the  utilisation  rate  is  calculated  as  the  weighted
average  of  the  rates  of  the  other  sectors  within  the  same  region.  The
result  is  a  time  series  of  region-  and  sector-specific  capacity  utilisation
rates for the North-Eastern (N), Western (W), and Southern (S) Eurozone,
and other European Union countries (O).  The corresponding time series
for the Rest of the world (R) are constructed as the weighted average of
the sector rates of the other regions (Eq. 5.19).

(5.17) unace_y _s = ∑i=1
p ubcs_y _i subcs_y _i ∑i=1

p subcs_y _i

(5.18) uy_r = ∑s=1
m unace_y _s suy_s ∑s=1

m suy_s

(5.19) uy_row _s = ∑s=1
m uy_r _s xy_r _s ∑s=1

m xy_r _s
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Appendix 5.D

Figure 5.12 Environmental creditors and debtors, sectors 1-5

Source: Author' s own elaboration
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Figure 5.13 Environmental creditors and debtors, sectors 6-10

Source: Author' s own elaboration
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Figure 5.14 Environmental creditors and debtors, sectors 11-15

Source: Author' s own elaboration
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Figure 5.15. Environmental creditors and debtors, sectors 16-20

Source: Author' s own elaboration
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Chapter 6

Conclusions

This dissertation addresses the fundamental question of the role of envi-
ronmental innovation in solving European environmental and economic
problems. Thanks to the mounting scientific evidence and the awareness
of public opinion on the effects of climate change, environmental innova-
tion  has  stimulated  new  areas  and  directions  of  research.  However,  the
paucity  of  internationally  comparable  data  limits  the  scope  and level  of
analysis.

Chapter  2  reviews  the  main  conclusions  and  limitations  of  the  general
and specific  literature  on technical  change and employment.  The micro-
and  meso-level  studies  suggest  that  rapidly  growing  firms  and  sectors
geared  towards  technological  competitiveness  and  product  innovation
benefit the most. The importance of substitution effects between different
products within a firm and sector determines the final increase in output
and employment.  The  effects  of  process  innovation  depend on the  exis-
tence and effectiveness of  'compensation mechanisms'  via capital  goods,
demand and prices.  The  main  limitation  of  these  studies  is  the  inability
to capture the indirect effects of innovation, in particular the substitution
and compensation effects across sectors.

The  studies  at  the  macroeconomic  level  provide  a  more  comprehensive
framework,  including  all  direct  and  indirect  effects  on  output  and
employment.  The main limitations are the scarce attention to the role of
demand and product innovation and the adoption of restrictive assump-
tions.  The  specific  literature  is  scarce  and  mostly  centred  on  the  role  of
environmental  regulations  in  stimulating  international  competitiveness.
The scope of the investigation is restricted to the determinants of innova-
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 scope  investigation
tion and to productivity increases.

Chapter  2  proposes  a  new  approach  to  address  the  fundamental  gaps
identified  in  the  literature,  in  particular  the  paucity  of  research  on  the
effects  of  environmental  innovation  at  the  macroeconomic  level.  Given
the  scarcity  of  internationally  comparable  data,  the  main  research
method proposed is the empirical calibration of a macroeconomic model
that includes all  the direct  and indirect  effects of  environmental  innova-
tion  on  growth  and  employment.  The  model  gives  a  central  role  to
demand  and  consumer  preferences  and  includes  substitution  effects
between more and less polluting products.

Chapter 3 introduces the basic version of the model. The first fundamen-
tal  conclusion  of  the  chapter  is  that  a  comprehensive  analysis  of  the
direct and indirect effects of environmental innovation requires the con-
struction of an appropriate theoretical framework combining elements of
different strands of literature. The model presented in this chapter builds
on  the  general  equilibrium  framework  to  include  all  direct  and  indirect
effects on demand, output and employment. However, the framework is
extended  through  structuralist  pricing  and  investment  functions  to
account for the role of demand and overcome the restrictive assumptions
identified  in  the  relevant  literature  like  perfect  competition  and  market
clearing through prices.

The base simulation indicates that  markup and capital  functions govern
the  functioning  of  the  model  in  the  long  run,  determining  the  balance
between  supply  and  demand  and  the  interconnection  between  real  and
nominal  effects.  The  simulation  of  alternative  scenarios  indicates  that  a
change  in  consumer  preferences  is  crucial  to  redistribute  consumption,
investment  and  output  towards  a  specific  sector,  with  important  effects
on  employment.  Furthermore,  an  increase  in  investment  responsiveness
to demand could contribute to growth and capital  accumulation in both
sectors.
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Chapter 3 therefore introduces the main elements of novelty of the disser-
tation  compared  to  the  existing  literature.  The  central  role  of  consumer
demand and preferences,  traditionally neglected in the general  and spe-
cific  macroeconomic  literature.  The  investigation  of  the  direct  and  indi-
rect  effects  of  different  types  of  innovation  on  demand,  output  and
employment,  including  substitution  and  compensation  effects.  These
elements also emerge in the empirical application proposed in the follow-
ing chapter.

Chapter  4  departs  from  the  hypothesis  of  symmetrical  sectors  with  the
empirical  calibration  of  the  model  on  the  Italian  economy.  The  base
simulation indicates a relatively stable trend of the most and least pollut-
ing  sectors  for  the  period  1995-2050.  The  results  suggest  that  the  scarce
initial  capital,  the  low  responsiveness  of  investment  to  profitability  and
the  limited  ability  to  sustain  consumption  without  generating  inflation
hinder  the  growth  of  the  less  polluting  sectors.  Any  policy  that  aims  to
balance climate change mitigation with support for growth and employ-
ment  should  consider  the  structural  differences  between  more  and  less
polluting sectors.

The  results  of  the  simulations  of  alternative  scenarios  in  the  context  of
the  Italian  economy  confirm  the  centrality  of  demand  and  consumer
preferences.  The  effects  of  an  increase  in  productivity  are  contained  in
the context of stagnating demand and poor competitiveness. However, a
change  in  consumer  preferences  has  important  effects  on  demand  and
capital  accumulation  in  the  less  polluting  sectors.  Therefore,  a  policy  to
raise  awareness  of  the  effects  of  climate  change  could  be  more  effective
in  sustaining  the  consumption  of  environmentally  friendly  products,
while supporting growth and employment.

Chapter  5  presents  the  multi-regional  and  multi-sector  version  of  the
model,  introducing  the  role  of  international  trade.  The  base  simulation
indicates  a  relative  stability  in  the  regional  and  sector  patterns,  in  line
with  the  previous  chapter.  The  redistribution  of  consumption,  invest-
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 previous  chapter.  consumption,
ment and output towards the green industries occurs much more slowly
than expected. However, the simulation of alternative scenarios suggests
that  environmental  innovation  can  be  decisive  in  supporting  demand
and growth  in  less  polluting  industries,  with  positive  effects  also  at  the
aggregate level.

The  first  fundamental  conclusion  of  this  chapter  is  that  the  effects  of
environmental  innovation  on  growth  and  employment  depend  funda-
mentally on the patterns prevailing in each sector. An effective industrial
policy  should  consider  the  indirect  effects  of  productivity  on  demand
and  the  substitution  effects  between  more  and  less  polluting  products.
The greatest benefits from innovation are concentrated in specific sectors
like  'Machinery  and  Equipment',  'Manufacturing  NEC  and  Recycling',
'Financial intermediation' and 'Transport, storage and communication'.

The second fundamental conclusion is that different types of innovation
have  distinctive  effects  on  growth  and  employment  in  different  sectors.
Therefore, an effective industrial policy should assess the most appropri-
ate incentives for the specific context. In the context of Southern Europe,
an  environmental  product  innovation  has  generally  positive  effects  on
output and employment in the manufacturing sector.  An environmental
product  innovation  has  usually  more  important  effects  in  the  service
sector, with modest losses of hours worked.

The  third  fundamental  conclusion  is  that  the  balance  between  environ-
mental, economic and social goals varies substantially from one sector to
another, depending on the importance of compensation and substitution
effects. An environmental product innovation is best suited in the 'Agricu-
lture,  Hunting,  Forestry  and  Fishing'  and  'Wood,  Paper,  Printing  and
Publishing' sectors, where an increase in productivity causes a significant
decline  in  hours  worked.  An  environmental  process  innovation  is  most
effective  in  the  'Public  Administration',  'Education'  and  'Health  and
Social Work' sectors, where indirect effects on demand prevail.
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The fundamental  conclusions presented in the course of  the dissertation
can be summarised in the following points:

 The  scope  of  the  general  and  specific  literature  on  environmental
technical change at the macroeconomic level is limited to the analysis
of  the  determinants  of  innovation  and  the  effects  of  environmental
regulations on competitiveness (Chapter 2).

 The  distinctive  effects  of  environmental  product  and  process
innovation,  the  substitution  effects  between  more  and  less  polluting
products  and  the  replacement  effects  between  more  and  less
innovative firms and sectors are not considered (Chapter 2).

 A  comprehensive  investigation  of  the  role  of  environmental
innovation  requires  the  construction  of  a  theoretical  framework  that
includes  all  direct  and  indirect  effects  on  demand,  output  and
employment (Chapter 2 and 3).

 The  theoretical  framework  should  include  the  distinctive  effects  of
environmental product and process innovation and the central role of
demand and consumer preferences (Chapter 3).

 The  general  equilibrium  framework  can  be  extended  through
structuralist  investment  and  pricing  functions  to  incorporate  the
indirect effects of productivity on demand and the substitution effects
between more and less polluting goods (Chapter 3 and 4).

 The  more  and  less  polluting  sectors  are  fundamentally  different  in
their  structural  characteristics,  including  the  role  of  demand  and
profitability  in  driving  capital  accumulation  and price  variations,  the
initial  endowments  and  market  structure  and  the  ability  to  expand
demand and productive capacity (Chapter 4).
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 In  the  context  of  a  relatively  closed  and stagnant  economy,  a  change
in  consumer  preferences  toward  the  environmentally  friendly
products  can  have  more  important  effects  than  an  increase  in
productivity (Chapter 4).

 The effects of environmental innovation depend fundamentally on the
type  of  innovation  and  on  the  importance  of  the  substitution  and
compensation effects prevailing in each sector (Chapter 4 and 5).

 An  effective  industrial  policy  must  consider  which  sectors  benefit
most  from  environmental  innovation,  which  types  of  environmental
innovation are most effective in each sector, and how substitution and
compensation effects influence the final outcome (Chapter 5).

 The balance between environmental, economic and social goals can be
achieved through the calibration of instruments and incentives on the
patterns prevailing in each specific industry (Chapter 5).

The dissertation also offers  important  insights  into the use of  modelling
and  simulation  techniques  for  the  study  of  technological  change.  The
simulation  of  alternative  scenarios  allows  to  evaluate  and  compare  the
effectiveness  of  different  types  of  environmental  innovation  in  the  vari-
ous regional  and sector  contexts  and to provide strategic  indications for
an effective planning of innovation policies. The use of structuralist CGE
models has numerous advantages in this regard. First, they represent the
simultaneous  and  complex  interactions  between  the  main  variables  of
the  economy  such  as  productivity,  consumption,  investment,  output,
employment  and  capital  accumulation.  Second,  they  reflect  the  interac-
tions  between  real  and  nominal  variables,  in  particular  price  variations
and  income  distribution.  Third,  they  illustrate  the  interdependencies
between all  sectors and main actors of  the economy, in particular  firms,
households and governments. Therefore, they allow to analyse the direct
and indirect effects of different types of environmental innovation, includ-
ing  compensation  mechanisms  through  prices,  demand  and  capital
goods.  Compared  to  other  CGE  models,  they  include  more  empirically
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goods.  Compared  they  empirically
relevant  structural  features  such  as  the  existence  of  oligopolistic  and
fragmented markets,  the  underutilisation  of  resources  and the  influence
of  demand  on  prices  and  capital  accumulation.  Compared  to  the  tradi-
tional  input-output  analysis,  they  attribute  a  central  role  to  consumer
preferences  and  substitution  effects  between  different  types  of  goods.
However,  they  can  still  be  empirically  calibrated  on  the  time  series  of
input-output tables, as they are based on a simultaneous system of equa-
tions that corresponds to a macroeconomic equilibrium.

This  dissertation also  offers  numerous  insights  for  further  research.  The
investigation  conducted  in  the  previous  chapters  focused  on  the
economies of  Southern Europe.  Since the effects  of  technological  change
appear  to  depend  fundamentally  on  the  regional  and  sector  context,  a
comparison of the effects of different types of innovation between Euro-
pean  or  world  regions  could  provide  further  indications  on  the  relative
importance  of  these  instruments.  The  investigation  also  underlined  the
central role of consumer preferences and product innovation, with partic-
ular  the   substitution  effects  between  more  and  less  polluting  products.
Further  research  on  product  quality  changes  in  different  regional  and
sector  contexts  and  on  the  degree  of  substitutability  between  different
types  of  goods  and  services  could  provide  further  indications  on  the
macroeconomic effects of product innovation which have been neglected
so far.

The  analysis  conducted  in  this  dissertation  focused  on  the  introduction
of product and process innovation through the variation of the productiv-
ity  and  quality  parameters  in  each  sector.  The  research  could  be
extended  through  the  endogenisation  of  different  types  of  innovation,
including  the  relevant  determinants.  This  extension  would  allow,  for
example,  to  model  the  effect  of  market  signals  on  the  allocation  of
research funds and the effects of a change in investment policies in green
basic  research.  Finally,  the  calibration  of  CGE  structuralist  models  on
world  input-output  tables  offers  other  important  applications  for  the
analysis  of  the  environmental,  economic  and  social  effects  of  local  con-
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analysis
sumption  choices.  The  demand  functions  can  be  further  detailed  to
include  specific  product  categories  and  assess  their  environmental  and
socio-economic  effects  across  the  global  supply  chain.  In  particular,  the
construction  of  micro-macro  structuralist  CGE  models  could  illuminate
the  tradeoffs  existing  between  different  economic  policy  goals  at  the
local and global level.
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Societal Relevance

The Southern European economies must contain the rise in global temper-
atures that threaten the existence of natural and human ecosystems, in a
context  of  stagnant  demand,  declining  productivity  and  poor  interna-
tional  competitiveness.  Environmental  innovation  could  contribute  to
containing climate change while supporting growth and employment in
this  region.  This  dissertation  represents  the  first  investigation  of  the
direct and indirect effects of environmental product and process innova-
tion  on  growth  and  employment  in  the  context  of  international  trade.
The result of this investigation can provide fundamental support for the
development and implementation of green industrial policies and aware-
ness  campaigns  on  the  effects  of  climate  change.  Firstly,  it  can  identify
the role of consumer preferences and their choice between more and less
polluting products,  which could influence the final  results  of  these poli-
cies.  In  particular,  it  can  determine  the  importance  of  the  substitution
effects  between  local  environmentally  friendly  products  and  highly
polluting imported products. Secondly, it can identify the indirect effects
of  an increase in productivity in the less polluting sectors on prices and
demand at the sector and aggregate level. Finally, it can define the types
of  environmental  innovation  most  suited  to  the  specific  regional  and
sector context. This dissertation reveals the complexity and variety of the
effects of environmental innovation, which depend on the specific socio-
economic  context  and  the  prevailing  patterns  in  each  sector.  A  proper
balance  of  environmental,  economic  and social  policy  goals  can  only  be
achieved through a better understanding of these effects.
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