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Modelling and Forecasting Regional
Growth: The MASST Model

Roberta Capello and Andrea Caragliu

3.1 Introduction

The need for anticipatory and far-seeing strategies on economic dynamics
has always induced economists to look for reliable methodologies with
which to produce insights on what the future will look like. With this
aim, several regional forecasting growth models have been created. Among
these models, the MAcroeconomic, Sectoral, Social, Territorial (MASST)
model is among the longest-standing in present-day regional economics.

The MASST model was conceived with the aim to fill a gap in the
existing literature on forecasting regional growth models. In fact, the
landscape of available toolboxes was made up of two classes of models. On
the one hand, some forecasting regional growth models were based on a
distributional logic whereby national growth rates simulated or forecasted
in macro models were reassigned to regions constituting the countries
modelled using regional GDP and employment shares as weights. In
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more sophisticated versions, this redistribution could take place by means
of input-output linkages. On the other hand, other forecasting regional
growth models focused on the purely regional component, relatively
ignoring the important consequences that macro shocks could exert on
regional growth rates.

MASST was conceived as a way to overcome this dichotomy and
interpret regional growth as both a top-down and bottom-up process.
This implied, from a theoretical perspective, a marriage between two
opposing views on regional growth; a bottom-up/top-down regional
growth view, on the one hand, and a demand-side/supply-side view,
on the other hand. In other words, it had the aim to create a new
model whereby national and regional growth would have to feed back
to one another, thus truly striking a balance between the two theoretical
approaches.

The MASST model has now reached its fourth generation and pro-
vides a valuable toolbox for assessing possible future growth patterns
of European regions within complex scenario frameworks. This paper
presents the original structure of the model, and a critical overview of
the evolution of the MASST model, highlighting the reasons that led to
four generations for this toolbox. Each new version, in fact, superseded
the previous one by answering the need to interpret specific stylized facts
taking place in Europe. The main goal of each version is to update the
model with a more comprehensive structure of interrelated equations,
capable of modeling new causal changes emerging from new stylized facts,
so as to guide policy makers in replying the most urgent European debates
emerging over time.

When the model first appeared, a clear gap existed in the forecasting
tools, that is, the lack of models able to integrate the regional and national
components driving regional growth, and this happened despite stylized
facts suggesting the paramount importance of both regional and national
aspects. For instance, in 2015, the first year with full availability of data for
all EU28 Countries, Luxembourg produced per capita roughly 5.6 times
as much as Bulgaria, the most and least productive Country in the EU,
respectively.! These differences were reflected in econometric exercises in

1Source of raw data: EUROSTAT. Productivity measured as per capita GDP in PPS.
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which the national effects explained at least around 50% of the regional
growth variance, suggesting that regional growth is first of all the result
of a national trend. At the same time, also regional differentials should
be explained in front of data suggesting that the average inhabitant of the
most productive region in Europe (Inner London) produced 21.2 times
more than its peer in the Bulgarian region of Severozapaden, and that also
within the same Country, regional disparities could be quite staggering:
London itself produced ten times as much as the least productive region
in the UK (southern Scotland).

The first version of the MASST model provided an original and
comprehensive toolbox to interpret regional growth as the result of both
national dynamics and local competitiveness. The subsequent advances
of the model were mainly driven by the reinforcement of interpretative
elements that were left in the shades in this first version of the model and
that instead became fundamental in specific periods of time for modelling
urgent policy issues (e.g. the debate on the need for reindustrialization
of the European Union, and the role of large versus small-medium-sized
cities in European growth) and the new events that were destined to
change the cause—effect relationships in an economic system (e.g. the
economic crisis, and Brexit). As an example, the industrial dimension
was reinforced when the debate on the need for the reindustrialization
of Europe started. Instead, on the national side, the need to endogenize
the dynamics of public expenditure and the mechanisms of its funding
became evident with the appearance of the 2007-2008 crisis provoking
spatially heterogeneous impacts. For instance, 2008-2017 per capita
GDP growth grew on average by 8% in the region of southern Ireland,
but decreased by 3.35% in the Greek region of Voreio Aigaio. These
differences appear quite robust and stable over the medium term and
are difficult to reconcile with (in particular spatial) general equilibrium
models that work under several assumptions of equilibrium clearance of
all markets and of perfect information on relative prices.

This chapter explains in depth the stages of the evolution of the
MASST model, and its functioning. In Sect. 3.2, the theoretical frame-
work within which the MASST model was first conceived is presented.
Next, Sects. 3.3, 3.4, 3.5 and 3.6 present the advances of the model for
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each of the major steps it developed through. The chapter concludes in

Sect. 3.7, hinting at possible research directions for the next generation
of the MASST model.

3.2 Regional Growth Theories: The Scientific
Debate and the Positioning of the MASST
Model

Over the past century, forecasting regional growth models have always
remained on top of the agenda in applied regional economics research.
Different forecasting models? embrace different regional growth theories,
and reflect the evolution of the economic thinking and the debate that
came with it.

Two main debates in the way in which regional growth is foreseen
influenced the creation of regional growth forecasting models. The first
debate relates to whether regional growth is to be seen as a bottom-up ora
top-down process. The second debate pertains instead to the dichotomy
between supply-side and demand-side approaches to regional growth.

The debate whether growth is a bottom-up or a top-down process is
a long-standing dispute in regional science. This dichotomy translates
into two opposing fields (Richardson 1969): advocates of top-down
approaches believe that regional growth is the result of a national growth
that is, ex post, allocated among regions according to their participation
in the national economy. This way of reasoning translates into focusing
on national factors of growth, allocating to regions a national growth on
the basis of their weight in the national economy (Stevens and Moore
1980). Supporters of bottom-up approaches hold instead that regional
economic performance is mostly a matter of local economic factors, in a
process of spatial competition for resources eventually causing the most
efficient areas to excel, and, thus, grow faster than other regions and the

2The most celebrated regional growth forecasting models include the GMR model, the RHO-
MOLO and REMI models, and the MASST model presented in this chapter. For a critical review
of these models, see Brandsma et al. (2015); Gori and Paniccia (2015); Varga and Sebestyén (2017);
and Capello et al. (2017).
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nation itself (Stéhr and Taylor 1980). In this view, national growth is the
result of the weighted sum of the growth of single regions belonging to
the nation.

This dichotomy translates into a major bifurcation in the way regional
growth is interpreted. In the first case, the explanation lies exclusively in
the national dynamics, in that regional economic performance is mostly
due to the pull effect exerted by the Country and by rest of the world,
leaving exogenous factors explaining regional growth. In the second case,
the other extreme circumstance takes place, and national growth plays
no role in interpreting regional dynamics, for local endogenous factors
represent the sources of regional competitiveness. In this sense, it is clear
that a more balanced approach is needed, so as to accommodate both
national and regional elements in regional growth modelling.

A second fundamental dichotomy in the way regional growth mod-
els interpret and explain growth patterns is due to the focus on the
supply-side or the demand-side as the main driver of regional economic
performance. Advocates of bottom-up approaches believe regional growth
is mostly due to the presence in a region of growth-enhancing factors,
what in the literature has been termed territorial capital, a term defining
all tangible and intangible endogenous assets, of public and private
nature, that constitute the development potentials of an area (Camagni
2009). On the contrary, supporters of demand-side approaches believe
that regional economic performance is mostly due to external demand
factors that, through consumption multiplier effects on local income,
drive regional economic performance (for a debate, see Capello 2015).

Models of regional growth based on external demand are built upon a
Keynesian approach to economic theory. The classical textbook example
is the economic base model (North 1955), whereby external demand
triggers regional economic performance through a local multiplier effect.
Another celebrated class of demand-driven models includes the Myrdal-
Kaldor-Dixon-Thirlwall model, where a cumulative demand—supply

causal effect of growth is explained, leading to divergent regional trends
(Myrdal 1957; Kaldor 1970; Dixon and Thirlwall 1975).3

3Fora thorough discussion of the features of demand-driven models, see Cochrane and Poot (2014).
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Both theoretical debates translate into different approaches to
modelling regional growth for forecasting purposes, in which the two
dichotomies are intertwined. When a demand-side theoretical approach
is embraced, forecasting regional growth models are produced, which
portray regional economic dynamics as the result of positive external
demand shocks, and therefore as the counterpart of macro systems
growth.* When a supply-side, bottom-up theoretical approach is instead
embraced, regional growth forecasting models are built in which regional
economic dynamics is obtained as the result of endogenous forces, and
the national growth is obtained as the weighted sum of regional growth.’

Over time, an effort has been made in the economic literature on
how to endogenize sources of economic growth in formalized aggre-
gate (neoclassical) economic growth models as drivers of growth. The
celebrated Solow—Swan model (Solow 1956; Swan 1956)—driven by
exogenously determined capital accumulation rates and technological
levels—has in fact been extended to accommodate the role of endoge-
nous growth drivers such as human capital accumulation (Romer 1986),
entrepreneurship (Aghion and Howitt 1992), learning by doing (Young
1993), and technological progress of nearby regions through spillovers
effects (Ertur and Koch 2007).° This last extension allowed conceptualiz-
ing regions not as isolated islands, but as parts of larger economic systems,
whose single constituents influence one another. The main channel
of inter-regional interdependence was at first highlighted in the geo-
graphical proximity among regions; in later elaborations, inter-linkages
were expected to occur also through non-geographical proximities, like
cognitive, social and sectoral proximities, through channels such as reverse
engineering or commuting (Boschma 2005; Caragliu 2015).

Although these theories made an advancement by identifying endoge-
nous forces and interdependence in regional growth models, they did not
adopt a solid territorial approach to regional growth. In the endogenous
growth theory, the laws for a cumulative local growth are definitely a-

4For this kind of forecasting models, see, e.g. the RHOMOLO model (Lecca et al. 2019).
5For this kind of forecasting models, see, e.g. Cappellin (1975, 1976).

These theoretical models have been translated into micro-founded testable growth equations by
Mankiw et al. (1992).
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spatial, in that they work in the same way, irrespective of the type of area
(region or city) where they take place.

Instead, theories able to interpret territorial capital elements in regional
dynamics pertain to local endogenous development models, conceptual-
ized already in the 1970s (Becattini 1975, 1979). These models emphasize
the role of territory as an active resource for local development, through
agglomeration economies explaining the static and efficiency gains of
a local area, and through local context specificities explaining regional
differentials with respect to a national trend. However, they do this by
neglecting the formalized nature of growth theories, and by denying a
role to the macroeconomic environment in which a region lies (Capello
2019).

Since its inception, the MASST model has aimed at filling these
gaps. Firstly, it combines bottom-up with top-down approaches, on the
one hand, and supply-side with demand-side ones, on the other hand.
Secondly, it merges the insightful interpretation of the complexity of
economic phenomena taking place at territorial (local) level provided by
qualitative local development models with the rigour and precision of
the formalized analytical macroeconomic models. In so doing, the model
is able to interpret regional growth through local context specificities
without neglecting the macroeconomic environment in which a region

lies. The result is a tool with an unprecedented interpretative power: the
MASST model.

3.3 Merging Macroeconomic and Territorial
Drivers of Regional Growth: The MASST1
Model

The MASST model is a macroeconometric regional growth model built
to simulate regional growth in the medium and the long run.” The
acronym contains the different dimensions—Macroeconomic, Sectoral,
Social and Territorial—on which the model is built. Regional growth

7The first version of the model is presented in detail in Capello (2007).
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is in fact explained by macroeconomic elements that play a prominent
role in national growth trajectories, capturing the national/global demand
framework which involves all regions. However, macroeconomic condi-
tions are only part of the story, and in particular regional competitiveness,
that is, the supply-side of growth, is explained by the sectoral, social
and territorial aspects characterizing the region. In particular, regional
competitiveness is explained by:

* Single quantified tangible and intangible elements: different assets of
territorial capital, especially those with an intangible nature, linked to
the ways in which actors’ perceptions, to relational elements, and to
cooperation attitudes that arise and grow due to local socio-economic
specificities present in the local context explain regional competitive-
ness

e Territorial complexity: the set of context specificities and synergies that
characterize regional growth, like differentiated territorial patterns of
innovation, regional urban structure, net agglomeration economies,
urban structural dynamics are captured through specific regional equa-
tions explaining, in their turn, regional competitiveness

The model runs across two stages. In an estimation stage, structural
relations between explanatory and dependent variables in various national
and regional equations are estimated over a long-run time span through
a set of equations included in the model. In the simulation stage, instead,
estimated coefficients are employed for simulating likely future growth
patterns (usually, over a 15-20 years’ horizon), and given an internally
coherent sets of assumptions forming regional growth scenarios.

Figure 3.1 presents the structure of the model in its most updated
version. Figure 3.1 also shows the evolution of the structure that took place
over time, by highlighting the different sets of equations that were added
at the time of the different versions of the model. The dashed shapes in
Fig. 3.1 mark the first and basic structure of the model. The model merges
national and regional growth-enhancing factors by explaining regional
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growth (AY,) as a decomposition between a national growth rate (A Yy)
and a regional differential shift (s) (Eq. 3.1) (Capello 2007):

AYy = AYy +s;r €N (3.1)

The national sub-model is based on a Keynesian quasi-identity,
whereby GDP growth (AYy) depends on the growth rates of
consumption, investment, public expenditure, export and import.
The national sub-model aims at capturing macroeconomic/national
determinants of regional growth within a partial equilibrium setting. This
part of the model captures macroeconomic (national) effects generated
by exogenous trends and/or policies for regional growth; macroeconomic
policies and trends in interest rates, in public expenditure, in inflation
rates, in investment rates differ radically among European Countries
(especially between Eastern and Western Countries, and between
Northern and Southern Countries). The national growth component
allows capturing individual Country effects on local growth.

The regional differential shift (s) is instead explained by regional
competitiveness, measured as efficiency of local resources, increases in
the quality and quantity of production factors, such as human capital
and population, infrastructure endowment, energy resources, European
funds, and, finally, interregional spatial linkages, capturing the growth
externalities that influence a region located close to fast-growing areas.

This first generation of MASST already embeds several features of
the present-day model, and is characterized by the effort to merge the
separated blocks of theories discussed in Sect. 3.2. Regional growth is
here interpreted as:

1. A competitive bottom-up process, since supply-side aspects defining
competitiveness levels are hosted in the regional sub-model.

2. A territorial process, since growth depends on tangible and intangible
regional assets and on agglomeration economies (Aydalot 1986; Cam-
agni 1991). Territorial features represent in fact at the same time the
propulsive forces of regional growth and the factors that explain local
responses to exogenous aggregate trends.
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3. A spatial process, in that the model conceptualizes regional dynamics as
the result also of the influence the region receives from its surroundings
(other regions) via growth spillovers.

4. An interactive process between regional and national growth. National
macroeconomic trends generate an effect on both national and
regional growth; at the same time regional elements affect both
regional and national performance in an interactive national-regional
manner. Complex vertical feedbacks between the regional and national
economy are taken into consideration without imposing a complex
system of interlinked equations.

5. An endogenous process, being local, growth takes place as the effect of
endogenous mechanisms and forces behind local competitiveness.

Because of this structure, the MASST model is top-down and bottom-
up at the same time, through horizontal feedbacks (among regions, in the
form of growth spillovers) and vertical ones (between nations and their
regions, and vice versa). National shocks influence national GDP growth
rates through the national GDP growth (Fig. 3.2, link I). National shocks
propagate to the regional level since regional GDP growth is obtained as
the sum of the national GDP growth and the regional differential GDP
growth (Fig. 3.2, links II). The latter is distributed differently among
regions via spillover effects and territorial dummies. Regional shocks, and
regional feedbacks, propagate on regional GDP growth thanks to the
shift equation: regional shocks differ among regions thanks to spillovers
dummy variables and different levels of the control variables (Fig. 3.2, link
I1I). Regional shocks propagate to the national level through the sum of
the regional GDP levels which defines the annual national GDP growth
(Fig. 3.2, link IV) (Capello 2015).

This structure allows to model competitiveness and cooperation among
regions at the same time. Regions compete since they grow thanks to
their internal characteristics. At the same time, cooperation is modelled
through the presence of growth spillovers: a region grows because of the
economic performance of nearby regions, and vice versa.
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Fig. 3.2 National-regional linkages in MASST. (Source: Capello 2015)

3.4 Strengthening the Role of Industrial
Specialization and Intangible Elements
in Regional Growth: The MASST2 Model

The MASST model mostly advances our capacity of forecasting regional
growth with the substantial focus on the regional side. In its first genera-
tion, this aspect was still in its infancy; for this reason, a second generation
(Capello and Fratesi 2012; Capello et al. 2011) of the model offers some
relevant advances, identified with dotted shapes in Fig. 3.1.

The main improvement in this second generation lies in the extension
of the industry composition of the employment equation of the model,
influenced by the debate on the need of a reindustrialization process
for Europe, also known as the Industrial Renaissance of the European
Union (BCG 2013; Foresight 2013; European Commission 2013) to
counterbalance the unbundling process (Baldwin 2016) that was taking
place since many years. Within the first version of MASST, in fact,
employment was modelled in one equation highlighting the determinants
of employment growth taken altogether. From the second generation of
the model, instead, MASST is capable of capturing the differentiated
effects on the manufacturing or service industry to external shocks (Autor



3 Modelling and Forecasting Regional Growth: The MASST Model 75

etal. 2013), by providing simulation outputs separately for manufacturing
and service employment growth rates.

Moreover, within each of the two equations describing manufactur-
ing and service employment growth rates, initial specialization levels
of various industries within each region allow the MASST model to
encompass within-industry effects (in classical regional growth models,
these are labelled MIX effects). Maintaining inter-sectoral productivity
elements (i.e. the DIF component in the classical shift-share analysis),
the second generation of the MASST model became capable of breaking
down sources of regional growth with a structure following the classical
Hoover classification of localized externalities (scale, specialization, and
urbanization economies, respectively; Hoover 1937).

With this major advance, a mechanism to readjust predicted employ-
ment levels in the simulation stage became needed. This mechanism
has been built through the simulation of the constant term in both the
manufacturing and service employment growth rates, as described in Eq.

(3.2):

const, = const’ + Z < Ei ) LQO; AE;gy +s 3.2)
T i EEU Lr

where E; is total employment in industry 7 at the European level
and Epy is total employment in the EU. Equation (3.2) decomposes
the increase of total manufacturing (service) employment within each
region into an exogenous increase in European employment growth
rates within industry 7 (AE;zy), weighted by the specialization of the
region in industry i and the relative importance of industry 7 on total
EU employment. Within the classical shift-share approach, Eq. (3.2)
represents the so-called MIX effect.

In the simulation stage, the addition of this important module in
the MASST model allows simulating the impact of exogenous industry-
specific shocks—important at the time this was introduced, even more
important right now, given the increasing pervasiveness of general pur-
pose technologies and the shift to a new technological paradigm, labeled
Industry 4.0 (Autor and Dorn 2013; Acemoglu and Autor 2011; Capello
et al. 2019).
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In the second generation of the MASST model, another important
improvement lies in an extended role played by external (to the EU)
demand for goods. This is formally modelled by including the growth
rates of the United States and Japan’s GDP in the exports equation within
the national sub-model. In fact, even the European economy reacts to
external demand shocks which enhance, or hamper, the growth rates of
its national economies.

Lastly, the MASST2 model also allows regional trust, as a proxy for
social capital, to play a role in determining the regional differential shift.
This addition is also relevant in that it further strengthens the capacity of
the model to interpret regional growth as a territorial process, one based
on place-specific features characterized by imperfect mobility.

3.5 Between Competitiveness and Austerity:
The MASST3 Model

When the MASST2 model reached maturity, a major breakthrough in
world economies took place, namely the financial crisis that took off
in 2008 from the United States after the closure of Lehman Brothers
and rapidly extended to the rest of the world (Hausman and Johnston
2014). The financial crisis turned quickly into an economic crisis, which
brought several macroeconomic factors to the center of the stage, while
also showcasing structural breaks in economic relations, which could no
longer be modelled on the basis of pre-crisis structures. This prompted
research on a third generation of the MASST model, capable of better
modelling the regional distribution of exogenous shocks at the Country
level.

Among the many risk factors in the renewed financial climate emerging
from one of the largest global crises after the 1929 stock crash (Bordo and
Landon-Lane 2010), one major feature is the breakdown of the expec-
tations channel on Eurozone public debts, leading to the (downward)
convergence of ten-year government bonds towards German Bunds,
typically considered as the risk-free benchmark.
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Prior to the crisis, and since when the Euro was created in 1999, interest
rates on public debts in Countries members of the Eurozone quickly
converged towards the low levels until then recorded only for historically
solvable countries, such as Germany. This happened mainly because of
the elimination of exchange rate risk and the adoption of a common
monetary policy (Ehrmann et al. 2011). The 2007-2008 crisis exposed
instead some potential weaknesses in this mechanism. Markets suddenly
stopped believing that the Eurozone as a whole would be solvable in case
of Country-specific debt crises; consequently, the cost of servicing public
debt in several EU economies rose to substantially higher levels (although
for many of them, interest rates never reached pre-crisis levels). Eventually,
one such Country (Greece) applied a partial (50%) haircut to its nominal
public debt, in order to avoid full bankruptcy.

Consequences of this major global event are still visible more than
ten years after the inception of the crisis. Several EU economies still
register levels of debt substantially higher than pre-crisis levels, while
others have not yet recovered pre-crisis per capita GDP levels. While the
role of territorial features in explaining the geographical breakdown of
crisis effect cannot be ignored (Capello et al. 2015), the MASST model
needed a major restructuring in order to strengthen the national sub-
component and enhance the model’s interpretative and simulation power
when dealing with macroeconomic shocks.

This main goal was pursued with MASST3 (Capello et al. 2017). In its
third generation, the MASST model has been enhanced with two major
improvements, namely the inclusion of the estimates for the period of
crisis, and the endogenization of public expenditure in the national sub-
model (Fig. 3.1, long dashed shapes).

In order to model the crisis, MASST?3 was re-estimated to cover two
time periods, the pre-crisis and the crisis ones. In the new estimates, a
dummy variable for the crisis period was added and interacted with other
independent variables, so as to capture differences in the relationships
among economic variables in ordinary or crisis periods. In addition, the
simulation procedure was modified to allow modellers to choose the pre-
crisis or crisis coefficients, according to assumptions on the length of the
crisis formulated in each scenario.
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Fig. 3.3 Logic of the endogenization of public expenditure in MASST3. (Source:
Capello et al. 2017)

The endogenization of public expenditure is summarized in Fig. 3.3. As
Fig. 3.3 illustrates, public budget (net deficit or debt) has on purpose not
been fully endogenized in the model. This structure allows the modeller to
hold control of fundamental public policy instruments. This in particular
applies to macroeconomic variables such as national tax rates, EU targets
in national public deficits, and interests on public bonds; however, the
effects of these exogenously determined levers on public expenditure and
national GDP are in MASST3 fully endogenous to the model.

The dual (bottom-up and top-down) nature of MASST allows break-
ing down of the potential effects of exogenous shocks to the macro
component of the model into simulated regional impacts, through the
regional differential shift linkage between the macro and regional sub-
models.

Despite the paramount importance of this additional component of the
model, MASST?3 also presents advances with respect to prior generations
of the model along several regional dimensions. In particular, on the
regional side, the model was strengthened in order to take into account
the territorial complexity that characterizes local economic patterns, by
highlighting the set of context specificities and synergies that characterize
regional growth.
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In this vein, the model attributes a distinctive role to context conditions
that give rise to different innovation growth patterns (Capello and Lenzi
2013a, b). The idea behind this approach is to spatially break down the
possible variants of the knowledge/invention/innovation/development
logical path, on the basis of the local endowment of preconditions for
knowledge creation, knowledge attraction, and innovation. In this way,
peculiarities in the mode regions innovate are highlighted. The dependent
variable of this additional module of the MASST model, that is, regional
innovation, becomes a fully endogenous explanatory factor of the simu-
lated regional differential shift, explained through differentiated regional
innovation patterns stemming from different local context conditions.

Moreover, the model attributes a distinctive role to advantages stem-
ming from an urban environment: advantages which, in their turn,
depend on the specificities of single cities, and of the regional urban
system as a whole. This source of externalities is included in the model
through a sub-model which defines an equilibrium size for each city
reached as marginal location costs equal marginal location benefits (Cam-
agni et al. 2013). Both benefits and costs depend, in their turn, on the
specificities of single cities: amenities, industrial diversity, and high-level
functions explain the benefits, while urban land rent, social conflicts and
sprawl explain the costs (Rosen 1979; Roback 1982).

A last important addition to the regional sub-model is related to the
endogenization of unemployment rates. This advance nicely fits with the
regionalization of the macroeconomic shocks also modelled by means
of endogenizing public expenditure, and provides a convenient lever
to identify the spatial distribution of macroeconomic impacts of major
Country- and EU-wide shocks.

Taken together, the three additions to the regional sub-model imply a
major surge in the interpretative power of the MASST model. Still, as a
chiefly territorial tool, the MASST model is amenable to several tweaks
to the regional component, some of which have been undertaken in the
fourth generation.
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3.6 Reinforcing Territorial Determinants
of Regional Growth: The MASST4 Model

The main goal of MASST4 has been to strengthen the link between
macroeconomic and regional components with respect to both prior
versions of the model and other similar macroeconometric regional
growth models.® When the MASST3 version came to its maturity, a
post-crisis period was reached, and an update of the estimates was needed.
The updating exercise came with a substantial improvement also of the
regional side of the model and its territorial characteristics, along with a
further integration with the national sub-model. Integration took place
through several substantial additions to the complexity of the structure of
the model: this section details these advances, identified with continuous
shapes in Fig. 3.1.

The update of the model for the first time allowed MASST4 to be
estimated in panel form both for the national (with yearly data from
1995 to 2018) and for the regional (in three periods: pre-crisis, crisis, and
after-crisis) sub-models. This has allowed testing, for both sub-models,
the assumption that EU economies exited the crisis quite differently from
how they entered it, and that these changes had a structural nature.

The first structural break identified by means of these panel estimates
relates to what has been termed’ the 4.0 industrial revolution. While
prior to the crisis, and following global trends in advanced Countries,
Europe had been deindustrializing (Rodrik 2016), after the end of the
crisis (by convention identified in MASST4 in 2012 for all EU Countries),
several EU economies witnessed a renewed acceleration in manufacturing
employment growth, driven by the new technological paradigm labeled
Industry 4.0. The new paradigm is shifting the technological frontier in a
few selected hotspots capable of both efficient production and diffusion
of these new technologies centred on general purpose technologies whose
adoption cuts across several manufacturing industries. In MASST4, this
process is modelled with an enhanced component of the regional sub-

8The MASST4 version is presented in details in Capello and Caragliu (2020).

9Possibly a bit of an overstatement.
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model explaining the probability of a region to experience a structural
evolution in its territorial innovation patterns (Sect. 3.5; Capello and
Lenzi 2018).

The second major trend that can be detected in post-crisis estimates
refers to the strain through which economic and political institutions in
several EU Countries are presently walking. The most important example
is the relatively recent decision by the UK to leave the European Union
(henceforth, Brexiz). After holding a close-call referendum on June 23,
2016, UK decided to withdraw its membership of the European Union,
which it had achieved after roughly 12 years of negotiations beginning in
1961 and ending in 1973 with the UK’s admission to the EU (UK and
EU 2018). The MASST4 model has been updated in order to allow the
modeller to assess the regional effects of Brexit, while also leaving the
chance to model similar events for other EU Countries (Capello et al.
2018).

A third and fundamental trend is related to the growing role of cities
as engines of national growth. After a two-decade renaissance of research
on empirical urban economics and in particular on the nature and extent
of agglomeration economies, a relatively recent debate has been sparked
over whether large (capital) cities catalyze economic growth, which then
diffuses to the rest of their Countries, or whether instead these large
agglomerations, more directly hit by the crisis, actually slow down full
recovery at Country level (Parkinson et al. 2015; Capello et al. 2015;
Dijkstra et al. 2015).

MASST4 incorporates this debate and models the role of cities in
stimulating national economies through their capability to meet new
challenges. Empirically, this translates into estimating an additional equa-
tion whereby urban agglomeration economies (measured by urban land
rent) depend on high-quality functions hosted, on the quality of local
institutions, and on the capability of cities to cooperate with other
cities (Camagni et al. 2016). Agglomeration economies estimated by
this module enter then the regional differential shift as an additional
explanatory factor.

One last relevant addition to the regional sub-model represents a
landmark in the evolution of MASST. In fact, until the third genera-
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tion, labour productivity was exogenously determined by the modeller
and represented a lever that exogenously determined the simultaneous
covariation between employment and GDP growth. MASST4 made a sig-
nificant leap forward in endogenizing regional labour productivity, with
major normative implications: from a regional economics perspective,
employment and wages adjust to national and global shocks through a
geographical reallocation that guarantees spatial equilibrium. This crucial
determinant of the observed spatial variability in economic growth rates
is now fully absorbed by the model.

3.7 Conclusions and Future Research
Avenues

The MASST model has now reached its fourth generation, and has gained
a firm reputation among other important regional growth models used to
interpret regional growth in European Countries. Its interpretative power
has been tested through its application to a baseline scenario forecasting
GDP growth for 2030 that was run at the end of 2013. In this simulation,
the MASST model forecasted the emerging trend of divergence in GDP
growth among European regions, in a period in which macroeconomic
forces were forcing superior (but regionally differentiated) constraints to
all regions (national fiscal crises, austerity measures, exchange rate deval-
uations and internal devaluations). Secondly, comparing two scenarios
driven respectively by mega-cities and by medium and medium-large
cities, the latter scenario proved to be at the same time the most expanding
and the most cohesive (Camagni et al. 2015). In the same vein, MASST
has been applied to several scenario-building exercises, from the costs
of an enduring crisis (Capello et al. 2015, 2016), to the costs of a
dismembering process in the EU (Capello et al. 2018), providing sound
messages and raising awareness of the risks embedded in political and
economic turmoil.

This chapter has documented several advances of the model, each of
which supersedes previous versions by filling gaps or by complexifying
the structure of the model in order to endogenize additional economic
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relations. Nevertheless, future challenges lie ahead, which promise to
deliver further enhances of the model.

A first possible research avenue relates to the endogenization of markets
that at present are not formalized in the model. While the objective of
this exercise cannot be to reach the status of full Computable General
Equilibrium (CGE) model, which would change the very nature of the
MASST model, the latter can still endogenize some markets that are
typically very important for interpreting the geographical distribution of
economic growth. The labour market is one such example, since, even
in presence of imperfect labour mobility, relocation decisions represent
an important mechanism for regional economies to adjust to national
and global demand shocks. The medium to long-run periods covered by
MASST allow to safely assume that some relocation could take place both
locally (across sectors) as well as nationally (or at the supranational level)
in response to the increase (or decrease) of demand in some industries,
both because of local supply-side (technological) shocks, as well as due to
increased global demand.

A second market that could be considered for clearing is the money
one. At national level, the pervasive importance of monetary policies,
especially with the abundance of savings and in a context of limited
growth in advanced Countries, represents a relevant context condition
that is shaping the debate on economic growth even after the 2007-2008
financial crisis ceased to exert its (sharpest) effects. This second possibility
walks on an edge, though, since the way money is presently managed as
a scenario lever in the model allows the modeller to keep partial control
of the logical chain behind macro shocks.

A third possible future development of the model is linked to the
possibility of running individual simulations on single markets, in order
to assess the likely effects of individual policies, that are instead presently
difficult to model with MASST because of its very nature of scenario
building model. This third point is a direct consequence of the full
endogenization of specific markets hinted at earlier.

With its fifteen years of history, and with the possible enlargements
just mentioned, MASST appears to be getting close to full maturity.
Regional growth still presents many important issues to be explained and



84 R. Capello and A. Caragliu

interpreted, and MASST will likely provide many additional insights in

the years to come.
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