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Introduction
[ ]

Opverall lectures plan

Plan for the next four of days

Part I: discuss some evidence and main properties of innovation (as
an evolutionary process)

Part II: discuss some evidence and main properties of complex
systems

Part III: introduce the use of ABM to study complex economic
systems — taster of ACE

Part IV: modelling micro aspects of innovation

e The basic evolutionary process: replicator dynamics

e Scarch: NK Model

e Path dependency: technological choice
= Part V: model growth and structural change as an
evolutionary complex dynamic
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Growth and structural change

Growth and structural change

Part V:
Modelling growth and structural change as
an evolutionary complex dynamic
(micro-macro)
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Growth and structural change

Plan for part V

e Basic evidence on the relevance of innovation for economic growth
and development

e Evolutionary growth theories: Nelson and Winter (1982) and
some developments

e Basic evidence on on the relevance of structural changes economic
growth, development
e A model of interrelated structural changes
e Empirical evidence
e Model and properties
e Which variety?
e Which structural change?
o The relation between institutional and structural determinants
(growth regimes)

Role of consumer preferences
e The different roles of market concentration
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Growth and structural cha

Main references: Evolutionary/ABM Macro

@ Nelson, R. & Winter, S. (1982), An Evolutionary Theory of Economic
Change, Harvard University Press, Cambridge, MA. Ch 12 & 14

@ Colander, D.; Howitt, P; Kirman, A.; Lejjonhufvud, A. & Mehrling, P.
(2008), Beyond DSGE models: toward an empirically based
macroeconomics’, American Economic Review 98(2), 236—240.

@ Dosi, G.; Fagiolo, G. & Roventini, A. (2010), ’Schumpeter Meeting
Keynes: A Policy Iriendly Model of Endogenous Growth and Business
Cycles’, Journal of Economic Dynamics and Control 34, 1748-1767.
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Growth and structural change

Main references: ABM growth

@ Silverberg, G. & Verspagen, B. (2005) Evolutionary Theorizing on
Economic Growth in Dopfer, K. (ed.) The Evolutionary Foundations of
Economics, Cambridge University Press, 506-539

@ Verspagen, B. (2006), Innovation and Economic Growth, in Jan
Fagerberg; David C. Mowery & Richard R. Nelson, ed., The Oxford
Handbook of Innovation, Oxford University Press, Oxford, pp.
487-513.
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Growth and structural change

Main references: growth and structural change

Ciarli, T, A Lorentz, M Savona, and M Valente (2010). “The Effect of
Consumption and Production Structure on Growth and Distribution.
A Micro to Macro Model.” Metroeconomica 61(1): 180-218

Ciarli, T, and A Lorentz (2011) “Product Variety and Economic
Growth. Trade off between Supply and Demand Dynamics”. Working
Paper, Max Planck Institute, Jena.

Ciarli, T. (20120 “Structural Interactions and Long Run Growth: An
Application of Experimental Design to Agent Based Models.” Revue
de 'OFCE, Debates and policies 124: 295-345.

Lorentz, A, T Ciarli, M Savona, and M Valente (2015). “The Effect of
Demand-Driven Structural Transformations on Growth and
Technological Change.” Journal of Evolutionary Economics 26(1): 219-246.
Ciarli, Tommaso, and Marco Valente (2016) The Complex Interactions
between Economic Growth and Market Concentration in a Model of
Structural Change. Structural Change and Economic Dynamics 38 (May):
38-54.

Ciarli, Tommaso, André Lorentz, Marco Valente, and Maria Savona
(2018). Structural Changes and Growth Regimes. Journal of Evolutionary
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Innovation and economic development

Innovation and economic development

Innovation and economic development:
some stylised facts about the great
divergence
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Innovation and economic

Long term income

Table: GDP per capita — World regions 1000—2001 (uss PPP constant 1990)

1000 1500 1820 1870 1913 1950 1973 2001
Western Europe 400 771 1204 1,960 3,458 4,579 11,416 19,256
Western Offshoots 400 400 1,202 2,419 5,233 9,268 16,179 26,943
Japan 425 500 669 737 1,387 1,921 11,434 20,683
West 405 702 1,109 1,882 3,672 5,649 13,082 22,509
Asia (excluding Japan) 450 572 577 550 658 634 1,226 3,256
Latin America 400 416 692 681 1,481 2,506 4,504 5,811
Eastern Europe & f. USSR 400 498 686 941 1,558 2,602 5,731 5,038
Africa 425 414 420 500 637 894 1,410 1,489
Rest 441 538 578 606 860 1,091 2,072 3,372
World 436 566 667 875 2,111 4,091 6,049
Interregional Spread L1:1 1.9:1 2.9:1 4.8:1 14.6:1 13.2:1 18.1:1
West/Rest Spread 0.9:1 1.3:1 1.9:1 3.1:1 5.2:1 6.3.1 6.7:1

Source: Maddison (2001)
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Innovation and economic development

Global technological outputs: patents

Share of patents granted (%)

Foreign Developing Developing
Patent Patents patents country countnies

Year applications granted patents exd. SXorea
1870 19,171 12,157

1900 39673 24,656

1913 68,117 33,915

1950 67,264 43,039

1973 103,695 74,139

1590 99,220 466 1.5 05
1991 106,842 a9 L7 0.5
1992 107,511 453 1.8 04
1993 109,890 443 22 05
1994 113,704 434 25 05
1995 113,955 434 238 05
1996 121,805 43.0 31 05
1997 124,146 43.7 38 06
1998 163,205 44.4 a7 06
1999 169,146 444 50 06
2000 176,084 449 48 0.7
2001 184,051 464 5.2 0s

Source: Szirmai (2005) 9/116
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Innovation and economic pment

Formal research and development

Bangladesh

China

India

Indonesia

Malaysia

Pakistan

Philippines

South Korea

Sri Lanka

Taiwan

Thailand

Turkey

Argentina

Brazil

Chile

Colombia

Mexico

Pery

Venezuela

Egypt

Nigeria

South Alfrica

Average Asian countries
Average Latin American countries
Average developing countries

Average OECD countries®

Source: Szirmai (2005)

R&D per capita
PPP mnternat. $
1987-97

29

130
99

4382

Saentists and
engineers per 100,000

1987-97

52
454
149
182

S3
72
157

2,193
191
544
103
291

660
168
445
37
214
233
209
459
15
1,031
3281
2809
3367

2,912
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GDP per capita and production & technological capabilities

3 5000 - Technological capability - Treland .
Scientc artcles | 096 . Horway Unled States R2=0485
PCT applications | 0.83
R&D 0.86 B
300009 Doctoral enroiment | 0.74 - R 7o 5 g S""f"“‘""
S&E enrolment 0.62 Belgium, Fa fred Ki %nmar
Professionals 0.77 France Germany £ Aum:‘hga om R Sweden
25000 - Trademarks 062 Italy®  Japan Finland
o 150 5000 076 ®Singapore
= Computers 093 Spain n
% Lngernet, 0352 L] NI:vr: chcalznd
200004 FO0E e | 052, Greece WTaiwan
& % of total variance | 67.0 Por lu.gﬂl Slo'vcnia wKorea
A Czech Rep.
@ 15000 4 + Hungary, 4 \ " .
Saudi Arabia®  Poland ~®Slovakia i
10000 | Soun At ek scoomts  "ET
1 & Latvia
Mexncox R d
Bra: Malayua
Algeria .- ’ -Bulgarin
s
5000 - CmmUkramu
nds: Georgia
A xS ov
aTanzania
0 == T T T T T
-1.5 -1.0  -05 0.0 0.5 1.0 1.5 2.0 2.5

Technological capability

o Europe X North & South America m Asia & Oceania & Africa

Source: Fagerberg and Srholec (2010)

Research base, Advanced training (absorptive), and Innovation exploitation
(production/marketing)



Evo Growth Theories

The evolutionary growth modelling legacy:
NW and followers



A growth history in one slide

Stylising growth theories

Evo Growth Theories
[ ]

Kaldor 1956-1957 |~ ~1 \1\ \
Solow 1 / \
‘ /i CT R~ _955 ‘
‘r‘ ‘\\ i |
oy K |
Kaldor 1966 ‘
(G2) \‘

1

[ Post-Keynesians |

|
©2) \
\
Sehumpete‘r meeg?(eynes »
3 e New Growth Theory

Source: André Lorentz

13/116



Evo Growth Theories
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Nelson and Winter (1982) main features

): Model features

Population of heterogeneous firms
Fixed coeflicient production function: complementary inputs

Technologies are drawn from a given and finite pool of existing
techniques: paradigm

e Technological knowledge is localised, and specific to firms: no
public good

Innovation is not always successful and needs profit investment
(Schumpeter Mark II)

Firms are price takers: selection on process technology

Supply side model: demand is given



vth Theories

Nelson and Winter (1982) main features

Main dynamics

Innovation drives firm selection through K innovation/investment

e Capital accumulation decreases when market share increases

Market clearing price (for total output)

When capital falls below a given level: firm exit



Description of the dynamic process @i

Investment (dependent on market share)

Physical Variable
capital inputs

Innovation
& imitation

—>

—‘ Other firms

Source: Andersen (2004)

Profit

Revenue

Pri Total
[ i ] demand




Evo Growth Theories
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Nelson & Winter legacy

R&D Investment and Economic growth

Chiaromonte and Dosi (1993); Dost et al. (1994); Castaldi (2002);
Fagiolo and Dosi (2003)

Multiple sectors
Multiple countries and no convergence
Persistence of firms differences

Refined R&D process



Evo Growth Theories
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Nelson & Winter legacy

Capital accumulation and Economic growth

Silverberg and Lehnert (1994); Silverberg and Verspagen (1994b,a)
Focus on embodied capital innovation: techniques

Vintage capital models

More developed macroeconomic framework

Learning in innovation and imitation routines

Study long waves and short cycles of technological change



Evo Growth Theories
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Nelson & Winter legacy

Schumpeter meeting Keynes

Dost et al. (2015, 2013, 2010, 2006)

Combine Schumpeterian innovation dynamics (at the firm level) and
Keynesian macro policies

Effect of different innovation regimes on macro variables
Two way relations between innovation and demand
Economic fluctuations and growth

Financial sector

Paradigm alternative to DSGE more than growth/development
models
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Nelson & Winter legacy

Post Keynesian flavour

Financial instability: Chiarella and Di Guilmi (2011); Delli Gatti et al.
(2010); Russo et al. (2007); Delli Gatti et al. (2005)

SFC: Caiani et al. (2016); Riccetti et al. (2015); Seppecher and Salle
(2015)



Evo Growth Theories
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Nelson & Winter legacy

Whole economy models

Deissenberg et al. (2008)
Fine tuned micro behaviour
Policy models: employment, fiscal, monetary, industrial policies

Paradigm alternative to DSGE more than growth/development
models



Evo Growth Theories
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Nelson & Winter legacy

Generation of variety

Aoki and Yoshikawa (2002); Saviotti and Pyka (2008b,a, 2004)
e More focus on the demand side: Engel curves (escaping satiation)
e Product innovation: new sectors with monopolistic profits

e New firms enter the new market depending on financial
availability, competition, mergers: saturation

e Endogenous growth depends on the creation of variety

Microfoundation of movements over the product space (Hidalgo et al.,
2007): Desmarchelier et al. (2018)

Internaitonal trade and endogenous product specialisation: Dost et al.

(2017)
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Structural change

Structural change (?)



SC

Long term income

Table: GDP per capita — World regions 1000—2001 (uss PPP constant 1990)

1000 1500 1820 1870 1913 1950 1973 2001
Western Europe 400 771 1204 1,960 3,458 4,579 11,416 19,256
Western Offshoots 400 400 1,202 2,419 5,233 9,268 16,179 26,943
Japan 425 500 669 737 1,387 1,921 11,434 20,683
West 405 702 1,109 1,882 3,672 5,649 13,082 22,509
Asia (excluding Japan) 450 572 577 550 658 634 1,226 3,256
Latin America 400 416 692 681 1,481 2,506 4,504 5,811
Eastern Europe & f. USSR 400 498 686 941 1,558 2,602 5,731 5,038
Africa 425 414 420 500 637 894 1,410 1,489
Rest 441 538 578 606 860 1,091 2,072 3,372
World 436 566 667 875 2,111 4,091 6,049
Interregional Spread L1:1 1.9:1 2.9:1 4.8:1 14.6:1 13.2:1 18.1:1
West/Rest Spread 0.9:1 1.3:1 1.9:1 3.1:1 5.2:1 6.3.1 6.7:1

Source: Maddison (2001)
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Macro regularities: structural change

Long term changes in production and employment structure

Employment Value Added
Years  Agriculture  Industry  Services  Agriculture  Industry  Services
Average OECD

1870 49 27 24 39 26 35
1900 38 25 31 28 31 41
1950 25 36 39 15 41 44
1980 6 30 64 4 37 59
Average Latin America

1950 50 22 28 23 30 47
1980 29 26 45 12 37 51
Average Asia

1950 73 8 19 49 15 36
1980 57 17 26 28 34 41

Source: Maddison (1989)



SC

Structure of British Gross Domestic Expenditure, 1688 and 1996

1688 1996
England and Wales United Kingdom

Food 25.7 6.5
Beverages and Tobacco 13.6 5.9
Clothing and Footwear 19.2 3.7
Light, Fuel and Power 3.7 2.2
Furniture, Furnishings and Household Equipment 9.3 4.0
Personal Services 3.0 1.2

Sub-total 74.5 23.5
Rent and Imputed Rent 4.1 10.0
Education 1.4 5.4
Health 0.7 6.7
Recreation and Entertainment 0.9 57
Transport and Communication 0.8 10.6
Other 1.9 11.5

Sub-total 9.8 49.9
Total Private Consumption (Total Items 1-12) 84.2 73.4
Government Consumption (except education and health) 9.0 10.9
Gross Capital Formation 6.8 15.8

Total Gross Domestic Expenditure 100.0 100.0
Level of Per Capita GDP (in 1990 international dollars) 1411 17 891

Source: Maddison (2003)
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Civilizations grew by discovering products, that is, domesticating plants and animals.
[...] allowed them to create more complex products, such as garments, tools, and
weapons.
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Macro regularities: structural change

Product space, export and development prospects

KEY

Link Color

N o
\ s

Node Size

232 & 40200

MNode Colar

Source: Hidalgo et al. (2007)
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Evolution of industrial export in Malaysia — 1985-2000
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Structural change leads to transformations of economies and societies:

e.g. after the industrial revolution in England

Concentration in large capital intensive firms & firm size growth
(Desmet and Parente, 2009);

Increase in the number of goods available for final consumption (Berg,

2002);
Closer involvement of science in technological change (Mokyr, 2002);

Increased use of capital in agriculture and manufacturing and
improvement in the technology embedded in machines and overall
increases in productivity (Kuznets, 1973);

Urbanisation, income inequality and changes in social class
composition (McCloskey, 2009)...

Some changes precede income growth, others unfold as a
consequence of income growth
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Definition

Structural change

Structural change involves many aspects of the economy

“[...] complementary changes in varwous aspects of the economy, such as the
sector compositions of output and employment, the organization of industry, the
Sfinancial system, income and wealth distribution, demography, political
imstitutions, and even the society’s value system” (Matsuyama, 2008)

“/...] a change in the structure of the economic system, that is, in its
components and in thewr interactions. Components are [...] particular goods or
services, and other activities and institutions, such as technologies, types of
knowledge, organizational forms etc. What does it mean_for a system to be in
equilibrium when its composition keeps changing due to the emergence of

qualitatively different entities? > (Saviotti and Gaffard, 2008)
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Modelling structural change

A basic model of innovation, growth and
interaction between different aspects of
structural change



Model
o
Modelling structural change

Modelling structural change

(Agent-based) Model of complementary changes in various aspects of
the structure of an economy (Ciarli, 2012; Ciarli et al., 2012; Ciarli
and Lorentz, 2011; Ciarli et al., 2010)

S—1 Organisation of production [structure of labour, firm size,
and earnings disparities]

S—2 Technology of production [speed of change in capital
innovation, the share of R&D, and its success]

S—3 Composition of production [exploration of new sectors,
quality of new products, and share of R&D)]

D-1 Income distribution [profits, and labour compensation]

D2 Consumption patterns [change in consumption shares and
changes in consumer preferences]

All aspects are interrelated

33/116



How — research method

Non-traditional assumptions

All decisions are taken out of equilibrium

Agents are not fully rational, they adapt their behaviour as response
to previous events [time]

e E.g. consumers: limited ability to choose the best product, when
facing multiple features

Preferences are non-homothetic
Capital builds through #ime

Firms have a hierarchical structure (partially mapped into tasks):
skilled/unskilled dichotomies provide only a partial view of the
distribution of wages

34/116



h method

Main model assumptions

e Two populations of firms: final and capital sectors
e New markets emerge as an outcome of firms’ innovation
o A firm has several layers of employees, each earning a different
wage
= Different consumption classes: demand different varieties of
goods
e More organisational layers = higher income differences
e Income growth
e increases labour force level, and modify organisations
= increases the level of demand and its heterogeneity
= modifies both the class composition and their consumption shares
e Composition of demand affects firm’s
e product innovation
o competitiveness
o Orgamsamon
e Capital investment unconstrained

35/116



Model

Basic setup

Manufacturing firms: product technology, process
technology, labour organisation, R&D == product innovation

Capital suppliers: R&D = capital vintage, labour
organisation

e Consumers: preferences, consumer classes, expenditure shares

e Wages setting: min wage (macro), labour hierarchies, bonuses
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Model

Opverall structure of the model and flow of goods and money

Households
Workers

Expenditure
Employment

Salgs of
Tinal goods\Wages §nd

onuseas

firms

Consumer good

Y

Salgs of
Invesimergapit | goods

Capital good
firms




Households/Workers

Consumer Good Sector

Schedule of the operations performed during a time step

Capital Good Sector

Update income and preferences

Estimate expected demand |

Compute delivery time and price

I

I

Determine expenditures and L

4_‘ Update K orders from t-1

select firms Determine L and K constraints ]
1 1
Purchase Produce consumer good Produce K goods
| 1 I
neione | ||| Gmmaepezs | ||| | ,Segaz':frsﬁzz?ss
T T

I

Imitate preference of
wealthier classes

Pay wages, and bonus
and compute current profits

Pay wages, and bonus
and compute current profits

I Update number of workers |

Ll Update number of workers

2

Ordernew K fornextperiod || | Deliver completed capital goods

| Update number of tiers

Innovate

| .
Update number of tiers v

Time




General results

Comparing different aspects of variety

Comparing the relevance of different
sources of structural change
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Exp. design
®00
Research questions

Product variety, demand and economic growth

“Growth and development typically involve the creation of new
economic activities.” (Burgess and Venables, 2004, p. 3)

e Product variety relative to the US is correlated with relative per
capita income (Funke and Ruhwedel, 2001)

o Related export variety (within sectors) predicts short run growth
(OECD) (Saviotti and Frenken, 2008)

e Growth is related to moving to the core of sophisticated products
and to export complexity (Hidalgo and Hausmann, 2009;
Hidalgo et al., 2007; Felipe et al., 2011)

e But also, most economies grow successfully concentrating in a
small number of products (sectors) (Hausmann and Rodrik, 2003)

10/ 116



Research questions

1. What variety?

Qualify (and possibly quantify) the variety-growth thesis in a closed
economy

e How relevant is the dynamics of product innovation for growth?
Is the relation linear?

Which aspect of product innovation is more relevant?
e firm’s capacity to explore consumer needs / sectors
e firm’s capacity to improve the quality of goods

e the frequency at which new products are marketed

Which role for demand: changes in consumer tastes, needs and
shares?

11/ 116



Exp. desig
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Research questions

2. Comparing sources of structural change

Which aspects of structural change are more relevant (for growth)?
Do the different aspects interact? If yes to which extent?

Control for model parametrisation



Exp. desig

Results

Initial conditions: benchmark

100 manufacturing firms initially differ only with respect to quality
2 Manufacturing sectors/needs, 10 overall needs

2 Income classes: craftsmen/micro firms/farms

Untested parameters reflects empirical observation

Asymptotic consumption share: UK top income centile

Initial consumption share: symmetric

Averages over multiple runs controls for random effects (200 / 20)

3/116



Validation

Validation

Long term endogenous growth in output with a transition from linear
growth to exponential growth (Maddison, 2001; Galor, 2010)

Kuznets curve

S-shaped curve of growth in sectoral output from birth to diffusion
Kaldor-Verdoorn law: output growth and labour productivity growth
Capital deepening

Autocatalytic productivity

Price short run fluctuations
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Validation

Output (Log)

=024514 + 0.0325
0036249 + 000371
pr 5 05

L
1000 18
ime Output (Log)

(e) Output and productivity () Kuznets curve (1400-2000)

Take off and its effect on inequality

(1) Long term endogenous growth in output with a transition from
linear growth to exponential growth (Maddison, 2001; Galor, 2010)
(2) Post take-off: Cumulative causation: 1 Prod, | Price, T D, 1
Investment, 1 Firm size, 1 Population & Consumer heterogeneity.




Validation

Meso: Emergence and diffusion of sectors

600 800
Time

(b) Simulated

S-shaped curve of growth in sectoral output from birth to diffusion

(1) Emergence of new sector is concentrated in a relatively short time
span
(2) Convergence across sectors, and some overlapping




Income growth distributions — world Vs simulation

20
Density
100

10

50

0 05 1 15 0 05 1 15
Avgr_GDP GdpGAvt

(a) Observed (1980-2010) (b) Simulated (1-2000) — all factors

Souwrce: IMF & simulations

The simulated distribution is definitely more skewed

(1) We look at 2000 periods, including long periods of stagnation
(2) Extreme values of the parameters
(3) Overlapping distributions from # data generation processes




Product and demand va

Product and dem’md variety: summary of results (

)

Variety as exploration of new markets/needs, and introduction of new
goods, has a significant positive effect on growth and

Variety in innovation result (product quality) has a negligible positive
effect on Output

Rate of convergence to expenditure shares concentrated on luxury
‘needs’ has a negative effect on Output

@ Demand and Supply distribute across markets | firm concentration
and

@ = No time for development (K accumulation) of industry

8/116



Exp. design
®0000000
Relevant factors of structural change

Experimental design (

2 full factorial design: analysis of k factors at two levels (High and
Low), simulating all possible combinations (Montgomery, 2001;
Kleijnen et al., 2005)

@ identify the factors that are more influential

@ study a large number of interactions of different orders between factors

@ minimise the number of simulation runs

Analyse the 10 factors defining the initial structure and the scale of
structural changes through time: extreme values

= Yijir observations
@ ifactor responses: output and other modal variables (Inequality,
Productivity, Concentration, Prices,...)
@ jdesigns: 1024
o /replicates: 20
@ tperiods: 2000

Factors = parameters

9/116



Exp. design
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Relevant factors of structural change

Factors (parameters) measuring structural change (&)

S—1 Organisation of production: change distribution and
consumption
v} number of workers per managers
b 1 wage differential among tiers
S—2 Technology of production
0? 1 change in vintage productivity
¢ T probability of successful innovation
pK 1 K firm R&D
S—3 Composition of production
¢ 71 discovery of new sectors
¥ 1 product quality
p T Final firm R&D
D-1 Income distribution
p = puk 1 Profits
D—2 Consumption patterns
1 1 change in consumption shares
¢ 1 preferences differences across classes

0/ 116
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Relevant factors of structural change

Mean and median differences in output for different factors

Means of InGdp Medians of InGdp
05 o | 101
BR - . 2 ” 1000
2 ! ™
. - S L.
ol ¢ o1 o1 {
T * o l o
< 2
S 3 3 95
ol
& o1 &
=y @
v b e oaoe b T Y b e oaos b o
(a) Mean (b) Median

Effect of each factor in the last simulation step, for any value of the
other parameters
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Exp. design
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Relevant factors of structural change

Main effect of factors for High (a) and Low (b) values of all other factors

o ,e =
o] ! o] .
10 1 2 25 5 10 15 2 2
Output (Log) output (Log)
—e— v e o b --e -0 PR, —e— v —-e—-1 o b -—e—-o e
*-p —e—9 —e—-T - o u e p —e—9 —e—C - e -¢ n
(a) All factors Low (b) All factors High

(1) With no structural change: strong effect of most factors
(2) With strong structural change: no effect of most factors




ANOVA: Mostly significant factors

Source Partial SS df MS I Prob>F
Model 1.258e+06 9 139790 414.1 0.00
L 4840 1 4840  14.34 0.00
v 101546 1 101546  300.8 0.00
b 114912 1 114912  340.4 0.00
o? 260782 1 260782  772.6 0.00

481609 481609

240068 240068

o 52954 1 52954 156.9 0.00

Residual | 6.909e+06 20469 337.5
Total 8.168e+06 20479 398.8

1. Speed of convergence of the expenditure shares and of the change
in the preferences (consumption): not significant
2. All others are significant




Exp. design

Relevant factors of structural change

How about the

00000800

interactions between factors?
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main effect.

The effect of most factors is non-monotonous across designs

= Not enough to analyse the role of specific structural conditions
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Cross effects of parameters on output v
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Exp. design
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Relevant factors of structural change

First order interactions: examples

Complexity of the organisational structure (v):
e L, b, and ¢ change the sign of its effect
o when Low, T v =7 Y; when High, t v =] Y
= Complex organisations T Y when

o New sectors emerge quickly
e Organisational costs are compensated by productivity growth
o Wages differ between organisational layers

Higher opportunities for R&D in the capital sector (09
e Positive impact on output, depending on
o the organisation (v, b)
o the share of profits invested in R&D and its effectiveness (p, ()
o Independent from
o the introduction of product variety in the consumer market (¢, 9)

o the structure of demand for more variety (7, <)
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Relative impact of factors and main variables on

output

(1) 2)

(3)

Variables Factors Contr Var F&CV
L 0.69 2%k 1.063%%*
v 0.009%** -0.01 2%
b 0.107%** -0.06 1%
foa 3.24 9k 0.966%**
n -0.023%#* -0.016%**
p -4,900%#* -3.94 7%k
o 0.01 3k 0.003%*
¢ 0.00 ] **k 0.000%**
S 0.040%* 0.021*
m -9.33(k* -9.5 1 Ok
A 1.20 ] %% 2.900%**
AT -3.809%k* 3 593%wk
op 0.119% -0.092%k*
oq 0.001 0.000%#*
R 0.779%%*
Observations 20,480 20,480 20,480
Pseudo R? 0.43 0.09 0.48

#% 20,01, #* p<0.05, * p<0.1




The relative influence of the different factors

Relative impact of factors and main variables on output

Labour productivity (A) and R&D expenditure (R) positively related

Product variety is significant only when not controlling for A (it’s
determinant): growth through selection

Inequality (AT) has an overall negative relation

However, the effect of all model variables depends on the factors of
structural change
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Exp. de

The relative influence of the different factors

Impact of factors and main variables on output

p and p determine structural changes with the strongest (negative)
effect on output

0%, v and b large positive

However, controlling for main model variables
e Inequality index negative
o R&D expenditure positive

e v negative: reduces the pace at which firms grow in size and
diversify: slower increase in the aggregate demand and its variety

e bnegative: increased inequality
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Relative impact of factors and first order interactions
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Exp. design

Summing up

Question and contribution

Why regions with similar levels of output grow so differently?
The initial differences that determine growth divergence are those

that define the structure of an economy and the way in which this
evolves through time

Different aspects of structural change: organisation, product,
production, consumption, distribution

The relevance of interacting different structural change aspects
Full factorial DOE: scenarios. Probability of outcomes depends on
assumptions.

= 210 economies starting from the same initial conditions except for
one of the aspects of structural change: negligible structural
changes VS large structural changes in all economic aspects



Exp.

Summing up

Summary of results

Most aspects of structural change are significant determinants of
output, but magnitude varies substantially

@ 1. Income distribution, 2. rate of change in production technology, 3.
Emergence of new sectors, 4. Organisation of production, 5.
Consumption patterns (barely significant)

Most relevant factors are determinant even with negligible structural
changes in all other economic aspects

But economies experiencing large structural changes in most aspects,
are not affected if one is negligible.

Most aspects strongly interact: implications

@ Account for a large number of economic aspects to understand long
term patterns of divergence

@ Study micro interactions: some aspects may be relevant for some
economies



Growth regimes

Fordist vs post-Fordist growth regimes:
relation between income distribution and
growth mediated by structural changes



Introduction

Post 1980s regularities

Increasing income inequality (Atkinson, 2015; Atkinson and Morelli,
2014; Piketty, 2014)

e Increased share of wealth concentrated in the top 10% and 1%
(Alvaredo et al., 2013; Atkinson and Morelli, 2014)

Decreasing labour compensation and contribution

e Decline of labour shares (over GDP) since the 1970’
(Karabarbounis and Neiman, 2013; Summers, 2013)

e Wage growth and productivity growth diverge (Lazonick, 2014)

Robotisation: innovation increasingly labour saving (Brynjolfsson
and McAfee, 2014; Karabarbounis and Neiman, 2013)

Hollowing of the middle class (Acemoglu and Autor, 2011)

Superstar firms (Autor et al., 2017)

64/116



Growth Regimes
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Introduction

Post 1980s regularities

Wage differences contribute substantially to raising inequality

e Increased compensations of top classes of workers: wages,
bonuses, profit shares (Atkinson et al., 2011) and stock options
(Frydman and Jenter, 2010)

e Increased firm size (Poschke, 2015; Mueller et al., 2015) and
market concentration (The Economist, 2016)

o wage dispersion (Mueller et al., 2015) and CEO pay rise
(Frydman and Jenter, 2010)

Rate of return on capital higher than growth rate (Piketty, 2014)

e Increased financialisation of economies and firms (Lazonick,
2014; Lazonick and Mazzucato, 2013; Stockhammer, 2012)
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Growth Regimes
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Introduction

Inequality and demand

Changes in the labour market are related to the composition of

consumption and consumer (preferences) (Manning, 2004; Autor
and Dorn, 2013; Mazzolari and Ragusa, 2013)

Engel law: consumption baskets and preference change with income

e Middle income classes change consumption shares faster than
lower income classes (Lavaughn, 2014)

Saving rates increase first linearly and then exponentially with
income (Dynan et al., 2004)

66/ 116



Growth Regimes
[ Jele}
Aims and findings

Research question

Relation between income growth and distribution, mediated by
structural change, for distinct (Boyer, 1988; Petit, 1999;
Coriat and Dosi, 2000)

e Labour relations: compensation, profit shares, and the
elasticity of wages with respect to productivity and inflation

e Norms of competition: entry barriers and market selection

e Income related norms of consumption: consumption shares
and consumer preferences

RQ1: How do exogenous institutional features affect output
growth, income distribution, and their relation?

RQ2: How do endogenous structural features affect output
growth income distribution, and their relation ?



Growth Regimes
oeo
Aims and findings

Fordist (1) vs. Post-Fordist Regime (2)

Regime component Regime 1 Regime 2

Labour relations

Wage differences Lower Higher
Profit shares Lower Higher
Minimum wage elasticity to price and Higher Lower
productivity

Norms of competition
Entry barriers Lower Higher
Consumer selection Lower Higher

Norms of consumption

Changes in consumption shares Slower Faster
Changes in consumer preferences Slower Faster
across classes
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Growth Regimes
ooe

Aims and findings

Main findings

Post Fordist regime (2) exhibits significantly higher inequality,
lower output growth, higher unemployment, and lower
productivity

Institutional determinants
e Wage differences and distribution of bonuses to top managers,
sharpened by capital income.
e Concentration of production magnifies the effect: competition

e Minimum wage not relevant

Structural determinants
e Firm organisation
e Structure of demand: demand distribution across sectors
influences competition and market concentration.
o Particularly relevant least wealthy classes

Institutional and structural determinants are tightly linked
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Model

Main differences in the model

Endogenous mark-up
Financial market
e Constrained investment in capital goods
e Savings
Savings increase with income, non linearly
Firm entry and exit related to indebtedness
Product innovation within the sector

Study post-take-off
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Growth Regimes
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Basic model setup

Wage labour nexus I (@)

Firms in all sectors hire different tiers of workers and ‘executives’

Wages
e The wage of a class i is the sum of the wages paid by all firms to
the employees in the corresponding organisational tier

e Firm hierarchical tier = consumer class: firm growth = new,

wealthier, class

e Wage in tier /is a multiple b of wage in i — 1

Profit shares
e A share 7 of profits redistributed by firms to the managers

Dividends
e Workers also receive dividends proportional to savings (o< wages)

e Saving rate increase with income: 1 dividends



Growth Regimes
0e00
Basic model setup

Wage labour nexus 11 (@)

Minimum wage
e Beveridge curve and Wage curve: | unemployment

e Renegotiated following productivity and inflation: elasticity €4

and €p
Parameter Regime 1 Regime 2

Wage difference between tiers: b low high
Profit shares distributed to execu- 7 low high
tives:

Elasticity of the minimum wage to € high low
productivity:

Elasticity of the minimum wage to ~ €” high low

prices:
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Growth Regimes
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Basic model setup

Norms of competition (D)

Entry barriers

e Firms enter in each final good sector with a probability ¥/

Selection

e Mark-up 1 when demand exceeds a firm’s production capacity
and | when inventories exceed a desired ratio

e Firms innovate to improve the good’s quality (g /t))

e Consumers select goods with g above and p below \g ; and A, ;

Parameter Regime 1 Regime 2
Probability of entry: 9 higher lower
Consumer’s selectivity with respect  Ap1 lower higher
to price:
Consumer’s selectivity with respect  Ag 1 lower higher

to quality:
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Growth Regimes
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Basic model setup

Norms of consumption (CHEREEED)

Consumption shares
e Disposable income is spent on goods from all N sectors or saved

e Consumers from a class 7 allocate a share ¢, ; of expenditures to
each final good sector

e Shares change with income classes from basic to luxury (7))

Preferences
e Consumers select goods with g above and p below a threshold

e Selection threshold on g 1 and on p | with income class (7))

Parameter Regime 1 Regime 2
Changes in consumer preferences: 1) lower higher
Changes in expenditure shares: n lower higher
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Growth Regimes
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Initialisation

Initial conditions

100 final good firms initially differ only with respect to good’s quality
10 K good firms

10 final good sectors/needs

Income classes: endogenous

Untested parameters reflects empirical observation

Asymptotic consumption share: UK top income centile
First class consumption share: bottom 10%

Averages over multiple runs controls for random effects
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Growth Regimes
oe
Initialisation

Main results outline

@ Model Properties
@ Growth regimes
@ Institutional determinants of economic growth and distribution

@ Structural determinants of economic growth and distribution
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Model properties

Growth Regimes
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Main macro series and productivity
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Model properties

Growth Regimes
O®000000

The model accounts for many observable properties (appendix)

Empirical regularity Figure/Table

Macro
Endeogenous growth
Business cycles
Auto-correlations of key variables
Cross-correlation of key variables

Beveridge curve
Wage curve
Output growth distribution (fat tailed)

Meso
Firm size distribution (log normal)
Firm growth distribution (skewed and fat tailed)
Growth of average firm size

Micro
Productivity differences

Capital stock investment (lumpiness)
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Parametrisation of the two Growth Regimes

Dimension Parameter Benchmark  Regime 1  Regime 2
Wage labour ~ Wage difference between b 1.6 1.4 1.8
nexus tiers:
Profit shares distributed T 0.15 0.1 0.35
to executives:
Elasticity of the minimum ~ €* 1 1 0.8
wage to productivity:
Elasticity of the minimum ~ €” 1 1 0.8
wage to inflation:

Competition  Probability of entry: 0 0.08 0.1 0.06
Consumer’s  selectivity  Aj 4 0.9 0.775 0.975
with respect to price:

Consumer’s  selectivity /\5,1 0.1 0.225 0.025
with respect to quality:

Consumption Changes in consumer 7y 0.25 0.2 0.3
preferences:

Changes in expenditure n 0.4 0.3 0.5

shares:




Growth Regimes
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Model properties

Main Macroeconomic Indicators for the Two Growth Regimes

Regime 1 Regime 2
(Fordist) (Post-Fordist)

Output (real) 4382302 2848252
Atkinson Index (A;pq) 0.140 0.258
Unemployment Rate 4.624 4.804
Average Income Level 404.233 502.803
Average Profit Level 913257.72 1004774.08
Minimum Wage Level 222.850 206.559
Wage-Income Ratio (W) 0.738 0.698
Premia-Income Ratio 0.025 0.021
Dividends-Income Ratio (£) 0.236 0.281
Aggregate Productivity 2.032 1.993
Embodied Productivity 3.549 3.479
Capital-Labour Ratio 5.792 5.818
Value-Added Concentration 7.804 7.901
Employment Concentration 15.987 16.104
Inverse Herfindahl Index (Hy) 103.85 72.07

Consumption Concentration 6.952 7.088
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Growth Regimes
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Model properties

Atkinson index vs. real output LAD estimates

Real GDP Const.
Regime 1:  Atkinson Index  6.707¢-09**  0.166%**

(2.431e-09)  (0.003)
Regime 2:  Atkinson Index  2.140e-08**  0.196%**

(8.255e-099)  (0.023)

w9 20,01, ** p<0.05, * p<0.1



Growth Regimes
[e]e]e]e]e] lele]
Model properties

Institutional determinants

Mainly defined by the regime

Higher inequality in regime two is a direct consequence of the
difference in the wage multiplier between tiers of workers (b)
[wage-income ratio]

Minimum wage [vs. average income]

Dividends (the functional distribution of income) [dividends-income
ratio; profits; saving rates|

Market concentration [linked to structure]
e Probability of firm entry and consumer selectivity

e Most concentrated sectors are those producing luxury goods
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Model properties

Growth Reg
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Institutional determinants (@)

Dimension
Wage labour nexus

Parameter
Wage difference  between
tiers:
Profit shares distributed to ex-
ecutives:
Elasticity of the minimum
wage to productivity:
Elasticity of the minimum
wage to inflation:

Regime 1 Regime 2
b A-; Y+ A+; Y-

™ A Y+ A+; Y-
A T+ 1-

ef r+ 1-

Competition Probability of entry: 0 A- Y+ A+; Y-
Consumer’s selectivity with  Ap1 A+;— A —
respect to price:

Consumer’s sclectivity with — Ag1 A+; — A~ —
respect to quality:

Consumption Changes in consumer prefer- 7y - -
ences:

Changes in  expenditure n - -

shares:
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Growth Regimes
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Model properties

Structural determinants

Supply side concentration: the sheer emergence of large firms explain
part of the raising inequality

Concentration varies by sector: the higher the demand from low
income classes, the lower the concentration

Competition: sectors representing high shares of the less wealthy
consumers expenditures experience a significantly higher demand,
from consumers that are very selective with respect to price: lower
profits

Productivity gains in post-Fordist regime do not translate in demand
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Growth Reg

Summing up

Conclusions

Most OECD countries have experienced a sharp increase in income
inequality, mainly due to the raise in top incomes

Accompanied by growth slow down and stagnation

Accompanied by changes in consumption, decreasing labor shares,
de-linked dynamics of productivity and wages, increased
mechanisation, increased rents, increased bonuses, and concentration
of production in fewer larger firms

We study these differences as the result of growth regimes:
institutional and structural differences
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Growth Regimes

Summing up

Conclusions

Post Fordist regime (2) exhibits significantly higher inequality,
lower output growth, higher unemployment, and lower
productivity

Institutional determinants
e Wage differences, accompanied by capital income, and the
distribution of bonuses to top managers.
e Concentration of production magnifies the effect: competition

e Minimum wage not relevant

Structural determinants
e Firm organisation
e Structure of demand: demand distribution across sectors
influences competition and market concentration.
o Particularly relevant least wealthy classes

Institutional and structural determinants are tightly linked
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Growth Regimes

Summing up

Policy implications

Breaking the vicious cycle between the institutional and the structural
determinants that in post-Fordist regime induces a more unequal
distribution of income, lower output, and higher unemployment.

Institutional determinants ease the burden of structural determinants
of inequality (e.g. firm organisation)

e Wage difference caps

o Income distribution

e Barriers to entry

Effect of redistributive policies on the demand composition

88/116



Consumption

Consumption

Effect of the dynamics of consumption
preferences on the dynamics of
macro—economic growth
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Consumption
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Introduction

The relevance of consumption

Part of the current crises 1s demand driven

Demand is crucial in the relation between income distribution and
growth (Follmi and Zweimiiller, 2008)

The emergence of new outputs (and demand for them) is crucial in
fuelling economic growth (Aoki and Yoshikawa, 2002; Saviotti and

Pyka, 2008b)

Changes in consumption needs explains escaping Engel curves (Witt,

2001)
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Introduction

Focussing on changes in consumption preferences as

structural change

Analyse the effect of specific aspects of consumption micro-behaviour
on the macro-dynamics of growth and labour productivity (Lorentz
etal., 2016)

Consumption preferences (selectivity)

Model with no product innovation
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Consumption
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Back to the model

Consumer behaviour

For each need, given the perceived characteristics of a good

f;m m=N (ifm m» O'lf, m) (quality and price), a consumer selects all the
firms that offer a good with equivalent values and shares the
demand

P I P o o
If,m = 1B,,m And ’If,,,m - IB,m’ < (1 - UZ,m) “1Bm
Uz,m: selectivity
The selectivity with respect to less—then—optimal quality on each
characteristic defines consumer class preferences: the percentage of

difference from the value considered as the best in the market in a
given period

Workers at the shop-floor level are not at all selective with respect to
quality, but very selective with respect to price.

Opposite for the richest classes (emerging with firm growth):
symmetric preferences.



Consumption
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Back to the model

Changes in consumer behaviour across classes

VM3 selectivity of the shop-floor workers with respect to price and of
top asymptotic managerial class with respect to quality.

V™" selectivity of the shop-floor workers with respect to quality and
of top asymptotic managerial class with respect to price.

min

Upz41 = (1 — 0¢)vzp + dcv
Vg z+1 = (1 — 0¢)vzq + 0™

Uz m: selectivity with respect of the characteristic m = p, g, price (p)
and quality (g), zis the index for the class = v,—1 p = v, and
Vge1g = Lmin.

When v™ and v™™" are close, the classes differ marginally with
respect to consumption patterns.
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Results

High selectivity has a large and significant impact on output
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Figure: Log output vs v™®. Data_from 100 independent runs for each value of
vt t = 2000
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Results

Consumption
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High selectivity has a large and significant impact on output

Tor higher levels of selectivity, the volatility of structural change shocks
is amplified ( ): with low selectivity economies experience smooth
transition phases and lower growth

During the Malthusian phase, higher selectivity and output growth
economies experience lower aggregate productivity ( )

e Growth through factor accumulation: 1 concentration ( ) =
T larger firms = 1 costs

After take off higher selectivity induces higher growth as demand is
accompanied by productivity enhancing innovations

e Higher market concentration implies higher investment in capital
vintages
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Results

Time series of the output growth rate for different values of v
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Results

Time series of aggregate labour productivity for different values of v
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Results

Consumption
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Time series of the market concentration for final good producers

e

ey

4

Low selectivity
bbb,
a0 o A48 [ EETIN

l
y
P

\

b mnio g P A A
B LR
|

25

20F

\
I
200

\"‘/\;
L L L
1000 1200 1400

Il Il
1600 1800 2000

98/ 116



Market concentration

Dispersion (variety, S & D) = market
concentration = Growth?
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Introduction

Market concentration

Large number of our results are related to market concentration

= Emergence of large firms with strong investment in new capital
vintages and demand for R&D

= Schumpeter Mark IT
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Introduction

Is concentration relevant for economic growth?

We have noticed that income concentration is not always good for
growth

Concentration of consumers in different niches, vs similar consumers

Concentration of goods quality and price vs dispersion of goods
characteristics
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Introduction

Market concentration and structural change (

Three aspects of structural change that are correlated to both market
concentration and economic growth

(i) product variety, measured as disparities among the quality of final
goods;

(i1) firm differentiation based on mark-ups related to the quality of
goods, which segments the access to high quality goods;

(it1) consumer preferences related to price and quality based on a
process of imitation by less wealthy income classes of the preferences
of wealthier income classes

RQ: Differences in the timing of concentration and whether it is
induced by dispersion on the demand or supply side, might affect
economic growth differently.
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Model modifications

Final good quality

Firms in the consumables market produce a non-homogeneous good
differing in terms of quality (i3 £ and price (i /t) = pAt))

Quality is assigned at the outset linearly increasingly with respect to
firm index from /s to ia.

Products with higher quality are more sophisticated and should be
thought as luxury goods. Products with lower quality are less
sophisticated and should be thought as satisfying basic needs.
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Model modifications

Mark-up and quality

Price:
pr(t) = i A1) = (14 prt))cAt)

The mark-up is proportional to quality, with the minimum mark-up p
corresponding to the minimum quality iz, and the maximum mark-up
[t corresponding to the maximum quality ia

P20 ~ B2

pr = (—n)+np

iy — iy
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Model modifications

Homogenisation of preferences

As before
(1—0d¢)vpz+ 5§vmi"
(1 —0¢)vgz+ 6.0m

Up,z+1
Vq,z+1 =
But when a new class emerge and adopts a new lifestyle, the poorer

consumers imitate the preferences

Up,z<Z = (1- O‘)Up,z + QUp 241

Vq,z<Z = (1- O‘)Uq,z + QUg,z+1
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Results

Main findings

Market concentration 1 economic growth < sufficiently large
demand (Schumpeter Mark IT (Malerba and Orsenigo, 1995))

If firms are highly differentiated (quality), less affluent consumers must
converge towards the consumption of the more affluent classes.

Higher market power decrease market concentration by hindering the
consumption of higher quality goods to lower income classes, and
separating different consumer niches: lower investments & innovation
Results strongly influenced by different aspects of structural change

e changes in the behaviour (or income) of less wealthy classes

e investment in new capital vintages

e emergence of diverse income classes with heterogeneous
consumption preferences

Supply side product variety, ceteris paribus, has no significant effect
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Results

Summary of results

Concentration
O®@00000000

Dispersion

Selection/Concentration
Malthusian

4 Output

Kaldorian

Preferences
Price

Quality

Tl
T2
/]\3

i
ol
/1

/7
/1

>/ —

1
!

—

Footnote: 'lower imitation of wealthier class preferences; >wider distribution
of mark-up rates; *wider distribution of product quality; *we distinguish be-
tween the initial stage of development (Malthusian stagnation) and the final
stage of development (Kaldorian sustained growth).
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Results

Concentration is generally associated with higher output

i Capital productiviy
R Y
T Output (per capa;l

Output and productivity
o’

1

3% 38 40 42 “
Inverse Herfindahl Index

108/ 116



Concentration
0008000000
Results

Firms market share shift through time: from price winners to quality

winners

0033
1=2700
=2200
0025 1=1800
1=1500 =
[ 7
<) S———
e 1=1100 =
w
B =850
=
T 0017,
= 00
€ =550
i =400
0.008 =200
16-006! | | |
High Low

Firm's product quality

Firms ordered by product quality (x)

109/116



Results

Faster imitation: distribution of firm size

more skewed (more exits)
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Results

Faster imitation = 1 concentration = 1 income growth

Output per capita

5.5 I + . " Benchmark |
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Inverse Herfindahl index

Higher demand and higher investment (concentration driven):
societies where lower income classes, through redistribution and social
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Results

Higher average mark-up: lower sales of high quality and lower
te] s te] )
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Results

Higher mark-up = | concentration = | income growth
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Inverse Herfindahl index

Higher prices depress demand and, therefore, per capita output: (1)
directly, by reducing demand; (it) indirectly, by reducing market

concentration (K investment). .
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Results

Lower product disparity: less concentrated distribution of market shares
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No firm exit the market, and most selection occurs over price (which

reduces as income grows, in last phases of dev.)
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Results

Higher product disparity = 1 concentration = J income growth

Output per capita

37 38 39 40 41 42 43 44 45 46 47
Inverse Herfindahl index
Higher disparity in quality has no effect on income growth through
market concentration (without changes in prices and/or consumption)
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Concentration

Summing up

Conclusions

Study the relation between market concentration through the process
of economic development, as a function mainly of demand dynamics
e less well studied structural changes (consumer preferences, firm
size, and capital vintages)

Different phases of development — initial Malthusian stagnation and
Kaldorian sustained growth: different heterogeneities — preferences,
price, and quality — different effect on economic growth.

e Societies where lower income classes have access to the basket of
top classes may lead to stronger economic performance

e T market power | market concentration by hindering the
consumption of higher quality goods to lower income classes, and
separating different consumer niches: lower investments &
innovation

e Market concentration 1 for increasing product disparity, with no

no effect on growth .
b [}



Structure of Nelson & Winter model

Initial state of industry and firms @

An industry populated by n firms
Physical capital stock (Kij¢)
Productivity of the capital (A ;)

Both levels are result of firms’ behaviourin t — 1
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Structure of Nelson & Winter model

Production and pricing

Production function: only capital with constant returns to scale:
Qi,t = Ai,tKi,t
e Unit invariable cost ¢ to use capital

Total supply: Q= >, Qit =, AitKir
e Firms produce at full capacity (no strategic interaction on
quantities)

Demand for homogeneous good with market clearing price:
Pe=D(Q) =D/

e where 7: unit elasticity with respect to price

Profit rate: pijr = PtAjr — c— 1y — 1]}

Total profits: II; ; = pij +Ki ¢
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Structure of Nelson & Winter model

Technical progress

Technical progress occurs as a change in capital productivity:
Aitr1 > Air

Fixed rule of expenditure in both innovation (f:”t> and imitation

() |
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Structure of Nelson & Winter model

Innovation

If the firm innovates, two stages stochastic process

Probability that an investment in innovation is successful:
Pld"=1] = a"rj::’tK,-,t

o Where H,:f’tK,-J is R&D expenditure; a” a parameter
If d™ = 1, innovation result is again a random event normally
distributed: /~4,-7t ~ N (Aj-"t, 02>

e A7, firm (cumulative) or market level (incremental) current
productivity

e science based knowledge: exogenous increase of A
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Structure of Nelson & Winter model

Imitation

If the firm imitates, two stages stochastic process

Probability that an investment in imitation is successful:
P[d™=1] = a™i7Ki;

e Where /] K; + is imitation expenditure; 8™ a parameter
K

If successful, the firms imitate the best A or the mean A productivity in
the market in the current period

The final productivity is the maximum between A; ¢, /2\, Aand A.



Structure of Nelson & Winter model

Capital investment

PtAi, t+1 Qi,t
c ’ Q:

K investment: K,'7t+1 =1 ( ,1_[,'7t7 (5) K,"t — (1 — (5) K,'7t

The maximum amount of capital investment is bounded by profits,
plus a bank loan proportional to profits

The desired amount of investment depends on t 4 1 unit costs, the
capital depreciation rate ¢ and a mark-up ft; ¢41.

{1t 1s an expected value that depends on the competition with other
firms Qj ¢t/ Q¢ and on the demand elasticity (Cournot conjectures)

Change in capital stock will change the production and price in the
next period (for the whole industry)
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Structure of Nelson & Winter model

Industrial dynamics

Firm exit: Kj: < K
Firm entry

“Fission”: probability of a fission follow a Poisson distribution with
parameter ms - ¢/
e New firm has a capital and a market share which is less then a
half the parent company



The model
@0000
Supply side

Firm’s output

Each firm produces one good, satisfying one consumer need (=
sector), with price (ip) and quality (ig).

Output constrained by labour and capital (Leontief PF):
@ = min { Qf; A1 L%_ﬁ DKt—l}

A;_1 is the labour productivity embedded in K vintages

Price is determined as a fixed mark—up p on variable costs
e Firm organisations/size (S-1)

e Labour productivity (S-2)
Large ;1 — Larger bonuses for executives

1247116



The model
0O@000

Supply side

Factors of production: Labour

S—1 Organisation of production

Demand for first tier workers L} adjusts to desired output and

productivity.

Higher tiers workers co-ordinate a batch of  subordinates
2 _y1,,-1
L; = Liv
A_ g1, 1-A
Ly = Liv
where A is the total number of firms’ layers

Large v — less workers per executive
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The model
[e]e] lo]e}
Supply side

Factors of production: Capital Stock

S—2 Production technology

Investment decision of new capital units is unconstrained
Y
k? = (1 + U)B — th]_
u: reserve; 1/D: K intensity.

Investment increases the efficiency of production incorporating new

capital vintages
t

ko (1 — 6)
At = Z TQT

d: depreciation; a,: vintage productivity
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The model
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Supply side

Factors of production: Capital Stock

S—2 Production technology

Capital good firms innovate improving the productivity of the

supplied vintages proportionally to profits/sales:

e Spend a share pj of cumulated profits Il + to hire R&D
engineers

Lgt 1

o Probability of success: ng;' =1-¢e*
e New vintage’s productivity increase depends on the variance
of a stochastic variable: 3 , ~ N(0; 07

Large px — more process innovation
Large ¢ — higher prob of success
Large 0@ — larger change in vintage productivity



The model
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Supply side

Product innovation

S—3 Product technology

@ Spend a share p of non invested profits in R&D: R

@ Research in a neighbourhood of the current sector/need n,
limited by ¢ Ry ¢

@ Select the sector/need n’ with the largest excess demand Y ,

@ Develop a new prototype with stochastic quality

' fr = f 41_\3_n/|
@ Add to the prototypes basket
@ Market a new product with probability f ( AYf )

moving to a new sector/need only if competition pressure is lower

Large p — more product innovation
Large ¢« — faster change in sectors

Large ¥} — larger increase in product quality Large 6 — quicker -



The model
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Income generation & consumption

Income structure

D—-1 Income distribution

A minimum wage w" is negotiated at the macro level

e labour market — wage + Beveridge curve (continuous)
e inflation and productivity (discrete)

Exponential wage structure along the organisational pyramid

1 _
Wi —wWQ"I1
W% = bw;
Wé\ = bAW%.

w: firm bargain; b: executive multiplier

Executives reccive bonuses 1/ from residual profit shares (1 — p)

Large b — higher wage differences



The model
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Income generation & consumption

Income classes and evolution of consumption

D—-2 Consumption shares

Consumption level differ by labour/income class.

Each class zis populated by the workers of a corporation’s tier
(identical wage and bonus)

Consumers in a class also consume according to the same
expenditure shares and preferences.

Expenditure shares ¢, , change across classes: satiation

Cnz = Cpz—1 (1 —-n (Cn,zfl - E.n))
Cp: an asymptotic value; 17 convergence (satiation) speed
e We assume a need = a consumption category

Large 7 — faster convergence to luxury goods
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The model
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Income generation & consumption

Change in consumption shares
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Implicit Engel curves: evolution of consumption shares
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Change in consumption share for 7 = 3 and ten consumer classes. In
the model consumption classes emerge endogenously €




The model
[e]e]e]e] ]

ation & consumption

Consumer behaviour

For each need, given the perceived characteristics of a good

f;m m=N (ifm m» O'lf, m) (quality and price), a consumer selects all the
firms that offer a good with equivalent values and shares the
demand

o

Y o P P
Ifn,m = ’Bn,m ~ |If,,,m - IB,m’ < (1 - Uzym) : ’B,m
Uz m: selectivity

The selectivity with respect to less—then—optimal quality on each
characteristic defines consumer class preferences.

From low to high income classes the selectivity towards good’s quality
increases, and price becomes relatively indifferent

Total purchases close the model: firms sales.

Large v, m — larger preference differences across classes
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Backup
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Structural changes

Structural change, economic and social transformations: e.g. the

industrial revolution in England

Firm size growth & concentration in large capital intensive firms
(Desmet and Parente, 2009)

Increase in the number of goods for final consumption (Berg, 2002)
Closer involvement of science in technological change (Mokyr, 2002)

Increased use of capital in agriculture and manufacturing =
technology embedded in machines = overall increases in productivity
(Kuznets, 1973)

Urbanisation, income inequality and changes in social class
composition (McCloskey, 2009)...

Some changes precede income growth, others unfold as a
consequence of income growth
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Untested parameters setting

Parameter Description Value Data
i Initial min quality level 98 Analysed
i Initial max quality level 102 Analysed
a° Adaptation of sales expectations 0.9 /72
s Desired ratio of inventories 0.1 [0.11 -0.25] b
u! Unused labor capacity 0.05 0.046 €
u Unused capital capacity 0.05 0.046 €
é Capital depreciation 0.001 [0.03, 0.14]; [0.016, 0.31] d
1 Capital intensity 0.4 B=[1.36,251]¢
€ Labor market friction (final firms) 0.9 0.6; [0.6, 1.5]; [0.7, 1.4]; [0.3, 1.4] f
w Minimum wage multiplier 2 [1.6,3.7] &
11— Smoothing parameter 0.2 [.04, .14]; [.06, .19] h
O'J[ Error in the consumer’s evaluation of character- Jj = 1: 0.05; A
istics j=2:0.1
wE Engineers’ wage multiplier 1.5 [1.2,1.4] J
o™i = V2,1 first tier quality tolerance 0.1 //
M = vy = first tier quality tolerance 0.9 //
F Final good firms 100 //
G Capital good firms 10 //
H, Consumer samples 100 //
N Number of needs 10 //

FEmpirical evidence not available: the parameters has no influence on the results presented here. bUs. Census Bureau (2008);

Bassin et al. (2003). “Coelli et al. (2002) with refere

(1

97) non residential equipment and structures. We use the lower limit val

e to the ‘optimal’ unused capacity. 9Nadiri and Prucha (1996); Fraumeni
“onsidering 1 year as 10 simulation steps) to avoid

growth in the first periods to be determined by the replacement of capital. ®King and Levine (1994). f\r’acancy duration (days
or weeks) over one month: Davis et al. (2010); Jung and Kuhn (2011); Andrews et al. (2008); DeVaro (2005). 8Ratio with respect

to the average (not minimum) wage in the OECD countries (Boeri, 2009). hKrucgcr and Perri (2005); Gervais and Klein (2010).

'No empirical evidence available to the best of our knowledge. Parameters set using the qualitative evidence in Zeithaml (1988).

JRelative to all College Graduates and to accountants (Ryoo and Rosen, 1992)
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Expenditure shares ordered by UK top centile

(a) Original distribution 02 \ /

(b) Symmetric distribution
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Implicit Engel curves: evolution of consumption shares
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Change in consumption share for 7 = 3 and ten consumer classes. In
the model consumption classes emerge endogenously




Research width: variety as exploration of new markets
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Ability to search into farther new potential sectors

Increases output, below a small threshold: increase in final demand




Rate of introduction of new goods: emergence of new sectors

.006  .0065 .007

.0055

GDP growth rate (average across years)
.005
L

Variance=0.001: Variance=5:
prediceted growth prediceted growth|
95% Cl 95% CI

0045

T T T T
"-100 -80 -60 -40 -20
-theta -- probability of introducing product innovation

Accelerating the rate at which the prototypes are marketed

— Increases Output growth




Product quality:

variety as different innovation output

v - Width of the innovation space across needs
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Larger improvements in the quality of new goods

Have only a marginal effect on output (with respect to the emergence

of needs)
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Rate of convergence
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Market concentration and growth

Herfindah Index - number of s per need (average across periods) - 1 = 0,001 number of firms per ods)- 1 =0.001
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Market concentration increases output growth

— For high rate of convergence of expenditure shares, demand and
supply quickly distribute across markets: 1 firm size & investment
— Concentration of production induces cumulative causation
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Growth regimes model

Growth regimes

Institutional regulations that influence the design of markets and
economic relations

How changes in labour relations, competition, international relations
and trade, finance, and governance institutions have changed with
technologies and the organisation of production in the 20" century
(Petit, 1999; Boyer, 2010)

~ varieties of capitalism (Hall and Soskice, 2001)
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Growth regimes model

Firm’s output

Each firm produces one good, satisfying one consumer need (=
sector), with price (ip) and quality (ig).

Output constrained by labour and capital (Leontief PF):
Q¢ = min {Qf, A1 Ltlb_1§ BKt—l}

A;¢_1 is the labour productivity embedded in K vintages; % a constant

Wi~

capital intensity

Price is determined as a mark-up mg; on variable costs (firm
organisations/size (S-1) and labour productivity (S-2))

myincreases from the minimum m when demand exceeds a firm’s
production capacity and reduces when inventories (/¢;) exceed a
desired ratio.
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Growth regimes model

Factors of production: Labour

S—1 Organisation of production

Demand for first tier workers L; ¢ adjusts to desired output and

productivity.

Higher tiers workers co-ordinate a batch of v subordinates

_ —1
Loge= Ly gev
A

1_
Lange = Ligev

where A is the total number of firms’ layers
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Growth regimes model

Factors of production: Capital Stock

All capital investment is financed with loans

k() = max{ min{ Ye(t)aus (YE(t) + BLAD i) (1+0)} - YE(1);: 0} B

v: reserve; B: K intensity.

Loan is granted with a probability proportional to the ratio between
the cash available in the institution (I'(t)) and the total value of the
resources in the financial sector (O(t))

Investment increases the efficiency of production incorporating new

capital vintages
t
k-(1—9)tT
At — Z TQT
=0
0: depreciation; a,: vintage productivity
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Growth regimes model

Factors of production: Capital Stock

S—2 Production technology

Capital good firms innovate improving the productivity of the

supplied vintages proportionally to profits/sales:

e Spend a share pj of cumulated profits Il + to hire R&D
engineers

o Probability of success: ;=1 — e ClLogi1

e New vintage’s productivity increase depends on the variance
of a stochastic variable: 3 , ~ N(0; 0?)
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Growth regimes model

Product innovation

S—3 Product technology

A successful innovation is modelled as an increase in the quality g, (t)
of the final good, within the same sector

R&D expenditure as a fixed share p of the moving average of expected
sales: Rer = pY§, — innovation trials: RT¢, = log(1 + Rg) with a
given probability x of success

If a trial 1s successful, the new quality is

q'Et ~ N(qf,t—1§ grt—1 * a’)
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Growth regimes model

Industrial dynamics (competition)

S—4 Entry and exit

A new firm enters in any final good sector with a probability ¥

e highest quality on the market
e initial loan to acquire capital goods to produce
e low “visibility”

Firms exit when their estimated return on capital falls below &.

I
ROKf(t) = ﬁ
Ki(t)
lf[f( t): profits’ moving average;
Ki(t) = 21 [JF () + J)]
JX(j): loans for K goods; JHj): loans for losses.
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Growth regimes model

Income structure (wage/labour nexus)

D—-1 Income distribution

A minimum wage W, is negotiated at the macro level

e labour market — wage curve

e adjusts with inflation (ep) and productivity shocks (€4)

Exponential wage structure along the organisational pyramid

Wit = WWnt—1
wWot = le,t

WAt = bAWLt-
w: minimum wage multiplier; b: executive multiplier

Executives receive bonuses v/ from residual profit shares mIl¢;
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Growth regimes model

Income structure: dividends

D—-1 Dividends

The savings used by firms in the form of loans are repaid to

consumers in the form of dividends, proportional to the share of
financial assets owned by the class in the previous period:

o mp, Ut=1)
Ei(t) = R(t) Z{\:(;)Uj(t—l)

R(t): sum of firms’ profits net of the wage bonuses and the R&D
expenses.

,Vie {0;1;..;A(t)}

Class disposable income
Di(t) = Wi(t) + Wi(t) + Ei(t) , Vie {0;1;2;...;A(t)}
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Growth regimes model

Income classes and evolution of consumption

D—-2 Consumption shares

Consumption level differ by labour/income class.

Each class i1s populated by the workers of a corporation’s tier
(identical wage and bonus)

Consumers in a class also consume according to the same
expenditure shares and preferences.

Expenditure shares ¢; , change across classes: satiation

Cin = Ci—1,n (1 = 1 (Cim1,n — Cn))
Cp: an asymptotic value; 17 convergence (satiation) speed
e We assume a need = a consumption category

Large 7 — faster convergence to luxury goods
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Expenditure shares: bottom (c; ,, p10) and asymptotic (C,, p99)

03

0.2

0.1

~+-p10

Source: Own elaboration using UK FES




Implicit Engel curves: evolution of consumption shares
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Change in consumption share for 7 = 3 and ten consumer classes. In
the model consumption classes emerge endogenously €
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Growth regimes model

Consumer behaviour (selection and consumption)

For each need, given the perceived price/quality of a good
p’;n = N(ps,,0Pps,), a consumer selects all the firms that offer a good
with equivalent values and shares the demand
pr, = PB, < |Pr, = PBl < (1 = Api) - P
i selectivity; pp : best price in the market

The selectivity with respect to less—then—optimal price/quality defines
consumer class preferences.

From low to high income classes the selectivity towards good’s quality
increases, and price becomes relatively indifferent

Api = (L= m\)Ap,i=1 + M Amin (1)
Agi = (1- 77)\))‘6171'71 + MAAmax 2)

Total purchases close the model: firms sales.
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Growth regimes model

Financial sector

Stock-flow: the value of all the financial assets owned by households is
1dentical to the value of all assets stored in the financial institution

©(t)

F+G
O(t) =T(1) + Y Kil(t)
=1
Cash
A F+G
T(t)=T(t—1)+ > _ Sit)— > L(1)
i=1 k=1
Loans
F+G F+G F+G
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Growth regimes model

Financial sector

Households’ dividends to a class 1s the share of distributed profits
proportional to the share of the assets owned by the class

F G U'(t)
E(t)=(1—m—p Z (1—7T—Pg)ZHgA'7t
=Bl pyat UJ = iy

Where the price of an asset is the ratio between the total value of the
financial sector ©(t — 1) and the number of financial assets

O(t—1)

Pl =S8 -
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Parametrisation and empirical evidence

Parameter ~ Description Value Data

« Adaptation of sales expectations 0.9 -

¢ Desired ratio of inventories 0.1 [0.11 - 0.25]®

v Unused labor/ capital capacity 0.05 [0.042 - 0.075]¢

Vg Unused labor capacity in the cap- 0.2 [0.042 - 0.075]2
ital sector

m Minimum mark-up 0.15 [0-0.28]; [0.1, 0.28]; [0.1, 0.39]¢

o Mark-up variation 0.3 [0-0.28]; [0.1, 0.28]; [0.1, 0.39]¢

mg Mark-up in the capital good sec- 0.2 [0-0.28]; [0.1, 0.28]; [0.1, 0.39]¢
tor

é Capital depreciation 0.001 [0.03, 0.14]; [0.016, 0.31]¢

i Capital intensity 0.5 B=1136,251]

€ Labor market friction 0.3 0.6; [0.6, 1.5]; [0.7, 1.4]; [0.3

1.4]8

w Minimum wage multiplier 1.6 (1.6,3.7]"

b Executives wage multiplier 1.6 [1.5, 2]"2analysed

wo Engineers’ wage multiplier 2 [1.2,1.4]h3

T Profits shared as bonuses 0.15 — analysed

v Tier multiplier 3 [2, 7}



Parametrisation and empirical evidence

Parameter Description Value Data

X A inter-class multiplier 0.25 [-0.8, 2.4]%, analysed
Amin = Ag,1 Lowest selectivity = first tier qual- 0.8 —
ity selectivity

Amax = Ap,1 Highest selectivity = first tier  0.95 !
price selectivity
n Convergence to asymptotic con- 0.4 analysed
sumption shares
P R&D investment share in final 0.2 [0.01-0.231]™
good sectors
Pg R&D engineers share in capital 0.1 [0.01-0.231]™
good sector
¢ Probability of process innovation  0.01 [0.07,0.18]; [0.013, 0.198]"
success
b% Probability of product innovation ~ 0.05 [0.07,0.18]; [0.013, 0.198]"
trial success
= Min. interval between two suc- 10 -
cessful innovations
o? Standard deviation productivity ~ (0.015, 0.004) —°
shock
feal Standard deviation product qual-  0.01 —ol

ity innovation



Parametrisation and empirical evidence

Parameter ~ Description Value Data

Cn Asymptotic consumption shares 1 —tpl

Ci,n First class consumption shares —tx2 —+.p2

S Increase in saving rate across in- 0.2 -a
come classes

1—7 Expenditure smoothing parame- 0.2 [.04, .14]; [.06, .19]"
ter

€y Wage curve unemployment pres- 0.1 0.1¢
sure

L Error in the consumer’s evalua-  p: 0.05; g: 0.1 -t
tion of characteristics

B8 Beveridge curve parameter 20 [6, 101

T Beveridge curve constant 0.2 ~u

P Wage curve inflation elasticity 1 analysed

A Jage curve productivity elastic- 1 analysed
ity

0A Increase in average productivity — 0.0001 -

for wage renegotiations to occur



Parametrisation and empirical evidence

Parameter ~ Description Value Data

oF Increase in average price for  0.0001 -
wage renegotiations to occur

9 Probability of firm entry in a sec-  0.08 — analysed
tor

a Smoothing parameter of profits  0.95 -
moving average

g Labour multiplier in capital in- 10 -
vestment decision

Bk backlogs absorption in capital in- 0.1
vestment decision

0 Atkinson index inequality aver- 0.5 -

Init2

sion



Parametrisation and empirical evidence

?Empirical evidence not available: the parameters has no influence on the results presented
here. PU.S. Census Bureau (2008); Bassin et al. (2003). SCoelli et al. (2002) with reference to
the ‘optimal’ unused capacity for labour (low value) and to the average ratio between technical
efficient production and ray economic capacity in the airline industry. “2 Larger than in the con-
sumer good sector, due to the lumpiness of orders for capital goods (Doms and Dunne, 1998).
9Marchetti (2002); De Loecker and Warzynski (2009); Joaquim Oliveira et al. (1996). ¢Nadiri
and Prucha (1996); Fraumeni (1997) non residential equipment and structures. We use the lower
limit value (the lower value reflects the assumption that in our model one simulation step repre-
sents approximately the dynamics of a fortnight (one year is 24 steps). "King and Levine (1994).
&Vacancy duration (days or weeks) over one month: Davis et al. (2010); Jung and Kuhn (2011);
Andrews et al. (2008); DeVaro (2005). fRatio with respect to the average wage (not minimum)
in OECD countries Boeri (2009). "2Simon (1957). ’ With reference to qualitative evidence
from various sources. "3Relative to all College Graduates and to accountants Ryoo and Rosen
(1992). We set the parameter to a higher value to differentiate engineer’s compensation from
shop-floor workers’. /Simon (1957). XChange of price selectivity for food product categories
(Zheng and Henneberry, 2011) (inverted signs, as we use the change in selectivity rather than in
price elasticity). 'Empirical evidence not available to our knowledge: based on qualitative evi-
dence. ™Hernandez et al. (2015). We use a ratio close to the high end of high tech sectors.
Respectively Hay et al. (2014) and Pammolli et al. (2011) on the pharma industry from phase I to
approval. For product innovation we take a lower bound value, given that the pharma industry
is particularly innovative. For process innovation (capital good sector) we take a lower value.



Parametrisation and empirical evidence (@)

°Empirical evidence not available to our knowledge. Extensive analysis of this parameter has
was done in past models (Ciarli et al., 2012), and is left for future work on this model. The two
values refer, respectively, to the validation and the regimes analysis. We reduce variance in the
analysis of regimes substantially in order to limit the effect due to stochastic shocks. ! Empirical
evidence not available to our knowledge. P1We use the UK Family Expenditure Survey (FES)
to compute the consumption shares across the ten aggregate consumption categories for the top
centile of UK consumers (p99 in Figure ). P2We use the UK FES to compute the consumption
shares across the ten aggregate consumption categories for the bottom decile of UK consumers
(pl0in Figure ). Gervais and Klein (2010). 9Based on the evidence on the increase in the sav-
ing rate by income quintile in Dynan et al. (2004). "Krueger and Perri (2005). *We implement
the estimated wage equation in logs and use the widely estimated parameter (Nijkamp and Poot,
2005; Blanchflower and Oswald, 2006). tSpecific empirical evidence not available to the best of
our knowledge. Parameters set using the qualitative evidence in Zeithaml (1988) and the find-
ings summarised in Rotemberg (2008). YEstimates from Borsch-Supan (1991). Most empirical
exercises test a linear or quadratic form of the Beveridge curve (Wall and Zoega, 2002; Nickell
et al., 2002; Teo et al., 2004; Bouvet, 2012) — a mean value of these estimates is found in Fagi-
olo et al. (2004). For modelling purposes the hyperbolic form is more convenient, but estimates
are a bit outdated, so we adapt them using the more recent papers covering several countries.
The constant T is meant to avoid extreme asymptotic values. ¥ We assume a nearly continuous
adjustment. *Endogenous. T Various
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Model properties

Wage curve

0
VARIABLES Wage (log)
Unemployment (Log) -0.14%%*
(0.05)
Prod Index 0.00%**
(0.00)
CPI 0.02%%*
(0.00)
Constant 4.2]%%*
(0.22)
Observations 100,100
Number of id 100
R-squared 0.98
within R? 0.981
F 64662

Prob > F 0
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The different aspects of growth regimes

Wage-labour nexus

b

1,4 1,5 1,6 1,7 1,8
0,1 | 0,134%% (,157%F () [85% (2]6%* (,240%
0,15 | 0,139% 0,163% (789  0,219% (253

T 0,2 | 0,144%  ,167%% 0,103k 0,223k (),256%k
0,25 | 0,149%k% 0,173k (,198%k  (,008% (26
0,3 | 0,155%k 0,176% 0,202% (,200%k (), 062%k
0,35 | 0,159% 0,181%% (,206%% 0,234% 0,266

b

1,4 1,5 1,6 1,7 1,8
0,1 | 4864020%% 49235668%* 4011631%* 3683588 3376438
0,15 | 4661710% 4203255%* 3759496  3394171%  3280909**

T 0,2 | 4654574%  3087314% 35196728  3335034%k%  3179175%
0,25 | 4305037+  4070668% 3631770  3280466%*  3074743%*
0,3 | 4439873%% 3781925  3428048%  3108936%k* 291539
0,35 | 4187097+ 3697132  3257111%  3058699% 2824506+
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Backup

Wage-labour nexus (@)

b
1,4 1,5 1,6 1,7 1,8
1 0,139%%%  0,163*%** (0,190 0,220%%F (,254%**
0,95 | 0,139%=* (0,163*** 0,190 0,220%%*  (,254***
eA; 0,9 | 0,139% 0,164*** 0,189 0,219%F*  (,256%**
ef 085 0,139*+  0,163*%** (0,189 0,219% (,253***
0,8 | 0,140%  0,162%** (0,190 0,219%F*  (,254%***
0,75 | 0,140%* 0,162%*** (0,189 0,219%%* (,253***
b
1,4 1,5 1,6 1,7 1,8
1| 4740017  4369584%% 3820829  3416749,5%%  3271559%*
0.95 | 4745794%%  4230409% 3816053 339451 7% 3064894%%*
0.9 | 4596226%F 49652528k 3715884 3549755%  3278798%*
€? 085 | 45957728 4156223 3717243 3526538%  3280086%*
0.8 | 4846935%*  4109146%% 3835208 3451350%% 3247899k
0.75 | 4999338%=  4167746%  3660339,5%%  3469940%  3303616%**
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The different aspects of growth regimes

Norms of competition (@)

9

0.06 0.07 0.08 0.09 0.1
0.725; 0.275 | 0,106% 0, 194%% (), 193%* () [92Fk () [ 9Ok
0.775;0.225 | 0,193 0,193% (,191% 0,189 0,188

Ap1; 0.825;0.175 | 0,191% 0191% 0,789  0,186%* 0,185%kx

Ag1  0.875;0.125 | 0,189  0,187% 0,186 0,185%= (),]183%sx
0.925;0.075 | 0,187+  0,186%% (,184%k% (,182%%k ()18
0.975;0.025 | 0,186%%% (,184%%  (,183%k () [82k%k ()] %k

D

0.06 0.07 0.08 0.09 0.1
0.725; 0.275 | 3437995%  3750586%%* 4037649 4475096%*%* 5066091
0.775; 0.225 | 3330494%** 382384 5%* 4147320 4244693 4757535

Ap,1; 0.825; 0.175 | 3259839%** 373174 1% 4094730 4179639 4659407

Ag,1 0.875; 0.125 | 3230594%%  3570274%%* 4044367 4312567%* 4694119
0.925; 0.075 | 3136186%**  3501718%*  3917487* 4200508 4742372
0.975; 0.025 | 3156582%*%*  3461134***  3908788* 4431726 4821741
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Backup

Norms of consumption (@)

TIx
0.2 0.23 0.25 0.27 0.3
0.3 | 0.1880 0.1885 0.1880 0.1890 0.1897
0.35 | 0.1889 0.1884 0.1886 0.1903* 0.1903**
n 04 | 0.1889 0.1886 0.1886 0.1896  0.1902%*
0.45 | 0.1878 0.1879 0.1838  0.1898 0.1899*
0.5 | 0.1881 0.1880 0.1886 0.1902* 0.1899
BN
0.2 0.23 0.25 0.27 0.3
0.3 3740007 3699658 3706482 3726182 3633038
0.35 | 3970438*%* 3800109 3823381* 3783792 3921054%#**
n 0.4 3723198 3645007 3653136 3737845 3775070%*
0.45 3722838 3700330 3788916 3797486%* 3732221
0.5 3847599*%* 3780407 3798296* 3841521** 3752458
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