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Abstract
We analyze the long-run growth effects of automation in the standard overlap-
ping generations framework. We show that, in contrast to other neoclassical models
of capital accumulation, automation does not promote growth but induces economic
stagnation. The reason is that automation suppresses wages, which are the only source

of investment in the overlapping generations framework.
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1 Introduction

Automation and its potential economic consequences have caught the attention of
economists and the general public over the last few years (see, for example, The Economist,
2014). While some economists show how automation can lead to economic prosperity
(Steigum, 2011; Acemoglu and Restrepo, 2015; Graetz and Michaels, 2015; Hémous and
Olsen, 2016; Abeliansky and Prettner, 2017; Prettner, 2017), others are afraid that au-
tomation could (partly) be responsible for economic stagnation (Sachs and Kotlikoff, 2012;
Benzell et al., 2015; Sachs et al., 2015). We contribute to this debate by showing that
the long-run economic growth effects of automation crucially depend on the underlying
framework used to describe the process of saving and investment. While the standard
neoclassical growth models lead to remarkably similar predictions regarding the growth
effects of changes in household’s savings behavior, we show that they lead to diametrically
opposed predictions of the effect of automation. On the one hand, models of automation
based on Solow (1956), Ramsey (1928), Cass (1965), and Koopmans (1965), in which
households save a part of wage income and a part of asset income, imply that automation
has the potential to lead to perpetual long-run growth even without (exogenous or en-
dogenous) technological progress. On the other hand, models of automation based on the
overlapping generations (OLG) framework of Diamond (1965), in which households save
exclusively out of wage income, imply economic stagnation in the face of automation. The
reason for stagnation is that the accumulation of automation capital suppresses wages,
which is the only source of investment in the OLG framework. Consequently, automation
itself prevents the takeoff that would occur in neoclassical types of growth models in which

also parts of asset income are (re-)invested.

2 The effects of automation in an OLG framework

Consider a household who lives for three time periods, youth, adulthood, and retirement.
Children do not make any economic decisions and fulfill their needs via the consumption
expenditures of their parents. Adults supply their available time on the labor market for
the market clearing wage w; and save for retirement. Retirees do not work and finance
their consumption expenditures at old age out of their savings carried over from adulthood.
The number of children is denoted by n such that the evolution of the population size is
exogenous and given by Nyi1 = (1 + n)Ny, where N, refers to the size of the adult cohort
at time t.

Following Diamond (1965), households derive utility from consumption in adulthood,
c1,t, and from consumption in retirement, co;41. Assuming that households discount the
future at rate p, which implies a discount factor of 5 = 1/(1+ p), the household’s lifetime
utility is given by

Up = log(c1,t) + Blog(caeq)- (1)



Denoting the real interest rate on savings between time ¢ and time t+1 by r41, the budget
constraint of households is standard and given by
C2t+1
Cli+——— = wy, 2
M Tt41 @)
where the left-hand side refers to discounted lifetime consumption expenditures and the
right-hand side to lifetime labor income. Solving the households’ intertemporal optimiza-

tion problem yields the consumption Euler equation

C2,t+1
Clt

= B +7r441) (3)

describing the optimal individual consumption growth path for a given interest rate and a
given discount factor. From this expression and the budget constraint, optimal consump-

tion and savings of adults follow as

1

= ——wy, S
1+5t t

C1,t = Hﬁﬁwp (4)

There are three production factors: labor, which is supplied by adults, traditional
physical capital in the form of machines, factory buildings, etc., which is an imperfect sub-
stitute for labor, and automation capital in the form of industrial robots, 3D printers, etc.,
which is, by definition, a perfect substitute for labor. Both types of capital are accumu-
lated according to the investment decisions of households and a no-arbitrage relationship
holds between the two investment vehicles.

The representative firm has access to a production technology as described by Prettner
(2017)

Y, = K (N + P)'™, (5)

where Y; denotes aggregate output (GDP), K; denotes the stock of traditional physical
capital, P, denotes the stock of automation capital, and a € (0, 1) is the elasticity of output
with respect to traditional physical capital. We assume that there is perfect competition
in goods and factor markets such that production factors are paid their marginal value

products. Assuming that aggregate output is the numéraire, we get the following factor

rewards
! K “
=RP =(1— —_— 6
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where Rf is the rate of return on traditional physical capital and RY is the rate of return
on automation capital. We observe that, while an increase in traditional physical capital
raises the wage rate, as in the standard Diamond (1965) model, an increase in automation

capital has the opposite effect because automation competes with workers.



3 Equilibrium and main results

In an interior equilibrium, both savings vehicles have to deliver the same rate of return
such that rational investors invest in both types of savings vehicles. Consequently, in
any interior equilibrium, we have that RF = R? from which the following no-arbitrage

relationship derives

P = (1;0‘) K, — N, (8)

The intuition behind this expression is related to (6) and (7): a higher stock of traditional
physical capital (K}) raises the rate of return on investment in automation capital (P;) and
hence, ceteris paribus raises the stock of automation capital. By contrast, a larger cohort
size of adults (IVy) implies that there are more workers available such that the incentives
for automation are lower (see also Abeliansky and Prettner, 2017).

Plugging the no-arbitrage relationship (8) into the production function (5) yields an
AK-type of technology in equilibrium

l—«o
Y, = K, 9)
o

where A = (1—a)/a. Asis well-known, such a production structure typically leads to per-
petual growth because there are no diminishing returns with respect to the accumulation
of physical capital (see, for example, Romer, 1986; Rebelo, 1991). As far as neoclassical
models of automation that admit a representative household (Solow, 1956; Ramsey, 1928;
Cass, 1965; Koopmans, 1965) are concerned, there is indeed the possibility of perpetual
long-run growth (see Steigum, 2011; Prettner, 2017). The intuition behind this result is
that the availability of automation capital as a perfect substitute for labor prevents the
diminishing returns from capital accumulation from kicking in and hence impedes the
standard neoclassical convergence mechanism.

Since the economy is closed and both types of capital fully depreciate over the course
of one generation, the aggregate stock of assets at time ¢ 4+ 1 is determined by investment
in period t. This implies that we have the following law of motion for the aggregate stock

of assets

! l—«o K, @
St = 5Ny = Kyy1+ Py = 5(14—5) (N +tP> Ni. (10)
t t

In this case a competitive equilibrium can be defined as follows.

Definition 1. A competitive equilibrium is a sequence {Ky, Py, c14,¢2¢, Ry, Rf, Rf, w2,
such that {Ry, RY, RY,w}3°, satisfy (6), (7), and Ry = Rf = RY, {c14,c2.4}22, satisfy
(3) and (4), {K, P}i2 satisfy (8) and (10), and { N}, satisfies the population growth
equation Niy1 = (14 n)Ny.

Dividing (10) by the size of the adult cohort N;y; and plugging in the aggregate



production function (5) and the no-arbitrage condition (8), we arrive at the steady-state

capital-labor ratio of the economy as given by

(1-a)ap
(I+n)(1+8)(1/a—1)>

kE=a+ (11)
It is immediately clear that there is no growth in the capital-labor ratio. Consequently,
GDP per capita stagnates and there is no potential for long-run economic growth. We

summarize our main finding in the following proposition

Proposition 1. In the Diamond (1965) model with automation, the production structure
resembles the properties of an AK type of growth model. However, in contrast to other
models of automation with this production structure, the economy is trapped in a stagnation

equilibrium.

This proposition implies that, in contrast to the standard neoclassical literature with a
representative agent, there is the possibility of automation-induced stagnation in an OLG
model. The reason is that investment is fully financed out of wage income, which is, at
the same time, reduced by automation. In a sense, automation is therefore digging its
own grave in the OLG model. Our result provides an explanation for stagnation due to
automation as found by Sachs and Kotlikoff (2012), Benzell et al. (2015), and Sachs et al.
(2015). However, we show that this result is an artifact of the underlying OLG framework

such that it cannot be stated as a general economic regularity that pertains to automation.

4 Conclusions

We demonstrate that the possibility of automation-induced stagnation exists in the OLG
model of Diamond (1965). The reason is that, in this framework, households exclusively
save out of their labor income. By definition, however, automation competes with labor
and depresses the wage rate and therefore labor income. This in turn reduces the savings
and investment potential of households and prevents the economy from growing. Our
result explains the numerical findings of Sachs and Kotlikoff (2012), Benzell et al. (2015),
and Sachs et al. (2015), but also shows that their result is not generalizable to other models

of capital accumulation.
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Otterbach and
Alfonso Sousa-Poza
37-2011  Lukas Scheffknecht, A BEHAVIORAL MACROECONOMIC MODEL WITH ECO
Felix Geiger ENDOGENOUS BOOM-BUST CYCLES AND LEVERAGE
DYNAMICS
38-2011  Yin Krogmann, INTER-FIRM R&D NETWORKS IN THE GLOBAL IK

Ulrich Schwalbe

PHARMACEUTICAL BIOTECHNOLOGY INDUSTRY DURING
1985-1998: A CONCEPTUAL AND EMPIRICAL ANALYSIS



Nr. Autor Titel CC
39-2011  Michael Ahlheim, RESPONDENT INCENTIVES IN CONTINGENT VALUATION: THE ECO
Tobias Bérger and ROLE OF RECIPROCITY
Oliver Fror
40-2011  Tobias Bérger A DIRECT TEST OF SOCIALLY DESIRABLE RESPONDING IN ECO
CONTINGENT VALUATION INTERVIEWS
41-2011  Ralf Rukwid, QUANTITATIVE CLUSTERIDENTIFIKATION AUF EBENE IK

Julian P. Christ

DER DEUTSCHEN STADT- UND LANDKREISE (1999-2008)



Nr. Autor Titel CC
42-2012  Benjamin Schon, A TAXONOMY OF INNOVATION NETWORKS IK
Andreas Pyka
43-2012  Dirk Foremny, BUSINESS TAXES AND THE ELECTORAL CYCLE ECO
Nadine Riedel
44-2012  Gisela Di Meglio, VARIETIES OF SERVICE ECONOMIES IN EUROPE IK
Andreas Pyka and
Luis Rubalcaba
45-2012  Ralf Rukwid, INNOVATIONSPOTENTIALE IN BADEN-WURTTEMBERG: IK
Julian P. Christ PRODUKTIONSCLUSTER IM BEREICH ,METALL, ELEKTRO, IKT*
UND REGIONALE VERFUGBARKEIT AKADEMISCHER
FACHKRAFTE IN DEN MINT-FACHERN
46-2012  Julian P. Christ, INNOVATIONSPOTENTIALE IN BADEN-WURTTEMBERG: IK
Ralf Rukwid BRANCHENSPEZIFISCHE FORSCHUNGS- UND
ENTWICKLUNGSAKTIVITAT, REGIONALES
PATENTAUFKOMMEN UND BESCHAFTIGUNGSSTRUKTUR
47-2012  Oliver Sauter ASSESSING UNCERTAINTY IN EUROPE AND THE ECO
US - IS THERE A COMMON FACTOR?
48-2012  Dominik Hartmann SEN MEETS SCHUMPETER. INTRODUCING STRUCTURAL AND IK
DYNAMIC ELEMENTS INTO THE HUMAN CAPABILITY
APPROACH
49-2012  Harold Paredes- DISTAL EMBEDDING AS A TECHNOLOGY INNOVATION IK
Frigolett, NETWORK FORMATION STRATEGY
Andreas Pyka
50-2012  Martyna Marczak, CYCLICALITY OF REAL WAGES IN THE USA AND GERMANY: ECO
Victor Gébmez NEW INSIGHTS FROM WAVELET ANALYSIS
51-2012  André P. Slowak DIE DURCHSETZUNG VON SCHNITTSTELLEN IK
IN DER STANDARDSETZUNG:
FALLBEISPIEL LADESYSTEM ELEKTROMOBILITAT
52-2012  Fabian Wahl WHY IT MATTERS WHAT PEOPLE THINK - BELIEFS, LEGAL ECO
ORIGINS AND THE DEEP ROOTS OF TRUST
53-2012  Dominik Hartmann, STATISTISCHER UBERBLICK DER TURKISCHEN MIGRATION IN IK
Micha Kaiser BADEN-WURTTEMBERG UND DEUTSCHLAND
54-2012  Dominik Hartmann, IDENTIFIZIERUNG UND ANALYSE DEUTSCH-TURKISCHER IK
Andreas Pyka, Seda  INNOVATIONSNETZWERKE. ERSTE ERGEBNISSE DES TGIN-
Aydin, Lena Klauf3, PROJEKTES
Fabian Stahl, Ali
Santircioglu, Silvia
Oberegelsbacher,
Sheida Rashidi, Gaye
Onan and Suna
Erginkog
55-2012  Michael Ahlheim, THE ECOLOGICAL PRICE OF GETTING RICH IN A GREEN ECO

Tobias Bérger and
Oliver Fror

DESERT: A CONTINGENT VALUATION STUDY IN RURAL
SOUTHWEST CHINA



Nr. Autor Titel CC
56-2012  Matthias Strifler FAIRNESS CONSIDERATIONS IN LABOR UNION WAGE ECO
Thomas Beissinger SETTING — A THEORETICAL ANALYSIS
57-2012  Peter Spahn INTEGRATION DURCH WAHRUNGSUNION? ECO
DER FALL DER EURO-ZONE
58-2012  Sibylle H. Lehmann TAKING FIRMS TO THE STOCK MARKET: ECO
IPOS AND THE IMPORTANCE OF LARGE BANKS IN IMPERIAL
GERMANY 1896-1913
59-2012  Sibylle H. Lehmann, POLITICAL RIGHTS, TAXATION, AND FIRM VALUATION — ECO
Philipp Hauber and EVIDENCE FROM SAXONY AROUND 1900
Alexander Opitz
60-2012  Martyna Marczak, SPECTRAN, A SET OF MATLAB PROGRAMS FOR SPECTRAL ECO
Victor Gébmez ANALYSIS
61-2012  Theresa Lohse, THE IMPACT OF TRANSFER PRICING REGULATIONS ON ECO

Nadine Riedel

PROFIT SHIFTING WITHIN EUROPEAN MULTINATIONALS



Nr. Autor Titel CcC

62-2013  Heiko Stiiber REAL WAGE CYCLICALITY OF NEWLY HIRED WORKERS ECO

63-2013  David E. Bloom, AGEING AND PRODUCTIVITY HCM
Alfonso Sousa-Poza

64-2013  Martyna Marczak, MONTHLY US BUSINESS CYCLE INDICATORS: ECO
Victor Gémez A NEW MULTIVARIATE APPROACH BASED ON A BAND-PASS

FILTER

65-2013  Dominik Hartmann, INNOVATION, ECONOMIC DIVERSIFICATION AND HUMAN IK
Andreas Pyka DEVELOPMENT

66-2013  Christof Ernst, CORPORATE TAXATION AND THE QUALITY OF RESEARCH ECO
Katharina Richter and AND DEVELOPMENT
Nadine Riedel

67-2013  Michael Ahlheim, NONUSE VALUES OF CLIMATE POLICY - AN EMPIRICAL STUDY ECO
Oliver Fror, Jiang IN XINJIANG AND BEIJING
Tong, Luo Jing and
Sonna Pelz

68-2013  Michael Ahlheim, CONSIDERING HOUSEHOLD SIZE IN CONTINGENT VALUATION ECO
Friedrich Schneider STUDIES

69-2013  Fabio Bertoni, WHICH FORM OF VENTURE CAPITAL IS MOST SUPPORTIVE CFRM
Tereza Tykvova OF INNOVATION?

EVIDENCE FROM EUROPEAN BIOTECHNOLOGY COMPANIES

70-2013  Tobias Buchmann, THE EVOLUTION OF INNOVATION NETWORKS: IK
Andreas Pyka THE CASE OF A GERMAN AUTOMOTIVE NETWORK

71-2013  B. Vermeulen, A. CAPABILITY-BASED GOVERNANCE PATTERNS OVER THE IK
Pyka, J. A. La Poutré PRODUCT LIFE-CYCLE
and A. G. de Kok

72-2013  Beatriz Fabiola Lopez HOW DOES SUBJECTIVE WELL-BEING EVOLVE WITH AGE? HCM
Ulloa, Valerie Mgller A LITERATURE REVIEW
and Alfonso Sousa-
Poza

73-2013  Wencke Gwozdz, MATERNAL EMPLOYMENT AND CHILDHOOD OBESITY — HCM

Alfonso Sousa-Poza,
Lucia A. Reisch,
Wolfgang Ahrens,
Stefaan De Henauw,
Gabriele Eiben, Juan
M. Fernandez-Alvira,
Charalampos
Hadjigeorgiou, Eva
Kovacs, Fabio Lauria,
Toomas Veidebaum,
Garrath Williams,
Karin Bammann

A EUROPEAN PERSPECTIVE



Nr. Autor Titel CcC
74-2013  Andreas Haas, RISIKEN AUS CLOUD-COMPUTING-SERVICES: HCM
Annette Hofmann FRAGEN DES RISIKOMANAGEMENTS UND ASPEKTE DER
VERSICHERBARKEIT
75-2013  Yin Krogmann, INTER-FIRM R&D NETWORKS IN PHARMACEUTICAL ECO, IK
Nadine Riedel and BIOTECHNOLOGY: WHAT DETERMINES FIRM’S
Ulrich Schwalbe CENTRALITY-BASED PARTNERING CAPABILITY?
76-2013  Peter Spahn MACROECONOMIC STABILISATION AND BANK LENDING: ECO
A SIMPLE WORKHORSE MODEL
77-2013  Sheida Rashidi, MIGRATION AND INNOVATION — A SURVEY IK
Andreas Pyka
78-2013  Benjamin Schon, THE SUCCESS FACTORS OF TECHNOLOGY-SOURCING IK
Andreas Pyka THROUGH MERGERS & ACQUISITIONS — AN INTUITIVE META-
ANALYSIS
79-2013  Irene Prostolupow, TURKISH-GERMAN INNOVATION NETWORKS IN THE IK
Andreas Pyka and EUROPEAN RESEARCH LANDSCAPE
Barbara Heller-Schuh
80-2013 Eva Schlenker, CAPITAL INCOME SHARES AND INCOME ECO
Kai D. Schmid INEQUALITY IN THE EUROPEAN UNION
81-2013  Michael Ahlheim, THE INFLUENCE OF ETHNICITY AND CULTURE ON THE ECO
Tobias Bérger and VALUATION OF ENVIRONMENTAL IMPROVEMENTS
Oliver Fror — RESULTS FROM A CVM STUDY IN SOUTHWEST CHINA —
82-2013  Fabian Wahl DOES MEDIEVAL TRADE STILL MATTER? HISTORICAL TRADE ECO
CENTERS, AGGLOMERATION AND CONTEMPORARY
ECONOMIC DEVELOPMENT
83-2013  Peter Spahn SUBPRIME AND EURO CRISIS: SHOULD WE BLAME THE ECO
ECONOMISTS?
84-2013  Daniel Guffarth, THE EUROPEAN AEROSPACE R&D COLLABORATION IK
Michael J. Barber NETWORK
85-2013  Athanasios Saitis KARTELLBEKAMPFUNG UND INTERNE KARTELLSTRUKTUREN: IK

EIN NETZWERKTHEORETISCHER ANSATZ



Nr. Autor Titel CC
86-2014  Stefan Kirn, Claus D.  INTELLIGENTE (SOFTWARE-)AGENTEN: EINE NEUE ICT
Miuller-Hengstenberg HERAUSFORDERUNG FUR DIE GESELLSCHAFT UND UNSER
RECHTSSYSTEM?
87-2014  Peng Nie, Alfonso MATERNAL EMPLOYMENT AND CHILDHOOD OBESITY IN HCM
Sousa-Poza CHINA: EVIDENCE FROM THE CHINA HEALTH AND NUTRITION
SURVEY
88-2014  Steffen Otterbach, JOB INSECURITY, EMPLOYABILITY, AND HEALTH: HCM
Alfonso Sousa-Poza AN ANALYSIS FOR GERMANY ACROSS GENERATIONS
89-2014  Carsten Burhop, THE GEOGRAPHY OF STOCK EXCHANGES IN IMPERIAL ECO
Sibylle H. Lehmann- GERMANY
Hasemeyer
90-2014  Martyna Marczak, OUTLIER DETECTION IN STRUCTURAL TIME SERIES ECO
Tommaso Proietti MODELS: THE INDICATOR SATURATION APPROACH
91-2014  Sophie Urmetzer, VARIETIES OF KNOWLEDGE-BASED BIOECONOMIES IK
Andreas Pyka
92-2014  Bogang Jun, THE TRADEOFF BETWEEN FERTILITY AND EDUCATION: IK
Joongho Lee EVIDENCE FROM THE KOREAN DEVELOPMENT PATH
93-2014 Bogang Jun, NON-FINANCIAL HURDLES FOR HUMAN CAPITAL IK
Tai-Yoo Kim ACCUMULATION: LANDOWNERSHIP IN KOREA UNDER
JAPANESE RULE
94-2014  Michael Ahlheim, CHINESE URBANITES AND THE PRESERVATION OF RARE ECO
Oliver Fror, SPECIES IN REMOTE PARTS OF THE COUNTRY — THE
Gerhard EXAMPLE OF EAGLEWOOD
Langenberger and
Sonna Pelz
95-2014  Harold Paredes- RANKING THE PERFORMANCE OF NATIONAL INNOVATION IK
Frigolett, SYSTEMS IN THE IBERIAN PENINSULA AND LATIN AMERICA
Andreas Pyka, FROM A NEO-SCHUMPETERIAN ECONOMICS PERSPECTIVE
Javier Pereira and
Luiz Flavio Autran
Monteiro Gomes
96-2014  Daniel Guffarth, NETWORK EVOLUTION, SUCCESS, AND REGIONAL IK

Michael J. Barber

DEVELOPMENT IN THE EUROPEAN AEROSPACE INDUSTRY
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