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IN BRIEF 

• Technological change is advancing with unprecedented speed, scope and scale - 
and with potentially far-reaching effects across economies and societies. Amid 
explosive growth in processing power and machine learning, a world where artificial 
intelligence (AI) eventually rivals human intelligence can no longer be dismissed as 
science fiction, with profound implications for economic growth and the labor force. 

• Technology will affect economic growth rates and capital market returns in ways that 
are difficult to foresee. Workforce automation and AI have the potential to deliver 
significant overall productivity gains, and some nations facing growth challenges from 
aging populations could see an additional boost to trend growth rates. This suggests a 
possible increase to the current Long-Term Capital Market Assumptions (LTCMA) 
estimate of trend GDP growth in developed economies of 1% to 1.5%, while narrowing 
the growth spread among them. 

• However, the latent power of automation has also raised fears of substantial job 
losses. Historically, fears of technological unemployment have not materialised, but, 
given the nature of the current wave of innovation, we cannot take historical patterns 
entirely for granted. If displaced workers are not efficiently re-employed, it could 
weigh on consumption and economic growth. Therefore, the above numbers 
represent a reasonable upper bound to potential growth forecasts provided 
displaced labor is rapidly reabsorbed. 

• Recent backlashes against globalisation point to the social and political strains that 
must be addressed to fully harness the benefits of technology. We envision a 
changing role for governments in helping workers and the broader economy adapt 
to technological change. Protecting the purchasing power of consumers will be 
critical. 

• This paper identifies five areas where the early effects of technological change on the 
world economy are believed to be investible today: cloud computing; the Internet of 
Things; artificial intelligence; robotics; and, blockchain technology. 

  

INTRODUCTION 

Amara's law states that "we tend to overestimate the effect of technology in the short run 
and underestimate the effect in the long run".¹ Over the last few years, the media have been 
saturated with articles, papers, books and videos exploring how technology will change our 
lives. Some scenarios describe a fundamental transformation of society, the workforce and, 
indeed, the world order that would rival even the most fanciful science fiction.  

Among many groundbreaking technologies² on the horizon, the focus of this paper is on 
automation and artificial intelligence. Exponential growth in these technologies will 
profoundly change economies and societies, and in ways we have not yet imagined. The 
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impact of these changes is expected to accrue gradually at first and that Amara’s law will be 
proven once more. Nevertheless, the authors believe that early effects of technology on 
economic growth, labor, policy and trade will begin to be felt over the 10- to 15-year 
investment horizon and that the early implications of those effects should influence 
investment choices now.  

The following pages examine how technological change - particularly automation and AI - 
might affect the way economies grow. The analysis is structured as follows:  

• First, “Why now?” What is it about the nature of prevailing technological advances 
and the shape of today’s global economy that pose unique challenges? Specifically, 
this paper looks at how the current situation may differ from previous technological 
revolutions in its speed, scope and scale. 

• How technology may affect growth in productivity and, ultimately, real GDP.  

• The challenges to the labor force, consumption and government policy that will arise 
from automation and AI.  

• The implications of technological change for the authors' LTCMAs. 

• Separately, current investment opportunities related to automation and AI.  

The current wave of technological change, the authors conclude, is unlike any that has 
come before. Its unprecedented speed, scope and scale will profoundly, and simultaneously, 
impact many sectors of the economy. In the industrial revolutions of the past 200 years, the 
economy and labor force adapted positively to disruptive technology. But, we cannot 
assume that today’s (and tomorrow’s) workers displaced by technology will be rapidly or 
easily redeployed in new functions. While technology could boost productivity significantly, it 
is unclear whether a modern economy that is rapidly adopting automation and AI can 
deliver rising wages and rising productivity simultaneously. This creates complications in 
estimating the potential boost to trend GDP and in harnessing the positive - and mitigating 
the negative - effects across economies and societies. While we are probably a long way 
from a world in which artificial intelligence rivals human intelligence, the authors expect 
today’s technological revolution to spark far-reaching economic, social and geopolitical 
changes - perhaps eventually redefining the role of human labor in the workforce. 

 

WHY NOW? 

Any analysis of the potentially disruptive impact of technology quickly runs into the question 
“Why now?” There are many who - quite rightly - point out that the economy and labor force 
proved remarkably good at adapting to disruptive technology over the last 200 years. The 
first two industrial revolutions took the world from an era reliant on human and animal power 
to execute physical tasks into an era in which machines powered by natural resources 
provided the physical power and humans increasingly added value with their minds. New 
industries and functions arose to demand labor, such that productivity and real wages grew 
in tandem. But, the disruptive potential of today’s automation and AI is, in the authors' view, 
something altogether new. Put simply, technology is now automating brains as well as brawn.

The speed of this technological progress is well characterised by Moore’s law³ whose spirit is 
alive and well today in the continued exponential growth in processing speed, data storage 
capacity and connectivity relative to cost. For example, a 2017 smartphone has more 
processing power than Cray-2, the world’s most advanced supercomputer in 1985 - a time 
when just two of the popular contemporary video game consoles were together more 
powerful than the computers that put man on the moon in 1969. Moreover, the capacity for 
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data storage has reached a critical level and continues to grow exponentially, even as 
human education and skills development remain linear (Figure 1 and 2). In the authors' view, 
data is to the information economy rather like oil is to the industrial economy - thus, the 
cheap, widespread and instantaneous availability of data, and the power to process it, are 
critical enablers of the growth in automation and AI. 

Human development and education follow a linear progression, 
while both data availability (proxied by storage costs) and the 
processing capabilities of machines (proxied by leading computer 
chess scores) are increasing exponentially. 

Figure 1:  G7 average years of schooling vs. data storage costs  
(Gigabyte per $1.00) 

 
Source:  Barro and Lee (2013), “A new data set of educational attainment in 
the world, 1950-2010,” Journal of Development Economics; 
statisticbrain.com. Data to December 2016; trends extrapolated for forward 
estimates. 
  

Figure 2:  Average scores, human chess grandmasters vs. computer 
chess programs  

 
Source:  Chessmetrics, L. Muehlhauser, Wikipedia. 
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Despite promising advances across a range of new technologies, productivity growth seems 
to have stalled in the aftermath of the financial crisis, leading many experts to reduce their 
optimism for future productivity growth and thus GDP growth - a topic explored in the 2017 
edition of the LTCMAs. The authors agree that productivity growth is not guaranteed by some 
“magic force,” but disagree with the idea that the heydays of productivity growth are past. 
That view is likely to be overly pessimistic. Historically, productivity growth has come in fits and 
starts, often but not always coinciding with the widespread adoption of specific previous 
breakthroughs - some of which have greater impacts on productivity than others (Figure 3). 

Throughout history, U.S. productivity growth has alternately surged 
and stalled, as the persistent and exponential growth in processing 
power has overlapped with both peaks and troughs in productivity - 
suggesting we should not extrapolate recent weakness in 
productivity data. 

Figure 3:  U.S. labor productivity growth, 1950-present, and selected 
notable technology developments 

 
Source:  Bureau of Labor Statistics, Goldman Sachs, Singularity.com; data as 
of August 2017.  

In many cases, the impact of new technology on productivity might have been foreseen in 
advance, with technologies in the pipeline for some time before they had a measurable 
effect. For instance, Ford’s Model T was introduced in 1908, but it would be about 20 more 
years before 50% of American households owned an automobile. The automobile, of course, 
had profound and measurable impacts on productivity. 

By contrast, in the past decade many technological advances, from social media to the 
streaming of films and music, have resulted in large consumer benefits far exceeding the 
amounts paid, and their impact therefore has probably not been fully captured in GDP. In 
the authors' view, the innovations in today’s pipeline suggest meaningful opportunities to 
boost growth and GDP, as explored in the next section. Nevertheless, the potential upside 
from new technology brings with it concerns about labor displacement - an echo of fears 
raised at technological turning points throughout history. Previous technological 
advancements were absorbed to the benefit of capital owners and the labor force alike, but 
the speed, scale and scope of automation and AI create the unique policy challenge of 
optimising both the level and spread of the economic gains. 

 

ESTIMATING THE POTENTIAL UPSIDE FOR GROWTH 

In the past, technological innovation transformed society and increased labor productivity in 
three key ways: replacing existing workers with machines and thus producing at least the 
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same output with fewer workers (e.g., refrigeration vs. the iceman); complementing existing 
workers’ jobs, boosting output per worker by automating some of their tasks (e.g., power 
tools); or, creating entirely new, higher productivity industries (e.g., computer software 
engineering), offsetting the displacement of workers by machines or replacing altogether 
industries that had been made obsolete. 

Many commentators focus on labor replacement, as it may be the most directly measurable 
impact of new technology - not to mention the subject of intense media attention and public 
debate. Driverless vehicles are a prominent example, offering a large potential upside to 
aggregate economic output from redeploying the nearly five million U.S. employees 
operating trucks, taxis and other ground transportation. If just half of these jobs were 
automated over the next 20 years and, critically, displaced workers were efficiently re-
employed elsewhere at average productivity, the incremental boost to GDP from driverless 
car automation alone would be almost 0.1%. It is also plausible that transportation volumes 
would increase, given lower costs. Of course, the assumption that labor is redeployed is 
central to the positive case - and some skeptics question whether this is possible when other 
comparably skilled jobs are also being automated. But ignore this for one moment and 
extend the replacement concept across the whole U.S. economy. If we assume the most 
extreme estimates of automation - such as Frey and Osborne’s projection that 47% of jobs are 
computerised⁴ - and make the exceedingly optimistic assumption that all of these individuals 
are redeployed into the workforce at average productivity, it would imply as much as a 3.5% 
per annum boost to GDP growth over 20 years. More moderate estimates - for example, 
studies from the McKinsey Global Institute and PwC - suggest GDP gains from automation of 
approximately 1% to 1.5%.⁵ 

These calculations apply primarily to replacing labor rather than complementing existing jobs 
or creating entirely new ones. Other technologies known to be in development - including 
advances in nanotechnology and bioengineering - could precipitate an entirely new wave 
of even greater productivity gains and potentially deeper disruption, including through these 
two channels. They may also create new opportunities for displaced labor, particularly as the 
pace of adoption of new technologies today is much faster than historically (Figure 4). 

The pace of adoption of recent technological innovations is 
speeding up compared with history, offering potential for new job 
functions to emerge. 

Figure 4:  U.S. technology, rate of adoption (%) 

 
Source:  Asymco, compiled from various sources with support of the Clayton 
Christensen Institute. Note: Estimated from current adoption trends. 
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RELATIVE WINNERS AND LOSERS, AND GROWTH ACCOUNTING 

This paper turns now to a discussion of the authors' Long-Term Capital Market Assumptions. At 
the heart of the LTCMA process are 10- to 15- year real GDP forecasts for major economies, 
based on a growth accounting framework (discussed below) that estimates potential growth 
over long periods by focusing on the supply side of the economy - that is, productive 
potential. That potential is divided into two components: total hours worked; and, labor 
productivity. Labor productivity is further subdivided into capital, skills and a residual total 
factor productivity (TFP).⁶ Technological progress drives GDP growth in developed economies 
most directly through TFP. In the LTCMAs, it is assumed that all developed market (DM) 
economies are operating at the “technological frontier", with the latest business practices 
and technology, such that TFP advances at roughly the same pace across all the DM 
economies. Emerging market (EM) economies, in contrast, are still catching up to the 
technological frontier and thus should experience faster TFP growth. 

Automation: The great leveler? 

In the growth accounting framework, the key challenge facing most developed markets is 
the decline in labor force growth due to aging and reduced birthrates. The most extreme 
example⁷ is Japan, where population decline subtracts 0.25% per annum from the long-term 
growth estimate (visible in the example calculation in Figure 5 as the product of 0.4% 
assumed shrinkage in the labor force and the 60% labor share in the economy).⁸  

Automation is a clear boost to total factor productivity growth, but 
the related labor impact must also be taken into account in 
estimating trend growth rates. 

Figure 4: Potential impact of technology on GDP growth, trend 
growth estimates, next 15 years 

  U.S EMU HP EM 
Capital input 1.7 1.5 0.8 5.3 

Assumed labor offset from automation   +0.2 +0.6   

Labor input 0.7 0.5 -0.3 1.8 

Labor force growth 0.5 -0.1 -0.4 0.6 

Hours 0.0 0.2 -0.1 0.0 

Human capital (skills) 0.2 0.4 0.2 1.3 

TFP 0.6 0.5 0.5 1.0 

Assumed TFP boost from automation 1.0 1.0 1.0 1.0 

Labor share 0.6 0.6 0.6 0.5 

Capital share 0.4 0.4 0.4 0.5 

Original trend 1.7 1.4 0.6 4.4 

Trend with TFP and labor impact 2.7 2.5 1.9 5.4 

Source: J.P. Morgan Asset Management. 
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In contrast, labor force growth in the U.S. adds 0.3 percentage point (ppt) per annum (again, 
assuming a 60% labor share in the economy). Simply put, just over half - nearly 0.6% - of the 
1.1% differential between the Japan and U.S. GDP growth assumptions is explained by the 
different trajectories of labor force growth. In aggregate, emerging markets are not 
expected to suffer labor force shrinkage over the LTCMA time horizon, but there are wide 
divergences among specific EM nations - for example, between India’s fast-growing labor 
force and Russia’s rapidly shrinking one.  

Automation has the potential to narrow these growth differences, offsetting shrinkage in the 
labor force. Thinking of technology in this way - as a means of making up the drop in labor 
force from population aging - would imply narrowing the spread in growth rates across 
developed economies. The calculation in Figure 5 simply assumes that increased automation 
exactly offsets the impact of any negative labor growth numbers,⁹ thereby shrinking resulting 
GDP growth differences. Clearly, this is somewhat speculative, and in reality there is no reason 
this could not go further. And while this would certainly be a boon to the affected 
economies, it would also raise the capital share in the economy at the expense of labor, an 
issue discussed in a later section, "Challenges for labor and consumers, and a changing role 
for government?". 

Automation: The end of the cheap labor advantage for emerging markets? 

What is the impact of automation on emerging economies? Note that globalisation has 
substantially benefited emerging markets, as the outsourcing of manufacturing from 
developed markets has offered a means to accumulate productive capital and develop a 
skilled workforce. Relatively cheap EM labor has sparked and sustained much of that 
outsourcing, but if factory automation reduces its appeal by reducing developed 
economies’ domestic production costs, current and future generations of EM economies 
might have to find new sources of economic growth. Additionally, emerging markets are also 
likely to receive relatively less of a productivity boost from automation, given that their still 
relatively lower labor costs diminish their incentive to automate.  

Overall, then, at least over the LTCMA horizon, the authors think automation will lead to a 
leveling of growth differences within both EM and DM economies, but also perhaps a small 
narrowing of the EM vs. DM growth advantage. 

  

GROWTH ASSUMPTIONS 

The more clear-cut impact of automation within the LTCMA growth accounting framework is 
to boost total factor productivity growth, analogous to faster technological progress. For 
simplicity’s sake, in the numerical example in Figure 5 this is represented this by just 
conservatively adding 1.0%, the bottom end of the range of most studies of the likely 
productivity impact from automation. While in this simple example, everyone benefits by the 
same total amount from the boost to TFP, clearly a 1.0% gain will feel much more meaningful 
in an economy with 0.5% trend growth than in one with 2% trend growth. However, 
implementing new technologies - such as investing in robots on the production line - might 
also be expected to appear in capital deepening.¹⁰ Further, to compete with automation, 
the human jobs of tomorrow will require increased education and thus skills deepening. Of 
these latter two factors, for simplicity in the numerical example, it only includes the impact 
from potential labor force replacement into faster capital growth.  

The overall impact on growth from these two aspects is as a leveler of differences. Picking the 
two extreme ends of the DM spectrum, in the example, the U.S. economy would go from 
growing almost three times as fast as Japan to growing slightly less than one-and-a-half times 
as fast. Similarly, the relative advantage of emerging markets over developed markets shrinks.
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Many of the effects described above reflect the potential upside to trend growth and paint a 
picture of an upper bound to the growth projections if all goes smoothly. However, the timing 
and extent of any economic boost is difficult to predict, and while optimistic that at least 
some of these gains will be realised, the authors are also keen to find tangible investing 
opportunities today around this theme. 

Where is technology most investible today? 

In an investing process founded on fundamental research, analysis is divided into key themes 
that focus on the dynamics that will be important drivers of asset prices over the medium 
term. Among those themes is the widespread adoption of existing and emerging 
technologies. Understanding how these key technologies impact industries and the economy 
may offer the greatest investment potential in the current environment: 

• Cloud computing is offering ubiquitous, flexible and on-demand access to a shared 
pool of computing resources. While delivering substantial cost savings, cloud 
computing is also fuelling a wave of start-ups ready to disrupt incumbent companies 
in the software industry.  

• The Internet of Things - the connection of non-computer devices, such as sensors, 
control systems, white goods and cars to the internet - will increase connectedness 
among people, processes and physical things, generating new business models, such 
as usage-based pricing in the insurance, telecommunications and energy sectors, as 
well as improving inventory control.  

• Artificial intelligence will enable machines to perform a wider range of tasks, from 
autonomous driving in commercial transportation to computer-assisted diagnosis in 
health care to robo-advising in the financial services sector.  

• Robotics will result in widespread automation and lead to increased productivity and 
competitiveness. Industrial companies will “re-shore” their manufacturing base, while 
retailers will fully automate the store experience with self-checkout and drone 
deliveries.  

• Blockchain technology could completely disintermediate the settlement and 
recordkeeping of transactions. Blockchain-enabled “smart contracts” will facilitate, 
verify and enforce the execution of contracts and reduce transaction costs. Central 
banks have flooded the streets with money. As economies recover and financial 
systems mend, this torrent could turn into a trickle. 

  

CHALLENGES FOR LABOR AND CONSUMERS, AND A CHANGING ROLE FOR GOVERNMENT? 

Reskilling the labor supply 

The growth accounting framework described above estimates potential growth over long 
periods by focusing on the supply side of the economy - that is, its productive potential. 
Embedded in that framework is the implicit assumption that displaced labor is smoothly 
redeployed, generally maintaining something close to full employment. However, one 
significant worry surrounding near-term technological advancement is the reduction in the 
number of human jobs available in the economy. Such concerns date back at least as far as 
the first industrial revolution. From the automation of textile manufacturing in the 19th 
century¹¹ to the recent digitisation of music and film,¹² new technology has sparked fears of 
job destruction - fears that have mainly proved unfounded.  

The base case is that this historical pattern will hold - at least over the 10- to 15-year forecast 
horizon - and that the labor force will continue to adapt. But this outcome depends crucially 
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on human skills keeping pace with technological advancement. Many past episodes of 
technological advancement were disruptive to specific industries or processes, in particular 
highly manual or labor-intensive activities. Reskilling or redeploying labor into other functions - 
or, indeed, new functions explicitly created with the new technology - generally prevented 
mass labor displacement and eventually boosted low skilled worker productivity.  

However, the impact of the current wave of automation has so far been skills-biased. That is, 
it has enhanced the productivity of highly skilled workers while undercutting the prospects for 
low skilled workers. The functions at greatest risk are still likely to be routine physical jobs that 
can be fully automated. These collectively account for 13% of U.S. wages and 18% of time 
spent in all U.S. occupations¹³ - affecting industries such as accommodation/food services 
and manufacturing. Going forward, the data computing and processing powers of emerging 
technologies will put many routine, non-physical jobs at risk, including white collar 
administrative functions that span industries. The jobs least vulnerable to technological 
disruption are likely to be non-physical and non-routine and generally include functions that 
require interpersonal skills and expertise—a core human element in many sales, 
communications, artistic, cultural, health care or management jobs.  

All of the above only serves to emphasise the importance of skills deepening through 
education and retraining (Figure 6 overpage). In the past, this has allowed workers to benefit 
from technological innovation. Further, it has made it possible for economies and the labor 
force to flourish through successive episodes of disruptive technology, from Jethro Tull's¹⁴ seed 
drill to the internet. The future needn’t be dominated by machines or humans; in an optimal 
world, machine and human will productively coexist. Case in point - chess players and chess 
supercomputers. In The Second Machine Age, McAfee and Brynjolfsson note that although 
even chess grandmasters now have no realistic hope of beating the best chess 
supercomputers, an average chess player in combination with an average chess program 
can still prevail. Training displaced workers to function in combination with technology seems 
an obvious step in skills deepening. But, paradoxically, urging human workers to be more 
human might also enable them to keep their grip on functions that will probably remain 
beyond the scope of automation and AI - at least, in the intermediate term. 

Government will play an important role in providing skills, training and education, but its track 
record in this area has been patchy, at least in part because it is difficult to keep educational 
content relevant in a fast-changing global economy. Given companies’ role as the driving 
force of many of these changes, there is scope for innovation around tax structure and other 
incentives - such as the accounting treatment of corporate investment in human skills - to 
motivate companies to promote skills deepening and help optimise processes that combine 
human and machine labor. 
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In the past, skills deepening through education and retraining 
allowed workers to benefit from technology, but widespread 
automation across many sectors at once creates a challenge to 
lower skilled workers that is already apparent in labor data. 

Figure 6:  Labor force participation by educational attainment vs. 
number of industrial robots 

 
Source:  Bureau of Labor Statistics Current Population Survey; Council of 
Economic Advisers calculations as of June 2016; International Federation of 
Robotics as of August 2017. 

 
Maintaining consumer demand 

Prior sections of this paper have focused on technology’s impact on the supply side of the 
economy. It now shifts perspective to a consideration of the economy’s demand side.  

One of the main threats from workforce automation is that a greater share of output, all else 
equal, is likely to accrue to a concentrated group of capital holders rather than more evenly 
to labor as wages. This risks increasing inequality and may weigh on consumer demand 
(Figures 7 and 8).¹⁵ From an individual firm’s perspective, it might be profitable to replace a 
human worker with a robot, but that robot will not need the shampoo, coffee, mortgage 
advice and myriad other consumer goods and services that its displaced human equivalent 
once did. Simply put, looking at the economy in aggregate, we must acknowledge that one 
sector’s displaced labor may be another’s disenfranchised consumers. 

The notion that economic demand, especially consumption, will keep pace with the 
potential levels of production that automation might allow cannot be taken for granted if 
those consumers have fewer jobs or lower salaries. For this reason, we believe that the policy 
debate will focus on two key areas: first, the new roles and responsibilities government may 
need to assume in maintaining the purchasing power of consumers, and by extension the 
demand side of the economy; and second, incentivizing education and reskilling the broad 
workforce to rapidly adapt to new technologies and fulfill new job functions. As we explain in 
the following section, proactive policies to prepare the labor force for emerging technologies 
are set to be important in maintaining social and political stability as automation and AI 
become more widespread. 

This potential threat to demand is not the only contentious subject for governments, as it 
relates to a declining labor share of income. Even if the workforce doesn’t face imminent 
decline - and with employment statistics¹⁶ showing quite the opposite, this isn’t an immediate 
risk - the level of real wages and the labor share of the economy are already displaying 
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worrying trends. In particular, real wage stagnation, growing inequality and a diminished 
range of job opportunities appear to be stoking resentment in some quarters. The recent rise 
in populism across developed economies - the vote share for populist fringe political parties is 
at its highest point since the 1930s¹⁷ - points to challenges that a disaffected labor force might 
create. Thus far, anger has been directed mostly at the forces of globalization, especially 
corporate outsourcing (often decried as “sending jobs overseas”).We have yet to see a 
wave of 21st-century Luddism directed at automation, but should the object of populist ire 
shift that way, it will create a significant policy challenge of maximising the positive impact of 
technology and minimising its potentially disruptive effects. 

The level of real wages and the labor share of the economy are 
already displaying worrying trends, particularly given that the lowest 
income brackets spend the greatest share of their income on 
consumption. 

Figure 7:  U.S. pre-tax income by income quintile  
(Index, 1990=100) 

 
Source: Bureau of Labor Statistics Consumer Expenditure Survey; data as of 
Aug 2017. 

 
Figure 8: Marginal propensity to consume by income quintile* 

 
Source:  Bureau of Labor Statistics Consumer Expenditure Survey; data as of 
Aug 2017. *Marginal propensity to consume = avg expenditure / pre-tax 
income. 
 



 

© Portfolio Construction Forum 2018   12 
www.portfolioconstructionforum.edu.au/perspectives 

The history of technological progress shows that productivity gains have typically raised the 
demand for labor, not destroyed it. However, the scale and speed of today’s technological 
changes mean we can’t take a repeat of this outcome for granted, and that policymakers 
have a role to play to encourage a continuation of this trend. Economies operate most 
efficiently when incentives are aligned and capital and labor are in equilibrium. Extreme 
policy in any direction will likely fail - a pure laissez-faire approach risks persistent wage 
pressure and swelling populism, while excessive redistribution risks capital flight. The authors 
expect governments to avoid both extremes and play a generally positive role, deploying a 
range of policies to help ensure that the economic benefits of automation and AI are widely 
spread.  

The precise policy prescription will ultimately depend on how emerging technologies reshape 
the labor market. Where automation augments human labor, the policy imperatives are likely 
to be reskilling and retooling labor. But if automation substitutes for human labor, then the 
policy imperatives might shift more to redistribution in order to keep capital and labor in 
balance and, more crucially, to prevent a drop in demand. Figure 9 presents upside and 
downside scenarios of the economic impact of automation. 

Productivity gains have historically raised the demand for labor. But 
the scale and speed of today’s technological changes mean we 
can’t take a repeat of this outcome for granted 

Figure 9: Upside and downside scenarios of the economic impact of 
automation 

Source: Richard Baldwin, The Great Convergence: Information Technology 
and the New Globalization, Harvard University Press, 2016; J.P. Morgan Asset 
Management. 

  

IMPLICATIONS FOR THE LTCMA FORECASTS 

Technological change - especially automation and AI - is likely to have profound effects on 
the global economy over the long term. We are often struck by how rapidly new technology 
is being developed and adopted. The early effects - at least over the 10- to 15-year forecast 
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horizon of the LTCMAs - will probably accrue slowly. Nevertheless, the groundwork for more 
substantial changes to the economy will be laid. If automation and AI provide the kind of 
productivity boost suggested by a range of studies, including those from PwC and the 
McKinsey Global Institute, of 1%-1.5%, and technology also essentially offsets population 
decline in some developed nations, then annualised DM growth and equity returns could be 
more than a full percentage point higher than currently assumed. Moreover, the dispersion in 
equity return between developed and emerging markets has scope to narrow meaningfully. 

The effect on equilibrium interest rates, however, may be more nuanced. While higher 
productivity and better growth might increase equilibrium yields, at the same time reduced 
labor bargaining power would likely keep inflation in check, which could reduce equilibrium 
yields. On balance, the baseline assumption is that these forces will roughly offset, so 
equilibrium rates are expected to be little changed. But even then, the 1% to 1.5% boost to 
potential equity returns could meaningfully increase 60/40 returns as automation and AI 
become more widespread in the next 10 to 15 years.  

This is, of course, a rosy view, but it does set a reasonable upper bound to the impact of 
technology on the economy and asset returns over the forecast horizon. By contrast, should 
automation and AI start to displace labor and reduce wage growth, it would potentially 
offset some of the boost from productivity - in turn, weighing on nominal growth forecasts and 
equilibrium interest rates, and bringing equity returns back down toward, or even below, the 
base case estimates.  

Ultimately, modeling the impact of technology on productivity, the labor force, the economy 
and government policy is an issue of extraordinary complexity. Paradoxically, we might need 
to wait for a sufficiently advanced level of artificial intelligence to truly understand it. 
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3. Moore’s law is the empirical observation that the number of transistors in an integrated 
circuit - closely related to computational performance - has for several decades doubled 
approximately every two years. 

4. Carl Frey and Michael Osborne, University of Oxford, “The future of employment: How 
susceptible are jobs to computerisation?” (September 17, 2013). 

5. The McKinsey Global Institute estimates 0.8% to 1.4%; PwC sees a 14% boost to world GDP 
by 2030, approximately 1.5% per annum. 

6. This framework is analogous to the widely used Cobb-Douglas production function, which 
represents output given two or more inputs (e.g., capital, labor). 

7. Europe is also challenged, but to a much smaller degree over the LTCMA time frame. 

8. The impact is also negative in the euro area, but much smaller. 

9. Therefore, this only affects Japan and the euro area in the example. Note that given the 
60/40 labor-to-capital shares in the economy, the boost to capital growth required to offset a 
given labor shrinkage is 1.5x larger. 

10. Increased capital per worker. 
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11. The Luddite rebellion of 1811-13 was driven by fears that new weaving machines would 
lead to mass unemployment of textile workers. 

12. CD sales fell from almost 800 million in 2000 to just 150 million in 2016 as music streaming 
took over from conventional album sales (gloriousnoise.com, Nielsen music via Billboard). 

13. McKinsey Global Institute, “A future that works: Automation, employment, and 
productivity.” 

14. Viscount Jethro Tull developed the seed drill in 1701; it is credited as the first major 
automation in agriculture. 

15. The important subject of income inequality is beyond the scope of this paper. 

16. Prevailing labor data in the U.S. show the lowest level of unemployment since 2001 and 
robust demand for labor in most industries. 

17. Bridgewater Associates and Lombard Street Research. 
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management. A manager’s ability to achieve similar outcomes is subject to risk factors over which the 
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J.P. Morgan Asset Management is the brand for the asset management business of JPMorgan Chase & 
Co. and its affiliates worldwide. This communication is issued by the following entities: in the United 
Kingdom by JPMorgan Asset Management (UK) Limited, which is authorised and regulated by the 
Financial Conduct Authority; in other European jurisdictions by JPMorgan Asset Management (Europe) 
S.à r.l.; in Hong Kong by JF Asset Management Limited, or JPMorgan Funds (Asia) Limited, or JPMorgan 
Asset Management Real Assets (Asia) Limited; in Singapore by JPMorgan Asset Management 
(Singapore) Limited (Co. Reg. No. 197601586K), or JPMorgan Asset Management Real Assets 
(Singapore) Pte Ltd (Co. Reg. No. 201120355E); in Taiwan by JPMorgan Asset Management (Taiwan) 
Limited; in Japan by JPMorgan Asset Management (Japan) Limited which is a member of the 
Investment Trusts Association, Japan, the Japan Investment Advisers Association, Type II Financial 
Instruments Firms Association and the Japan Securities Dealers Association and is regulated by the 
Financial Services Agency (registration number “Kanto Local Finance Bureau (Financial Instruments Firm) 
No. 330”); in Korea by JPMorgan Asset Management (Korea) Company Limited; in Australia to 
wholesale clients only as defined in section 761A and 761G of the Corporations Act 2001 (Cth) by 
JPMorgan Asset Management (Australia) Limited (ABN 55143832080) (AFSL 376919); in Brazil by Banco 
J.P. Morgan S.A.; in Canada for institutional clients’ use only by JPMorgan Asset Management (Canada) 
Inc., and in the United States by JPMorgan Distribution Services Inc. and J.P. Morgan Institutional 
Investments, Inc., both members of FINRA/SIPC.; and J.P. Morgan Investment Management Inc.  

Copyright 2017 JPMorgan Chase & Co. All rights reserved.  

LV–JPM50445 | 10/17 | 0903c02a81f86cb6 

 
John Bilton, CFA, is Head of Global Multi-Asset Strategy, Multi-Asset Solutions with JP Morgan 
Asset Management. Shrenick Shah is Portfolio Manager, Multi-Asset Solutions; Patrik Schowitz, 
CFA, is Global Strategist, Multi-Asset Solutions; Michael Albrecht, CFA is Global Strategist, 
Multi-Asset Solutions; and Brian Bovino is Associate, Multi-Asset Solutions.   

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


