Chapter 20
Economic Growth

Introduction to Economic Growth

Every country worries about economic growth. In the United States and other high-income countries,
the question is whether economic growth continues to provide the same remarkable gains in our
standard of living as it did during the twentieth century. Meanwhile, can middle-income countries like
Brazil, Egypt, or Poland catch up to the higher-income countries, or must they remain in the second tier
of per capita income? Of the world’s population of roughly 7.5 billion people, about 1.1 billion are
scraping by on incomes that average less than $2 per day, not that different from the standard of living
2,000 years ago. Can the world’s poor be lifted from their fearful poverty? As the 1995 Nobel laureate in
economics, Robert E. Lucas Jr., once noted: “The consequences for human welfare involved in questions
like these are simply staggering: Once one starts to think about them, it is hard to think about anything
else.”

Dramatic improvements in a nation’s standard of living are possible. After the Korean War in
the late 1950s, the Republic of Korea, often called South Korea, was one of the poorest
economies in the world. Most South Koreans worked in peasant agriculture. According to the
British economist Angus Maddison, who devoted life’s work to measuring GDP and population
in the world economy, GDP per capita in 1990 international dollars was $854 per year. From the
1960s to the early twenty-first century, a time period well within the lifetime and memory of
many adults, the South Korean economy grew rapidly. Over these four decades, GDP per capita
increased by more than 6% per year. According to the World Bank, GDP for South Korea now
exceeds $30,000 in nominal terms, placing it firmly among high-income countries like Italy, New
Zealand, and Israel. Measured by total GDP in 2015, South Korea is the eleventh-largest
economy in the world. For a nation of 50 million people, this transformation is extraordinary.

South Korea is a standout example, but it is not the only case of rapid and sustained economic
growth. Other East Asian nations, like Thailand and Indonesia, have seen very rapid growth as
well. China has grown enormously since it enacted market-oriented economic reforms around
1980. GDP per capita in high-income economies like the United States also has grown
dramatically albeit over a longer time frame. Since the Civil War, the U.S. economy has
transformed from a primarily rural and agricultural economy to an economy based on services,
manufacturing, and technology.

20.1 The Relatively Recent Arrival of Economic Growth

Let’s begin with a brief overview of spectacular economic growth patterns around the world in
the last two centuries. We commonly refer to this as the period of modern economic growth.
(Later in the chapter we will discuss lower economic growth rates and some key ingredients for
economic progress.) Rapid and sustained economic growth is a relatively recent experience for
the human race. Before the last two centuries, although rulers, nobles, and conquerors could
afford some extravagances and although economies rose above the subsistence level, the
average person’s standard of living had not changed much for centuries.
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Progressive, powerful economic and institutional changes started to have a significant effect in
the late eighteenth and early nineteenth centuries. According to the Dutch economic

historian Jan Luiten van Zanden, slavery-based societies, favorable demographics, global trading
routes, and standardized trading institutions that spread with different empires set the stage
for the Industrial Revolution to succeed. The Industrial Revolution refers to the widespread use
of power-driven machinery and the economic and social changes that resulted in the first half
of the 1800s. Ingenious machines—the steam engine, the power loom, and the steam
locomotive—performed tasks that otherwise would have taken vast numbers of workers to do.
The Industrial Revolution began in Great Britain, and soon spread to the United States,
Germany, and other countries.

The jobs for ordinary people working with these machines were often dirty and dangerous by
modern standards, but the alternative jobs of that time in peasant agriculture and small-village
industry were often dirty and dangerous, too. The new jobs of the Industrial Revolution
typically offered higher pay and a chance for social mobility. A self-reinforcing cycle began: New
inventions and investments generated profits, the profits provided funds for more new
investment and inventions, and the investments and inventions provided opportunities for
further profits. Slowly, a group of national economies in Europe and North America emerged
from centuries of sluggishness into a period of rapid modern growth. During the last two
centuries, the average GDP growth rate per capita in the leading industrialized countries has
been about 2% per year. What were times like before then? Read the following Clear It Up
feature for the answer.

The Industrial Revolution led to increasing inequality among nations. Some economies took off,
whereas others, like many of those in Africa or Asia, remained close to a subsistence standard
of living. General calculations show that the 17 countries of the world with the most-developed
economies had, on average, 2.4 times the GDP per capita of the world’s poorest economies in
1870. By 1960, the most developed economies had 4.2 times the GDP per capita of the poorest
economies.

However, by the middle of the twentieth century, some countries had shown that catching up
was possible. Japan’s economic growth took off in the 1960s and 1970s, with a growth rate of
real GDP per capita averaging 11% per year during those decades. Certain countries in Latin
America experienced a boom in economic growth in the 1960s as well. In Brazil, for example,
GDP per capita expanded by an average annual rate of 11.1% from 1968 to 1973. In the 1970s,
some East Asian economies, including South Korea, Thailand, and Taiwan, saw rapid growth. In
these countries, growth rates of 11% to 12% per year in GDP per capita were not uncommon.
More recently, China, with its population of nearly 1.4 billion people, grew at a per capita rate
9% per year from 1984 into the 2000s and still average high rates of growth (more than 5%
today). India, with a population of 1.4 billion, has shown promising signs of economic growth,
with growth in GDP per capita of about 4% per year during the 1990s and climbing toward 7%
to 8% per year in the 2000s and 2010s.
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These waves of catch-up economic growth have not reached all shores. In certain African
countries like Niger, Tanzania, and Sudan, for example, GDP per capita at the start of the 2000s
was still less than $300, not much higher than it was in the nineteenth century and for centuries
before that. In the context of the overall situation of low-income people around the world, the
good economic news from China (population: 1.4 billion) and India (population: 1.3 billion) is,
nonetheless, astounding and heartening.

Economic growth in the last two centuries has made a striking change in the human
condition. Richard Easterlin, an economist at the University of Southern California, wrote in
2000:

By many measures, a revolution in the human condition is sweeping the world. Most people
today are better fed, clothed, and housed than their predecessors two centuries ago. They are
healthier, live longer, and are better educated. Women’s lives are less centered on
reproduction and political democracy has gained a foothold. Although Western Europe and its
offshoots have been the leaders of this advance, most of the less developed nations have
joined in during the 20th century, with the newly emerging nations of sub-Saharan Africa the
latest to participate. Although the picture is not one of universal progress, it is the greatest
advance in the human condition of the world’s population ever achieved in such a brief span of
time.

Rule of Law and Economic Growth

Economic growth depends on many factors. Key among those factors is adherence to the rule
of law and protection of property rights and contractual rights by a country’s government so
that markets can work effectively and efficiently. Laws must be clear, public, fair, enforced, and
equally applicable to all members of society. Property rights, as you might recall

from Environmental Protection and Negative Externalities are the rights of individuals and firms
to own property and use it as they see fit. If you have $100, you have the right to use that
money, whether you spend it, lend it, or keep it in a jar. It is your property. The definition of
property includes physical property as well as the right to your training and experience,
especially since your training is what determines your livelihood. Using this property includes
the right to enter into contracts with other parties with your property. Individuals or firms must
own the property to enter into a contract.

Contractual rights, then, are based on property rights and they allow individuals to enter into
agreements with others regarding the use of their property providing recourse through the
legal system in the event of noncompliance. One example is the employment agreement: a
skilled surgeon operates on an ill person and expects payment. Failure to pay would constitute
property theft by the patient. The theft is property the services that the surgeon provided. In a
society with strong property rights and contractual rights, the terms of the patient—surgeon
contract will be fulfilled, because the surgeon would have recourse through the court system to
extract payment from that individual. Without a legal system that enforces contracts, people
would not be likely to enter into contracts for current or future services because of the risk of
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non-payment. This would make it difficult to transact business and would slow economic
growth.

The World Bank considers a country’s legal system effective if it upholds property rights and
contractual rights. The World Bank has developed a ranking system for countries’ legal systems
based on effective protection of property rights and rule-based governance using a scale from 1
to 6, with 1 being the lowest and 6 the highest rating. In 2020, the world average ranking was
2.9. The three countries with the lowest ranking of 1.0 were Somalia and Eritrea, with South
Sudan at 1.5. Their GDP per capita was $875, $1,625, and $1,234.70 respectively. The World
Bank also cites Afghanistan (GDP per capita $2,087.60) as having a low standard of living, weak
government structure, and lack of adherence to the rule of law, which has stymied its economic
growth. The landlocked Central African Republic (GDP per capita $979.60) has poor economic
resources as well as political instability and is a source of children used in human trafficking.
Zimbabwe (GDP per capita $2,895.40) has had declining and often negative growth for much of
the period since 1998. Land redistribution and price controls have disrupted the economy, and
corruption and violence have dominated the political process. Although global economic
growth has increased, those countries lacking a clear system of property rights and an
independent court system free from corruption have lagged far behind.

20.2 Labor Productivity and Economic Growth

Sustained long-term economic growth comes from increases in worker productivity, which
essentially means how well we do things. In other words, how efficient is your nation with its
time and workers? Labor productivity is the value that each employed person creates per unit
of their input. The easiest way to comprehend labor productivity is to imagine a Canadian
worker who can make 10 loaves of bread in an hour versus a U.S. worker who in the same hour
can make only two loaves of bread. In this fictional example, the Canadians are more
productive. More productivity essentially means you can do more in the same amount of time.
This in turn frees up resources for workers to use elsewhere.

What determines how productive workers are? The answer is pretty intuitive. The first
determinant of labor productivity is human capital. Human capital is the accumulated
knowledge (from education and experience), skills, and expertise that the average worker in an
economy possesses. Typically, the higher the average level of education in an economy, the
higher the accumulated human capital and the higher the labor productivity.

The second factor that determines labor productivity is technological change. Technological
change is a combination of invention—advances in knowledge—and innovation, which is
putting those advances to use in a new product or service. For example, the transistor was
invented in 1947. It allowed us to miniaturize the footprint of electronic devices and use less
power than the tube technology that came before it. Innovations since then have produced
smaller and better transistors that are ubiquitous in products as varied as smart-phones,
computers, and escalators. Developing the transistor has allowed workers to be anywhere with
smaller devices. People can use these devices to communicate with other workers, measure
product quality or do any other task in less time, improving worker productivity.
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The third factor that determines labor productivity is economies of scale. Recall that economies
of scale are the cost advantages that industries obtain due to size. (Read more about
economies of scale in Production, Cost and Industry Structure.) Consider again the case of the
fictional Canadian worker who could produce 10 loaves of bread in an hour. If this difference in
productivity was due only to economies of scale, it could be that the Canadian worker had
access to a large industrial-size oven while the U.S. worker was using a standard residential size
oven.

Now that we have explored the determinants of worker productivity, let’s turn to how
economists measure economic growth and productivity.

Sources of Economic Growth: The Aggregate Production Function

To analyze the sources of economic growth, it is useful to think about a production function,
which is the technical relationship by which economic inputs like labor, machinery, and raw
materials are turned into outputs like goods and services that consumers use. A microeconomic
production function describes a firm's or perhaps an industry's inputs and outputs. In
macroeconomics, we call the connection from inputs to outputs for the entire economy

an aggregate production function.

Components of the Aggregate Production Function

Economists construct different production functions depending on the focus of their

studies. Figure 20.2 presents two examples of aggregate production functions. In the first
production function in Figure 20.2 (a), the output is GDP. The inputs in this example are
workforce, human capital, physical capital, and technology. We discuss these inputs further in
the module, Components of Economic Growth.

Workforce
Human N
capital w
GDP
Physical A
capital A_//)
Technology

a) Aggregate production function with GDP as its output
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(b) Aggregate production function with GDP per capita as its output

Figure 20.2 Aggregate Production Functions An aggregate production function shows what
goes into producing the output for an overall economy. (a) This aggregate production function
has GDP as its output. (b) This aggregate production function has GDP per capita as its output.
Because we calculate it on a per-person basis, we already figure the labor input into the other
factors and we do not need to list it separately.

Measuring Productivity

An economy’s rate of productivity growth is closely linked to the growth rate of its GDP per
capita, although the two are not identical. For example, if the percentage of the population
who holds jobs in an economy increases, GDP per capita will increase but the productivity of
individual workers may not be affected. Over the long term, the only way that GDP per capita
can grow continually is if the productivity of the average worker rises or if there are
complementary increases in capital.

A common measure of U.S. productivity per worker is dollar value per hour the worker
contributes to the employer’s output. This measure excludes government workers, because
their output is not sold in the market and so their productivity is hard to measure. It also
excludes farming, which accounts for only a relatively small share of the U.S. economy. Figure
20.3 shows an index of output per hour, with 2012 as the base year (when the index equals
100). The index equaled 110.5 in 2020. In 1977, the index equaled about 50, which shows that
workers have more than doubled their productivity since then.
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Figure 20.3 Output per Hour Worked in the U.S. Economy, 1947-2020 Output per hour
worked is a measure of worker productivity. In the U.S. economy, worker productivity rose
more quickly in the 1960s and the mid-1990s compared with the 1970s and 1980s. However,
these growth-rate differences are only a few percentage points per year. Look carefully to see
them in the changing slope of the line. The average U.S. worker produced over twice as much
per hour in 2020 than they did in the 1970s. (Source: U.S. Department of Labor, Bureau of
Labor Statistics.)

A graph has an X-axis with years progressing from 1955 to 2020 and a Y axis labeled Percent
Change at Annual Rate. The graphed data moves up and down across a zero line indicating
change year over year. In 1970, 1974, 1981, 1983, 2008, and 2020, the rate was quite low, as
the U.S. was undergoing recessions.

According to the Department of Labor, U.S. productivity growth was fairly strong in the 1950s
but then declined in the 1970s and 1980s before rising again in the second half of the 1990s
and the first half of the 2000s. In fact, the rate of productivity measured by the change in
output per hour worked averaged 2.8% per year from 1947 to 1973; dropped to 1.2% per year
from 1973 to 1979; increased to 1.5% per year from 1979 to 1990; increased again to 2.2%
from 1990 to 2000; increased even more to 2.7% from 2000 to 2007; and then decreased to
1.4% from 2007 to 2020 Figure 20.4 shows average annual rates of productivity growth
averaged over time since 1947.
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Figure 20.4 Productivity Growth Since 1947 U.S. growth in worker productivity was very high
between 1947 and 1973. It then declined to lower levels in the later 1970s and the 1980s. The
late 1990s and early 2000s saw productivity rebound, but then productivity sagged a bit
between 2001 and 2020. Some think the productivity rebound of the late 1990s and early
2000s marks the start of a “new economy” built on higher productivity growth, but we cannot
determine this until more time has passed. (Source: U.S. Department of Labor, Bureau of Labor
Statistics.)

The “New Economy” Controversy

In recent years a controversy has been brewing among economists about the resurgence of U.S.
productivity in the second half of the 1990s. One school of thought argues that the United
States had developed a “new economy” based on the extraordinary advances in
communications and information technology of the 1990s. The most optimistic proponents
argue that it would generate higher average productivity growth for decades to come. The
pessimists, alternatively, argue that even five or ten years of stronger productivity growth does
not prove that higher productivity will last for the long term. It is hard to infer anything about
long-term productivity trends during the later part of the 2000s, because the steep 2008-2009
recession, with its sharp but not completely synchronized declines in output and employment,
complicates any interpretation. While productivity growth was high in 2009 and 2010 (around
3%), it has slowed down over the last decade.

Productivity growth is also closely linked to the average level of wages. Over time, the amount
that firms are willing to pay workers will depend on the value of the output those workers
produce. If a few employers tried to pay their workers less than what those workers produced,
then those workers would receive offers of higher wages from other profit-seeking employers.
If a few employers mistakenly paid their workers more than what those workers produced,
those employers would soon end up with losses. In the long run, productivity per hour is the
most important determinant of the average wage level in any economy.

The Power of Sustained Economic Growth

Nothing is more important for people’s standard of living than sustained economic growth.
Even small changes in the rate of growth, when sustained and compounded over long periods
of time, make an enormous difference in the standard of living. Consider Table 20.3, in which
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the rows of the table show several different rates of growth in GDP per capita and the columns
show different periods of time. Assume for simplicity that an economy starts with a GDP per
capita of 100. The table then applies the following formula to calculate what GDP will be at the
given growth rate in the future:

GDP at starting date x (1 + growth rate of GDP) Y°** = GDP at end date

For example, an economy that starts with a GDP of 100 and grows at 3% per year will reach a
GDP of 209 after 25 years; that is, 100 (1.03)?°> = 209.

The slowest rate of GDP per capita growth in the table, just 1% per year, is similar to what the
United States experienced during its weakest years of productivity growth. The second highest
rate, 3% per year, is close to what the U.S. economy experienced during the strong economy of
the late 1990s and into the 2000s. Higher rates of per capita growth, such as 5% or 8% per year,
represent the experience of rapid growth in economies like Japan, Korea, and China.

Table 20.3 shows that even a few percentage points of difference in economic growth rates will
have a profound effect if sustained and compounded over time. For example, an economy
growing at a 1% annual rate over 50 years will see its GDP per capita rise by a total of 64%, from
100 to 164 in this example. However, a country growing at a 5% annual rate will see (almost)
the same amount of growth—from 100 to 163—over just 10 years. Rapid rates of economic
growth can bring profound transformation. (See the following Clear It Up feature on the
relationship between compound growth rates and compound interest rates.) If the rate of
growth is 8%, young adults starting at age 20 will see the average standard of living in their
country more than double by the time they reach age 30, and grow more than sixfold by the
time they reach age 45.

Growth Value of an original Value of an original Value of an original
Rate 100 in 10 Years 100 in 25 Years 100 in 50 Years

1% 110 128 164

3% 134 209 438

5% 163 339 1,147

8% 216 685 4,690

Table 20.3 Growth of GDP over Different Time Horizons

20.3 Components of Economic Growth
Over decades and generations, seemingly small differences of a few percentage points in the
annual rate of economic growth make an enormous difference in GDP per capita. In this
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module, we discuss some of the components of economic growth, including physical capital,
human capital, and technology.

The category of physical capital includes the plant and equipment that firms use as well as
things like roads (also called infrastructure). Again, greater physical capital implies more
output. Physical capital can affect productivity in two ways: (1) an increase in the quantity of
physical capital (for example, more computers of the same quality); and (2) an increase in

the quality of physical capital (same number of computers but the computers are faster, and so
on). Human capital refers to the skills and knowledge that make workers productive. Human
capital and physical capital accumulation are similar: In both cases, investment now pays off in
higher productivity in the future.

The category of technology is the “joker in the deck.” Earlier we described it as the combination
of invention and innovation. When most people think of new technology, the invention of new
products like the laser, the smartphone, or some new wonder drug come to mind. In food
production, developing more drought-resistant seeds is another example of technology.
Technology, as economists use the term, however, includes still more. It includes new ways of
organizing work, like the invention of the assembly line, new methods for ensuring better
quality of output in factories, and innovative institutions that facilitate the process of
converting inputs into output. In short, technology comprises all the advances that make the
existing machines and other inputs produce more, and at higher quality, as well as altogether
new products.

It may not make sense to compare the GDPs of China and say, Benin, simply because of the
great difference in population size. To understand economic growth, which is really concerned
with the growth in living standards of an average person, it is often useful to focus on GDP per
capita. Using GDP per capita also makes it easier to compare countries with smaller numbers of
people, like Belgium, Uruguay, or Zimbabwe, with countries that have larger populations, like
the United States, the Russian Federation, or Nigeria.

To obtain a per capita production function, divide each input in Figure 20.2(a) by the
population. This creates a second aggregate production function where the output is GDP per
capita (that is, GDP divided by population). The inputs are the average level of human capital
per person, the average level of physical capital per person, and the level of technology per
person—see Figure 20.2(b). The result of having population in the denominator is
mathematically appealing. Increases in population lower per capita income. However,
increasing population is important for the average person only if the rate of income growth
exceeds population growth. A more important reason for constructing a per capita production
function is to understand the contribution of human and physical capital.

Capital Deepening
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When society increases the level of capital per person, we call the result capital deepening. The
idea of capital deepening can apply both to additional human capital per worker and to
additional physical capital per worker.

Recall that one way to measure human capital is to look at the average levels of education in an
economy. Figure 20.5 illustrates the human capital deepening for U.S. workers by showing that
the proportion of the U.S. population with a high school and a college degree is rising. As
recently as 1970, for example, only about half of U.S. adults had at least a high school diploma.
By the start of the twenty-first century, more than 80% of adults had graduated from high
school. The idea of human capital deepening also applies to the years of experience that
workers have, but the average experience level of U.S. workers has not changed much in recent
decades. Thus, the key dimension for deepening human capital in the U.S. economy focuses
more on additional education and training than on a higher average level of work experience.
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Figure 20.5 Human Capital Deepening in the U.S. Rising levels of education for persons 25 and
older show the deepening of human capital in the U.S. economy. Even today, under one-third
of U.S. adults have completed a four-year college degree. There is clearly room for additional
deepening of human capital to occur. (Source: Penn World Tables, 10.0
https://www.rug.nl/ggdc/productivity/pwt/?lang=en)

Figure 20.6 shows physical capital deepening in the U.S. economy. The average U.S. worker in
the late 2000s was working with physical capital worth almost three times as much as that of
the average worker of the early 1950s.
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Figure 20.6 Physical Capital per Worker in the United States The value of the physical capital,
measured by plant and equipment, used by the average worker in the U.S. economy has risen
over the decades. The increase may have leveled off a bit in the 1970s and 1980s, which were,
not coincidentally, times of slower-than-usual growth in worker productivity. We see a renewed
increase in physical capital per worker in the late 1990s, followed by a flattening in the early
2000s. (Source: Center for International Comparisons of Production, Income and Prices,
University of Pennsylvania)

Not only does the current U.S. economy have better-educated workers with more and
improved physical capital than it did several decades ago, but these workers have access to
more advanced technologies. Growth in technology is impossible to measure with a simple line
on a graph, but evidence that we live in an age of technological marvels is all around us—
discoveries in genetics and in the structure of particles, the wireless internet, and other
inventions almost too numerous to count. The U.S. Patent and Trademark Office typically has
issued more than 150,000 patents annually in recent years.

This recipe for economic growth—investing in labor productivity, with investments in human
capital and technology, as well as increasing physical capital—also applies to other economies.
South Korea, for example, already achieved universal enrollment in primary school (the
equivalent of kindergarten through sixth grade in the United States) by 1965, when Korea’s GDP
per capita was still near its rock bottom low. By the late 1980s, Korea had achieved almost
universal secondary school education (the equivalent of a high school education in the United
States). With regard to physical capital, Korea’s rates of investment had been about 15% of GDP
at the start of the 1960s, but doubled to 30-35% of GDP by the late 1960s and early 1970s.
With regard to technology, South Korean students went to universities and colleges around the
world to obtain scientific and technical training, and South Korean firms reached out to study
and form partnerships with firms that could offer them technological insights. These factors
combined to foster South Korea’s high rate of economic growth.

Growth Accounting Studies
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Since the late 1950s, economists have conducted growth accounting studies to determine the
extent to which physical and human capital deepening and technology have contributed to
growth. The usual approach uses an aggregate production function to estimate how much of
per capita economic growth can be attributed to growth in physical capital and human capital.
We can measure these two inputs at least roughly. The part of growth that is unexplained by
measured inputs, called the residual, is then attributed to growth in technology. The exact
numerical estimates differ from study to study and from country to country, depending on how
researchers measured these three main factors and over what time horizons. For studies of the
U.S. economy, three lessons commonly emerge from growth accounting studies.

First, technology is typically the most important contributor to U.S. economic growth. Growth
in human capital and physical capital often explains only half or less than half of the economic
growth that occurs. New ways of doing things are tremendously important.

Second, while investment in physical capital is essential to growth in labor productivity and GDP
per capita, building human capital is at least as important. Economic growth is not just a matter
of more machines and buildings. One vivid example of the power of human capital and
technological knowledge occurred in Europe in the years after World War 11 (1939-1945).
During the war, a large share of Europe’s physical capital, such as factories, roads, and vehicles,
was destroyed. Europe also lost an overwhelming amount of human capital in the form of
millions of men, women, and children who died during the war. However, the powerful
combination of skilled workers and technological knowledge, working within a market-oriented
economic framework, rebuilt Europe’s productive capacity to an even higher level within less
than two decades.

A third lesson is that these three factors of human capital, physical capital, and technology work
together. Workers with a higher level of education and skills are often better at coming up with
new technological innovations. These technological innovations are often ideas that cannot
increase production until they become a part of new investment in physical capital. New
machines that embody technological innovations often require additional training, which builds
worker skills further. If the recipe for economic growth is to succeed, an economy needs all the
ingredients of the aggregate production function.

A Healthy Climate for Economic Growth

While physical and human capital deepening and better technology are important, equally
important to a nation’s well-being is the climate or system within which these inputs are
cultivated. Both the type of market economy and a legal system that governs and sustains
property rights and contractual rights are important contributors to a healthy economic
climate.

A healthy economic climate usually involves some sort of market orientation at the
microeconomic, individual, or firm decision-making level. Markets that allow personal and
business rewards and incentives for increasing human and physical capital encourage overall
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macroeconomic growth. For example, when workers participate in a competitive and well-
functioning labor market, they have an incentive to acquire additional human capital, because
additional education and skills will pay off in higher wages. Firms have an incentive to invest in
physical capital and in training workers, because they expect to earn higher profits for their
shareholders. Both individuals and firms look for new technologies, because even small
inventions can make work easier or lead to product improvement. Collectively, such individual
and business decisions made within a market structure add up to macroeconomic growth.
Much of the rapid growth since the late nineteenth century has come from harnessing the
power of competitive markets to allocate resources. This market orientation typically reaches
beyond national borders and includes openness to international trade.

A general orientation toward markets does not rule out important roles for government. There
are times when markets fail to allocate capital or technology in a manner that provides the
greatest benefit for society as a whole. The government's role is to correct these failures. In
addition, government can guide or influence markets toward certain outcomes. The following
examples highlight some important areas that governments around the world have chosen to
invest in to facilitate capital deepening and technology:

e Education. The Danish government requires all children under 16 to attend school. They
can choose to attend a public school (Folkeskole) or a private school. Students do not
pay tuition to attend Folkeskole. Thirteen percent of primary/secondary
(elementary/high) school is private, and the government supplies vouchers to citizens
who choose private school.

e Savings and Investment. In the United States, as in other countries, the government
taxes gains from private investment. Low capital gains taxes encourage investment and
so also economic growth.

e Infrastructure. The Japanese government in the mid-1990s undertook significant
infrastructure projects to improve roads and public works. This in turn increased the
stock of physical capital and ultimately economic growth.

e Special Economic Zones. The island of Mauritius is one of the few African nations to
encourage international trade in government-supported special economic zones (SEZ).
These are areas of the country, usually with access to a port where, among other
benefits, the government does not tax trade. As a result of its SEZ, Mauritius has
enjoyed above-average economic growth since the 1980s. Free trade does not have to
occur in an SEZ however. Governments can encourage international trade across the
board, or surrender to protectionism.

e Scientific Research. The European Union has strong programs to invest in scientific
research. The researchers Abraham Garcia and Pierre Mohnen demonstrate that firms
which received support from the Austrian government actually increased their research
intensity and had more sales. Governments can support scientific research and technical
training that helps to create and spread new technologies. Governments can also
provide a legal environment that protects the ability of inventors to profit from their
inventions.
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There are many more ways in which the government can play an active role in promoting
economic growth. We explore them in other chapters and in particular in Macroeconomic
Policy Around the World. A healthy climate for growth in GDP per capita and labor productivity
includes human capital deepening, physical capital deepening, and technological gains,
operating in a market-oriented economy with supportive government policies.

20.4 Economic Convergence

Some low-income and middle-income economies around the world have shown a pattern

of convergence, in which their economies grow faster than those of high-income countries.
GDP increased by an average rate of 2.7% per year in the 1990s and 1.7% per year from 2010 to
2019 in the high-income countries of the world, which include the United States, Canada, the
European Union countries, Japan, Australia, and New Zealand.

Table 20.5 lists eight countries that belong to an informal “fast growth club.” These countries
averaged GDP growth (after adjusting for inflation) of at least 5% per year in both the time
periods from 1990 to 2000 and from 2010 to 2019. Since economic growth in these countries
has exceeded the average of the world’s high-income economies, these countries may
converge with the high-income countries. The second part of Table 20.5 lists the “slow growth
club,” which consists of countries that averaged GDP growth of 2% per year or less (after
adjusting for inflation) during the same time periods. The final portion of Table 20.5 shows GDP
growth rates for the countries of the world divided by income. (Note that the reason there is no
data for 2001-2009 is because of the Great Recession, which lasted from 2007-2009. Many
country’s GDP shrank during these years.)

Average Growth Rate of Real Average Growth Rate of
Country GDP 1990-2000 Real GDP 2010-2019

Fast Growth Club (5% or more per year in both time periods)

Cambodia 7.1% 7.0%
China 10.6% 7.3%
India 6.0% 6.7%
Ireland 7.5% 6.3%
Laos 6.5% 7.3%
Mozambique 6.4% 5.6%
Uganda 7.1% 5.4%
“Access for free at openstax.org.” 15

Greenlaw, S., Shapiro, D., & MacDonald, D. (2024, July 18). Principles of Economics 3E.
https://openstax.org/details/books/principles-economics-3e


https://openstax.org/books/principles-economics-3e/pages/20-4-economic-convergence#Table_20_05
https://openstax.org/books/principles-economics-3e/pages/20-4-economic-convergence#Table_20_05

Average Growth Rate of Real
Country GDP 1990-2000

Vietnam 7.9%
Slow Growth Club (2% or less per year in both time periods)

Central African

Republic 2.0%
France 2.0%
Germany 1.8%
Haiti -1.5%
Italy 1.6%
Jamaica 0.9%
Japan 1.3%
Switzerland 1.0%
United States (for 3.9%

reference)

World Overview

Average Growth Rate of
Real GDP 2010-2019

6.3%

-0.2%

1.4%
2.0%
1.5%
0.3%
0.7%
1.3%

2.0%

2.3%

(Notice that high income countries tend to grow at slower rates than low- and middle-

income countries, which supports the idea of convergence.)

High income 2.7%
Low income 3.8%
Middle income 4.7%

Table 20.5 Economic Growth around the World (Source:

1.7%

4.5%

4.0%

http://databank.worldbank.org/data/views/variableSelection/selectvariables.aspx?source=worl

d-development-indicators#c_u)

Each of the countries in Table 20.5 has its own unique story of investments in human and

physical capital, technological gains, market forces, government policies, and even lucky events,
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but an overall pattern of convergence is clear. The low-income countries have GDP growth that
is faster than that of the middle-income countries, which in turn have GDP growth that is faster
than that of the high-income countries. Two prominent members of the fast-growth club are
China and India, which between them have nearly 40% of the world’s population. Some
prominent members of the slow-growth club are high-income countries like France, Germany,
Italy, and Japan.

Will this pattern of economic convergence persist into the future? This is a controversial
guestion among economists that we will consider by looking at some of the main arguments on
both sides.

Arguments Favoring Convergence

Several arguments suggest that low-income countries might have an advantage in achieving
greater worker productivity and economic growth in the future.

A first argument is based on diminishing marginal returns. Even though deepening human and
physical capital will tend to increase GDP per capita, the law of diminishing returns suggests
that as an economy continues to increase its human and physical capital, the marginal gains to
economic growth will diminish. For example, raising the average education level of the
population by two years from a tenth-grade level to a high school diploma (while holding all
other inputs constant) would produce a certain increase in output. An additional two-year
increase, so that the average person had a two-year college degree, would increase output
further, but the marginal gain would be smaller. Yet another additional two-year increase in the
level of education, so that the average person would have a four-year-college bachelor’s
degree, would increase output still further, but the marginal increase would again be smaller. A
similar lesson holds for physical capital. If the quantity of physical capital available to the
average worker increases, by, say, $5,000 to $10,000 (again, while holding all other inputs
constant), it will increase the level of output. An additional increase from $10,000 to $15,000
will increase output further, but the marginal increase will be smaller.

Low-income countries like China and India tend to have lower levels of human capital and
physical capital, so an investment in capital deepening should have a larger marginal effect in
these countries than in high-income countries, where levels of human and physical capital are
already relatively high. Diminishing returns implies that low-income economies could converge
to the levels that the high-income countries achieve.

A second argument is that low-income countries may find it easier to improve their
technologies than high-income countries. High-income countries must continually invent new
technologies, whereas low-income countries can often find ways of applying technology that
has already been invented and is well understood. The economist Alexander

Gerschenkron (1904—-1978) gave this phenomenon a memorable name: “the advantages of
backwardness.” Of course, he did not literally mean that it is an advantage to have a lower
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standard of living. He was pointing out that a country that is behind has some extra potential
for catching up.

Finally, optimists argue that many countries have observed the experience of those that have
grown more quickly and have learned from it. Moreover, once the people of a country begin to
enjoy the benefits of a higher standard of living, they may be more likely to build and support
the market-friendly institutions that will help provide this standard of living.

Arguments That Convergence Is neither Inevitable nor Likely

If the economy's growth depended only on the deepening of human capital and physical
capital, then we would expect that economy's growth rate to slow down over the long run
because of diminishing marginal returns. However, there is another crucial factor in the
aggregate production function: technology.

Developing new technology can provide a way for an economy to sidestep the diminishing
marginal returns of capital deepening. Figure 20.7 shows how. The figure's horizontal axis
measures the amount of capital deepening, which on this figure is an overall measure that
includes deepening of both physical and human capital. The amount of human and physical
capital per worker increases as you move from left to right, from C; to C; to Cs. The diagram's
vertical axis measures per capita output. Start by considering the lowest line in this diagram,
labeled Technology 1. Along this aggregate production function, the level of technology is held
constant, so the line shows only the relationship between capital deepening and output. As
capital deepens from C: to C; to Cz and the economy moves from R to U to W, per capita output
does increase—but the way in which the line starts out steeper on the left but then flattens as
it moves to the right shows the diminishing marginal returns, as additional marginal amounts of
capital deepening increase output by ever-smaller amounts. The shape of the aggregate
production line (Technology 1) shows that the ability of capital deepening, by itself, to generate
sustained economic growth is limited, since diminishing returns will eventually set in.

Technology 3
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Figure 20.7 Capital Deepening and New Technology Imagine that the economy starts at point
R, with the level of physical and human capital C1 and the output per capita at G1. If the
economy relies only on capital deepening, while remaining at the technology level shown by
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the Technology 1 line, then it would face diminishing marginal returns as it moved from point R
to point U to point W. However, now imagine that capital deepening is combined with
improvements in technology. Then, as capital deepens from C; to C,, technology improves from
Technology 1 to Technology 2, and the economy moves from R to S. Similarly, as capital
deepens from C; to Cs, technology increases from Technology 2 to Technology 3, and the
economy moves from S to T. With improvements in technology, there is no longer any reason
that economic growth must necessarily slow down.

Now, bring improvements in technology into the picture. Improved technology means that with
a given set of inputs, more output is possible. The production function labeled Technology 1 in
the figure is based on one level of technology, but Technology 2 is based on an improved level
of technology, so for every level of capital deepening on the horizontal axis, it produces a
higher level of output on the vertical axis. In turn, production function Technology 3 represents
a still higher level of technology, so that for every level of inputs on the horizontal axis, it
produces a higher level of output on the vertical axis than either of the other two aggregate
production functions.

Most healthy, growing economies are deepening their human and physical capital and
increasing technology at the same time. As a result, the economy can move from a choice like
point R on the Technology 1 aggregate production line to a point like S on Technology 2 and a
point like T on the still higher aggregate production line (Technology 3). With the combination
of technology and capital deepening, the rise in GDP per capita in high-income countries does
not need to fade away because of diminishing returns. The gains from technology can offset the
diminishing returns involved with capital deepening.

Will technological improvements themselves run into diminishing returns over time? That is,
will it become continually harder and more costly to discover new technological
improvements? Perhaps someday, but, at least over the last two centuries since the beginning
of the Industrial Revolution, improvements in technology have not run into diminishing
marginal returns. Modern inventions, like the internet or discoveries in genetics or materials
science, do not seem to provide smaller gains to output than earlier inventions like the steam
engine or the railroad. One reason that technological ideas do not seem to run into diminishing
returns is that we often can apply widely the ideas of new technology at a marginal cost that is
very low or even zero. A specific worker or group of workers must use a specific additional
machine, or an additional year of education. Many workers across the economy can use a new
technology or invention at very low marginal cost.

The argument that it is easier for a low-income country to copy and adapt existing technology
than it is for a high-income country to invent new technology is not necessarily true, either.
When it comes to adapting and using new technology, a society’s performance is not
necessarily guaranteed, but is the result of whether the country's economic, educational, and
public policy institutions are supportive. In theory, perhaps, low-income countries have many
opportunities to copy and adapt technology, but if they lack the appropriate supportive
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economic infrastructure and institutions, the theoretical possibility that backwardness might
have certain advantages is of little practical relevance.

The Slowness of Convergence

Although economic convergence between the high-income countries and the rest of the world
seems possible and even likely, it will proceed slowly. Consider, for example, a country that
starts off with a GDP per capita of $40,000, which would roughly represent a typical high-
income country today, and another country that starts out at $4,000, which is roughly the level
in low-income but not impoverished countries like Indonesia, Guatemala, or Egypt. Say that the
rich country chugs along at a 2% annual growth rate of GDP per capita, while the poorer
country grows at the aggressive rate of 7% per year. After 30 years, GDP per capita in the rich
country will be $72,450 (that is, $40,000 (1 + 0.02)3°) while in the poor country it will be
$30,450 (that is, $4,000 (1 + 0.07)3°). Convergence has occurred. The rich country used to be 10
times as wealthy as the poor one, and now it is only about 2.4 times as wealthy. Even after 30
consecutive years of very rapid growth, however, people in the low-income country are still
likely to feel quite poor compared to people in the rich country. Moreover, as the poor country
catches up, its opportunities for catch-up growth are reduced, and its growth rate may slow
down somewhat.

The slowness of convergence illustrates again that small differences in annual rates of
economic growth become huge differences over time. The high-income countries have been
building up their advantage in standard of living over decades—more than a century in some
cases. Even in an optimistic scenario, it will take decades for the low-income countries of the
world to catch up significantly.
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