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Chapter 23

Economic Growth

Start Up: How Important Is Economic Growth?

How important is economic growth? The best way to answer that question is to
imagine life without growth—to imagine that we did not have the gains growth
brings.

For starters, divide your family’s current income by six and imagine what your life
would be like. Think about the kind of housing your family could afford, the size of
your entertainment budget, whether you could still attend school. That will give
you an idea of life a century ago in the United States, when average household
incomes, adjusted for inflation, were about one-sixth what they are today. People
had far smaller homes, they rarely had electricity in their homes, and only a tiny
percentage of the population could even consider a college education.

To get a more recent perspective, consider how growth has changed living
standards over the past half-century or so. In 1950, the United States was the
world’s richest nation. But if households were rich then, subsequent economic
growth has made them far richer. Average per capita real disposable personal
income has tripled since then. Indeed, the average household income in 1950, which
must have seemed lofty then, was below what we now define as the poverty line for
a household of four, even after adjusting for inflation. Economic growth during the
last half-century has dramatically boosted our standard of living—and our standard
of what it takes to get by.

One gauge of rising living standards is housing. A half-century ago, most families
did not own homes. Today, about two-thirds do. Those homes have gotten a lot
bigger: new homes built today are more than twice the size of new homes built 50
years ago. Some household appliances, such as telephones or washing machines,
that we now consider basic, were luxuries a half-century ago. In 1950, less than two-
thirds of housing units had complete plumbing facilities. Today, over 99% do.

Economic growth has brought gains in other areas as well. For one thing, we are
able to afford more schooling. In 1950, the median number of years of school
completed by adults age 25 or over was 6.8. Today, about 85% have completed 12
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years of schooling and about 28% have completed four years of college. We also live
longer. A baby born in 1950 had a life expectancy of 68 years. A baby born in 2004
had an expected life of nearly 10 years longer.

Of course, while economic growth can improve our material well-being, it is no
panacea for all the ills of society. Americans today worry about the level of violence
in society, environmental degradation, and what seems to be a loss of basic values.
But while it is easy to be dismayed about many challenges of modern life, we can
surely be grateful for our material wealth. Our affluence gives us the opportunity to
grapple with some of our most difficult problems and to enjoy a range of choices
that people only a few decades ago could not have imagined.

We learned a great deal about economic growth in the context of the production
possibilities curve. Our purpose in this chapter is to relate the concept of economic
growth to the model of aggregate demand and aggregate supply that we developed
in the previous chapter and will use throughout our exploration of
macroeconomics. We will review the forces that determine a nation’s economic
growth rate and examine the prospects for growth in the future. We begin by
looking at the significance of growth to the overall well-being of society.

Chapter 23 Economic Growth
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23.1 The Significance of Economic Growth

LEARNING OBJECTIVES

1. Define economic growth and explain it using the production possibilities
model and the concept of potential output.

2. State the rule of 72 and use it to show how even small differences in
growth rates can have major effects on a country’s potential output over
time.

3. Calculate the percentage rate of growth of output per capita.

To demonstrate the impact of economic growth on living standards of a nation, we
must start with a clear definition of economic growth and then study its impact
over time. We will also see how population growth affects the relationship between
economic growth and the standard of living an economy is able to achieve.

Defining Economic Growth

Economic growth is a long-run process that occurs as an economy’s potential
output increases. Changes in real GDP from quarter to quarter or even from year to
year are short-run fluctuations that occur as aggregate demand and short-run
aggregate supply change. Regardless of media reports stating that the economy
grew at a certain rate in the last quarter or that it is expected to grow at a
particular rate during the next year, short-run changes in real GDP say little about
economic growth. In the long run, economic activity moves toward its level of
potential output. Increases in potential constitute economic growth.

Earlier we defined economic growth as the process through which an economy
achieves an outward shift in its production possibilities curve. How does a shift in
the production possibilities curve relate to a change in potential output? To
produce its potential level of output, an economy must operate on its production
possibilities curve. An increase in potential output thus implies an outward shift in
the production possibilities curve. In the framework of the macroeconomic model
of aggregate demand and aggregate supply, we show economic growth as a shift to
the right in the long-run aggregate supply curve.

There are three key points about economic growth to keep in mind:
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1. Growth is a process. It is not a single event; rather, it is an unfolding
series of events.

2. We define growth in terms of the economy’s ability to produce goods
and services, as indicated by its level of potential output.

3. Growth suggests that the economy’s ability to produce goods and
services is rising. A discussion of economic growth is thus a discussion
of the series of events that increase the economy’s ability to produce
goods and services.

Figure 23.1 "A Century of Economic Growth" shows the record of economic growth
for the U.S. economy over the past century. The graph shows annual levels of actual
real GDP and of potential output. We see that the economy has experienced
dramatic growth over the past century; potential output has soared more than
30-fold. The figure also reminds us of a central theme of our analysis of
macroeconomics: real GDP fluctuates about potential output. Real GDP sagged well
below its potential during the Great Depression of the 1930s and rose well above its
potential as the nation mobilized its resources to fight World War II. With the
exception of these two periods, real GDP has remained close to the economy’s
potential output. Since 1950, the actual level of real GDP has deviated from
potential output by an average of less than 2%.

Figure 23.1 A Century of Economic Growth
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At the start of the 21st century, the level of potential output reached a level nearly 30 times its level a century
earlier. Over the years, actual real GDP fluctuated about a rising level of potential output.

Source: 1900–1949 data from Robert Gordon, Macroeconomics, 6th ed. (New York: HarperCollins, 1993), Table A-1,
pp. A1–A3; data for 1950–2010 from Congressional Budget Office, The Budget and Economic Outlook, August 2010.

We urge you to take some time with Figure 23.1 "A Century of Economic Growth".
Over the course of the last century, it is economic growth that has taken center
stage. Certainly, the fluctuations about potential output have been important. The
recessionary gaps—periods when real GDP slipped below its potential—were often
wrenching experiences in which millions of people endured great hardship. The
inflationary gaps—periods when real GDP rose above its potential level—often
produced dramatic increases in price levels. Those fluctuations mattered. It was the
unemployment and/or the inflation that came with them that made headlines. But
it was the quiet process of economic growth that pushed living standards ever
higher. We must understand growth if we are to understand how we got where we
are, and where we are likely to be going during the 21st century.

Figure 23.2 "Cyclical Change Versus Growth" tells us why we use changes in
potential output, rather than actual real GDP, as our measure of economic growth.
Actual values of real GDP are affected not just by changes in the potential level of
output, but also by the cyclical fluctuations about that level of output.

Given our definition of economic growth, we would say that the hypothetical
economy depicted in Figure 23.2 "Cyclical Change Versus Growth" grew at a 2.5%
annual rate throughout the period. If we used actual values of real GDP, however,
we would obtain quite different interpretations. Consider, for example, the first
decade of this period: it began with a real GDP of $900 billion and a recessionary
gap, and it ended in year 10 with a real GDP of $1,408 billion and an inflationary
gap. If we record growth as the annual rate of change between these levels, we find
an annual rate of growth of 4.6%—a rather impressive performance.
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Figure 23.2 Cyclical Change
Versus Growth

The use of actual values of real
GDP to measure growth can give
misleading results. Here, an
economy’s potential output
(shown in green) grows at a
steady rate of 2.5% per year, with
actual values of real GDP
fluctuating about that trend. If
we measure growth in the first 10
years as the annual rate of
change between beginning and
ending values of real GDP, we get
a growth rate of 4.6%. The rate
for the second decade is 0.5%.
Growth estimates based on
changes in real GDP are affected
by cyclical changes that do not
represent economic growth.

Now consider the second decade shown in Figure 23.2
"Cyclical Change Versus Growth". It began in year 10,
and it ended in year 20 with a recessionary gap. If we
measure the growth rate over that period by looking at
beginning and ending values of actual real GDP, we
compute an annual growth rate of 0.5%. Viewed in this
way, performance in the first decade is spectacular
while performance in the second is rather lackluster.
But these figures depend on the starting and ending
points we select; the growth rate of potential output was
2.5% throughout the period.

By measuring economic growth as the rate of increase
in potential output, we avoid such problems. One way to
do this is to select years in which the economy was
operating at the natural level of employment and then
to compute the annual rate of change between those
years. The result is an estimate of the rate at which
potential output increased over the period in question.
For the economy shown in Figure 23.2 "Cyclical Change
Versus Growth", for example, we see that real GDP
equaled its potential in years 5 and 15. Real GDP in year
5 was $1,131, and real GDP in year 15 was $1,448. The
annual rate of change between these two years was
2.5%. If we have estimates of potential output, of course,
we can simply compute annual rates of change between
any two years.

The Rule of 72 and Differences in Growth
Rates

The Case in Point on presidents and growth at the end
of this section suggests a startling fact: the U.S. growth
rate began slowing in the 1970s, did not recover until
the mid-1990s, only to slow down again in the 2000s. The question we address here
is: does it matter? Does a percentage point drop in the growth rate make much
difference? It does. To see why, let us investigate what happens when a variable
grows at a particular percentage rate.

Suppose two economies with equal populations start out at the same level of real
GDP but grow at different rates. Economy A grows at a rate of 3.5%, and Economy B
grows at a rate of 2.4%. After a year, the difference in real GDP will hardly be
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noticeable. After a decade, however, real GDP in Economy A will be 11% greater
than in Economy B. Over longer periods, the difference will be more dramatic. After
100 years, for example, income in Economy A will be nearly three times as great as
in Economy B. If population growth in the two countries has been the same, the
people of Economy A will have a far higher standard of living than those in
Economy B. The difference in real GDP per person will be roughly equivalent to the
difference that exists today between Great Britain and Mexico.

Over time, small differences in growth rates create large differences in incomes. An
economy growing at a 3.5% rate increases by 3.5% of its initial value in the first
year. In the second year, the economy increases by 3.5% of that new, higher value.
In the third year, it increases by 3.5% of a still higher value. When a quantity grows
at a given percentage rate, it experiences exponential growth1. A variable that
grows exponentially follows a path such as those shown for potential output in
Figure 23.1 "A Century of Economic Growth" and Figure 23.2 "Cyclical Change
Versus Growth". These curves become steeper over time because the growth rate is
applied to an ever-larger base.

A variable growing at some exponential rate doubles over fixed intervals of time.
The doubling time is given by the rule of 722, which states that a variable’s
approximate doubling time equals 72 divided by the growth rate, stated as a whole
number. If the level of income were increasing at a 9% rate, for example, its
doubling time would be roughly 72/9, or 8 years.Notice the use of the words roughly
and approximately. The actual value of an income of $1,000 growing at rate r for a
period of n years is $1,000 × (1 + r)n. After 8 years of growth at a 9% rate, income
would thus be $1,000 (1 + 0.09)8 = $1,992.56. The rule of 72 predicts that its value will
be $2,000. The rule of 72 gives an approximation, not an exact measure, of the
impact of exponential growth.

Let us apply this concept of a doubling time to the reduction in the U.S. growth rate.
Had the U.S. economy continued to grow at a 3.5% rate after 1970, then its potential
output would have doubled roughly every 20 years (72/3.5 = 20). That means
potential output would have doubled by 1990, would double again by 2010, and
would double again by 2030. Real GDP in 2030 would thus be eight times as great as
its 1970 level. Growing at a 2.4% rate, however, potential output doubles only every
30 years (72/2.4 = 30). It would take until 2000 to double once from its 1970 level,
and it would double once more by 2030. Potential output in 2030 would thus be four
times its 1970 level if the economy grew at a 2.4% rate (versus eight times its 1970
level if it grew at a 3.5% rate). The 1.1% difference in growth rates produces a 100%
difference in potential output by 2030. The different growth paths implied by these
growth rates are illustrated in Figure 23.3 "Differences in Growth Rates".

1. When a quantity grows at a
given percentage rate.

2. A variable’s approximate
doubling time equals 72
divided by the growth rate,
stated as a whole number.
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Figure 23.3 Differences in Growth Rates

The chart suggests the significance in the long run of a small difference in the growth rate of real GDP. We begin in
1970, when real GDP equaled $2,873.9 billion. If real GDP grew at an annual rate of 3.5% from that year, it would
double roughly every 20 years: in 1990, 2010, and 2030. Growth at a 2.4% rate, however, implies doubling every 30
years: in 2000 and 2030. By 2030, the 3.5% growth rate leaves real GDP at twice the level that would be achieved by
2.4% growth.

Growth in Output per Capita

Of course, it is not just how fast potential output grows that determines how fast
the average person’s material standard of living rises. For that purpose, we examine
economic growth on a per capita basis. An economy’s output per capita3 equals
real GDP per person. If we let N equal population, then

Equation 23.1

Output per capita =
real GDP

N

3. Real GDP per person.
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In the United States in the third quarter of 2010, for example, real GDP was
$13,277.4 billion (annual rate). The U.S. population was 311.0 million. Real U.S.
output per capita thus equaled $42,693.

We use output per capita as a gauge of an economy’s material standard of living. If
the economy’s population is growing, then output must rise as rapidly as the
population if output per capita is to remain unchanged. If, for example, population
increases by 2%, then real GDP would have to rise by 2% to maintain the current
level of output per capita. If real GDP rises by less than 2%, output per capita will
fall. If real GDP rises by more than 2%, output per capita will rise. More generally,
we can write:

Equation 23.2

For economic growth to translate into a higher standard of living on average,
economic growth must exceed population growth. From 1970 to 2004, for example,
Sierra Leone’s population grew at an annual rate of 2.1% per year, while its real GDP
grew at an annual rate of 1.4%; its output per capita thus fell at a rate of 0.7% per
year. Over the same period, Singapore’s population grew at an annual rate of 2.1%
per year, while its real GDP grew 7.4% per year. The resultant 5.3% annual growth in
output per capita transformed Singapore from a relatively poor country to a
country with the one of the highest per capita incomes in the world.

KEY TAKEAWAYS

• Economic growth is the process through which an economy’s
production possibilities curve shifts outward. We measure it as the rate
at which the economy’s potential level of output increases.

• Measuring economic growth as the rate of increase of the actual level of
real GDP can lead to misleading results due to the business cycle.

• Growth of a quantity at a particular percentage rate implies exponential
growth. When something grows exponentially, it doubles over fixed
intervals of time; these intervals may be computed using the rule of 72.

• Small differences in rates of economic growth can lead to large
differences in levels of potential output over long periods of time.

• To assess changes in average standards of living, we subtract the
percentage rate of growth of population from the percentage rate of
growth of output to get the percentage rate of growth of output per
capita.

% rate of growth of output per capita ≅ % rate of growth of output − % rate of growth of population
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TRY IT !

Suppose an economy’s potential output and real GDP is $5 million in 2000
and its rate of economic growth is 3% per year. Also suppose that its
population is 5,000 in 2000, and that its population grows at a rate of 1% per
year. Compute GDP per capita in 2000. Now estimate GDP and GDP per capita
in 2072, using the rule of 72. At what rate does GDP per capita grow? What is
its doubling time? Is this result consistent with your findings for GDP per
capita in 2000 and in 2072?
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Case in Point: Presidents and Economic Growth

Figure 23.4

President
Annual Increase in Real

GDP (%)
Growth Rate

(%)

Truman 1949–1952 5.4 4.4

Eisenhower 1953–1960 2.4 3.4

Kennedy-Johnson
1961–1968

5.1 4.3

Nixon-Ford 1969–1976 2.7 3.4

Carter 1977–1980 3.2 3.1

Reagan 1981–1988 3.5 3.1

G. H. W. Bush 1989–1992 2.4 2.7

Clinton 1992–2000 3.6 3.2

G. W. Bush 2001–2008
(Q3)

2.1 2.7

Presidents are often judged by the rate at which the economy grew while they
were in office. This test is unfair on two counts. First, a president has little to do
with the forces that determine growth. And second, such tests simply compute
the annual rate of growth in real GDP over the course of a presidential term,
which we know can be affected by cyclical factors. A president who takes office
when the economy is down and goes out with the economy up will look like an
economic star; a president with the bad luck to have reverse circumstances will
seem like a dud. Here are annual rates of change in real GDP for each of the
postwar presidents, together with rates of economic growth, measured as the
annual rate of change in potential output.

The presidents’ economic records are clearly affected by luck. Presidents
Truman, Kennedy, Reagan, and Clinton, for example, began their terms when
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the economy had a recessionary gap and ended them with an inflationary gap
or at about potential output. Real GDP thus rose faster than potential output
during their presidencies. The Eisenhower, Nixon-Ford, H. W. Bush, and G. W.
Bush administrations each started with an inflationary gap or at about
potential and ended with a recessionary gap, thus recording rates of real GDP
increase below the rate of gain in potential. Only Jimmy Carter, who came to
office and left it with recessionary gaps, presided over a relatively equivalent
rate of increase in actual GDP versus potential output.

ANSWER TO  TRY IT !  PROBLEM

GDP per capita in 2000 equals $1,000 ($5,000,000/5,000). If GDP rises 3% per
year, it doubles every 24 years (= 72/3). Thus, GDP will be $10,000,000 in
2024, $20,000,000 in 2048, and $40,000,000 in 2072. Growing at a rate of 1%
per year, population will have doubled once by 2072 to 10,000. GDP per
capita will thus be $4,000 (= $40,000,000/10,000). Notice that GDP rises by
eight times its original level, while the increase in GDP per capita is fourfold.
The latter value represents a growth rate in output per capita of 2% per
year, which implies a doubling time of 36 years. That gives two doublings in
GDP per capita between 2000 and 2072 and confirms a fourfold increase.
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Figure 23.5 Economic
Growth and the Long-Run
Aggregate Supply Curve

Because economic growth is the
process through which the
economy’s potential output is
increased, we can depict it as a
series of rightward shifts in the
long-run aggregate supply curve.
Notice that with exponential
growth, each successive shift in
LRAS is larger and larger.

23.2 Growth and the Long-Run Aggregate Supply Curve

LEARNING OBJECTIVES

1. Explain and illustrate graphically the concept of the aggregate
production function. Explain how its shape relates to the concept of
diminishing marginal returns.

2. Derive the long-run aggregate supply curve from the model of the labor
market and the aggregate production function.

3. Explain how the long-run aggregate supply curve shifts in responses to
shifts in the aggregate production function or to shifts in the demand
for or supply of labor.

Economic growth means the economy’s potential output is rising. Because the long-
run aggregate supply curve is a vertical line at the economy’s potential, we can
depict the process of economic growth as one in which the long-run aggregate
supply curve shifts to the right.

Figure 23.5 "Economic Growth and the Long-Run
Aggregate Supply Curve" illustrates the process of
economic growth. If the economy begins at potential
output of Y1, growth increases this potential. The figure

shows a succession of increases in potential to Y2, then

Y3, and Y4. If the economy is growing at a particular

percentage rate, and if the levels shown represent
successive years, then the size of the increases will
become larger and larger, as indicated in the figure.

Because economic growth can be considered as a
process in which the long-run aggregate supply curve
shifts to the right, and because output tends to remain
close to this curve, it is important to gain a deeper
understanding of what determines long-run aggregate
supply (LRAS). We shall examine the derivation of LRAS
and then see what factors shift the curve. We shall begin
our work by defining an aggregate production function.
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The Aggregate Production Function

An aggregate production function4 relates the total output of an economy to the
total amount of labor employed in the economy, all other determinants of
production (that is, capital, natural resources, and technology) being unchanged.
An economy operating on its aggregate production function is producing its
potential level of output.

Figure 23.6 "The Aggregate Production Function" shows an aggregate production
function (PF). It shows output levels for a range of employment between 120 million
and 140 million workers. When the level of employment is 120 million, the economy
produces a real GDP of $11,500 billion (point A). A level of employment of 130
million produces a real GDP of $12,000 billion (point B), and when 140 million
workers are employed, a real GDP of $12,300 billion is produced (point C). In
drawing the aggregate production function, the amount of labor varies, but
everything else that could affect output, specifically the quantities of other factors
of production and technology, is fixed.

The shape of the aggregate production function shows that as employment
increases, output increases, but at a decreasing rate. Increasing employment from
120 million to 130 million, for example, increases output by $500 billion to $12,000
billion at point B. The next 10 million workers increase production by $300 billion
to $12,300 billion at point C. This example illustrates diminishing marginal returns.
Diminishing marginal returns5 occur when additional units of a variable factor
add less and less to total output, given constant quantities of other factors.

4. Function that relates the total
output of an economy to the
total amount of labor
employed in the economy, all
other determinants of
production (capital, natural
resources, and technology)
being unchanged.

5. Situation that occurs when
additional units of a variable
factor add less and less to total
output, given constant
quantities of other factors.
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Figure 23.6 The Aggregate Production Function

An aggregate production function (PF) relates total output to total employment, assuming all other factors of
production and technology are fixed. It shows that increases in employment lead to increases in output but at a
decreasing rate.

It is easy to picture the problem of diminishing marginal returns in the context of a
single firm. The firm is able to increase output by adding workers. But because the
firm’s plant size and stock of equipment are fixed, the firm’s capital per worker falls
as it takes on more workers. Each additional worker adds less to output than the
worker before. The firm, like the economy, experiences diminishing marginal
returns.

The Aggregate Production Function, the Market for Labor, and
Long-Run Aggregate Supply

To derive the long-run aggregate supply curve, we bring together the model of the
labor market, introduced in the first macro chapter and the aggregate production
function.
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As we learned, the labor market is in equilibrium at the natural level of
employment. The demand and supply curves for labor intersect at the real wage at
which the economy achieves its natural level of employment. We see in Panel (a) of
Figure 23.7 "Deriving the Long-Run Aggregate Supply Curve" that the equilibrium
real wage is � 1 and the natural level of employment is L1. Panel (b) shows that with

employment of L1, the economy can produce a real GDP of YP. That output equals

the economy’s potential output. It is that level of potential output that determines
the position of the long-run aggregate supply curve in Panel (c).

Figure 23.7 Deriving the Long-Run Aggregate Supply Curve

Panel (a) shows that the equilibrium real wage is � 1, and the natural level of employment is L1. Panel (b) shows that

with employment of L1, the economy can produce a real GDP of YP. That output equals the economy’s potential

output. It is at that level of potential output that we draw the long-run aggregate supply curve in Panel (c).

Changes in Long-Run Aggregate Supply

The position of the long-run aggregate supply curve is determined by the aggregate
production function and the demand and supply curves for labor. A change in any
of these will shift the long-run aggregate supply curve.

Figure 23.8 "Shift in the Aggregate Production Function and the Long-Run
Aggregate Supply Curve" shows one possible shifter of long-run aggregate supply: a
change in the production function. Suppose, for example, that an improvement in
technology shifts the aggregate production function in Panel (b) from PF1 to PF2.

Other developments that could produce an upward shift in the curve include an
increase in the capital stock or in the availability of natural resources.
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Figure 23.8 Shift in the Aggregate Production Function and the Long-Run Aggregate Supply Curve

An improvement in technology shifts the aggregate production function upward in Panel (b). Because labor is more
productive, the demand for labor shifts to the right in Panel (a), and the natural level of employment increases to L2.

In Panel (c) the long-run aggregate supply curve shifts to the right to Y2.

The shift in the production function to PF2 means that labor is now more productive

than before. This will affect the demand for labor in Panel (a). Before the
technological change, firms employed L1 workers at a real wage � 1. If workers are

more productive, firms will find it profitable to hire more of them at � 1. The

demand curve for labor thus shifts to D2 in Panel (a). The real wage rises to � 2, and

the natural level of employment rises to L2. The increase in the real wage reflects

labor’s enhanced productivity6, the amount of output per worker. To see how
potential output changes, we see in Panel (b) how much output can be produced
given the new natural level of employment and the new aggregate production
function. The real GDP that the economy is capable of producing rises from Y1 to Y2.

The higher output is a reflection of a higher natural level of employment, along
with the fact that labor has become more productive as a result of the technological
advance. In Panel (c) the long-run aggregate supply curve shifts to the right to the
vertical line at Y2.

This analysis dispels a common misconception about the impact of improvements
in technology or increases in the capital stock on employment. Some people believe
that technological gains or increases in the stock of capital reduce the demand for
labor, reduce employment, and reduce real wages. Certainly the experience of the
United States and most other countries belies that notion. Between 1990 and 2007,
for example, the U.S. capital stock and the level of technology increased
dramatically. During the same period, employment and real wages rose, suggesting
that the demand for labor increased by more than the supply of labor. As some
firms add capital or incorporate new technologies, some workers at those firms may6. The amount of output per

worker.
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lose their jobs. But for the economy as a whole, new jobs become available and they
generally offer higher wages. The demand for labor rises.

Another event that can shift the long-run aggregate supply curve is an increase in
the supply of labor, as shown in Figure 23.9 "Increase in the Supply of Labor and the
Long-Run Aggregate Supply Curve". An increased supply of labor could result from
immigration, an increase in the population, or increased participation in the labor
force by the adult population. Increased participation by women in the labor force,
for example, has tended to increase the supply curve for labor during the past
several decades.

Figure 23.9 Increase in the Supply of Labor and the Long-Run Aggregate Supply Curve

An increase in the supply of labor shifts the supply curve in Panel (a) to S2, and the natural level of employment

rises to L2. The real wage falls to � 2. With increased labor, the aggregate production function in Panel (b) shows

that the economy is now capable of producing real GDP at Y2. The long-run aggregate supply curve in Panel (c)

shifts to LRAS2.

In Panel (a), an increase in the labor supply shifts the supply curve to S2. The

increase in the supply of labor does not change the stock of capital or natural
resources, nor does it change technology—it therefore does not shift the aggregate
production function. Because there is no change in the production function, there is
no shift in the demand for labor. The real wage falls from � 1 to � 2 in Panel (a), and

the natural level of employment rises from L1 to L2. To see the impact on potential

output, Panel (b) shows that employment of L2 can produce real GDP of Y2. The

long-run aggregate supply curve in Panel (c) thus shifts to LRAS2. Notice, however,

that this shift in the long-run aggregate supply curve to the right is associated with
a reduction in the real wage to � 2.
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Of course, the aggregate production function and the supply curve of labor can shift
together, producing higher real wages at the same time population rises. That has
been the experience of most industrialized nations. The increase in real wages in
the United States between 1990 and 2007, for example, came during a period in
which an increasing population increased the supply of labor. The demand for labor
increased by more than the supply, pushing the real wage up. The accompanying
Case in Point looks at gains in real wages in the face of technological change, an
increase in the stock of capital, and rapid population growth in the United States
during the 19th century.

Our model of long-run aggregate supply tells us that in the long run, real GDP, the
natural level of employment, and the real wage are determined by the economy’s
production function and by the demand and supply curves for labor. Unless an
event shifts the aggregate production function, the demand curve for labor, or the
supply curve for labor, it affects neither the natural level of employment nor
potential output. Economic growth occurs only if an event shifts the economy’s
production function or if there is an increase in the demand for or the supply of
labor.

KEY TAKEAWAYS

• The aggregate production function relates the level of employment to
the level of real GDP produced per period.

• The real wage and the natural level of employment are determined by
the intersection of the demand and supply curves for labor. Potential
output is given by the point on the aggregate production function
corresponding to the natural level of employment. This output level is
the same as that shown by the long-run aggregate supply curve.

• Economic growth can be shown as a series of shifts to the right in LRAS.
Such shifts require either upward shifts in the production function or
increases in demand for or supply of labor.

Chapter 23 Economic Growth

23.2 Growth and the Long-Run Aggregate Supply Curve 995



TRY IT !

Suppose that the quantity of labor supplied is 50 million workers when the
real wage is $20,000 per year and that potential output is $2,000 billion per
year. Draw a three-panel graph similar to the one presented in Figure 23.9
"Increase in the Supply of Labor and the Long-Run Aggregate Supply Curve"
to show the economy’s long-run equilibrium. Panel (a) of your graph should
show the demand and supply curves for labor, Panel (b) should show the
aggregate production function, and Panel (c) should show the long-run
aggregate supply curve. Now suppose a technological change increases the
economy’s output with the same quantity of labor as before to $2,200 billion,
and the real wage rises to $21,500. In response, the quantity of labor
supplied increases to 51 million workers. In the same three panels you have
already drawn, sketch the new curves that result from this change. Explain
what happens to the level of employment, the level of potential output, and
the long-run aggregate supply curve. (Hint: you have information for only
one point on each of the curves you draw—two for the supply of labor;
simply draw curves of the appropriate shape. Do not worry about getting the
scale correct.)
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Case in Point: Technological Change, Employment, and
Real Wages During the Industrial Revolution

Figure 23.10

Technological change and the capital investment that typically comes with it
are often criticized because they replace labor with machines, reducing
employment. Such changes, critics argue, hurt workers. Using the model of
aggregate demand and aggregate supply, however, we arrive at a quite
different conclusion. The model predicts that improved technology will
increase the demand for labor and boost real wages.

The period of industrialization, generally taken to be the time between the Civil
War and World War I, was a good test of these competing ideas. Technological
changes were dramatic as firms shifted toward mass production and
automation. Capital investment soared. Immigration increased the supply of
labor. What happened to workers?

Employment more than doubled during this period, consistent with the
prediction of our model. It is harder to predict, from a theoretical point of view,
the consequences for real wages. The latter third of the 19th century was a
period of massive immigration to the United States. Between 1865 and 1880,
more than 5 million people came to the United States from abroad; most were
of working age. The pace accelerated between 1880 and 1923, when more than
23 million people moved to the United States from other countries.
Immigration increased the supply of labor, which should reduce the real wage.
There were thus two competing forces at work: Technological change and
capital investment tended to increase real wages, while immigration tended to
reduce them by increasing the supply of labor.
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The evidence suggests that the forces of technological change and capital
investment proved far more powerful than increases in labor supply. Real
wages soared 60% between 1860 and 1890. They continued to increase after
that. Real wages in manufacturing, for example, rose 37% from 1890 to 1914.

Technological change and capital investment displace workers in some
industries. But for the economy as a whole, they increase worker productivity,
increase the demand for labor, and increase real wages.

Sources: Wage data taken from Clarence D. Long, Wages and Earnings in the
United States, 1860–1990 (Princeton, NJ: Princeton University Press, 1960), p. 109,
and from Albert Rees, Wages in Manufacturing, 1890–1914 (Princeton, NJ:
Princeton University Press, 1961), pp. 3–5. Immigration figures taken from Gary
M. Walton and Hugh Rockoff, History of the American Economy, 6th ed. (New York:
Harcourt Brace Jovanovich, 1990), p. 371.

ANSWER TO  TRY IT !  PROBLEM

The production function in Panel (b) shifts up to PF2. Because it reflects
greater productivity of labor, firms will increase their demand for labor, and
the demand curve for labor shifts to D2 in Panel (a). LRAS1 shifts to LRAS2 in
Panel (c). Employment and potential output rise. Potential output will be
greater than $2,200 billion.

Figure 23.11
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23.3 Determinants of Economic Growth

LEARNING OBJECTIVES

1. Discuss the sources of economic growth.
2. Discuss possible reasons why countries grow at different rates.

In this section, we review the main determinants of economic growth. We also
examine the reasons for the widening disparities in economic growth rates among
countries in recent years.

The Sources of Economic Growth

As we have learned, there are two ways to model economic growth: (1) as an
outward shift in an economy’s production possibilities curve, and (2) as a shift to
the right in its long-run aggregate supply curve. In drawing either one at a point in
time, we assume that the economy’s factors of production and its technology are
unchanged. Changing these will shift both curves. Therefore, anything that
increases the quantity or quality of factors of production or that improves the
technology available to the economy contributes to economic growth.

The sources of growth for the U.S. economy in the 20th century were presented in
the chapter on sources of production. There we learned that the main sources of
growth for the United States from 1948 to 2002 were divided between increases in
the quantities of labor and of physical capital (about 60%) and in improvements in
the qualities of the factors of production and technology (about 40%). Since 1995,
however, improvements in factor quality and technology have been the main
drivers of economic growth in the United States.

In order to devote resources to increasing physical and human capital and to
improving technology—activities that will enhance future production—society must
forgo using them now to produce consumer goods. Even though the people in the
economy would enjoy a higher standard of living today without this sacrifice, they
are willing to reduce present consumption in order to have more goods and services
available for the future.

As a college student, you personally made such a choice. You decided to devote time
to study that you could have spent earning income. With the higher income, you
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could enjoy greater consumption today. You made this choice because you expect to
earn higher income in the future and thus to enjoy greater consumption in the
future. Because many other people in the society also choose to acquire more
education, society allocates resources to produce education. The education
produced today will enhance the society’s human capital and thus its economic
growth.

All other things equal, higher saving allows more resources to be devoted to
increases in physical and human capital and technological improvement. In other
words, saving, which is income not spent on consumption, promotes economic
growth by making available resources that can be channeled into growth-
enhancing uses.

Explaining Recent Disparities in Growth Rates

Toward the end of the 20th century, it appeared that some of the world’s more
affluent countries were growing robustly while others were growing more slowly or
even stagnating. This observation was confirmed in a major study by the
Organization for Economic Co-operation and Development (OECD),The material in
this section is based on Organization for Economic Co-operation and Development,
The Sources of Economic Growth in OECD Countries, 2003. whose members are listed in
Table 23.1 "Growing Disparities in Rates of Economic Growth". The table shows that
for the OECD countries as a whole, economic growth per capita fell from an average
of 2.2% per year in the 1980s to an average of 1.9% per year in the 1990s. The higher
standard deviation in the latter period confirms an increased disparity of growth
rates in the more recent period. Moreover, the data on individual countries show
that per capita growth in some countries (specifically, the United States, Canada,
Ireland, Netherlands, Norway, and Spain) picked up, especially in the latter half of
the 1990s, while it decelerated in most of the countries of continental Europe and
Japan.

Table 23.1 Growing Disparities in Rates of Economic Growth

Trend Growth of GDP per Capita

Country 1980–1990 1990–2000 1996–2000

United States 2.1 2.3 2.8

Japan 3.3 1.4 0.9

Germany 1.9 1.2 1.7

France 1.6 1.5 1.9
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Trend Growth of GDP per Capita

Country 1980–1990 1990–2000 1996–2000

Italy 2.3 1.5 1.7

United Kingdom 2.2 2.1 2.3

Canada 1.4 1.7 2.6

Austria 2.1 1.9 2.3

Belgium 2.0 1.9 2.3

Denmark 1.9 1.9 2.3

Finland 2.2 2.1 3.9

Greece 0.5 1.8 2.7

Iceland 1.7 1.5 2.6

Ireland 3.0 6.4 7.9

Luxembourg 4.0 4.5 4.6

Netherlands 1.6 2.4 2.7

Portugal 3.1 2.8 2.7

Spain 2.3 2.7 3.2

Sweden 1.7 1.5 2.6

Switzerland 1.4 0.4 1.1

Turkey 2.1 2.1 1.9

Australia 1.6 2.4 2.8

New Zealand 1.4 1.2 1.8

Mexico 0.0 1.6 2.7

Korea 7.2 5.1 4.2

Hungary — 2.3 3.5

Poland — 4.2 4.8

Czech Republic — 1.7 1.4

OECD24Excludes Czech Republic, Hungary, Korean,
Mexico, Poland, and Slovak Republic

2.2 1.9 2.2

Standard Deviation of OECD24 0.74 1.17 1.37
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Variation in the growth in real GDP per capita has widened among the world’s
leading industrialized economies.

Source: Excerpted from Table 1.1 Organization for Economic Co-operation and
Development, Sources of Economic Growth in OECD Countries, 2003: p. 32–33.

The study goes on to try to explain the reasons for the divergent growth trends. The
main findings were:

• In general, countries with accelerating per capita growth rates also
experienced significant increases in employment, while those with
stagnant or declining employment generally experienced reductions in
per capita growth rates.

• Enhancements in human capital contributed to labor productivity and
economic growth, but in slower growing countries such improvements
were not enough to offset the impact of reduced or stagnant labor
utilization.

• Information and communication technology has contributed to
economic growth both through rapid technological progress within the
information and communication technology industry itself as well as,
more recently, through the use of information and communication
technology equipment in other industries. This has made an important
contribution to growth in several of the faster growing countries.

• Other factors associated with more growth include: investments in
physical and human capital, sound macroeconomic policies (especially
low inflation), private sector research and development, trade
exposure, and better developed financial markets. Results concerning
the impact of the size of the government and of public sector research
and development on growth were more difficult to interpret.

• With qualifications, the study found that strict regulation of product
markets (for example, regulations that reduce competition) and strict
employment protection legislation (for example, laws that make hiring
and firing of workers more difficult) had negative effects on growth.

• All countries show a large number of firms entering and exiting
markets. But, a key difference between the United States and Europe is
that new firms in the United States start out smaller and less
productive than those of Europe but grow faster when they are
successful. The report hypothesizes that lower start-up costs and less
strict labor market regulations may encourage U.S. entrepreneurs to
enter a market and then to expand, if warranted. European
entrepreneurs may be less willing to experiment in a market in the
first place.
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The general concern in the second half of the 1970s and the 1980s was that
economic growth was slowing down and that it might not be possible to reverse this
pattern. The 1990s and early 2000s, in which growth picked up in some countries
but not in others, suggested that the problem was not universal and led to a search
for the reasons for the disparities in growth rates that emerged. The OECD study
described above gives some possible explanations. The findings of that study
practically beg countries to examine closely their economic policies at a variety of
levels and to consider changes that may add flexibility to their economies.

In closing, it is worth reiterating that economic freedom and higher incomes tend
to go together. Countries could not have attained high levels of income if they had
not maintained the economic freedom that contributed to high incomes in the first
place. Thus, it is also likely that rates of economic growth in the future will be
related to the amount of economic freedom countries choose. We shall see in later
chapters that monetary and fiscal policies that are used to stabilize the economy in
the short run can also have an impact on long-run economic growth.

KEY TAKEAWAYS

• The main sources of growth for the United States from 1948 to 2002
were divided between increases in the quantities of labor and of physical
capital (about 60%) and in improvements in the qualities of the factors
of production and technology (about 40%). Since 1995, however,
improvements in factor quality and technology have been the main
drivers of economic growth in the United States.

• There has been a growing disparity in the rates of economic growth in
industrialized countries in the last decade, which may reflect various
differences in economic structures and policies.

TRY IT !

All other things unchanged, compare the position of a country’s expected
production possibility curve and the expected position of its long-run
aggregate supply curve if:

1. Its labor force increases in size by 3% per year compared to 2% per year.
2. Its saving rate falls from 15% to 10%.
3. It passes a law making it more difficult to fire workers.
4. Its level of education rises more quickly than it has in the past.
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Case in Point: Economic Growth in Poor Countries … or
Lack Thereof

Figure 23.12

Economist William Easterly in his aptly named book The Elusive Quest for Growth:
Economists’ Adventures and Misadventures in the Tropics admits that after 50 years
of searching for the magic formula for turning poor countries into rich ones,
the quest remains elusive.

Poor countries just need more physical capital, you say? Easterly points out
that between 1960 and 1985, the capital stock per work in both Gambia and
Japan rose by over 500%. The result? In Gambia, output per worker over the
25-year period rose 2%; in Japan, output per worker rose 260%.

So, it must be that poor countries need more human capital? Again, he finds
startling comparisons. For example, human capital expanded faster in Zambia
than in Korea, but Zambia’s annual growth rate is 7 percentage points below
Korea’s.

Too much population growth? Too little? More foreign aid? Too much? As
Easterly proceeds, writing a prescription for growth seems ever more difficult:
“None has delivered as promised,” he concludes (p. xi).
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While Easterly does not offer his own new panacea for how to move countries
to a higher level of per capita GDP, where the model presented in this chapter
does seem to provide some explanations of why a country’s growth rate may
vary over time or differ from another country’s, he does argue that creating
incentives for growth in poor countries is crucial. Acknowledging a role for
plain luck, Easterly argues that good government policies—ones that keep low
such negatives as inflation, corruption, and red tape—and quality institutions
and laws—ones that, for example, honor contracts and reward merit—will help.

How to actually improve such incentives might constitute the next great quest:

“We have learned once and for all that there are no magical elixirs to bring a
happy ending to our quest for growth. Prosperity happens when all the players
in the development game have the right incentives. It happens when
government incentives induce technological adaptation, high-quality
investment in machines, and high-quality schooling. It happens when donors
face incentives that induce them to give aid to countries with good policies
where aid will have high payoffs, not to countries with poor policies where aid
is wasted. It happens when the poor get good opportunities and incentives,
which requires government welfare programs that reward rather than penalize
earning income. It happens when politics is not polarized between antagonistic
interest groups. . . . The solutions are a lot more difficult to describe than the
problems. The way forward must be to create incentives for growth for the
trinity of governments, donors, and individuals.” (p. 289–90)

Source: William Easterly, The Elusive Quest for Growth: Economists’ Adventures and
Misadventures in the Tropics (Cambridge: MIT Press, 2002).

ANSWER TO  TRY IT !  PROBLEM

Situations 1 and 4 should lead to a shift further outward in the country’s
production possibility curve and further to the right in its long-run
aggregate supply curve. Situations 2 and 3 should lead to smaller outward
shifts in the country’s production possibility curve and smaller rightward
shifts in its long-run aggregate supply curve.
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23.4 Review and Practice

Summary

We saw that economic growth can be measured by the rate of increase in potential output. Measuring the rate of
increase in actual real GDP can confuse growth statistics by introducing elements of cyclical variation.

Growth is an exponential process. A variable increasing at a fixed percentage rate doubles over fixed intervals.
The doubling time is approximated by the rule of 72. The exponential nature of growth means that small
differences in growth rates have large effects over long periods of time. Per capita rates of increase in real GDP
are found by subtracting the growth rate of the population from the growth rate of GDP.

Growth can be shown in the model of aggregate demand and aggregate supply as a series of rightward shifts in
the long-run aggregate supply curve. The position of the LRAS is determined by the aggregate production
function and by the demand and supply curves for labor. A rightward shift in LRAS results either from an
upward shift in the production function, due to increases in factors of production other than labor or to
improvements in technology, or from an increase in the demand for or the supply of labor.

Saving plays an important role in economic growth, because it allows for more capital to be available for future
production, so the rate of economic growth can rise. Saving thus promotes growth.

In recent years, rates of growth among the world’s industrialized countries have grown more disparate. Recent
research suggests this may be related to differing labor and product market conditions, differences in the
diffusion of information and communications technologies, as well as differences in macroeconomic and trade
policies. Evidence on the role that government plays in economic growth was less conclusive.
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CONCEPT PROBLEMS

1. Suppose the people in a certain economy decide to stop saving and
instead use all their income for consumption. They do nothing to add to
their stock of human or physical capital. Discuss the prospects for
growth of such an economy.

2. Singapore has a saving rate that is roughly three times greater than that
of the United States. Its greater saving rate has been one reason why the
Singapore economy has grown faster than the U.S. economy. Suppose
that if the United States increased its saving rate to, say, twice the
Singapore level, U.S. growth would surpass the Singapore rate. Would
that be a good idea?

3. Suppose an increase in air pollution causes capital to wear out more
rapidly, doubling the rate of depreciation. How would this affect
economic growth?

4. Some people worry that increases in the capital stock will bring about
an economy in which everything is done by machines, with no jobs left
for people. What does the model of economic growth presented in this
chapter predict?

5. China’s annual rate of population growth was 1.2% from 1975 to 2003
and is expected to be 0.6% from 2003 through 2015. How do you think
this will affect the rate of increase in real GDP? How will this affect the
rate of increase in per capita real GDP?

6. Suppose technology stops changing. Explain the impact on economic
growth.

7. Suppose a series of terrorist attacks destroys half the capital in the
United States but does not affect the population. What will happen to
potential output and to the real wage?

8. “Given the rate at which scientists are making new discoveries, we will
soon reach the point that no further discoveries can be made. Economic
growth will come to a stop.” Discuss.

9. Suppose real GDP increases during President Obama’s term in office at a
5% rate. Would that imply that his policies were successful in “growing
the economy”?

10. Suppose that for some country it was found that its economic growth
was based almost entirely on increases in quantities of factors of
production. Why might such growth be difficult to sustain?
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NUMERICAL  PROBLEMS

1. The population of the world in 2003 was 6.314 billion. It grew
between 1975 and 2003 at an annual rate of 1.6%. Assume that it
continues to grow at this rate.

a. Compute the doubling time.
b. Estimate the world population in 2048 and 2093 (assuming all

other things remain unchanged).

2. With a world population in 2003 of 6.314 billion and a projected
population growth rate of 1.1% instead (which is the United
Nations’ projection for the period 2003 to 2015).

a. Compute the doubling time.
b. State the year in which the world’s population would be

12.628 billion.

3. Suppose a country’s population grows at the rate of 2% per year
and its output grows at the rate of 3% per year.

a. Calculate its rate of growth of per capita output.
b. If instead its population grows at 3% per year and its output

grows at 2% per year, calculate its rate of growth of per
capita output.

4. The rate of economic growth per capita in France from 1996 to
2000 was 1.9% per year, while in Korea over the same period it
was 4.2%. Per capita real GDP was $28,900 in France in 2003, and
$12,700 in Korea. Assume the growth rates for each country
remain the same.

a. Compute the doubling time for France’s per capita real GDP.
b. Compute the doubling time for Korea’s per capita real GDP.
c. What will France’s per capita real GDP be in 2045?
d. What will Korea’s per capita real GDP be in 2045?

5. Suppose real GDPs in country A and country B are identical at
$10 trillion dollars in 2005. Suppose country A’s economic growth
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rate is 2% and country B’s is 4% and both growth rates remain
constant over time.

a. On a graph, show country A’s potential output until 2025.
b. On the same graph, show country B’s potential output.
c. Calculate the percentage difference in their levels of

potential output in 2025.

Suppose country A’s population grows 1% per year and country
B’s population grows 3% per year.

a. On a graph, show country A’s potential output per capita in
2025.

b. On the same graph, show country B’s potential output per
capita in 2025.

c. Calculate the percentage difference in their levels of
potential output per capita in 2025.

6. Two countries, A and B, have identical levels of real GDP per capita. In
Country A, an increase in the capital stock increases the potential
output by 10%. Country B also experiences a 10% increase in its potential
output, but this increase is the result of an increase in its labor force.
Using aggregate production functions and labor-market analyses for the
two countries, illustrate and explain how these events are likely to affect
living standards in the two economies.

7. Suppose the information below characterizes an economy:

Employment (in millions) Real GDP (in billions)

1 200

2 700

3 1,100

4 1,400

5 1,650

6 1,850

7 2,000

8 2,100
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Employment (in millions) Real GDP (in billions)

9 2,170

10 2,200

a. Construct the aggregate production function for this
economy.

b. What kind of returns does this economy experience? How do
you know?

c. Assuming that total available employment is 7 million, draw
the economy’s long-run aggregate supply curve.

Suppose that improvement in technology means that real GDP at
each level of employment rises by $200 billion.

a. Construct the new aggregate production function for this
economy.

b. Construct the new long-run aggregate supply curve for the
economy.

8. In Table 23.1 "Growing Disparities in Rates of Economic Growth",
we can see that Japan’s growth rate of per capita real GDP fell
from 3.3% per year in the 1980s to 1.4% per year in the 1990s.

a. Compare the percent increase in its per capita real GDP over
the 20-year period to what it would have been if it had
maintained the 3.3% per capita growth rate of the 1980s.

b. Japan’s per capita GDP in 1980 was about $24,000 (in U.S.
2000 dollars) in 1980. Calculate what it would have been if
the growth rate of the 1980s had been maintained Calculate
about how much it is, given the actual growth rates over the
two decades.

c. In Table 23.1 "Growing Disparities in Rates of Economic
Growth", we can see that Ireland’s growth rate of per capita
real GDP grew from 3.0% per year in the 1980s to 6.4% per
year in the 1990s.

d. Compare the percent increase in its per capita real GDP over
the 20-year period to what it would have been if it had
maintained the 3.0% per capita growth rate of the 1980s.

e. Ireland’s per capita GDP in 1980 was about $10,000 (in U.S.
2000 dollars). Calculate what it would have been if the
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growth rate of the 1980s had been maintained. Calculate
about how much it is, given the actual growth rates over the
two decades.
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