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On January 2, 2017, a video shot in Beijing went viral. It was a 
time-lapse recording showing a “wall of smog” overrunning China’s 
capital, with blue skies quickly giving way to an almost complete 
lack of visibility. Unfortunately, the event wasn’t all that exceptional. 
Severe pollution alerts have become common in Beijing and other 
major Chinese cities.

The New York Times has referred to the oppressive smog as an 
 “airpocalypse.” The severe air pollution that has become common-
place in China’s cities makes the smog that used to afflict Hamilton, 
Toronto, and other Canadian cities seem mild by comparison. The 
smog in Canadian cities is mostly gone now thanks to pollution 
regulations. 

It goes without saying that the situation in China is a bad thing, 
and must be dealt with. But it is also a byproduct of a very good 
thing: China’s extraordinary economic growth in the past few dec-
ades, which has raised literally hundreds of millions of people out of 
abject poverty. These newly enriched masses want what everyone 

wants if they can afford it: better food, better housing, and con-
sumer goods—including, in many cases, cars. As recently as 2007 
there were fewer than 60 million motor vehicles in China, around 1 
for every 20 people. By 2016 that number had tripled. Unfortunately, 
the growth in China’s car population has run ahead of its pollution 
controls. And the result, combined with the emissions of the coun-
try’s burgeoning industry, is epochal smog.

Despite its troubling environmental problems, China has made 
enormous economic strides over the past few decades. Indeed, its 
recent history is probably the world’s most impressive example to 
date of long-run economic growth—a sustained increase in output 
per capita. Yet despite its impressive performance, in terms of per 
capita income, China is still playing catch-up with economically 
advanced countries like the United States and Japan. China is still 
a relatively poor country because these other nations began the 
process of long-run economic growth many decades ago. In the 
case of the United States, Canada, and European countries, long-run 
economic growth began more than a century ago.

Many economists have argued that long-run economic growth—
why it happens and how to achieve it—is the single most import-
ant issue in macroeconomics because of its direct effect on living 
standards.

In this chapter, we present some facts about long-run growth, 
look at the factors that economists believe determine the pace at 
which long-run growth takes place, and examine how government 
policies can help or hinder growth. We will also address questions 
about the environmental sustainability of long-run growth. •

9 Long-Run Economic 
Growth

•	 Why	is	long-run	economic	growth	measured	as	the	increase	in	
real	GDP	per	capita?	How	has	real	GDP	per	capita	changed	over	
time	in	different	countries?

•	 Why	is	productivity the	key	to	long-run	economic	growth?	How	
is	productivity	driven	by	physical capital, human capital, and	
technological progress?

•	 Why	do	long-run	growth	rates	differ	so	much	among	countries?

•	 How	does	growth	vary	among	several	important	regions	of	
the	world?	Why	does	the	convergence hypothesis	apply	to	
economically	advanced	countries?

•	 How	do	scarcity	of	natural	resources	and	environmental	
degradation	pose	a	challenge	to	sustainable long-run  
economic growth?

What You Will learn

AIRPOCALYPSE NOW

Rapid,	uncontrolled	economic	growth	has	resulted	in	much	higher	
living	standards	in	China	but	at	the	cost	of	very	high	levels	of	pollution.

ZU
M
A
	P
re

ss
,	I
nc

./A
la
m

y

Krugman_Macro_3e_CAN_CH09_251-284_v3.indd   251 12/10/17   10:19 am

Copyright ©2018 Worth Publishers. Distributed by Worth Publishers. Not for redistribution. 



252  P A R T  4   Lo n g - R u n  E c o n o m i c   g R ow t h

Comparing Economies across  
Time and Space

Before we analyze the sources of long-run economic growth, it’s useful to have 
a sense of just how much the Canadian economy has grown over time and how 
large the gaps are between wealthy countries like Canada and countries that have 
yet to achieve comparable growth. So let’s take a look at the numbers.

real GDP per Capita
The key statistic used to track economic growth is real GDP per capita—real 
GDP divided by the population size. We focus on GDP because, as we learned 
in Chapter 7, GDP measures the total value of an economy’s production of final 
goods and services as well as the income earned in that economy in a given year. 
We use real GDP because we want to separate changes in the quantity of goods 
and services from the effects of a rising price level. We focus on real GDP per 
capita because we want to isolate the effect of changes in the population. For 
example, other things equal, an increase in the population lowers the standard of 
living for the average person—there are now more people to share a given amount 
of real GDP. An increase in real GDP that only matches an increase in population 
leaves the average standard of living unchanged.

Although we also learned in Chapter 7 that growth in real GDP per capita 
should not be a policy goal in and of itself, it does serve as a very useful sum-
mary measure of a country’s economic progress over time. Figure  9-1 shows 
real GDP per capita for Canada, the United States, India, and China, measured 
in 1990 dollars, from 1900 to 2015. The vertical axis is drawn on a logarithmic 
scale so that equal percent changes in real GDP per capita across countries are 
the same size in the graph.

FigurE 9-1 economic Growth in Canada, the united States, india, and China over the Past Century

Real GDP per capita from 
1900 to 2015, measured in 
1990 dollars, is shown for 
Canada, the United States, 
India, and China. Equal 
percent changes in real GDP 
per capita are drawn the same 
size. As the steeper slopes 
of the lines representing 
China and India show, since 
1980 India and China had 
a much higher growth rate 
than Canada. In 1995, China 
attained the  standard of living 
achieved in Canada in 1900. 
In 2008, India was still poorer 
than Canada was in 1900. 
Note that the break in China 
data from 1940 to 1950 is 
due to war.
Data from: Angus Maddison, Sta-
tistics on World Population, GDP, 
and Per Capita GDP, 1–2008AD, 
http://www.ggdc.net/maddison; The 
World Bank.
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To give a sense of how much the Canadian economy grew during the last 
century, Table 9-1 shows real GDP per capita at selected years, expressed two 
ways: as a percentage of the 1900 level and as a percentage of the 2015 level. 
In 1920, the Canadian economy already produced 133% as much per person 
as it did in 1900. In 2015, it produced 905% as much per person as it did in 
1900, a ninefold increase. Alternatively, in 1900 the Canadian economy pro-
duced only 11% as much per person as it did in 2015.

The income of the typical family normally grows more or less in  
proportion to per capita income. For example, a 1% increase in real GDP per 
capita corresponds, roughly, to a 1% increase in the income of the median 
or typical family—a family at the centre of the income distribution. In 2015, 
the median Canadian household had an income of about $88,300. Since  
Table 9-1 tells us that real GDP per capita in 1900 was only 11% of its 2015 
level, a typical family in 1900 probably had a purchasing power only 11% 
as large as the purchasing power of a typical family in 2015. That’s around 
$9,713 in today’s dollars, representing a standard of living that we would now 
consider severe poverty. Today’s typical  Canadian family, if transported back 
to the Canada of 1900, would feel quite a lot of deprivation.

Yet many people in the world have a standard of living equal to or lower than 
that of the average Canada at the beginning of the last century. That’s the message 
about China and India in Figure 9-1: despite dramatic economic growth in China 
over the last three decades and the more recent acceleration of economic growth 
in India, China has only recently exceeded the standard of living that Canada 
enjoyed in the early twentieth century, while India has matched it only recently. 
And much of the world today is poorer than China or India.

You can get a sense of how poor much of the world remains by looking at 
Figure 9-2, a map of the world in which countries are classified according to their 
2015 levels of GDP per capita, in U.S. dollars. As you can see, large parts of the 
world have very low incomes. Generally speaking, the countries of Europe and 
North America, as well as a few in the Pacific, have high incomes. Many Asian 
countries, including China and India, have experienced rapid economic growth, 

TABLE 9-1 Canadian real GDP  
per Capita

Year

Percentage of 
1900 real GDP 

per capita

Percentage of 
2015 real GDP 

per capita

1900 100% 11%

1920 133 15

1940 184 20

1980 555 61

2000 772 85

2015 905 100

Data from: Angus Maddison, Statistics on World 
Population, GDP, and Per Capita GDP, 1–2008AD, 
“The First Update of the Madison Project: Reesti-
mating Growth Before 1820” http://www.ggdc.net/
maddison; The World Bank.

FigurE 9-2 incomes  
around the World, 2015 
Although the countries of Europe 
and North America—along with a few 
in the Pacific—have high incomes, 
much of the world is still very poor. 
Today, about a quarter of the world’s 
population lives in countries with a 
lower standard of living than Canada 
had a century ago.
Data from: World Development Indicators, 
World Bank.
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moving them into the middle income groups. Africa, however, is dominated by 
countries with GDP less than US$5,000 per capita. In fact, about 25% of the 
world’s people live in countries with a lower standard of living than Canada had 
a century ago. 

Growth rates
How did Canada manage to produce just over nine times as much per person in 
2015 than in 1900? A little bit at a time. Long-run economic growth is normally 
a gradual process in which real GDP per capita grows at most a few percent per 
year. From 1900 to 2015, real GDP per capita in Canada increased an average of 
1.9% each year.

To have a sense of the relationship between the annual growth rate of real 
GDP per capita and the long-run change in real GDP per capita, it’s helpful to 
keep in mind the Rule of 70, a mathematical formula that tells us how long it 
takes real GDP per capita, or any other variable that grows gradually over time, 
to double. The approximate answer is: 

(9-1) Number of years for variable to double = 
70

Annual growth rate of variable

(Note that the Rule of 70 can only be applied to a positive growth rate.) So if real 
GDP per capita grows at 1% per year, it will take 70 years to double. If it grows at 
2% per year, it will take only 35 years to double. In fact, Canadian real GDP per 
capita rose on average 2% per year over the last century. 

Applying the Rule of 70 to this information implies that it should have taken 
37 years for real GDP per capita to double; it would have taken 111 years—three 
periods of 36 years each—for Canadian real GDP per capita to double three times. 
That is, the Rule of 70 implies that over the course of 111 years, Canadian real 
GDP per capita should have increased by a factor of 2 × 2 × 2 = 8. And this does 
turn out to be a pretty good approximation of reality. Between 1900 and 2011—a 
period of 111 years—real GDP per capita in Canada rose more than eightfold.

Figure 9-3 shows the average annual rate of growth of real GDP per capita for 
selected countries from 1980 to 2015. Some countries were notable success  stories: 
for example, China, though still quite poor, has made spectacular progress. India, 
although not matching China’s performance, has also achieved impressive growth. 
The same is true for Bangladesh, as discussed in the following Economics in Action.

Some countries, though, have had very disappointing growth. Argentina was 
once considered a wealthy nation. In the early years of the twentieth century, it 
was in the same league as the United States and Canada. But since then it has 
lagged far behind more dynamic economies. And still others, like Zimbabwe, 
have slid backward.

According to the Rule of 70, 
the time it takes a variable that 
grows gradually over time to 
double is approximately 70 
divided by that variable’s annual 
growth rate.

ChanGe in le VelS VerSuS r ate oF ChanGe
When	studying	economic	growth,	it’s	vitally	important	to	understand	
the	difference	between	a	change	in	level	and	a	rate	of	change.	When	
we	say	that	real	GDP	“grew,”	we	mean	that	the	level	of	real	GDP	
increased.	For	example,	we	might	say	that	Canadian	real	GDP	grew	
during	2016	by	$26	billion.

If	we	knew	the	level	of	Canadian	real	GDP	in	2015,	we	could	also	
represent	the	amount	of	2016	growth	in	terms	of	a	rate	of	change.		For	
example,	if	Canadian	real	GDP	in	2015	had	been	$1,770	billion,	then	
Canadian	real	GDP	in	2016	would	have	been	$1,770	billion	+	$26	billion	=	
$1,796	billion.	

We	could	calculate	the	rate	of	change,	or	the	growth	rate,	
of	Canadian	real	GDP	during	2016	as:	((($1,796	billion	−	$1,770	

billion)/$1,770	billion)	×	100%	=	$26	billion/$1,770	billion)	×	100%	=	
1.5%.	Statements	about	economic	growth	over	a	period	of	years	almost	
always	refer	to	changes	in	the	growth	rate.	

When	talking	about	growth	or	growth	rates,	economists	often	use	
phrases	that	appear	to	mix	the	two	concepts	and	so	can	be	confusing.	
For	example,	when	we	say	that	“Canadian	growth	fell	during	the	
1970s,”	we	are	really	saying	that	the	Canadian	growth	rate	of	real	GDP	
was	lower	in	the	1970s	in	comparison	to	the	1960s.	When	we	say	that	
“growth	accelerated	during	the	early	1990s,”	we	are	saying	that	the	
growth	rate	increased	year	after	year	in	the	early	1990s—for	example,	
going	from	1%	to	3%	to	4%.

P I T F A L L S
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What explains these differences in growth rates? To answer that question, we 
need to examine the sources of long-run economic growth, which we turn to next.

an Economic Breakthrough in Bangladesh
Western news media rarely mention Bangladesh: it’s 
not a political hot spot, it doesn’t have oil, and it’s over-
shadowed by its immense neighbour, India. Yet it is 
home to more than 160 million people—and although 
it is still very poor, it is nonetheless one of the greatest 
economic success stories of the past generation.

As recently as the 1980s, real GDP per capita in 
 Bangladesh—which achieved independence from  Pakistan 
in 1971, after a brutal war—was barely higher than it had 
been in 1950, when the country was so poor that it literally 
lived on the edge of starvation. In the early 1990s, how-
ever, the nation began a process of political and  economic 
reform, making the transition from military rule to dem-
ocracy, freeing up markets, and achieving monetary and 
fiscal stability. And growth took off, most notably with the rise of Bangladesh as a 
major exporter of clothing to Western markets. Real GDP per capita grew at over 
3% per year, from the late 1980s through 2010, doubling over the 20-year period 
from 1990 to 2010.

By 2015 real GDP per capita was almost 2½ times what it had been in 1990. 
Other measures also showed dramatic improvements in the quality of life: life 
expectancy rose by a dozen years, child mortality fell by 70%, school enrollment 
rose sharply, especially for girls. 

Make no mistake, Bangladesh is still incredibly poor by Canadian stan-
dards. Wages are very low although rising, while working conditions are often 
 terrible and dangerous—a point highlighted in 2013, when a factory complex 
collapsed, killing more than a thousand workers. But compared with its own past, 
 Bangladesh has achieved a lot of progress—and demonstrated that economic 
growth brings real human benefits, too.

Economics >> in Action

Although Bangladesh remains a very poor country, a high growth 
rate has improved living standards over the last 25 years. 
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FigurE 9-3 Comparing recent Growth rates

The average annual rate 
of growth of real GDP per 
capita from 1980 to 2015 
is shown here for selected 
countries. China and, to 
a lesser extent, India and 
Ireland achieved impressive 
growth. Canada, the United 
States, and France had 
moderate growth. Once 
considered an economically 
advanced country, Argentina 
had more sluggish growth. 
Still others, such as 
Zimbabwe, slid backward.
Data from: World Development 
Indicators.

China India Ireland United
States

FranceCanada Argentina Zimbabwe

10%

8

6

4

2

0

–2

Average annual
growth rate
of real GDP
per capita,
1980–2015

8.7%

4.4% 4.0%

1.6% 1.3% 1.2%

–0.4%

1.0%

Krugman_Macro_3e_CAN_CH09_251-284_v3.indd   255 12/10/17   10:19 am

Copyright ©2018 Worth Publishers. Distributed by Worth Publishers. Not for redistribution. 



256  P A R T  4   Lo n g - R u n  E c o n o m i c   g R ow t h

>> Check Your Understanding 9-1
	 Solutions	appear	at	back	of	book.

1. Why do economists use real GDP per capita to measure economic progress rather than 
some other measure, such as nominal GDP per capita or real GDP?

2. Apply the Rule of 70 to the data in Figure 9-3 to determine how many years it will take 
each of the countries listed there (except Zimbabwe) to double its real GDP per capita. 
Would India’s real GDP per capita exceed that of Canada in the future if growth rates 
remain as shown in Figure 9-3? Why or why not?

3. Although China and India currently have growth rates much higher than the Canadian 
growth rate, the typical Chinese or Indian household is far poorer than the typical 
Canadian household. Explain why.

The Sources of Long-run growth
Long-run economic growth depends almost entirely on one ingredient: rising 
 productivity. However, a number of factors affect the growth of productivity. Let’s 
look first at why productivity is the key ingredient and then examine what affects it.

the Crucial importance of Productivity
Sustained economic growth occurs only when the amount of output produced by the 
average worker increases steadily. The term labour productivity, or productivity 
for short, is used to refer either to output per worker or, in some cases, to output 
per hour. (The number of hours worked by an average worker differs to some 
extent across countries, although this isn’t an important factor in the difference 
between living standards in, say, India and Canada.) 

In this book we’ll focus on output per worker. For the economy as a whole, 
productivity—output per worker—is simply real GDP divided by the number of 
people working.

You might wonder why we say that higher productivity is the only source of 
long-run growth. Can’t an economy also increase its real GDP per capita by put-
ting more of the population to work? The answer is, yes, but . . . .

For short periods of time, an economy can experience a burst of growth in 
output per capita by putting a higher percentage of the population to work. That 
happened in Canada during World War II, when millions of women who previ-
ously worked only in the home entered the paid workforce. The percentage of adult 
civilians employed outside the home rose from 51% in 1941 to 61% in 1944, and you 
can see the resulting bump in real GDP per capita during those years in Figure 9-1.

Over the longer run, however, the rate of employment growth is never very 
different from the rate of population growth. Over the course of the twentieth 
century, for example, the population of Canada rose at an average rate of 1.7% per 
year and employment rose 2.1% per year. Real GDP per capita rose 1.9% per year; 
of that, 1.6%—that is, almost 85% of the total—was the result of rising produc-
tivity. In general, overall real GDP can grow because of population growth, but 
any large increase in real GDP per capita must be the result of increased output 
per worker. That is, it must be due to higher productivity.

So increased productivity is the key to long-run economic growth. But what 
leads to higher productivity?

explaining Growth in Productivity
There are three main reasons why the average Canadian worker today produces 
far more than his or her counterpart a century ago. First, the modern worker 
has far more physical capital, such as machinery and office space, to work with. 

Labour productivity, 
often referred to simply as 
productivity, is output per 
worker.

>> Quick Review
•  Economic growth is measured 
using real GDP per capita.

•  In Canada, real GDP per capita 
increased ninefold since 1900, 
resulting in a large increase in living 
standards. 

•  Many countries have real GDP 
per capita much lower than that of 
Canada. About 25% of the world’s 
population has living standards 
worse than those existing in 
Canada in the early 1900s.

•  The long-term rise in real GDP 
per capita is the result of gradual 
growth. The Rule of 70 tells us how 
many years at a given annual rate of 
growth it takes to double real GDP 
per capita.

•  Growth rates of real GDP per capita 
differ substantially among nations.
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Second, the modern worker is much better educated and so possesses much 
more human capital. Finally, modern firms have the advantage of a century’s 
accumulation of technical advancements reflecting a great deal of technological 
progress.

Let’s look at each of these factors in turn.

Increase in Physical Capital Economists define physical capital as manufac-
tured resources such as buildings and machines. Physical capital makes workers 
more productive. For example, a worker operating a backhoe can dig a lot more 
feet of trench per day than one equipped only with a shovel.

In 2015, an average Canadian private-sector worker was backed up by more 
than $203,800 worth of non-residential physical capital—far more than a Canadian 
worker had 100 years ago and far more than the average worker in most other coun-
tries has today.

Increase in Human Capital It’s not enough for a worker to have good 
 equipment—he or she must also know what to do with it. Human capital refers 
to the improvement in labour created by the education and knowledge embodied 
in the workforce.

The human capital of Canada has increased dramatically over the past cen-
tury. A century ago, although most Canadians were able to read and write, very 
few had an extensive education. In 1920, only 3.2% of Canadians under the age 
of 25 were enrolled in university or college and about 3% of Canadians between 
25 and 29 had a post-secondary degree. In 2016, 86% of Canadians over 25 had a 
high school education and 62% had a college or university education. It would be 
impossible to run today’s economy with a population as poorly educated as that 
of a century ago.

Analyses based on growth accounting, described later in this chapter, suggest 
that education—and its effect on productivity—is an even more important deter-
minant of growth than increases in physical capital.

Technological Progress Probably the most important driver of productivity 
growth is technological progress, which is broadly defined as an advance in the 
technical means of the production of goods and services. We’ll see shortly how 
economists measure the impact of technology on growth.

Workers today are able to produce more than those in the past, even with the 
same amount of physical and human capital, because technology has advanced 
over time. It’s important to realize that economically important technological 
progress need not be flashy or rely on cutting-edge science. 

Historians have noted that past economic growth has been driven not only 
by major inventions, such as the railroad or the semiconductor chip, but also by 
thousands of modest innovations, such as the flat-bottomed paper bag, patented 
in 1870, which made packing groceries and many other goods much easier, and 
the Post-it® note, introduced in 1981, which has had surprisingly large benefits 
for office productivity.

Experts attribute much of the productivity surge that took place in the 
United States late in the twentieth century to new technology adopted by service- 
producing companies like Walmart rather than to high-technology companies.

accounting for Growth:  
the aggregate and Per Worker Production Fucntions
Aggregate real output for an economy is higher, other things equal, when (i) more 
physical capital is used; (ii) more labour (workers) is used; (iii) more human cap-
ital is used; and/or (iv) the technology improves. Economists use the aggregate 
production function, to demonstrate this relationship:

Physical capital consists of 
human-made resources such as 
buildings and machines.

human capital is the 
improvement in labour created 
by the education and knowledge 
embodied in the workforce.

Technological progress is an 
advance in the technical means 
of the production of goods and 
services.

the aggregate production 
function is a relationship that 
shows how the aggregate real 
quantity of output is produced 
using the available factors of 
production (the inputs: labour, 
physical capital, and human 
capital) and technology [A and 
the function F(…)].
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(9-2) Y = A × F(K,L,H)

where

Y = aggregate real output (GDP)
K = amount of physical capital used
L = amount of labour used
H = amount of human capital used

F(…) = aggregate production function
A = total factor productivity

This shows that if total factor productivity rises, then aggregate real output 
will also rise, all else the same—a result that can be interpreted as an improve-
ment in technology. We assume that a small increase in K, holding all other 
inputs and technology fixed, causes the amount of aggregate real output to rise 
by a marginal amount, called the positive marginal productivity of  physical 
capital (positive MPK). We also assume that the marginal products of labour 
and human capital are both positive. If total factor productivity is held con-
stant, then the production function F(…) shows how generous the technology 
is in increasing productivity, that is, how the technology magnifies the effect 
of inputs K, L, and H into aggregate real output. Similarly, if the levels of the 
inputs and the aggregate production remain fixed, then increases in total fac-
tor productivity can be interpreted as improvements in technology, since this 
allows for higher levels of real output to be produced without having to use 
more inputs.

Likewise, productivity is higher, all else the same, when (i) more physical 
 capital is used; (ii) human capital increases; and/or (iii) the technology improves. 
In this case we assume that an increase in physical capital per worker causes a 
rise in real output per worker and that the same holds true for an increase in 
human capital per worker. So, when total factor productivity rises, then the real 
output per worker will rise. To quantify these effects, economists use the per 
worker production function, which shows how productivity depends on the 
quantities of physical capital per worker and human capital per worker as well as 
the state of technology:

(9-3) ( Y
L ) = A × f (( K

L ), (H
L ))

where

�( Y
L ) = real output (GDP) per worker

�( K
L ) = real physical captial per worker

�(H
L ) = human capital per worker

 A = total factor productivity

In general, all three factors on the right side of the function tend to rise over time, 
as workers, for example, are equipped with more machinery, receive more educa-
tion, and benefit from technological advances. What the per worker production 
function does is allow economists to disentangle the effects of these three factors 
on overall productivity.

An example of a per worker production function applied to real data comes 
from a comparative study of Chinese and Indian economic growth by the econo-
mists Barry Bosworth and Susan Collins of the Brookings Institution. They used 
the following aggregate production function:

Total factor productivity—
represented by the parameter 
A in the aggregate production 
function Y = A × F(K,	L,	H) helps 
account for output that is not a 
result of the productive inputs. 
that is, it captures all inputs and 
technological features left out 
of the aggregate production 
function.

the positive marginal 
productivity of physical capital 
(positive MPK) is the amount by 
which productivity is increased 
as the result of a small increase in 
physical capital used.

the per worker production 
function is a hypothetical 
function that shows how 
productivity (real gDP per 
worker) depends on the 
quantities of physical capital per 
worker and human capital per 
worker as well as the state of 
technology.

Krugman_Macro_3e_CAN_CH09_251-284_v3.indd   258 12/10/17   10:19 am

Copyright ©2018 Worth Publishers. Distributed by Worth Publishers. Not for redistribution. 



c h A P T e R  9   Lo n g - R u n  E c o n o m i c   g R ow t h   259

�GDP per worker = A × (Physical capital per worker)0.4 × (Human capital per worker)0.6

where A represents an estimate of the level of technology and they assumed that 
each year of education raises workers’ human capital by 7%. Using this function, 
they tried to explain why China grew faster than India between 1978 and 2004. 
About half the difference, they found, was due to China’s higher levels of investment 
spending, which raised its level of physical capital per worker faster than India’s. 
The other half was due to faster Chinese technological progress (growth in A).

In analyzing historical economic growth, economists have discovered a 
crucial fact about the estimated per worker production function: it exhibits 
diminishing returns to physical capital. This is often called diminishing 
marginal productivity of (physical) capital (dim MPK). So when the amount 
of human capital per worker and the state of technology are held fixed, each 
successive increase in the amount of physical capital per worker leads to a 
smaller increase in productivity.

Figure 9-4 and the table to its right give a hypothetical example of how the 
level of physical capital per worker might affect the level of real GDP per worker, 
holding human capital per worker and the state of technology fixed. In this 
example, we measure the quantity of physical capital in dollars.

To see why the relationship between physical capital per worker and pro-
ductivity exhibits diminishing returns, think about how having farm equipment 
affects the productivity of farmworkers. A little bit of equipment makes a big 
difference: a worker equipped with a tractor can do much more than a worker 

A per worker production function 
exhibits diminishing returns to 
physical capital or diminishing 
marginal productivity of 
(physical) capital (dim MPK) 
when, holding the amount of 
human capital per worker and 
the state of technology fixed, 
each successive increase in 
the amount of physical capital 
per worker leads to a smaller 
increase in productivity.

FigurE 9-4 Physical Capital and Productivity 

The per worker production function shows how, in this case, 
holding human capital per worker and technology fixed, 
productivity increases as physical capital per worker rises. 
Other things equal, a greater quantity of physical capital 
per worker leads to higher real GDP per worker but is 
subject to diminishing returns: each successive addition to 
physical capital per worker produces a smaller increase in 
productivity. Starting at the origin, 0, a $20,000 increase  

in physical capital per worker leads to an increase in real 
GDP per worker of $30,000, indicated by point A. Starting 
from point A, another $20,000 increase in physical capital 
per worker leads to an increase in real GDP per worker 
but only of $20,000, indicated by point B. Finally, a third 
$20,000 increase in physical capital per worker leads to only 
a $10,000 increase in real GDP per worker, indicated by 
point C.
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without one. And a worker using more expensive equipment will, other things 
equal, be more productive: a worker with a $40,000 tractor will normally be 
able to cultivate more farmland in a given amount of time than a worker with 
a $20,000 tractor because the more expensive machine will be more powerful, 
perform more tasks, or both.

But will a worker with a $40,000 tractor, holding human capital and technol-
ogy constant, be twice as productive as a worker with a $20,000 tractor? Probably 
not: there’s a huge difference between not having a tractor at all and having even 
an inexpensive tractor; there’s much less difference between having an inexpen-
sive tractor and having a better tractor. And we can be sure that a worker with a 
$200,000 tractor won’t be 10 times as productive: a tractor can be improved only 
so much. Because the same is true of other kinds of equipment, the aggregate 
production function shows diminishing returns to physical capital.

Diminishing returns to physical capital imply a relationship between physical 
capital per worker and output per worker like the one shown in Figure 9-4. As 
the productivity curve for physical capital and the accompanying table illustrate, 
more physical capital per worker leads to more output per worker. But each 
$20,000 increment in physical capital per worker adds less to productivity. 

As you can see from the table, there is a big payoff for the first $20,000 of 
physical capital: real GDP per worker rises by $30,000. The second $20,000 
of physical capital also raises productivity, but not by as much: real GDP per 
worker goes up by only $20,000. The third $20,000 of physical capital raises 
real GDP per worker by only $10,000. By comparing points along the curve you 
can also see that as physical capital per worker rises, output per worker also 
rises (positive MPK, as shown by an upward slope)—but at a diminishing rate 
(diminishing MPK, as shown by a decreasing slope as (K/L) rises).

Going from the origin at 0 to point A, a $20,000 increase in physical capital 
per worker, leads to an increase of $30,000 in real GDP per worker. Going from 
point A to point B, a second $20,000 increase in physical capital per worker, 
leads to an increase of only $20,000 in real GDP per worker. And from point B to 
point C, a $20,000 increase in physical capital per worker, increased real GDP per 
worker by only $10,000.

It’s important to realize that diminishing returns to physical capital is an 
“other things equal” phenomenon: additional amounts of physical capital are 
less productive when the amount of human capital per worker and the technology 
are held fixed. Diminishing returns may disappear if we increase the amount of 
human capital per worker, or improve the technology, or both at the same time 
the amount of physical capital per worker is increased.

For example, a worker with a $40,000 tractor who has also been trained in 
the most advanced cultivation techniques may in fact be more than twice as pro-
ductive as a worker with only a $20,000 tractor and no additional human capital. 

But diminishing returns to any one input—regardless of whether it is physical 
capital, human capital, or number of workers—is a pervasive characteristic of 
production. Typical estimates suggest that in practice a 1% increase in the quan-
tity of physical capital per worker increases output per worker by only one-third 
of 1%, or 0.33%.

In practice, all the factors contributing to higher productivity rise during the 
course of economic growth: both physical capital and human capital per worker 
increase, and technology advances as well. To disentangle the effects of these fac-
tors, economists use growth accounting, which estimates the contribution of each 
major factor in the per worker production function to economic growth. Growth 
accounting can be applied to either the aggregate or the per worker versions of 
the production function. Growth accounting decomposes the growth rate of out-
put per worker into estimated portions that are the results of the growth rates of 
physical capital per worker, human capital per worker, and total factor productivity 
owing to changes in technology. For example, suppose the following are true:

Growth accounting estimates the 
contribution of each major factor 
in the aggregate production 
function to economic growth.
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•	The amount of physical capital per worker grows 3% per year.

•	According to estimates of the per worker production function, each 1% rise in 
physical capital per worker, holding human capital and technology constant, 
raises output per worker by one-third of 1%, or 0.33%.

In that case, we would estimate that growing physical capital per worker is 
responsible for 3% × 0.33 = 1 percentage point of productivity growth per year. 
A similar but more complex procedure is used to estimate the effects of growing 
human capital. The procedure is more complex because there aren’t simple dollar 
measures of the quantity of human capital.

Growth accounting allows us to calculate the effects of greater physical and 
human capital on economic growth. But how can we estimate the effects of 
technological progress? We do so by estimating what is left over after the effects 
of physical and human capital have been taken into account. For example, let’s 
imagine that there was no increase in human capital per worker so that we can 
focus on changes in physical capital and in technology.

In Figure 9-5, the lower curve shows the same hypothetical relationship 
between physical capital per worker and output per worker shown in Figure 9-4. 
Let’s assume that this was the relationship given the technology available in 1947. 
The upper curve also shows a relationship between physical capital per worker 
and productivity, but this time given the technology available in 2017. (We’ve 
chosen a 70-year stretch to allow us to use the Rule of 70.) The 2017 curve is 
shifted up compared to the 1947 curve because technologies developed over the 
previous 70 years make it possible to produce more output for a given amount 
of physical capital per worker than was possible with the technology available in 
1947. (Note that the two curves are measured in constant dollars.)

Let’s assume that between 1947 and 2017 the amount of physical capital per 
worker rose from $20,000 to $60,000. If this increase in physical capital per 
worker had taken place without any technological progress, the economy would 
have moved from A to C: output per worker would have risen, but only from 
$30,000 to $60,000, or 1% per year (using the Rule of 70 tells us that a 1% growth 
rate over 70 years doubles output). In fact, however, the economy moved from A 
to D: output rose from $30,000 to $120,000, or 2% per year. There was an increase 
in both physical capital per worker and technological progress, which shifted the 
per worker production function.

In this case, 50% of the annual 2% increase in productivity—that is, 1% 
in annual productivity growth—is due to higher total factor productivity, the 
amount of output that can be produced with a given amount of factor inputs. So 
when total factor productivity (A) increases, the economy can produce more out-
put with the same quantity of physical capital, human capital, and labour.

Most estimates find that increases in total factor productivity are central to 
a country’s economic growth. We believe that observed increases in total factor 
productivity in fact measure the economic effects of technological progress. All of 
this implies that technological change is crucial to economic growth. 

it MaY Be DiMiniSheD . .  .  But it ’S 
Still PoSitiVe
It’s	important	to	understand	what	diminishing	returns	to	physical	
capital	means	and	what	it	doesn’t	mean.	As	we’ve	already	explained,	
it’s	an	“other	things	equal”	statement:	holding	the	amount	of	human	
capital	per	worker	and	the	technology	fixed,	each	successive	increase	
in	the	amount	of	physical	capital	per	worker	results	in	a	smaller	
increase	in	real	GDP	per	worker.	

But	this	doesn’t	mean	that	real	GDP	per	worker	eventually	falls	as	
more	and	more	physical	capital	is	added.	It’s	just	that	the	increase	in	
real	GDP	per	worker	gets	smaller	and	smaller,	albeit	remaining	at	or	
above	zero.	So	an	increase	in	physical	capital	per	worker	will	never	
reduce	productivity.

But	due	to	diminishing	returns,	at	some	point	increasing	the	
amount	of	physical	capital	per	worker	no	longer	produces	an	
economic	payoff:	at	this	point	the	increase	in	output	is	so	small		
that	it	is	not	worth	the	cost	of	the	additional	physical	capital.

P I T F A L L S
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Statistics Canada estimates the growth rate of both labour productivity and 
total factor productivity for various business sectors of Canada. According to 
estimates from Statistics Canada, from 1961 to 2015 Canadian labour productivity 
rose 2% per year. Only 74% of that rise is explained by increases in physical and 
human capital per worker; the rest is explained by rising total factor productivity—
that is, by technological progress.

All provinces and territories experienced positive labour productivity growth 
from 1997 to 2015, but the amount of growth varied significantly. Manitoba enjoyed 
the highest growth rate, with an annual growth rate of 1.6%. Newfoundland and 
Labrador had the second highest growth with an annual growth rate of 1.5%. On 
the other hand, the Yukon had the lowest labour productivity growth, at 0.5%.

What about natural resources?
In our discussion so far, we haven’t mentioned natural resources, which certainly 
have an effect on productivity. Other things equal, countries that are abundant 
in valuable natural resources, such as highly fertile land or rich mineral deposits, 
have higher real GDP per capita than less fortunate countries. 

The most obvious modern example is the Middle East, where enormous oil 
deposits have made a few sparsely populated countries very rich. For example, Kuwait 
has about the same level of real GDP per capita as Germany, but Kuwait’s wealth is 
based on oil, not manufacturing, the source of Germany’s high output per worker.

But other things are often not equal. In the modern world, natural resources are 
a much less important determinant of productivity than human or physical capital 
for the great majority of countries. For example, some nations with very high real 
GDP per capita, such as Japan, have very few natural resources. Some resource-
rich nations, such as Nigeria (which has sizable oil deposits), are very poor.

Historically, natural resources played a much more prominent role in deter-
mining productivity. In the nineteenth century, the countries with the highest 

FigurE 9-5 technological Progress and Productivity Growth 

Technological progress raises productivity 
at any given level of physical capital per 
worker, and therefore shifts the per worker 
production function upward. Here we hold 
human capital per worker fixed. We assume 
that the lower curve (the same curve as in 
Figure 9-4) reflects technology in 1947 and 
the upper curve reflects technology in 2017. 
Holding technology and human capital fixed, 
tripling physical capital per worker from 
$20,000 to $60,000 leads to a doubling 
of real GDP per worker, from $30,000 to 
$60,000. This is shown by the movement 
from point A to point C, reflecting an 
approximately 1% per year rise in real GDP 
per worker. In reality, technological progress 
raised productivity at any given level of 
physical capital—shown here by the upward 
shift of the curve—and the actual rise in real 
GDP per worker is shown by the movement 
from point A to point D. Real GDP per 
worker grew 2% per year, leading to a 
quadrupling during the period. The extra 1% 
in growth of real GDP per worker is due to 
higher total factor productivity.
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real GDP per capita were those abundant in rich farmland and mineral deposits: 
the United States, Canada, Argentina, and Australia. As a consequence, natural 
resources figured prominently in the development of economic thought. 

In a famous book published in 1798, An Essay on the Principle of Population, 
the English economist Thomas Malthus made the fixed quantity of land in the 
world the basis of a pessimistic prediction about future productivity. As popula-
tion grew, he pointed out, the amount of land per worker would decline. And this, 
other things equal, would cause productivity to fall.

His view, in fact, was that improvements in technology or increases in physical 
capital would lead only to temporary improvements in productivity because they 
would always be offset by the pressure of rising population and more workers 
on the supply of land. In the long run, he concluded, the great majority of people 
were condemned to living on the edge of starvation. Only then would death rates 
be high enough and birth rates low enough to prevent rapid population growth 
from outstripping productivity growth.

It hasn’t turned out that way, although many historians believe that Malthus’s 
prediction of falling or stagnant productivity was valid for much of human history. 
Population pressure probably did prevent large productivity increases until the 
eighteenth century. But in the time since Malthus wrote his book, any negative 
effects on productivity from population growth have been far outweighed by other, 
positive factors—advances in technology, increases in human and physical capital, 
and the opening up of enormous amounts of cultivable land in the New World.

It remains true, however, that we live on a finite planet, with limited supplies 
of resources such as oil and limited ability to absorb environmental damage. We 
address the concerns these limitations pose for economic growth in the final 
 section of this chapter.

The rise, Fall, and return of the Productivity Paradox
We live in an era of revolutionary technological change—or that’s what everyone 
says. And to be fair, there are good reasons for the excitement. After all, your smart-
phone is thousands of times faster and can store millions of times more data as the 
computers available to the astronauts who landed on the moon. But is the dramatic 
increase in computing power translating into equally dra-
matic economic growth? Economists have been asking that 
question for decades—and the answer still isn’t clear.

From today’s perspective, the cutting-edge technologies 
introduced in the 1980s—desktop computers that could dis-
play text in any colour you wanted as long as it was green, 
cell phones the size of small bricks, and so on—look pretty 
primitive. But they were a big improvement on what came 
before. Yet the economic payoff was surprisingly hard to see. 

As Figure 9-6 shows, the big technological changes of the 
1980s took place in the middle of a prolonged slump in the 
growth of total factor productivity. During the 21 years from 
1974 to 1995, the average annual growth rate of total factor pro-
ductivity was  0.2%, only one-eighth  of what it had been during 
the previous 11 years. In 1987,  Robert Solow, the Nobel-win-
ning father of the modern theory of economic growth, fam-
ously noted that “you can see the computer age everywhere but 
in the productivity statistics.” What was going on?

Some economists argued that the explanation of the 
so-called productivity paradox was that there’s a big differ-
ence between having a new technology and knowing what to 
do with it. They predicted that computers would eventually 

Economics >> in Action

FigurE 9-6 the rise and Fall of total Factor 
Productivity, 1962–2015
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pay off once business practices evolved to take advantage of personal computers, 
local area networks, and the internet. 

And this optimistic view was seemingly borne out by developments in the 
1990s. Total factor productivity picked up in the early 1990s and reached its 
peak in the mid-late 1990s, with much of the surge taking place in formerly staid 
sectors like retailing, where companies like Walmart took advantage of informa-
tion technology to achieve big efficiency gains in seemingly prosaic areas like 
inventory management (using bar-code technology, as illustrated in this chapter’s 
Business Case). The productivity paradox was over. Or was it?

After the spike from 1996 to 2005, growth in total factor productivity dropped 
in the early 2000s. Once again, new technology seemed to be everywhere: smart-
phones, tablets, and high-speed wireless internet were post-2005 developments. 
Despite these innovations, the productivity paradox was back with a vengeance.

The larger lesson here is that advances in technology can be exciting and 
ultimately very useful, but it may take many years of figuring out how to use them 
before there is a significant impact on living standards.

>> Check Your Understanding 9-2
	 Solutions	appear	at	back	of	book.

1. Predict the effect of each of the following events on the growth rate of productivity.
a. The amounts of physical and human capital per worker are unchanged, but there is 

significant technological progress.
b. The amount of physical capital per worker grows at a steady pace, but the level of 

human capital per worker and technology are unchanged.

2. Output in the economy of Erewhon has grown 3% per year over the past 30 years. The 
labour force has grown at 1% per year, and the quantity of physical capital has grown 
at 4% per year. The average education level hasn’t changed. Estimates by economists 
say that each 1% increase in physical capital per worker, other things equal, raises 
productivity by 0.3%. (Hint: % change in (X/Y) = % change in X − % change in Y.)
a. How fast has productivity in Erewhon grown?
b. How fast has physical capital per worker grown?
c. How much has growing physical capital per worker contributed to productivity 

growth? What percentage of productivity growth is that?
d. How much has technological progress contributed to productivity growth? What 

percentage of productivity growth is that?

3. Multinomics, Inc., is a large company with many offices around the country. It has 
just adopted a new computer system that will affect virtually every function performed 
within the company. Why might a period of time pass before employees’ productivity 
is improved by the new computer system? Why might there be a temporary decrease in 
employees’ productivity?

Why growth rates Differ
In 1820, according to estimates by the economic historian Angus Maddison, 
Mexico had somewhat higher real GDP per capita than Japan. Today, Japan has 
higher real GDP per capita than most European nations and Mexico is a relatively 
poor country, though by no means among the poorest. The difference? Over the 
long run—since 1820—real GDP per capita grew at 1.9% per year in Japan but at 
only 1.3% per year in Mexico.

As this example illustrates, even small differences in growth rates have large 
consequences over the long run. So why do growth rates differ across countries 
and across periods of time?

explaining Differences in Growth rates
As one might expect, economies with rapid growth tend to be economies that add 
physical capital, increase their human capital, or experience rapid technological 

>> Quick Review
•  Long-run increases in living 
standards arise almost entirely from 
growing labour productivity, 
often the Average Productivity of 
Labour (APL), or simply as referred 
to as productivity.

•  The positive marginal 
productivity of physical capital 
(MPK) is the amount by which 
productivity is increased as the 
result of a small increase in physical 
capital used.

•  An increase in physical 
capital is one source of higher 
productivity, but it is subject to 
diminishing returns to physical 
capital or diminishing marginal 
productivity of (physical)  capital 
(dim MPK).

•  Human capital and 
technological progress are also 
sources of increases in productivity.

•  The per worker production 
function is used to estimate the 
sources of increases in productivity. 
The aggregate production 
function is a relationship that shows 
how the aggregate real quantity 
of output is produced using the 
available factors of production (the 
inputs: labour, physical capital, and 
human capital) and technology [A 
and the function F(…)].  
Growth accounting has shown that 
rising total factor productivity, 
interpreted as the effect of 
technological progress, is central to 
long-run economic growth.

•  Natural resources are less 
important today than physical 
and human capital as sources 
of productivity growth in most 
economies.
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progress. Striking economic success stories, like Japan in the 1950s and 1960s or 
China more recently, tend to be countries that do all three:

1. Rapidly add to their physical capital through high savings and investment 
spending.

2. Upgrade their educational level.
3. Make fast technological progress.

Evidence also points to the importance of government policies, property rights, 
political stability, and good governance in fostering the sources of growth. (We’ll 
look at the role of government in the next section.)

Savings and Investment Spending One reason for differences in growth rates 
between countries is that some countries are increasing their stock of physical 
capital much more rapidly than others, through high rates of investment spend-
ing. In the 1960s, Japan was the fastest-growing major economy; it also spent a 
much higher share of its GDP on investment goods than did other major econ-
omies. In recent years, China has been the fastest-growing major economy, and it 
similarly spends a very large share of its GDP on investment goods. In 2015, invest-
ment spending was 43% of China’s GDP, compared with only 23% in Canada.

The money for high investment spending comes from savings. In the next 
chapter we’ll analyze how financial markets channel savings into investment 
spending. For now, however, the key point is that investment spending must 
be paid for either out of domestic (national) savings or out of foreign savings. 
Domestic savings refer to the savings within the country, which can come from 
households and/or the government. Foreign savings, as you might expect, are sav-
ings that come from foreign countries. If a country finances its investment with 
foreign savings, it is borrowing from abroad. 

Foreign capital has played an important role in the long-run economic growth 
of some countries, including Canada, which relied heavily on foreign funds during 
its early industrialization. For the most part, however, countries that invest a large 
share of their GDP are able to do so because they have high domestic savings. In 
fact, China in 2016 saved an even higher percentage 
of its GDP than it invested at home. The extra savings 
were invested abroad, largely in the United States.

One reason for differences in growth rates, 
then, is that countries add different amounts to 
their stocks of physical capital because they have 
different rates of savings and investment spending.

Education Just as countries differ substantially 
in the rate at which they add to their physical 
capital, there have been large differences in the 
rate at which countries add to their human capital 
through education.

A case in point is the comparison between 
Argentina and China. In both countries the adult 
literacy rate has risen steadily over time, but it has 
risen much faster in China.

Figure 9-7 shows the percentage of people 
over the age of 15 who can both read and write in 
China, which we have highlighted as an example 
of spectacular long-run growth, and in Argentina, 
a country whose growth has been disappointing. 
Thirty-five years ago, Argentina had a much more 
educated population, while many Chinese were still 
illiterate. Today, the average educational level and 
adult literacy rate in China is still slightly below 

FigurE 9-7 China’s Students are Catching up, 1980–2015

Although China still lags behind Argentina in adult literacy, it is 
rapidly catching up. China’s success at adding human capital is 
one key to the spectacular rise in its long-run growth rate in recent 
decades.
Data from: World Development Indicators, World Bank.
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that in  Argentina—but that’s mainly because there are still many elderly adults 
in China who never received basic education. In terms of secondary and tertiary 
education, China has outstripped once-rich Argentina.

Research and Development The advance of technology is a key force behind 
economic growth. What drives technological progress?

Scientific advances make new technologies possible. To take the most spec-
tacular example in today’s world, the semiconductor chip—which is the basis for 
all modern information technology—could not have been developed without the 
theory of quantum mechanics in physics.

But science alone is not enough: scientific knowledge must be translated into 
useful products and processes. And that often requires devoting a lot of resour-
ces to research and development, or R&D, spending to create new technologies 
and apply them to practical use.

Although some research and development is conducted by governments, much 
R&D is paid for by the private sector. The United States became the world’s lead-
ing economy in large part because American businesses were among the first to 
make systematic research and development a part of their operations. In fact, it 
was Thomas Edison who created the first modern industrial research laboratory, 
as described in the following For Inquiring Minds.

Developing new technology is one thing; applying it is another. There have 
often been notable differences in the pace at which different countries take 
advantage of new technologies. For example, since 2000, Italy has suffered a 
significant decline in its total factor productivity, while the United Kingdom has 
moved ahead. The sources of these national differences are the subject of a great 
deal of economic research. 

the role of Government in Promoting economic Growth
Governments can play an important role in promoting—or blocking—all three 
sources of long-term economic growth: physical capital, human capital, and 
technological progress. They can either affect growth directly through subsidies 
to factors that enhance growth, or by creating an environment that either fosters 
or hinders growth.

Government Policies Government policies can increase the economy’s growth 
rate through four main channels.

1. GOVERNMENT SUBSIDIES TO INFRASTRUCTURE  Governments play an 
important direct role in building infrastructure: roads, power lines, ports, infor-
mation networks, and other large-scale physical capital projects that provide a 
foundation for economic activity. Although some infrastructure is provided by 

Research and development, or 
R&D, is spending to create and 
implement new technologies.

Roads, power lines, ports, 
information networks, and 
other underpinnings for 
economic activity are known as 
infrastructure.

Thomas	Edison	is	best	known	as	the	
inventor	of	the	lightbulb	and	the	
	phonograph.	But	his	biggest	invention	
may	surprise	you:	he	invented	research	
and	development.

Before	Edison’s	time,	there	had,	of	
course,	been	many	inventors.	Some	of	
them	worked	in	teams.	But	in	1875	Edison	
created	something	new:	his	Menlo	Park,	
New	Jersey,	laboratory.	It	employed	25	
men	full	time	to	generate	new	products	
and	processes	for	business.	In	other	words,	

he	did	not	set	out	to	pursue	a	particular	
idea	and	then	cash	in.	He	created	an	
	organization	whose	purpose	was	to	create	
new	ideas	year	after	year.	

You	could	say	that	before	Edison’s	lab,	
technology	just	sort	of	happened:	people	
came	up	with	ideas,	but	businesses	didn’t	
plan	to	make	continuous	technological	
progress.	Now	R&D	operations,	often	
much	bigger	than	Edison’s	original	team,	
are	standard	practice	throughout	the	
	business	world.	

FoR	INqUIRING	MINDS inventing r&D

Edison in his lab in 1888 with a 
work in progress: the phonograph.
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private companies, much of it is either provided by the government or requires a 
great deal of government regulation and support.

Ireland is often cited as an example of the importance of government-provided 
infrastructure. After the government invested in an excellent telecommunica-
tions infrastructure in the 1980s, Ireland became a favoured location for high- 
technology companies from abroad and its economy took off in the 1990s.

Poor infrastructure, such as a power grid that frequently fails and cuts off 
electricity, is a major obstacle to economic growth in many countries. To provide 
good infrastructure, an economy must not only be able to afford it, but it must 
also have the political discipline to maintain it.

Perhaps the most crucial infrastructure is something we, in an advanced 
country, rarely think about: basic public health measures in the form of a clean 
water supply and disease control. Poor health infrastructure is a major obstacle 
to economic growth in poor countries, especially those in Africa.

2. GOVERNMENT SUBSIDIES TO EDUCATION  In contrast to physical capital, 
which is mainly created by private investment spending, much of an economy’s 
human capital is the result of government spending on education. All levels of 
Canadian government—federal, provincial, and municipal—play an important 
role in education. In primary and secondary education, more than 90% of the 
funding comes from governments. Although the share of funding from govern-
ments for college and university education has decreased in recent years, govern-
ments still finance about 75% and 60% of the direct costs of college and university 
education, respectively. As a result, differences in the rate at which countries add 
to their human capital largely reflect government policy. As we saw in Figure 9-7.

Differences in the rate at which countries add to their human capital largely 
reflect government policy. As we saw in Figure 9-7, the adult literacy rate in 
China has been increasing more rapidly than in Argentina. This isn’t because 
China is richer than Argentina; until recently, China was, on average, poorer than 
 Argentina. Instead, it reflects the fact that the  Chinese government has made edu-
cation and raising the literacy rate high priorities.

3. GOVERNMENT SUBSIDIES TO R&D Technological progress is largely the result 
of private initiative. But in the more advanced countries, important R&D is done 
by government agencies as well. For example, the federal government funds the 
Scientific Research and Experimental Development (SR&ED) tax incentive pro-
gram, which allows businesses to receive cash refunds and/or tax credits and 
deductions for their spending on R&D in Canada. Some important R&D projects, 
such as those on water/food safety, health, and environmental stress, are con-
ducted directly by Canadian government agencies. 

4. MAINTAINING A WELL-FUNCTIONING FINANCIAL SYSTEM Governments play 
an important indirect role in making high rates of private investment spending 
possible. Both the amount of savings and the ability of an economy to direct sav-
ings into productive investment spending depend on the economy’s institutions, 
especially its financial system. A well-regulated and well- functioning financial 
system is very important for economic growth because in most countries it is the 
principal way in which savings are channeled into investment spending.

If a country’s citizens trust their banks, they will place their savings in bank 
deposits, which the banks will then lend to their business customers. But if people 
distrust their banks, they will hoard gold or foreign currency, keeping their savings 
in safe deposit boxes or under the mattress, where it cannot be turned into product-
ive investment spending. A well-functioning financial system requires appropriate 
government regulation to assure depositors that their funds are protected from loss.

Protection of Property Rights Property rights are the rights of owners of valu-
able items to dispose of those items as they choose. A subset, intellectual property 
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rights, are the rights of an innovator to accrue the rewards of her innovation. The 
state of property rights generally, and intellectual property rights in particular, are 
important factors in explaining differences in growth rates across economies. Why? 
Because no one would bother to spend the effort and resources required to innovate 
if someone else could appropriate that innovation and capture the rewards. So, for 
innovation to flourish, intellectual property rights must receive protection.

Sometimes this is accomplished by the nature of the innovation: it may be too 
difficult or expensive to copy. But, generally, the government has to protect intel-
lectual property rights. A patent is a government-created temporary monopoly 
given to an innovator for the use or sale of his or her innovation. It’s a temporary 
rather than permanent monopoly because while it’s in society’s interests to give an 
innovator an incentive to invent, it’s also in society’s interests to eventually encour-
age competition. The Canadian Intellectual Property Office (CIPO), a federal 
government agency that is associated with Industry Canada, is responsible for the 
administration and processing of most of the country’s intellectual property. Can-
adians with new inventions can apply for a patent in Canada through the CIPO.

Political Stability and Good Governance There’s not much point in investing 
in a business if rioting mobs are likely to destroy it, or in saving your money if 
someone with political connections can steal it. Political stability and good gov-
ernance (including the protection of property rights) are essential ingredients in 
fostering economic growth in the long run.

Long-run economic growth in successful economies, like that of Canada, has 
been possible because there are good laws, institutions that enforce those laws, 
and a stable political system that maintains those institutions. The law must say 
that your property is really yours so that someone else can’t take it away. The 
courts and the police must be honest so that they can’t be bribed to ignore the law. 
And the political system must be stable so that laws don’t change capriciously. 

Canadians take these preconditions for granted, but they are by no means 
guaranteed. Aside from the disruption caused by war or revolution, many coun-
tries find that their economic growth suffers due to corruption among the govern-
ment officials who should be enforcing the law. For example, until 1991 the Indian 
government imposed many bureaucratic restrictions on businesses, which often 
had to bribe government officials to get approval for even routine activities—a tax 
on business, in effect. Economists have argued that a reduction in this burden 
of corruption is one reason Indian growth has been much faster in recent years.

Even when the government isn’t corrupt, excessive government intervention 
can be a brake on economic growth. If large parts of the economy are supported 
by wasteful government subsidies, protected from imports, subject to unneces-
sary monopolization, or otherwise insulated from competition, productivity 
tends to suffer because of a lack of incentives. As we’ll see in the next section, 
excessive government intervention is one often-cited explanation for slow growth 
in Latin America.

What’s the Matter with italy?
Italy was once considered a remarkable economic success story. A century ago it 
was still a poor country—so poor that in the late nineteenth and early twentieth 
century millions of Italians emigrated to Canada, the United States, and other des-
tinations in search of a better life. After World War II, however, Italy experienced 
decades of rapid growth, with real GDP per capita quadrupling between 1950 and 
1990. By the end of that growth spurt, as you can see from Figure 9-8, Italy was 
significantly richer than Britain, the nation that had led the Industrial Revolution.

But at that point Italian growth stalled. Real GDP per capita was stagnant 
after the late 1990s, and began falling after 2008, as Italy’s economy suffered a 
severe downturn as a result of the European debt crisis. What went wrong?

Economics >> in Action
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Part of the answer involves slow 
growth of the factors of production. 
Italy’s low birth rate has meant a 
rapidly aging population, with a 
declining percentage of working age 
adults. Italy has also lagged in educa-
tion, with the lowest  college-educated 
share of the population in the Euro-
pean Union. Italy also seems to be 
having trouble taking advantage of 
technological progress. In fact, meas-
ured total factor productivity in Italy 
has declined since 2000. Why?

Some economists suggest that the 
explanation may lie in its business 
culture. There is widespread criti-
cism, in particular, of Italian manage-
ment practices. The claim is that 
promotion and financial rewards all 
too often reflect seniority rather than 
performance, giving few incentives to 
adopt new technology and best business practices. 

Underlying this low-performance culture may be a lack of effective compe-
tition in many markets, which means that even badly run companies can stay 
in business indefinitely. The absence of competition within the Italian economy 
points to a government policy failure, perhaps arising from the relationship 
between established firms and government being too cozy. In an economy dom-
inated by established firms, there’s little incentive to invest or innovate. Italy’s 
troubles show that even countries with a history of economic success can stum-
ble. Achieving economic growth, it turns out, isn’t easy.

>> Check Your Understanding 9-3
	 Solutions	appear	at	back	of	book.

1. Explain the link between a country’s growth rate, its investment spending as a percent 
of GDP, and its domestic savings.

2. Consider two countries, A and B. If country A’s academic biotechnology centres have 
closer connections with private biotechnology companies than Country B’s counterparts. 
What effect might this have on the pace of creation and development of new drugs in 
country A versus country B?

3. During the 1990s in the former Soviet Union a lot of property was seized and controlled 
by those in power. How might this have affected the country’s growth rate at that time? 
Explain.

4. Explain how the accumulation of human capital helps promote long-run economic 
growth. What should the government do to increase the buildup of human capital?

Success, Disappointment, and Failure
As we’ve seen, rates of long-run economic growth differ quite a lot around the 
world. Now let’s look at three regions of the world that have had quite different 
experiences with economic growth over the last few decades.

Figure 9-9 shows trends since 1960 in real GDP per capita in 2010 U.S. dollars 
for three countries: Argentina, Nigeria, and South Korea. (As in Figure 9-1, the 
vertical axis is drawn in logarithmic scale.) We have chosen these countries 
because each is a particularly striking example of what has happened in its region. 
South Korea’s amazing rise is part of a broad “economic miracle” in East Asia. 
 Argentina’s slow progress, interrupted by repeated setbacks, is more or less typical 

FigurE 9-8 real GDP Per Capita for italy and the united  
Kingdom, 1950–2015
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>> Quick Review
•  Countries differ greatly in their 
growth rates of real GDP per capita 
due to differences in the rates at 
which they accumulate physical 
capital and human capital as well as 
differences in technological progress. 
A prime cause of differences in 
growth rates is differences in rates 
of domestic savings and investment 
spending as well as differences in 
education levels, and research and 
development, or R&D, levels. R&D 
largely drives technological progress.

•  Government actions can promote 
or hinder the sources of long-term 
growth.

•  Government policies that directly 
promote growth are subsidies to 
infrastructure, particularly public 
health infrastructure, subsidies 
to education, subsidies to R&D, 
and the maintenance of a well-
functioning financial system.

•  Governments improve the 
environment for growth by 
protecting property rights 
(particularly intellectual property 
rights through patents), by 
providing political stability, and 
through good governance. Poor 
governance includes corruption and 
excessive government intervention.
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of the disappointing growth that has characterized Latin America. And Nigeria’s 
unhappy story until fairly recently—with little growth in real GDP until after 
2000—was, unfortunately, an experience shared by many African countries.

east asia’s Miracle
In 1960, South Korea was a very poor country. In fact, in 1960 its real GDP per 
capita was lower than that of India today. But, as you can see from Figure 9-9, 
beginning in the early 1960s South Korea began an extremely rapid economic 
ascent: real GDP per capita grew about 7% per year for more than 30 years. Today 
South Korea, though still somewhat poorer than Europe, the United States, or 
Canada, looks very much like an economically advanced country.

South Korea’s economic growth is unprecedented in history: it took the coun-
try only 35 years to achieve growth that required centuries elsewhere. Yet South 
Korea is only part of a broader phenomenon, often referred to as the East Asian 
economic miracle. High growth rates first appeared in South Korea, Taiwan, 
Hong Kong, and Singapore but then spread across the region, most notably to 
China. Since 1975, the whole region has increased real GDP per capita by 6% per 
year, more than three times North America’s historical rate of growth.

How have the Asian countries achieved such high growth rates? The answer is 
that all of the sources of productivity growth have been firing on all cylinders. Very 
high savings rates, the percentage of GDP that is saved nationally in any given year, 
have allowed the countries to significantly increase the amount of physical capital 
per worker. Very good basic education has permitted a rapid improvement in human 
capital. And these countries have experienced substantial technological progress.

Why were such high rates of growth unheard of in the past? Most economic 
analysts think that East Asia’s growth spurt was possible because of its relative 
backwardness. That is, by the time that East Asian economies began to move 
into the modern world, they could benefit from adopting the technological 
advances that had been generated in technologically advanced countries such as 
Canada and the United States.

In 1900, Canada and the United States could not have moved quickly to a 
modern level of productivity because much of the technology that powers the 
modern economy, from jet planes to computers, hadn’t been invented yet. In 
1970, South Korea probably still had lower labour productivity than Canada 
and the United States had in 1900, but it could rapidly upgrade its productivity 
by adopting technology that had been developed in Canada, the United States, 

FigurE 9-9 Success and Disappointment

Real GDP per capita from 1960 to 2015, 
measured in 2010 U.S. dollars, is shown 
for Argentina, South Korea, and Nigeria, 
using a logarithmic scale. South Korea 
and some other East Asian countries 
have been highly successful at achieving 
economic growth. Argentina, like much of 
Latin America, has had several setbacks, 
slowing its growth. Nigeria’s standard 
of living in 2015 was only barely higher 
than it had been in 1960, an experience 
shared by many African countries. 
Neither Argentina nor Nigeria exhibited 
much growth over the 55-year period, 
although both have had significantly 
higher growth in recent years.
Data from: World Development Indicators.
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Europe, and Japan over the previous century. This was aided by a huge invest-
ment in human capital through widespread schooling.

The East Asian experience demonstrates that economic growth can be espe-
cially fast in countries that are playing catch-up to other countries with higher 
GDP per capita. On this basis, many economists have suggested a general princi-
ple known as the convergence hypothesis. It says that differences in real GDP 
per capita among countries tend to narrow over time because countries that start 
with lower real GDP per capita tend to have higher growth rates. We’ll look at the 
evidence on the convergence hypothesis in the upcoming Economics in Action.

Even before we get to that evidence, however, we can say right away that 
starting with a relatively low level of real GDP per capita is no guarantee of rapid 
growth, as the examples of Latin America and Africa both demonstrate.

latin america’s Disappointment
In 1900, Latin America was not considered an economically backward region. Nat-
ural resources, including both minerals and cultivable land, were abundant. Some 
countries, notably Argentina, attracted millions of immigrants from Europe in 
search of a better life. Measures of real GDP per capita in  Argentina, Uruguay, and 
southern Brazil were comparable to those in economically advanced countries.

Since about 1920, however, growth in Latin America has been disappointing. 
As Figure 9-9 shows in the case of Argentina, growth has been disappointing for 
many decades, until 2000 when it finally began to increase. The fact that South 
Korea is now much richer than Argentina would have seemed inconceivable a few 
generations ago.

Why did Latin America stagnate? Comparisons with East Asian success stor-
ies suggest several factors. The rates of savings and investment spending in Latin 
America have been much lower than in East Asia, partly as a result of irrespon-
sible government policy that has eroded savings through high inflation, bank fail-
ures, and other disruptions. Education—especially broad basic  education—has 
been underemphasized: even Latin American nations rich in natural resources 
often failed to channel that wealth into their educational systems. And political 
instability, leading to irresponsible economic policies, has taken a toll.

In the 1980s, many economists came to believe that Latin America was 
suffering from excessive government intervention in markets. They recommended 
opening the economies to imports, selling off government-owned companies, 
and, in general, freeing up individual initiative. The hope was that this would 
produce an East Asian–type economic surge. So far, however, only one Latin 
American nation, Chile, has achieved sustained rapid growth.

africa’s troubles and Promise
Africa south of the Sahara is home to more than 1 billion  
people, more than 30 times the population of Canada. On 
average, they are very poor, nowhere close to Canada’s 
living standards 100 or even 200 years ago. And economic 
progress has been both slow and uneven, as the example of 
Nigeria, the most populous nation in the region, suggests. 
In fact, real GDP per capita in sub-Saharan Africa actually 
fell 13% from 1980 to 1994, although it has recovered since 
then. The consequence of this poor growth performance 
has been intense and continuing poverty.

This is a very disheartening story. What explains it?
Several factors are probably crucial. Perhaps first 

and foremost is the problem of political instability. In the 
years after 1975, large parts of Africa experienced devas-
tating civil wars (often with outside powers backing rival 
sides) that killed millions of people and made productive 

According to the convergence 
hypothesis, international 
differences in real gDP per capita 
tend to narrow over time.

Slow and uneven economic growth in sub-Saharan Africa has led 
to extreme and ongoing poverty for many of its people.
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investment spending impossible. The threat of war and general anarchy also 
inhibited other important preconditions for growth, such as education and provi-
sion of necessary infrastructure.

Property rights are also a major problem. The lack of legal safeguards means 
that property owners are often subject to extortion because of government cor-
ruption, making them averse to owning property or improving it. This is espe-
cially damaging in a country that is very poor.

While many economists see political instability and government corruption 
as the leading causes of underdevelopment in Africa, some—most notably  Jeffrey 
Sachs of Columbia University and the United Nations—believe the opposite. 
They argue that Africa is politically unstable because it is poor. And Africa’s 
poverty, they go on to claim, stems from its extremely unfavourable geographic 
 conditions—much of the continent is landlocked, hot, infested with tropical dis-
eases, and cursed with poor soil.

Sachs, along with economists from the World Health Organization, has high-
lighted the importance of health problems in Africa. In poor countries, worker 
productivity is often severely hampered by malnutrition and disease. In particu-
lar, tropical diseases such as malaria can only be controlled with an effective 
public health infrastructure, something that is lacking in much of Africa. At the 
time of writing, economists are studying certain regions of Africa to determine 
whether modest amounts of aid given directly to residents for the purposes of 
increasing crop yields, reducing malaria, and increasing school attendance can 
produce self-sustaining gains in living standards.

Although the example of African countries represents a warning that long-run 
economic growth cannot be taken for granted, there are some signs of hope. As 
we saw in Figure 9-9, Nigeria’s per capita GDP, after decades of stagnation, turned 
upward after 2000, and it achieved an average annual growth rate of 3.0% from 
2008 through 2015.

left Behind by Growth?
Historically, rising real GDP per capita has translated into rising real income for 
the great majority of a nation’s residents. However, there’s no guarantee that this 
will happen. In fact, if the share of the nation’s income going to a particular group 
of citizens falls over time, that group may be left behind while others benefit from 
growth. That group may even suffer a decline in their real income while the over-
all income of the nation is rising.

This isn’t just a theoretical possibility. In Canada, and most other wealthy coun-
tries, the share of income going to families near the top of the income distribution, 
and especially to the highest-income 1%, has grown substantially in the past few dec-
ades. Figure 9-10 shows one consequence of this rise in inequality. The figure com-
pares the growth since 1981 of real per capita GDP in Canada and the real income of 
the median family—the family halfway up the income scale, with half of all families 
richer and half poorer. Both numbers are shown as indexes, with 1981 = 100.

Initially the two numbers grew by quite similar rates, keeping the distribution 
of income quite stable. After the recession in the early 1990s, however, a large 
share of growth went to a relatively small number of people at the top, so that the 
income of the median family—which arguably better reflects the experience of the 
typical Canadian—rose much more slowly than GDP per capita. Many Canadian 
families, in other words, were to some extent left behind by the economic growth.

It is important, however, to acknowledge two qualifications to this trend in the 
Canada. First, in the broad sweep of history it is still true that economic growth 
raises the standard of living of the great majority of the population.  Second, it 
would be wrong to imagine that global economic growth, even in recent decades, 
has mainly benefited a well-off minority. On the contrary, from a worldwide 
perspective the most conspicuous aspect of recent growth has been the rise of a 
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global middle class—rapidly rising incomes among hundreds of millions of previ-
ously poor people in China and other emerging economies.

are Economies Converging?
In the 1950s, much of Europe seemed quaint and backward to North American 
visitors, and Japan seemed very poor. Today, a visitor to Paris or Tokyo sees a city 
that looks about as rich as New York. Although real GDP per capita is still some-
what higher in the United States, the differences in the standards of living among 
the United States, Canada, Europe, and Japan are relatively small.

Many economists have argued that this convergence in living standards is 
normal; the convergence hypothesis says that relatively poor countries should 
have higher rates of growth of real GDP per capita than relatively rich countries. 
And if we look at today’s relatively well-off countries, the convergence hypothesis 
seems to be true. 

Panel (a) of Figure 9-11 shows data for a number of today’s wealthy economies 
measured in 2015 dollars. On the horizontal axis is real GDP per capita in 1955; 
on the vertical axis is the average annual growth rate of real GDP per capita from 
1955 to 2015. There is a clear negative relationship as can be seen from the line 
fitted through the points. The United States was the richest country in this group 
in 1955 and had the slowest rate of growth. Japan, Ireland, and Spain were the 
poorest countries in 1955 and had the fastest rates of growth. These data suggest 
that the convergence hypothesis is true.

But economists who looked at similar data realized that these results depend 
on the countries selected. If you look at successful economies that have a high 
standard of living today, you find that real GDP per capita has converged. But 
looking across the world as a whole, including countries that remain poor, there 
is little evidence of convergence. 

Panel (b) of Figure 9-11 illustrates this point using data for regions rather than 
individual countries (other than the United States and Canada). In 1955, East 
Asia and Africa were both very poor regions. Over the next 60 years, the East 
Asian regional economy grew quickly, as the convergence hypothesis would have 
predicted, but the African regional economy grew very slowly. In 1955, Western 
Europe had higher real GDP per capita than Latin America. But, contrary to the 

Economics >> in Action

FigurE 9-10 the Growing income Divide, 1981–2015

In Canada, from 1981 through 1992, both real 
per capita GDP and the real income of the 
median family grew by similar rates keeping the 
distribution of income quite stable. After 1992, 
however, with a large share of growth going to 
a relatively small number of people at the top, 
many Canadian families were to some extent 
left behind by the economic growth.
Data from: Statistics Canada.
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convergence hypothesis, the Western European regional economy grew much 
more quickly over the next 60 years, widening the gap between the regions rather 
than narrowing it, as the hypothesis would predict.

So the convergence hypothesis isn’t all wrong. Economists still believe that 
countries with relatively low real GDP per capita tend to have higher rates of 
growth than countries with relatively high real GDP per capita, other things equal. 
But other things—education, infrastructure, rule of law, and so on—are often 
not equal. Statistical studies find that when you adjust for differences in these 
other factors, poorer countries do tend to have higher growth rates. This result is 
known as conditional convergence.

Because other factors differ, however, there is no clear tendency toward con-
vergence in the world economy as a whole. Western Europe, North America, 
and parts of Asia are becoming more similar in real GDP per capita, but the gap 
between these regions and the rest of the world is growing.

>> Check Your Understanding 9-4
	 Solutions	appear	at	back	of	book.

1. Some economists think the high rates of growth of productivity achieved by many 
Asian economies cannot be sustained. Why might they be right? What would have to 
happen for them to be wrong?

2. Consider Figure 9-11, panel (b). Based on the data there, which regions support the 
convergence hypothesis? Which do not? Explain.

3. Some economists think the best way to help African countries is for wealthier countries 
to provide more funds for basic infrastructure. Others think this policy will have no 
long-run effect unless African countries have the financial and political means to 
maintain this infrastructure. What policies would you suggest?

is World growth Sustainable?
Earlier in the chapter we described the views of Thomas Malthus, the early- 
nineteenth-century economist who warned that the pressure of population growth 
would tend to limit the standard of living. Malthus was right about the past: for 
around 58 centuries, from the origins of civilization until his own time, limited 
land supplies effectively prevented any large rise in real incomes per capita. Since 

FigurE 9-11 Do economies Converge?
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>>Quick Review
•  East Asia’s spectacular growth 
was generated by high savings 
and investment spending rates, 
emphasis on education, and 
adoption of technological advances 
from other countries.

•  Poor education, political instability, 
and irresponsible government 
policies are major factors in the slow 
growth of Latin America.

•  In sub-Saharan Africa, severe 
instability, war, and poor 
infrastructure—particularly affecting 
public health—resulted in a 
catastrophic failure of growth. But 
economic performance in recent 
years has been much better than in 
preceding years.

•  The convergence hypothesis 
seems to hold only when other 
things that affect economic 
growth—such as education, 
infrastructure, property rights, and 
so on—are held equal.
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then, however, technological progress and rapid accumulation of physical and 
human capital have allowed the world to defy Malthusian pessimism.

But will this always be the case? Some skeptics have expressed doubt about 
whether sustainable long-run economic growth is possible—that is, growth 
that can continue in the face of the limited supply of natural resources and with 
less negative impact on the environment.

natural resources and Growth, revisited
In 1972, a group of scientists called The Club of Rome made a big splash with a 
book titled The Limits to Growth, which argued that long-run economic growth 
wasn’t sustainable due to limited supplies of nonrenewable resources such as oil 
and natural gas. These “neo-Malthusian” concerns at first seemed to be validated 
by a sharp rise in resource prices in the 1970s. Since then, however, resource 
prices have gone up and down, with no clear trend.

Figure 9-12 shows the real price of oil—the price of oil adjusted for inflation in 
the rest of the economy. The rise, and fall of concern about resource-based limits to 
growth have more or less followed the rise and fall of oil prices shown in the figure.

Differing views about the impact of limited natural resources on long-run 
economic growth turn on the answers to three questions:

1. How large are the supplies of key natural resources?
2. How effective will technology be at finding alternatives to natural resources?
3. Can long-run economic growth continue in the face of resource scarcity?

It’s mainly up to geologists to answer the first question. Unfortunately, there’s 
wide disagreement among the experts, especially about the prospects for future 
oil production. Some analysts believe there is enough untapped oil in the ground 
for world oil production to continue to rise for several decades. Others, including 
a number of oil company executives, believe that the growing difficulty of find-
ing new oil fields will cause oil production to stop growing and eventually begin 
a gradual decline in the fairly near future. Some analysts believe that we have 
already reached that point.

The answer to the second question, whether there are alternatives to natural 
resources, will come from engineers. However, there are already many alternative 
natural resources being exploited. Since 2005 there have been dramatic develop-
ments in energy production, with large amounts of previously unreachable oil 

Sustainable long-run economic 
growth is long-run growth 
that can continue in the face 
of the limited supply of natural 
resources and with less negative 
impact on the environment.

FigurE 9-12 the real Price of oil, 1950–2017

The real prices of natural resources, like oil, rose 
dramatically in the 1970s and then fell just as dramatically 
in the 1980s. In 2005, the real prices of natural resources 
soared, but by late 2014 real oil prices returned to the levels 
last seen in the 1990s.
Data from: Energy Information Administration; FRED.
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and gas extracted through fracking, and with a huge decline in the cost of elec-
tricity generated by wind and solar power.

The third question, whether economies can continue to grow in the face of 
resource scarcity, is mainly a question for economists. And most, though not all, 
economists are optimistic. They believe that modern economies can find ways to 
work around limits on the supply of natural resources. One reason for this opti-
mism is the fact that resource scarcity leads to high resource prices. These high 
prices, in turn, provide strong incentives to conserve the scarce resource and 
find alternatives. For example, after the sharp oil price increases of the 1970s, 
North American consumers turned to smaller, more fuel-efficient cars as North 
American industry greatly intensified its efforts to reduce energy bills. 

Given such responses to prices, economists generally tend to see resource scar-
city as a problem that modern economies handle fairly well, and not as a funda-
mental limit to long-run economic growth. Environmental issues, however, pose a 
more difficult problem for economies because dealing with them requires effective 
political action.

economic Growth and the environment
Economic growth, other things equal, tends to increase the adverse impact of 
human activity on the environment, including an increase in pollution, the loss 
of wildlife habitats, the extinction of species, and reduced biodiversity. As we saw 
in this chapter’s opening story, China’s spectacular economic growth has also 
brought a spectacular increase in air pollution in its cities.

In analyzing economic growth and its environmental impact, it is useful to dis-
tinguish between local environmental degradation, which affects a geographically 
limited area, and global environmental degradation, which is far-reaching, with 
worldwide impact. As we’ll see, it has proven to be far more difficult to address 
global environmental degradation and, in particular, the problem of climate change.

In fact, the improved air quality in the cities of today’s advanced economies 
indicates that local environmental harm can be greatly reduced when there is suf-
ficient political will and resources are devoted to finding a solution. Decades ago, 
before regulations virtually eliminated the use of coal heat, air pollution in London 
was so bad that it killed 4 000 people over two weeks in 1952. And as recounted in 
the opening story, the smog that once afflicted Hamilton, Ontario, has disappeared 
thanks to regulations mandating cleaner-burning gasoline. In both of these cases, 
government intervention and expending some resources made everyone better off.

However, tackling climate change—a problem of global environmental 
 degradation—has been a much harder problem to solve because policies must 
be implemented on a global scale, requiring the cooperation of many countries. 
There is broad scientific consensus that burning fossil fuels—coal, oil, and nat-
ural gas—leads to increasing levels of carbon dioxide in the atmosphere. Carbon 
dioxide is a type of greenhouse gas. Such gases trap the sun’s energy, raising 
the planet’s temperature, and lead to climate change, which, in turn, imposes 
high human, economic, and environmental costs. These costs include extreme 
weather, increased flooding, the disruption of agriculture, including crop fail-
ures, and more. A recent estimate put the cost of unmitigated climate change at 
20% of world gross domestic product by 2100. Moreover, these costs tend to fall 
more heavily on poor countries. 

The problem of climate change is linked to economic growth: the larger 
the economy, the more homes, factories, and vehicles, will have to be powered, 
typically by burning fossil fuels. At present, world energy consumption is over-
whelmingly dependent upon fossil fuels, which account for 81.4% of total con-
sumption, while clean, renewable sources account for only 2.6%. Why? Because 
historically, fossil fuels have been cheaper to use. Most of today’s wealthy coun-
tries grew their economies through industrialization and the burning of fossil 
fuels over the last century. To reduce the global emission of greenhouse gases, 
developed countries and large rapidly developing countries, such as China and 
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India, will have to undertake a transition from a heavy reliance on fossil fuels to 
greater use of clean, renewable energy sources such as wind and solar power. We 
refer to this process as the great energy transition.

Until recently, effective action against climate change had been stymied by 
disagreement among countries on how to pay the cost of shifting from fossil 
fuel to clean energy sources. As Figure 9-13 shows, today’s wealthy economies 
have historically been responsible for most of the carbon dioxide emissions—and 
carbon dioxide alone accounts for almost 76% of all global greenhouse gas emis-
sions. But newly emerging economies like China and India are responsible for the 
recent growth. Inevitably, rich countries are reluctant to pay the price of reducing 
emissions only to have their efforts frustrated by rapidly growing emissions from 
new players. But relatively poor countries like China and India consider it unfair 
that they should be expected to bear the burden of protecting an environment 
threatened by the past actions of rich nations.

In 2015, in acknowledgement of the seriousness of the problem, 196 countries 
came together under the Paris Agreement, committing to reduce their emissions 
of greenhouse gases in an effort to limit the rise in the earth’s temperature to no 
more than 2 degrees centigrade. The linchpin of the agreement was cooperation 
between China, India, and the United States. China and India agreed to limit 
their emissions, and the United States, along with other rich countries, such as 
Canada, committed to develop various forms of public and private financing to 
help poorer countries pay the cost. 

Is it possible to maintain long-run growth while averting the effects of climate 
change? The answer, according to most economists who have studied the issue, is 
yes. While there will be economic costs, those costs have been falling 
as technological innovation in clean energy sources advances. The best 
available estimates show that even a large reduction in greenhouse gas 
emissions over the next few decades would cause only a modest reduc-
tion in the long-term rise in real GDP per capita.

To achieve long-run economic growth with environmental pro-
tection, governments will need to use regulations and environmental 
standards, and institute policies that create market incentives to 
encourage individuals and firms to make the transition to clean 
energy sources. Finally, governments—both rich and poor—will need 
to continue to cooperate with one another. Getting political consen-
sus around the necessary policies will be key.

under the Paris Agreement of 
2015, 196 countries agreed to 
reduce their greenhouse gas 
emissions in an effort to limit the 
rise in the earth's temperature 
to no more than 2 degrees 
centigrade.

FigurE 9-13 Climate Change and Growth

Greenhouse gas emissions are positively 
related to growth. As shown here by 
Canada, the United States, and Europe, 
wealthy countries have historically been 
responsible for the great bulk of carbon 
dioxide emissions—which make up more 
than three quarters of all greenhouse gas 
emissions—because of their richer and 
faster-growing economies. As China and 
other emerging economies have grown, 
they began to emit much more carbon 
dioxide. China has since overtaken the 
United States and Europe in emissions.
Data from: Energy Information Administration.
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What is the Cost of Limiting Carbon?
You may be surprised to learn that the power to take action against climate 
change in Canada resides with both the provincial and federal levels of govern-
ment. The provinces have the authority to regulate business activities, including 
the regulation of emissions that could pollute the environment. Further, the 
Supreme Court has ruled that under our constitution the federal government has 
the power to protect the environment via criminal law.

The federal government has initiated a series of steps to limit carbon emis-
sions. First, it set new fuel-efficiency standards to reduce emissions from motor 
vehicles. Then, it introduced rules limiting emissions from coal-fired power 
plants. This was a crucial step because coal-burning power plants can account 
for a large part of carbon emissions, both in Canada and in other countries. 
Finally, in October 2016, it announced plans to limit greenhouse gas emissions by 
implementing a national carbon tax starting in 2018. Under the proposed rules, 
the carbon tax would start at $10 per tonne in 2018 and rise to $50 a tonne by 
2022, allowing the provinces two years to come up with their own carbon-pricing 
regimes or risk having one imposed on them by the federal government.

But how will the new rules affect the Canadian economy? Critics have argued 
that a national carbon tax would cripple economic growth. For the most part, 
however, economists disagree. A recent study conducted at the University of 
Calgary School of Public Policy estimates that a carbon tax high enough to cut 
emissions 18% would cut GDP by about $11 billion annually in today’s dollars—a 
trivial sum in an economy that produces $1.8 trillion of goods and services 
annually.

Still, the proposed national carbon rules would at best make a small dent in 
the problem of climate change. By one estimate, Canada would need a carbon tax 
of $200 a tonne by 2030 to reach the emission reduction commitments we made 
in Paris. How much would a program that really deals with the problem cost? 
In April 2014, the United Nations International Panel on Climate Change (IPCC) 
estimated that global measures limiting the rise in temperatures to 2 degrees 
centigrade would impose gradually rising costs, reaching about 5% of output by 
the year 2100. The impact on the world’s rate of economic growth would, however, 
be small—around 0.06 percentage points each year. The IPCC’s numbers were 
more or less in line with other estimates; most independent studies have found 
that environmental protection need not greatly reduce growth.

Why this optimism? At a fundamental level, the key insight is that given the 
right incentives modern economies can find many ways to reduce emissions, ran-
ging from the use of renewable energy sources (which, as we’ve seen, have grown 
much cheaper in the past few years) to inducing consumers to choose goods with 
lower environmental impact. Economic growth and environmental damage don’t 
have to go together.

>> Check Your Understanding 9-5
	 Solutions	appear	at	back	of	book.

1. Are economists typically more concerned about the limits to growth imposed by 
environmental degradation or those imposed by resource scarcity? Explain, noting the 
role of negative externalities (costs imposed by individuals or firms on others without 
the requirement to pay compensation), in your answer.

2. What is the link between greenhouse gas emissions and growth? What is the expected 
effect on growth from emissions reduction? Why is international burden sharing of 
greenhouse gas emissions reduction a contentious problem?

Economics >> in Action

>> Quick Review
•  Economists generally believe that 
environmental degradation poses 
a greater challenge to sustainable 
long-run economic growth than 
resource scarcity. They also generally 
believe that modern economies 
can find ways to alleviate limits 
to growth from natural resource 
scarcity through the price response 
that promotes conservation and the 
creation of alternatives.

•  Economic growth tends to harm 
the environment unless actions 
are taken to protect it. Local 
environmental degradation can be 
addressed through political will and 
resources. Global environmental 
degradation is harder to address 
because it requires cooperation 
across many countries.

•  The accumulation of greenhouse 
gases, a by-product of burning fossil 
fuels, has led to climate change, the 
raising of the earth’s temperature. In 
order to avert the impact of climate 
change, effective government 
intervention is required.

•  Developed countries and large 
countries that are rapidly growing 
need to shift from a heavy reliance 
on fossil fuels to using clean, energy 
sources like solar and wind power. 
This will come at a modest cost to the 
rise in real GDP per capita, a cost that 
is falling as technological innovation 
in clean energy sources advances.

•  In the Paris Agreement of 2015, 
196 countries agreed to reduce their 
greenhouse gas emissions in an 
effort to limit the rise in the earth’s 
temperature.
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C aSe

When we think about innovation 
and technological progress, we tend 
to focus on the dramatic changes: 
cars replacing horses and buggies, 
electric light bulbs replacing gas-
lights, computers replacing adding 
machines and typewriters. However, 
much more progress is incremental 
and almost invisible to most people, 
yet has huge effects over time. Con-
sider, for example, the simple bar-
code scanner. 

Bar codes were first used com-
mercially in 1974, when a 10-pack 
of Wrigley’s chewing gum was rung 
up with a scanner produced by 
the National Cash Register Cor-
poration (now NCR Corp). Since 
then, bar codes and their two-di-
mensional descendants—visual 
patterns that are meaningless 
to human eyes but are instantly 
recognizable by scanners and 
 smartphones—have become ubi-
quitous, used to identify and route 
everything from shipping contain-
ers to airline passengers.

The benefits from machine- 
readable labels are enormous, 
extending well beyond what consum-
ers in the checkout line can see. 
For example, retailers use them to 

continuously track sales, telling them 
when to reorder merchandise and 
restock shelves, what to keep in their 
warehouses, how productive individ-
ual workers are, and more. Grocery 
retailing is a labour-intensive indus-
try, and economists estimate that 
the adoption of bar-code technology 
reduced labour costs by as much as 
40%. Ultimately, bar-code technol-
ogy helped drive the computerization 
of the entire retail industry. 

You might think, then, that 
NCR, which remains a major player 
in point-of-service technologies like 
scanners, ATMs, and so forth, made 
a fortune from its leading role 
in this technology revolution. But 
while the company has done well, 
scanner sales in the early years 
weren’t enormous: the adoption of 
bar-code scanners was relatively 
slow compared with the spread 
of smartphones a couple of dec-
ades later. Only about a third of 
supermarkets adopted them in the 
first decade after that historic pack  
of gum.

Why? To realize the full poten-
tial of bar-code technology, both 
retailers and firms had to spend 
substantial money upfront to buy 
the scanners and the informa-
tion-processing systems they served. 
Equally important, manufacturers 
had to install the equipment to put 
bar codes on their products. This 
created a chicken-and-egg problem, 
with retailers waiting to have more 
scanner-readable products avail-
able and manufacturers waiting for 
more scanner-ready stores.

Over time this problem was 
resolved as retailers and manufactur-
ers made the necessary investments, 

setting the stage for widespread use 
of information technology. In fact, 
after around 1990 retailing became 
one of the leading sources of overall 
productivity growth in the Canadian 
and U.S. economies. 

Adoption was slower in Europe. 
In Canada and the United States, 
big stores were the first to install 
scanners, and the technology fos-
tered greater concentration of 
retailing at the expense of small, 
mom-and-pop stores that couldn’t 
afford to implement scanner tech-
nology. In Europe, however, govern-
ment  policies—especially land-use 
policy—protected these stores.

Eventually, however, Europe 
began to follow the trend, too. Bar-
code technology has spread from 
North America to become almost 
universal, at least in advanced 
economies.

QueStionS For thouGht
1. Bar-code technology spurred 

a lot of investment in retailing. 
How did it alter the retailing 
production function? What would 
a similar amount of investment 
have accomplished without the new 
technology?

2. The spread of bar codes was delayed 
in North America because everyone 
was waiting for someone else to 
move. What policy could have been 
adopted to address the delays? 
Would it have been a good idea?

3. Use the case to explain why 
international growth rates vary.

4. Despite initial barriers, bar codes 
have spread globally. What does 
this imply about differences 
in economic growth across 
countries?

Raising the Bar(code)
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 1. Growth is measured as changes in real GDP per cap-
ita in order to eliminate the effects of changes in the 
price level and changes in population size. Levels of 
real GDP per capita vary greatly around the world: 
About a quarter of the world’s population lives in 
countries that are still poorer than Canada or the 
United States was in 1900. Real GDP per capita in 
Canada is about 9 times as high as it was in 1900.

 2. Growth rates of real GDP per capita also vary widely. 
According to the Rule of 70, the number of years it takes 
for real GDP per capita to double is equal to 70 divided by 
the annual growth rate of real GDP per capita.

 3. The key to long-run economic growth is rising labour 
productivity, or just productivity, which is output 
per worker. Increases in productivity arise from 
increases in physical capital per worker and human 
capital per worker as well as technological  progress. 
The  aggregate production function shows how 
real GDP per worker depends on these three factors. 
Other things equal, there are diminishing returns to 
 physical capital: holding human capital per worker 
and technology fixed, each successive addition to 
physical capital per worker yields a smaller increase in 
productivity than the one before. Equivalently, more 
physical capital per worker results in a lower, but still 
positive, increase in productivity. Growth  accounting, 
which estimates the contribution of each factor to a 
country’s economic growth, has shown that rising 
total factor productivity, the amount of output pro-
duced from a given amount of factor inputs, is key to 
 long-run growth. It is usually interpreted as the effect 
of technological progress. In contrast to earlier times, 
natural resources are a less significant source of pro-
ductivity growth in most countries today.

 4. The large differences in countries’ growth rates are 
largely due to differences in their rates of accumula-
tion of physical and human capital as well as differ-
ences in technological progress. Although inflows of 
foreign savings from abroad help, a prime factor is 
differences in domestic savings and investment spend-
ing rates, since most countries that have high invest-
ment spending on physical capital finance it by high 
 domestic savings. Technological progress is largely a 
result of research and development, or R&D.

 5. Governments can help or hinder growth.  Government 
policies that directly foster growth are  subsidies to 

infrastructure, particularly public health infra-
structure, subsidies to education and R&D, and main-
tenance of a well-functioning financial system that 
channels savings into investment spending, education, 
and R&D. Governments can enhance the environment 
for growth by protecting property rights (particularly 
intellectual property rights through  patents), by being 
politically stable, and by providing good governance. 
Poor governance includes corruption and excessive 
government intervention.

 6. The world economy contains examples of success and 
failure in the effort to achieve long-run economic 
growth. East Asian economies have done many things 
right and achieved very high growth rates. The low 
growth rates of Latin American and African economies 
over many years led economists to believe that the 
convergence hypothesis, the claim that differences in 
real GDP per capita across countries narrow over time, 
fits the data only when factors that affect growth, such 
as education, infrastructure, and favourable govern-
ment policies and institutions, are held equal across 
countries. In recent years, there has been an uptick in 
growth among some Latin American and sub-Saharan 
African countries, largely due to a boom in commodity 
exports.

 7. Economists generally believe that environmental 
degradation poses a greater challenge to  sustainable 
long-run economic growth than does natural 
resource scarcity. Addressing environmental degrada-
tion requires effective governmental intervention, but 
the problem of natural resource scarcity is often well 
handled by the market price response.

 8. Climate change is linked to growth and there is 
broad consensus that government action is needed 
to address it. To avert the impact of climate change, 
countries will need to shift from a heavy reliance on 
fossil fuel to using clean, renewable energy sources—
what we call the great energy transition. This will 
come at a modest cost to the rise in real GDP per 
capita, a cost that is falling as  technological innov-
ation in clean energy sources advances.  Countries 
also need to cooperate with each other to realize the 
terms of the 2015 Paris Agreement, in which 196 
 signatory countries agreed to reduce their green-
house gas emissions in an effort to limit the rise in 
earth’s temperature.

S u M M a r Y
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K e Y  t e r M S

 1. The accompanying table shows data from the World 
Bank, World Development Indicators, for real GDP 
per capita in 2010 U.S. dollars for Argentina, Ghana, 
South Korea, and Canada for 1960, 1980, 2000, and 
2015.

 a. Complete the table by expressing each year’s real GDP 
per capita as a percentage of its 1960 and 2015 levels.

 b. How does the growth in living standards from 1960 
to 2015 compare across these four nations? What 
might account for these differences?

P r o B l e M S interactive activity

Year 

Argentina Ghana South Korea Canada

Real GDP 
per capita 
(2010 U.S. 

dollars) 

Percentage of Real 
GDP per 
capita 
(2010 
U.S. 

dollars) 

Percentage of Real 
GDP per 
capita 
(2010 
U.S. 

dollars) 

Percentage of Real 
GDP per 
capita 
(2010 
U.S. 

dollars) 

Percentage of

1960 
real 
GDP 
per 

capita

2015 
real 
GDP 
per 

capita

1960 
real 
GDP 
per 

capita

2015 
real 
GDP 
per 

capita

1960 
real 
GDP 
per 

capita

2015 
real 
GDP 
per 

capita

1960 
real 
GDP 
per 

capita

2015 
real 
GDP 
per 

capita

1960 $5,853 ? ? $1,053 ? ? $1,103 ? ? $17,664 ? ? 

1980 8,408 ? ? 901 ? ? 3,911 ? ? 31,769 ? ? 

2000 8,544 ? ? 975 ? ? 15,105 ? ? 43,637 ? ? 

2015 12,128 ? ? 1,696 ? ? 25,023 ? ? 50,108 ? ? 

 2. The following table shows the average annual growth 
rate in real GDP per capita for Argentina, Ghana, and 
South Korea using data from the World Bank, World 
Development Indicators, for the past few decades.

Years

Average annual growth rate of  
real GDP per capita

Argentina Ghana South Korea

1965–1975 1.92% −1.13% 8.29%

1975–1985 −1.42 −2.29 7.08

1985–1995 1.54 1.70 8.06

1995–2005 1.14 2.16 4.28

2005–2015 3.11 4.45 3.02

 a. For each 10-year period and for each country, use 
the Rule of 70 where possible to calculate how long 
it would take for that country’s real GDP per capita 
to double.

 b. Suppose that the average annual growth rate that 
each country achieved over the period 2005–2015 
continues indefinitely into the future. Starting from 
2015, use the Rule of 70 to calculate, where possible, 
the year in which a country will have doubled its 
real GDP per capita.

 3. The following table provides approximate statistics on 
per capita income levels and growth rates for regions 
defined by income levels. According to the Rule of 70, 
starting in 2015 the high-income countries are pro-
jected to double their per capita GDP in approximately 
70 years, in 2085. Throughout this question, assume 
constant growth rates for each of the regions are equal 
to their average value between 2000 and 2015.

Region

Real GDP 
per capita 
(2015, U.S. 

dollars)

Average annual 
growth rate of real 

GDP per capita 
(2000–2015)

High-income countries $41,038 1.0%

Middle-income countries 4,584 4.4

Low-income countries 588 2.3

Data from: World Bank.

 a. Calculate the ratio of per capita GDP in 2015 of the 
following:

i. Middle-income to high-income countries

ii. Low-income to high-income countries

iii. Low-income to middle-income countries

 b. Calculate the number of years it will take the low-in-
come and middle-income countries to double their 
per capita GDP.
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 c. Calculate the per capita GDP of each of the regions 
in 2085. (Hint: How many times does their per cap-
ita GDP double in 70 years, the number of years 
from 2015 to 2085?)

 d. Repeat part a with the projected per capita GDP in 
2085.

 e. Compare your answers to parts a and d. Comment 
on the change in economic inequality between the 
regions.

 4. The country of Androde is currently using Method 1 
for its production function. By chance, scientists 
stumble onto a technological breakthrough that will 
enhance Androde’s productivity. This technological 
breakthrough is reflected in another production 
 function, Method 2. The accompanying table shows 
combinations of physical capital per worker and 
output per worker for both methods, assuming that 
human capital per worker is fixed.

Method 1 Method 2

Physical capital 
per worker

Real GDP  
per worker

Physical capital 
per worker

Real GDP  
per worker

0 0.00 0 0.00

50 35.36 50 70.71

100 50.00 100 100.00

150 61.24 150 122.47

200 70.71 200 141.42

250 79.06 250 158.11

300 86.60 300 173.21

350 93.54 350 187.08

400 100.00 400 200.00

450 106.07 450 212.13

500 111.80 500 223.61

 a. Using the data in the accompanying table, draw the 
two production functions in one diagram. Androde’s 
current amount of physical capital per worker is 
100. In your figure, label that point A.

 b. Starting from point A, over a period of 70 years, the 
amount of physical capital per worker in Androde 
rises to 400. Assuming Androde still uses Method 1, 
in your diagram, label the resulting point of produc-
tion B. Using the Rule of 70, calculate by how many 
percent per year output per worker has grown.

 c. Now assume that, starting from point A, over the 
same period of 70 years, the amount of physical 
 capital per worker in Androde rises to 400, but 
that during that time period, Androde switches to 
Method 2. In your diagram, label the resulting point 
of production C. Using the Rule of 70, calculate by 
how many percent per year output per worker has 
grown now.

 d. As the economy of Androde moves from point A 
to point C, what share of the annual productivity 
growth is due to higher total factor productivity?

 5. Statistics Canada regularly releases data on the coun-
try’s labour productivity and labour cost. Go to Stat-
Can’s home page at www.statcan.gc.ca. Pick English or 
French. Go to the middle section of the home page and 
click on “Economic accounts” under “Browse by subject.” 
Then click “Productivity accounts” on the left hand side 
of the page.  Then click “Data” on the right hand side of 
the page and choose Table 383-0012 (Indexes of labour 
productivity and related variables, by North American 
Industry Classification System (NAICS), seasonally 
adjusted). You should find data on labour productivity 
for different sectors. What were the percent changes in 
labour productivity in the goods sector, the services sec-
tor, and the non-business sector for the previous quarter? 
How does the percent change in that quarter’s productiv-
ity compare to data from the previous quarter?

 6. What roles do physical capital, human capital, tech-
nology, and natural resources play in influencing long-
run economic growth of aggregate output per capita?

 7. How have Canadian policies and institutions influ-
enced the country’s long-run economic growth?

 8. Over the next 100 years, real GDP per capita in 
 Groland is expected to grow at an average annual rate 
of 2.0%. In Sloland, however, growth is expected to be 
somewhat slower, at an average annual growth rate 
of 1.5%. If both countries have a real GDP per capita 
today of $20,000, how will their real GDP per capita 
differ in 100 years? [Hint: A country that has a real 
GDP today of $x and grows at y% per year will achieve 
a real GDP of $x × (1 + (y/100))z in z years. We assume 
that 0 ≤ y < 100.]

 9. The accompanying table shows data from the World 
Bank, World Development Indicators, for real GDP per 
capita (2010 U.S. dollars) in France, Japan, the United 
Kingdom, and Canada in 1960 and 2015. Complete the 
table. Have these countries converged economically?

1960 2015

Real GDP  
per capita 
(2010 U.S. 

dollars)

Percentage 
of U.S. real 

GDP per 
capita

Real GDP  
per capita 
(2010 U.S. 

dollars)

Percentage 
of U.S. real 

GDP per 
capita

France $12,992 ? $41,330 ?

Japan 8,369 ? 44,657 ?

United 
Kingdom 13,869 ? 40,933 ?

Canada 17,664 ? 50,108 ?
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 10. The accompanying table shows data from the World 
Bank, World Development Indicators for real GDP per 
capita (2010 U.S. dollars) for Argentina, Ghana, South 
Korea, and Canada in 1960 and 2015. Complete the 
table. Have these countries converged economically?

1960 2015

Real GDP 
per capita 
(2010 U.S. 

dollars)

Percentage 
of U.S. real 

GDP per 
capita

Real GDP 
per capita 
(2010 U.S. 

dollars)

Percentage 
of U.S. real 

GDP per 
capita

Argentina $5,853 ? $12,128 ?

Ghana 1,053 ? 1,696 ?

South 
Korea 1,103 ? 25,023 ?

Canada 17,664 ? 50,108 ?

11. Access the Discovering Data exercise for 
Chapter 9 online to answer the following 

questions. 

 a. What is the average annual growth rate of real GDP 
per capita for each of the following countries: India, 
Canada, China, the United States?

 b. Does this data provide evidence in support of the 
convergence hypothesis? Why or why not?

 12. Why would you expect real GDP per capita in Alberta 
and Saskatchewan to exhibit convergence but not in 
Alberta and Nova Scotia? What changes would allow 
Alberta and Nova Scotia to converge?

 13. The accompanying table shows the annual growth rate 
for the years 2000–2014 in per capita emissions of car-
bon dioxide (CO2) and the annual growth rate in real 
GDP per capita for selected countries.

Country

2000–2014  
Average annual growth rate

Real GDP per 
capita 

CO2 emissions 
per capita

Argentina 1.69% 1.17%

Bangladesh 4.33 4.47

Canada 0.96 0.01

China 9.24 7.48

Germany 1.20 −0.41

Ireland 1.30 −2.56

Japan 0.70 0.11

South Korea 3.51 2.32

Mexico 0.67 0.42

Nigeria 5.03 −1.30

Russia 4.16 1.35

South Africa 1.64 −0.02

United Kingdom 1.02 −2.20

United States 0.85 −1.27

Data from: Energy Information Administration; World Bank.

 a. Rank the countries in terms of their growth in CO2 
emissions, from highest to lowest. What five coun-
tries have the highest growth rate in emissions? 
What five countries have the lowest growth rate in 
emissions?

 b. Now rank the countries in terms of their growth in 
real GDP per capita, from highest to lowest. What 
five countries have the highest growth rate? What 
five countries have the lowest growth rate?

 c. Would you infer from your results that CO2 emis-
sions are linked to growth in output per capita?

 d. Do high growth rates necessarily lead to high CO2 
emissions?
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WorK it out interactive step-by-step help with solving this problem can be found online.

14. You are hired as an economic consultant to the 
countries of Albernia and Brittania. Each coun-
try’s current relationship between physical capital 
per worker and output per worker is given by the 
curve labeled “Productivity1” in the accompanying 
diagram. Albernia is at point A and Brittania is at 
point B.

Real GDP
per worker

Physical capital 
per worker

B
Productivity1

A

$40,000

20,000

$10,000 30,000

 a. In the relationship depicted by the curve 
 Productivity1, what factors are held fixed? Do 
these countries experience diminishing returns to 
physical capital per worker?

 b. Assuming that the amount of human capital per 
worker and the technology are held fixed in each 
country, can you recommend a policy to generate 
a doubling of real GDP per capita in Albernia?

 c. How would your policy recommendation change 
if the amount of human capital per worker could 
be changed? Assume that an increase in human 
 capital doubles the output per worker when 
physical capital per worker equals $10,000. Draw 
a curve on the diagram that represents this policy 
for Albernia.
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