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WHAT YOU WILL LEARN IN THIS CHAPTER

Å 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?

Å Why is productivity the key to long-run economic growth? 

How is productivity driven by physical capital, human 

capital, and technological progress?

Å Why do long-run growth rates differ so much among 

countries?

Å How does growth vary among several important regions of 

the world? Why does the convergence hypothesis apply to 

economically advanced countries?

Å How does scarcity of natural resources and 

environmental degradation pose a challenge to 

sustainable long-run economic growth?
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GROWTH HAS BENEFITS AND COSTS

Å Chinese growth (and air pollution) have risen 

dramatically.
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Costs
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Å The growth rate between two years, such as 2014 and 2013, is given by the 
formula:

where GDP2014 is the GDP in 2014 and GDP2013 is the GDP in 2013

Å If you know the growth rate and, for example, if the rate of growth between 
2013 and 2014 is 1.3%, then to find the GDP in 2014, multiply the GDP in 
2013 by 1.013.

Å In order to figure out the GDP over a longer period of time, say between 2009 
and 2014 (a period of 5 years):

Å notice that the growth rate is the average annualized rate (exactly 1.3% 
growth probably doesnôt occur every year; it is the average annual growth rate 
or more exactly, the rate that would generate the end year result if one growth 
rate had obtained for the entire time) 

2014 2013

2013

GDP GDP
growthrate

GDP

-
=

5

2014 2009 (1.013)GDP GDP= ³

The Growth Rate ïWhat it Means

7
1 - 7

We will show Excel Examples in class 
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COMPARING ECONOMIES ACROSS TIME AND 

SPACE
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U.S. REAL GDP PER CAPITA
Å The U.S. economy produces almost eight times as much 

per person as in 1900.

TABLE 9-1 U.S. Real GDP per Capita

Year
Percentage of 1900 real 

GDP per capita

Percentage of 2015 real 

GDP per capita

1900 100% 12%

1920 136 17

1940 171 21

1980 454 56

2000 704 21

2015 804 100

1010

INCOMES AROUND THE WORLD, 2015

Å The United States has grown quickly, while some nations 

have stalled. 

Å A quarter of the worldôs population lives in countries where the 

standard of living is lower than it was in the United States in 

1900.

https://www.conference-board.org/data/economydatabase/
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THE RULE OF 70 or 72: THE MAGIC OF 

COMPOUNDING

Å Even small differences in growth rates get magnified over 

time.

Å The rule of 70: 

X of rate growth Annual

70
 X for time Doubling =

Å Example:  If real GDP per capita is growing at an annual 

growth rate of 3.5%, it will double in:

Å 70/3.5 = 20 years

Å The moral?  Small improvements in growth add up fast  (the 

power of compounding).

http://www.moneychimp.com/features/rule72.htm
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THE SOURCES OF LONG-RUN GROWTH

Å The crucial importance of productivity

Å Labor productivity (often referred to simply as productivity): 

output per worker

Å Increase in physical capital

Å Physical capital: human-made resources, such as buildings and 

machines

Å Increase in human capital

Å Human capital: the improvement in labor created by the 

education and knowledge embodied in the workforce

Å Technological progress: an advance in technology means of 

production in goods and services

https://www.conference-board.org/data/economydatabase/
http://www.moneychimp.com/features/rule72.htm
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ECONOMIC GROWTH USING PPF MODEL
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THE AGGREGATE PRODUCTION FUNCTION

Å How much does output change when we change inputs?

Å Aggregate production function: 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

Å But can we be more specific?  How much does output change 

when we change inputs?

Å For instance, China and India may have a production function like 

this (Brookings Institution estimates):

Å GDP per worker = T × (physical capital per worker)0.4 × (human 

capital per worker)0.6

Å If China had more physical capital than India, that would explain its 

quicker growth.

1515

Å We emphasise per capita output/income?

Å If no technical progress, per capita output will grow 

only if:

Å Increase in per capita availability of factors of 

production

Å If capital stock per capita Ü, output per capita Ü, but 

we have the ólaw of diminishing returnsô

Å Thus, as capital stock per capita Ü, rate of growth of 

per capita output falls

ECONOMISTS LOOK AT GROWTH IN

PER CAPITA OUTPUT

1616

THE AGGREGATE PRODUCTION FUNCTION

Å There are some well-known patterns.

Å Diminishing returns to physical capital: 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

ÅA second computer improves oneôs productivity, but 

not by as much as the first computer did.
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THE AGGREGATE PRODUCTION FUNCTION 

ACCOUNTING FOR GROWTH
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TECHNOLOGY AND PRODUCTIVITY

Å So additional amounts of physical capital are less 

productive when the amount of human capital per worker 

and the technology are held fixed. 

Å But this assumes all other things equal.

Å Diminishing returns may disappear if we increase the 

amount of human capital per worker or improve the 

technology, or both, as the amount of physical capital 

per worker is increased.

1919

TOTAL FACTOR PRODUCTIVITY

2020

GROWTH ACCOUNTING

Å How do we tell what caused the growth?

Å Growth accounting: estimates of the contribution of each major 

factor in the aggregate production function to economic growth

Å Total factor productivity: the amount of output that can be 

produced with a given amount of factor inputs

Å (When total factor productivity increases, the economy can produce 

more output with the same quantity of physical capital, human 

capital, and labor.)

Å Increases in total factor productivity are crucial for growth.

Å And increases in total factor productivity likely measure the 

economic effects of technological progress.

Å So technological change is crucial to economic growth.
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TOTAL FACTOR PRODUCTIVITY

Total Factor Productivity (TFP) = A = Y/f(K,L)

Basically, TFP is a ócatch-allôfor anything that effects
output other than K and L.

Á Workweek of labor and capital

Á Quality of labor and capital

Á Regulation

Á Infrastructure

Á Competition

Á Specialization

Á Innovation

Á Strategy (Entrepreneurial methods/new management
techniques)

2222

MORE FORMAL MODEL

Å Output or production (Y or Q is usually measured as 

Gross Domestic Product (GDP)

Å Q depends on quantities of  factors of production and 

technology  Y = f(K,L)

Å For economies to grow, however, factors of production 

must increase and/or there must be technical progress 

(productivity growth)

Y = Af(K.L)

2323

To understand this, letôs look at the sources of economic growthé.where 

does production come from?

( )LKAFY ,,=
Real GDP

ñis a function ofò

Productivity Capital 

Stock

Labor

Real GDP = Constant Dollar (Inflation adjusted) value of all goods and 

services produced in the United States

Capital Stock = Constant dollar value of private, non-residential fixed assets

Labor = Private Sector Employment

Productivity = Production unaccounted for by capital or labor

MORE FORMAL MODEL

24

A convenient functional form for growth accounting is the Cobb-Douglas 

production function.  It takes the form: 

baLAKY= where 1=+ba
With the Cobb-Douglas production function, the parameters have clear 

interpretations: 

Capitalôs share of income (what % of 

total income in the US accrues to 

owners of capital)

Laborôs share of income (what % of 

total income in the US accrues to 

owners of labor)

Elasticity of output with respect to 

capital (% increase in output 

resulting from a 1% increase in 

capital)

Elasticity of output with respect to 

labor (% increase in output resulting 

from a 1% increase in labor)

a b

COBB-DOUGLAS PRODUCTION FUNCTION 
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LAKY=

Suppose we have the following Cobb-Douglas production function: 

A 1% rise in 

employment raises 

GDP by 2/3%

A 1% rise in capital 

raises GDP by 1/3%

We can rewrite the production function in terms of growth rates to 

decompose GDP growth into growth of factors: 

( ) ( ) ( )LKAY D+D+D=D %
3

2
%

3

1
%%

Real GDP Growth 

(observable) Employment Growth 

(observable)

Capital Growth 

(observable)

Productivity Growth 

(unobservable)

COBB-DOUGLAS PRODUCTION FUNCTION 
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1939 -

1948

1948 -

1973

1973-

1990

1990-

2007

2007-

2013

Output 5.79 4.00 3.10 3.60 1.1

Capital 3.34 3.70 4.20 4.10 1.4

Labor 4.46 1.00 1.90 1.60 -0.1

Productivity 1.71 2.1 0.5 1.2 0.7

A few things to notice:

üReal GDP growth is declining over time. 

üCapital has been growing faster than labor

üThe contribution of productivity is diminishing!

Contributions to growth from capital, labor, technology 

vary across time period (USA)

2727

WHAT ECONOMIC GROWTH LOOKS LIKE AT NIGHT

2828

THE RISE AND FALL OF THE PRODUCTIVITY PARADOX

Å Does it take time for innovations to show up in the 

productivity data?  Why?
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Why Labor Productivity Grows

© 2019 Pearson Education
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Å Policies for Achieving Faster Growth

Å Growth accounting tell us that to achieve faster 

economic growth we must either increase the 

growth rate of capital per hour of labor or increase 

the pace of technological change.

Å The main suggestions for achieving these 

objectives are

Å Stimulate Saving

Å Saving finances investment. So higher saving 

rates might increase physical capital growth.

Å Tax incentives might be provided to boost saving.

GROWTH THEORIES, EVIDENCE, AND 

POLICIES

3131

Å Stimulate Research and Development

Å Because the fruits of basic research and development 

efforts can be used by everyone, not all the benefit of a 

discovery falls to the initial discoverer.

Å So the market might allocate too few resources to 

research and development.

Å Government subsidies and direct funding might 

stimulate basic research and development.

GROWTH THEORIES, EVIDENCE, AND 

POLICIES

3232

Å Improve the Quality of Education

ÅThe benefits from education spread beyond the person being 

educated, so there is a tendency to under invest in education. 

ÅProvide International Aid to Developing Countries

ÅIf rich countries give financial aid to developing countries, 

investment and growth will increase.

ÅBut data on the effect of aid shows that it has had zero or a 

negative effect.

ÅEncourage International Trade

ÅFree international trade stimulates growth by extracting all the 

available gains from specialization and trade.

ÅThe fastest growing nations are the ones with the fastest 

growing exports and imports.

GROWTH THEORIES, EVIDENCE, AND 

POLICIES
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CHINAôS STUDENTS ARE CATCHING UP

ÅChinaôs success at adding human capital is one key to its 

spectacular long-run growth.

3434

THE ROLE OF GOVERNMENT IN PROMOTING 

ECONOMIC GROWTH

Å Government policies

1. Government subsidies to infrastructure

Á Infrastructure: roads, power lines, ports, information 

networks, and other underpinnings for economic activity

2. Government subsidies to education

3. Government subsidies to R&D

4. Maintaining a well-functioning financial system

Å Protection of property rights

Å Political stability and good governance

3535

DISTINCTION BETWEEN ECONOMIC GROWTH 

AND ECONOMIC DEVELOPMENT

Å Economic Growth ïtakes place when there is a sustained 
(ongoing for at least 1-2 years) increase in a countryôs output (as 
measured by GDP or GNP) or in the per capita output (GDP or 
GNP per person)

Å Economic Development ïoccurs when the standard of living of a 
large majority of the population rises, including both income and 
other dimensions like health and literacy

Å development includes improvements across several dimensions

Åóquality of lifeô: health, education, óhuman rightsô and political 

rights

Å income distribution

ÅDevelopment and freedom to exercise choices:

ÅPer capita income growth necessary but not sufficient

3636

WHAT CAUSED EAST ASIAôS MIRACLE?

Å Very high savings rates allow businesses to borrow and 

add more physical capital per worker. 

Å Very good basic education has permitted a rapid 

improvement in human capital. 

Å Substantial technological progress
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SUCCESS, DISAPPOINTMENT, AND FAILURE

Å Whatôs holding Argentina (and other Latin American nations) 

back?

ï Irresponsible government action that eroded savings 

through high inflation

ï Lack of emphasis on education

ï Political instability

3838

AFRICAôS TROUBLES AND PROMISE

ÅWhatôs holding much of Africa back?

ï Government corruption

ï Civil wars & political instability

ï Unfavorable geography

Å A big question: Is Africa poor because its politics are 

unstable? Or vice versa?

Å Good news: Growth rates are up in sub-Saharan African 

nations since 2011.

3939

LEFT BEHIND BY GROWTH?

Å Historically, rising real GDP per capita has translated into 

real income for most people.  This is less and less true in 

the United States.

4040

CONVERGENCE HYPOTHESIS

Å Convergence hypothesis: international differences in 

real GDP per capita tend to narrow over time
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IS WORLD GROWTH SUSTAINABLE?

Å Sustainable long-run economic growth: long-run 

growth that can continue in the face of the limited supply 

of natural resources and the impact of growth on the 

environment

Å What is the impact of limited natural resources on long-

run economic growth? Three important 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?

4242

NATURAL RESOURCES AND GROWTH

Å How large are the supplies of key natural resources?

ï Geologists are figuring it out.

4343

WHAT ABOUT NATURAL RESOURCES?

Å In the modern world, human or physical capital matter 

more than natural resources for the great majority of 

countries.
The resource curse, also known as the paradox of plenty, refers to the paradox that 

countries with an abundance of natural resources (such as fossil fuels and certain 

minerals), tend to have less economic growth, and worse development outcomes 

than countries with fewer natural resources

4444

NATURAL RESOURCES AND GROWTH, 

Å How effective will technology be at finding alternatives to 

natural resources?

ï Engineers are figuring it out.
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ECONOMIC GROWTH & ENVIRONMENT

Å Can long-run economic growth continue in the face of 

resource scarcity?

ï A question for economists. Resource scarcity and 

higher prices donôt necessarily cost growth.

Å Economic growth tends to increase the human impact on 

the environment. Unlike resource scarcity, 

environmental problems donôt automatically provide 

incentives for changed behavior.

Å Paris Agreement of 2015: 196 countries agreed to 

reduce their greenhouse gas emissions in an effort to limit 

the rise in Earthôs temperature to no more than 2 degrees 

centigrade

4646

ECONOMIC GROWTH & ENVIRONMENT

4747

WHAT ARE THE OBJECTIVES OF DEVELOPMENT?

Å We can list three objectives of development

Å increases in availability and improvements in the distribution of food, shelter, 

health, protection, etc.

Å improvements in ólevels of living,ô including higher incomes, more jobs, better 

education, etc.

Å expansions in the range of economic and social choices available to 

individuals and nations 

4848


