
Growth: Part 2

This outline is based on Cowen and Tabarrok (2011).

Two things to explain

1. How do lesser developed countries (those with less capital)

grow faster than developed ones? Why do they tend to

catch-up?

• Why is China growing faster than the U.S.? Should we

be worried about being surpassed?

• Why did the countries that lost WWII grow faster than

the victors in the years following the war?

• Will countries tend to diverge or converge in terms of

living standards due to divergent rates of growth?

2. Why do the leading countries grow?
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Solow Growth Model

Robert Solow (1924– ). Started Harvard (on scholarship) at

age 16. After a couple of years he volunteered for the Army,

serving until the war ended in 1945. Returned to Harvard. His

initial interests evolved into studies in statistics and probability

(with additional studies at Columbia) and only after his career

was underway did he develop interest in macro. Spent career

at MIT and made major contributions to the theory of capital

and growth. Awarded Nobel Prize in Economics for his efforts

in these areas.

Exogenous Growth Models – These are models of eco-

nomic growth that take the state of technological knowledge as

pre-determined. In other words, growth does not lead to better

technology. This is a simplifying (not a realistic) assumption.

It helps us to explain how followers catch-up to the leaders. In

exogenous growth models the long-run rate of growth is deter-

mined by either the savings rate or the rate of technical progress

(Solow model). However, the savings rate and rate of techno-

logical progress remain unexplained.

Endogenous Growth Models – These model the growth

of ideas (A).
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Production Function

Consider a basic model of how output is generated in the econ-

omy.

Y = F (A,K, eL) (1)

where Y = output, A = state of technical knowledge, K =

capital stock, eL represents labor input. In this case, e = the

education level and L represents how much labor you have. So,

eL captures both quantity and quality of labor.

Let’s simplify things by pretending that A and eL don’t

change. This puts us into something that looks like the short-

run, a period of time short enough that one or more factors

of production are fixed. So, K is our only input that can be

increased or decreased to change output.

This leave us with the very simple equation:

Y = F (K) (2)

Diminishing Marginal Returns

In the short-run, where A and eL are fixed, we expect the law

of diminishing marginal returns to apply to additions of capital,
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K.

MPK =
∆Y

∆K

This measures the change (∆) in output from a 1 unit change

in K. This amount is expected to diminish in size, the more

capital is already in use.

More concrete?

To make things more concrete, let’s propose a real equation

that relates Y and K in a way characterized by the Law of

DMR. Here, output is equal to the square root of the capital

stock. Adding capital makes output rise, but the increase is not

proportional (linear).

Y =
√
K (3)

Here is some example production data using our equation.

Notice that the marginal product of K is diminishing as output

increases.
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Figure 1: Law of DMR
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K (input) Y (output) MPK

0 0

1 1 1

2 1.414 0.414

3 1.732 0.318

4 2 0.268

5 2.236 0.236

6 2.449 0.213

7 2.646 0.196

8 2.828 0.183

9 3 0.172

16 4 0.143

25 5 0.111

Consequence

• The less capital you have, the lower your overall output.

But, at low levels of capital, additions to capital result in

larger additions to output. One more unit of K will produce

more growth in China and in the U.S.

• In WWII the capital stocks of Germany and Japan were

substantially reduced. Hence, they started the postwar

years with low amounts of capital. As they added capital,

they were able to grow faster than the U.S. which emerged
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from the war with our large capital stock intact.

• Countries that have high levels of capital per worker are

called capital intensive.

K

L
= capital-to-labor ratio or capital intensity

Developed countries (U.S., Canada, Europe, etc) have high

capital-to-labor ratios relative to developing countries like

China, India, and most of the rest of the world.

So,
KUS

LUS
>

KChina

LChina

So, if the U.S. and China increases their capital stocks by

equal amounts, China is expected to get a bigger increase

in GDP.

Growth of Capital (K)

One way to increase GDP in this model is to let capital grow.

Capital Growth = Investment−Depreciation

This is sometimes referred to as net investment.

1. Investment: = S = Y − C = I

7



What is not consumed (C) out of income (Y), is saved (S).

Savings are the funds that available to purchase Investment

goods. Essentially, Savings = Investment.

Suppose that out of income Y, 70% is consumed and the

rest, 30%, saved and invested. That is

I = 0.3× Y = 0.3×
√
K

2. Depreciation

The capital stock wears out over time. The rate at which it

wears out is called the rate of depreciation. Suppose that

capital wears out at the rate of 2% per year.

Depreciation = 0.02×K.

• Investment > Depreciation – K grows

• Investment < Depreciation – K shrinks

• Investment = Depreciation – K is unchanged and we

are in a “steady-state”

An important implication of the Solow model

“The greater the capital stock, the greater the deprecia-

tion, so a country with a lot of roads, harbors, and ma-

chines needs to devote a lot of resources to filling potholes,

removing silt, and repairing and replacing. In other words,
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Figure 2: Investment depends on Income.
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Figure 3: Depreciation occurs at a constant rate.
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a successful economy must continually replenish its capital

stock just to keep going. An economy that does not replen-

ish its capital stock will quickly fall into ruin.” (Cowen and

Tabarrok, 2011, p. 145)

“We now have everything we need to develop a second im-

portant insight from the Solow model. The greater the

capital stock, the more capital will depreciate every pe-

riod (more tractors = more tractor repairs). Thus, at some

point, the capital stock will reach a level such that every

unit of investment is needed just to replace the capital that

depreciates in that period. When investment just covers

capital depreciation, the capital stock stops growing, and

when the capital stock stops growing, output stops growing

as well. Thus, the iron logic of diminishing returns tells us

that capital alone cannot be the key to economic growth.”

(Cowen and Tabarrok, 2011, p. 146)

This is shown in Figure 4.

Case

Source: WSJ, How China Lost Its Mojo: One Town’s Story

Once, Section A1, 17 September 2013

YANTIAN, China is a factory town in southeastern China
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Figure 4: K increases or decreases until I=D
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that experienced a major boom in the last decade. But, like

other parts of China, that growth is slowing.

“Yantian’s challenges offer a microcosmic view of the prob-

lems today facing China. According to the National Bureau of

Statistics, economic growth in the country fell to 7.5% year-over-

year in the second quarter of 2013, down from a high of 14.8%

in the second quarter of 2007.”

This is consistent with the Solow model, which suggests that

the marginal productivity of capital is falling as Yantian be-

comes more heavily capitalized.

“With fewer available workers, wages have shot up. Factory

hands have notched three years of double-digit increases, accord-

ing to official data, pushing some manufacturers into the arms

of cheaper competitors like Bangladesh and Vietnam.” Orlik

(2013)

The facts are correct, but the analysis is suspect. Actually, as

Yantian has become more heavily capitalized, its workers have

become more productive as well. As we saw in the simple com-

parative advantage model, it is labor productivity that accounts

for wages. The cheaper competitors are less capitalized than

China. A dollar of investment there may be more productive

and hence that is where capital is likely to flow.
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There are also some serious institutional problems in China

that limit the prospects of growth. The one child policy is about

to create a huge decline in the labor force. Social services, as

limited as they are, are tied to home villages and restrict labor

mobility. China’s less than competitive capital markets have

resulting in huge waste of savings on projects that will never

produce anything. If you want some evidence of some ‘inter-

esting’ applications of state controlled economic policy check

out this video courtesy of CBS News 60 Minutes. http://www.

cbsnews.com/videos/chinas-real-estate-bubble/

Conditional Convergence

Conditional Convergence – is the tendency among countries

with similar steady-state levels of output for poorer countries

to grow faster than richer countries and thus for poor and rich

countries to converge in income.

This explains why China is growing more rapidly than the

U.S. and why Germany and Japan grew rapidly after World

War II. “The Solow model predicts that if two countries have

the same steady-state level of output, the country that is poorer

today will catch up because it will grow faster.” (Cowen and

Tabarrok, 2011, p. 153) We expect countries that countries
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Figure 5: Convergence among OECD Countries

with similar institutions and culture will have similar steady-

state levels of output.
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S=I, some caveats

• Remember that investment rates are themselves caused by

other factors such as incentives and institutions. Properly

defined and protectd property rights, honest government,

free competition and so on.

• To this point, we’ve assumed that savings = investment,

which is generally true globally. However, it is possible for

a country’s savings and investment to be unequal.

– Savings must be efficiently collected and then trans-

formed into investment. A country that invests its

savings poorly is like a country that doesn’t invest

much at all. See http://www.cbsnews.com/videos/

chinas-real-estate-bubble/ for a great example of

wasted savings.

– A country could also have a low rate of saving but

a high rate of investment if it imported savings from

other countries. The U.S. is an example. Thanks to

our institutions, we have provided, at least up to now,

a favorable environment for foreigners to save.
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Predictions from the Solow Model

1. Countries with higher investment rates have higher GDP

per capita. This is consistent with what we observe.

2. Countries grow faster the farther their capital stock is from

its steady-state level. This is consistent with what we ob-

serve.
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1.1 Long-run Growth

One prediction of the simple Solow model, however, is inconsis-

tent with the evidence. The simplest form of the Solow model

predicts zero economic growth in the long run. For growth to

occur over extended periods of time we need improvements in

ideas and technology. To have growth over long periods of time,

requires more than increases in the investment rate or decreases

in depreciation. It requires more labor, better labor, and better

ideas and technology.

1.1.1 Better ideas lead to growth in the long-run

The simple model can be augmented by introducing A (ideas)

into the model

Y = A
√
K

As technology or ideas improve, A gets bigger we can produce

more output, Y , with the existing amount of capital, K. This

means the production function shifts up. This doesn’t make A

endogenous, but it allows us to imagine how improvements in

technology (however they may be generated) can lead to growth.

Also, if technological progress slows, growth rates will diminish.
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Figure 1.6: Increasing A (ideas) from 1 to 1.5 shifts the production function

up. This shifts the investment function up and new capital will be added to

the economy as it returns to a steady-state.
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1.1.2 Economics of Ideas

The Solow model tells us that more and better ideas are the

key to economic growth in the long run. Capital accumulation

alone will not create sustained growth in the United States or

any other developed economy like as Japan or Western Europe

because these economies already have so much capital that in-

vestment is subject to a lot of depreciation. They are probably

fairly close to their steady-state levels (at least relative to places

like Vietnam or Bangladesh).

Economists like ? stress the fact that the use of knowledge in

society is enhanced when decision making is decentralized–that

is, when it is taken out of the hands of the “economic planners”

(bureaucracies both private and public) and put into the hands

of those who bear the costs and enjoy the benefits of decisions.

Countries for which capital is at or near their steady-state

levels are said to be on the cutting edge; in order to grow, they

must develop new ideas (or make better use of existing ones) to

increase the productivity of capital and labor. Innovations and

ideas have some important and unusual properties: They can

be freely shared by an unlimited number of people and they

do not depreciate with greater use. As economist Paul Romer

emphasizes, ideas often produce more ideas so growth may be

in part self-sustaining.
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1.1.3 Research and Development

Long run economic growth requires institutions that encourage

investment in physical capital, human capital, and technological

knowledge (ideas).

Private firms invest in research and development when they

expect to profit from it.

• Thus, the institutions discussed in the last chapter – prop-

erty rights, honest government, political stability, a depend-

able legal system, and competitive and open markets – also

drive the generation of technological knowledge.

• For the generation of knowledge other institutions play im-

portant roles. “These include a commercial setting that

helps innovators to connect with capitalists, intellectual

property rights such as copyright and patents, and a high-

quality educational system.”

• Compared with most other countries, the United States

has a very good cultural and commercial infrastructure for

supporting new ideas and their conversion into usable com-

mercial products.
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1.1.4 Spillovers and why there aren’t enough good ideas

A spillover is a cost or benefit that falls on people other than

the buyer or seller of a good or service.

Ideas have benefits (good ideas) and costs (bad ideas) that

spillover onto nonconsenting parties. Ideas spread easily and are

long-lived because they are non-rivalrous.

A non-rivalrous good is one that two or more people can

consume at the same time. Ideas are non-rivalrous. An apple

is rivalrous–if I eat it you can’t. The Pythagorean theorem is

non-rivalrous – if I use the theorem, it in no way restricts your

ability to use it also.

In general, knowledge spillovers are a good thing. Diffusion of

good ideas, once released by the originator, brings their benefits

to all mankind. However, that means that the originator of the

idea doesn’t get all of the benefits. This reduces the resources

that go into the production of new ideas.
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Figure 1.7: How knowledge spillovers result in fewer good ideas: The best

ideas are those with the highest value; additional ideas are not as valuable

and in general, their is diminishing marginal values in ideas–eventually you

reach a point where an idea is worthless! Firms have the incentive to develop

ideas whose benefits to them exceed cost. That occurs on the horizontal axis

under point a. But, the benefits of these ideas spillover onto others, making

the societal benefit larger than that enjoyed by the firm. If all benefits are

considered, private and spillovers, developing ideas whose benefits exceed

cost leads to a point south of b.
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1.1.5 Government’s role in producing new ideas

• Subsidize the production of new ideas (NIH, NSF, govern-

ment schools and government support of higher education,

and so on.) Fact: In 2013 it is estimated that govern-

ment spending on education alone in the U.S. will be ap-

proximately $934 billion. That is nearly $3000 per person

in the U.S. http://www.usgovernmentspending.com/us_

education_spending_20.html

Here is a link to the National Science Foundation and their

report for 2011 on research spending at Universities. Good

news: Economics got $389 million. We actually passed

poly sci ($364). Still, we lag sociology $425m. Hmmm. I

see some opportunities to save a few bucks! http://www.

nsf.gov/statistics/infbrief/nsf13305/

• Tax breaks

• Both of these shift the (private) marginal cost of R&D curve

down, thus increasing private investment.
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Figure 1.8: Higher education R&D expenditures, by source in 2011. Source:

http://www.nsf.gov/statistics/infbrief/nsf13305/
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1.1.6 Market size

Larger markets mean increased incentives to invest in research

and development, more new drugs, and greater life expectancy.

So imagine this: If China and India were as wealthy as the

United States, the market for cancer drugs would be eight times

larger than it is today.

1.2 Future of Growth

Depends on how many people you have, the institutions they

live under (incentives), and how quickly those ideas come and

how quickly they spread. Roughly,

A (ideas) = Population× Incentives× Ideas per hour
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