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Chapter 1

Growth and Development: The

Principal Issues

1.1 Introduction

The Industrial Revolution ushered in an era of wide disparity of real per
capita income across nations. This disparity is illustrated in Figure 1.1,
which shows the progress of countries over the last 400 years. Although the
data is quite imprecise before 1850, this figure illustrates three important
points:

e The phenomenon of great differences in living standards is fairly recent

in history.

e The disparity today is staggering: the ratio of the best to the worst is

about 32.
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e For these differences to have developed, there must have been a time

of tremendous growth differences.

The clear implication of Figure 1.1 is that the only way for a catch-up to occur
is for less-developed countries (LDC’s) today to grow considerably faster
than the industrial countries. While some progress is being made, notably
in Southeast Asia and Eastern Europe, many nations around the world show
virtually no tendency to raise their growth rates above those of the industrial
West, and many more are stagnating, falling increasingly far behind world
leaders. There may be no more valuable exercise than trying to understand
why certain nations were able to raise their growth rates above normal to
achieve high real, per capita income, while others have not been able to do
so for centuries.

As a first step in the process of understanding, it is important to be
able to measure how well different countries are doing. We take up this
difficult task in Part 2 of the course (see Reading List), where we look at
methods to adjust GDP in different years and different countries to make

them comparable.

1.2 The Sources of Economic Growth

Two processes lie at the heart of growth: accumulation and innovation.
Consider Figure 1.2, which shows the consumption stream of a primitive

fisherman. If she takes half a day off for a week to build a net — which
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Figure 1.2: Investment and Return
involves a current sacrifice of consumption — she will have the means to

consume more fish forever. Growth and development usually require the
sacrifice of current consumption and leisure to accumulate capital. People
can accumulate both physical capital and human capital (education or skill).
Both of these require a current sacrifice that will raise output permanently
later. In the early stages of thinking about growth and development, the
accumulation (or saving) process was thought to be of primary importance.
We look at basic accumulation in Parts 3 and 4.

The return to capital accumulation (or the productivity of capital) de-
pends on the state of knowledge or technology. The accumulation of a unit
of capital today yields far more output than investment in the last century
because of the vast rise in our knowledge. Innovation refers to the process by

which practical, technical knowledge increases. Although advances in basic
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science are sometimes necessary for improvements in industrial technology,
that is not always the case. In many historical periods (the Roman Empire
and China, for example) useful technology lagged far behind what was pos-
sible given the state of scientific knowledge. We begin looking at technology
in Parts 4 and 5, but it is an issue that comes up repeatedly in different
contexts.

Innovation may also take place via imitation. For many nations, it is far
easier to adapt existing technology rather than create new technology. This
is especially true where intellectual property rights are weak. One might also
consider specialization itself to be a type of innovation. It certainly is the

source of higher real income per person, and thus of growth.

1.3 Factors That Contribute to the Basic Pro-
cesses

Countries are not all alike. Some of the differences involve physical resources
and some have to do with culture, both of which may be considered to be
exogenous; that is, given from the beginning and difficult to influence by
policy-makers. Many variables that we observe, however, can be changed by
the government, at least in the long run. This section looks at three broad
characteristics of nations that are often singled out as exerting an influence
on economic development. In each case, they influence the fundamental

processes noted above.



CHAPTER 1. GROWTH: ISSUES 11
1.3.1 Population and Scale

For centuries, thinkers have been concerned about population’s effect on eco-
nomic growth. Before Malthus (around 1800), population was considered a
positive force for growth. Now, in many circles the reverse is true: population
is thought of as an impediment to growth.

There are essentially two reasons that a large population can raise liv-
ing standards and growth rates: scale economies and idea generation. We
consider these ideas beginning in Part 3 and continuing in Parts 5 and 6.

Economies of scale — meaning a rise in per capita output as people
increase in number —arise from the division of labor that accompanies the
specialization mentioned above. When people concentrate on one task, they
get better at it and save time since they need not keep switching between
tasks. According to Adam Smith: “The division of labor is limited by the
extent of the market.” The market can be extended in two ways: by the
natural growth of population and by the reduction of transport costs. It is not
clear if we want to think of specialization gains as involving new technologies,
or simply utilizing existing ones better. In either case, a larger population
will make everyone better off through specialization.

Ideas come from people, perhaps interacting with others. The second
way that greater numbers raise per capita income is through their ability to
create more and better ideas for production and distribution. In this view,
both kinds of technology are thought to increase faster when population is

greater, simply because ideas come from people, so the more there are, the
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greater the chance of finding a new invention.

The above processes work in the long term. In the short run, however,
it is possible that an increase in population would reduce per capita income.
The reason is that all other factors, like land and machinery, are fixed in the
short run so that more workers are likely to encounter diminishing marginal
productivity of their effort. Think about putting more and more laborers to
work on a farm of fixed acreage: although output will rise at first, sooner or
later the productivity of new workers would be become so low that production
per person would fall. Today, this appears to be a significant problem in

traditional societies in Sub-Saharan Africa and parts of south Asia.

1.3.2 Openness and Geography

Some countries are very open to the outside world in terms of trade in goods
and the exchange of ideas. Others, like Cuba and North Korea, are almost
totally closed to imports of commodities and technologies. The static gains
from trade are well-known; nations that refuse to trade can be expected to
have lower levels of per capita income compared to comparable countries that
are open, since they do not allow themselves to take advantage of the benefits
of international specialization and economies of scale.

The effect of openness on growth and development is more controversial.
Indeed, many policies that serve to restrict commerce are justified by appeal
to their effects in enhancing industrialization and development. The idea,

which was very popular in the period directly following WWII, is that indus-
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try is valuable because it creates positive external effects on the rest of the
economy. So even if the industry makes losses, its benefit to society may be
so great that the enterprise is worthwhile, and worthy of a subsidy. External
effects, both positive and negative, are very difficult to measure, however, so
it was never clear which industries, if any, should be protected. Indeed, one
could argue that the opposite policy was better: the country should remain
open to new ideas and goods to generate faster growth through technology
transfer and human capital development. We discuss these ideas and some
evidence in Parts 7 and 10.

Globalization is the latest form of the debate about openness. There are
several fascinating aspects to this debate, one of which we discuss in Part 8.

Apart from openness, there is the question of geography. Do the physical
and spatial characteristics of a country make a difference for development?
Currently, there has been a renewal of the interesting debate concerning the
tropics. No industrial country is located within the tropics. Is this because
of the climate and geographical features of these countries, or does it stem

from the colonial heritage?” We look into these issues in Part 9.

1.3.3 Government

One of the most controversial areas of development economics concerns the
role of the government and politics in general. Is the government a positive
force for growth, performing collective functions that would not be performed

by the market? Or is it a negative force, one that interferes in the growth
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process by imposing inefficient redistributive policies on the market?

The early literature focused on the government’s ability to plan and mo-
bilize large-scale resources for development. Moreover, it is reasonable to
suppose that a government is necessary for the provision of several key pub-
lic goods, like education, public health, and transportation.

Focusing on a large, involved government led to the policy of restricting
imports to encourage industry, as noted above. People conceived of the
government as a powerful, yet benevolent, force acting to counter the ill
effects of a market system that did not function to maximize general welfare.
More recently, however, the literature has concentrated on the failures of the
government to carry out such a role. Government corruption, incomplete
property rights, exploitation, and political decision-making can all hamper
growth. The government’s proper role may small: to enforce property rights
and contracts, and provide essential public services so all can realize their
full potential.

When looked at in this way, development is seen to depend crucially on
the nation’s institutions. If the proper institutional environment is in place,
development will proceed almost automatically. Part 7 deals with these

1ssues.



CHAPTER 1. GROWTH: ISSUES 15

1.4 Conclusion

Economic development depends on the interplay of population, technology,
and institutions. Not only do these exert a powerful influence on growth and
structural change, they are interrelated in complex ways. Coming to a basic
understanding of these relationships and their effect on growth is the main
purpose of this course. Policy for development can only succeed to the extent

that it is based on sound fundamental theory informed by history.



Chapter 2

International Comparison of

Income across Time and Space

2.1 Introduction

How do we know if a country is better off than others? More precisely,
how do we measure how much better one country is than another? In the
work of Parente and Prescott (1993), Pritchett (1997), and Jones (1997),
among many others, the principal focus is on comparing the welfare of many
different nations across time. If we are to propose useful theories of growth,
it is necessary that we also have means of validating those theories. We
can only do that if we can measure relative performance in both dimensions:
across time and across space.

The problem is difficult because the people of different nations consume

16
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different items and use different currencies. In this chapter, we show how
adjustments to the data are made to improve the comparison. It should
always be kept in mind that these adjustments are imprecise and that we
cannot find exact measures of national product that are comparable between

countries and between time periods.

2.2 The Exchange Rate

We begin by assuming that we know the nominal GDP of a country; that is,
the total value of final output, expressed in the home currency. If there are

m different goods:

Y =pigi + pago + D3as + . = Y pid
=1

So, for every country, j = 1, 2, 3...n, we have such a measure. It will be
in yen, euros, dollars, pounds, etc. We assume that each of the n countries
has m different goods.

How can we compare these different numbers? The first thing we must
do is divide by the country’s population. Letting N; be the population of
country j, per capita output of country j is
y, = 3 (2.1)

J

<

<
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From now on, all measures of output are on a per capita basis.

The measures in (2.1) are still in different currencies so we must express
them all in terms of a common currency in order to compare them. Perhaps
the most obvious thing to do is to use the US dollar exchange rate to express

all of them in terms of US money:

- Y,
Y; = - (2.2)
Eg

Here, Eg is the exchange rate (in, for example, €/$ or £/$; that is, Eg is
the price of a dollar in the currency of Country j) so that 17] is a measure of
Nominal GDP per capita in terms of dollars.

This measure is not satisfactory because the exchange rate is not a good
measure of comparable goods value. What I mean by this is that if you took
$100 you could buy a lot more in India (after conversion to Rupies at the
current exchange rate) than you could in the US. But in Switzerland you
would not be able to get as much as in the US. Exchange rates do not do
a very good job in making currencies equal in terms of the goods they will
purchase. Yet, to compare living standards between different nations, that is

precisely what we need: a conversion factor based on goods.
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2.3 A Basic Measure: The Big Mac Factor

Because of these problems, we want to invent a new “exchange rate”, a syn-
thetic one, that we can use to convert one country’s GDP into units that
make it directly comparable to another’s GDP (always in per capita terms).
One very simple way to do this is to assert that one good, a Big Mac, for
example, “should” cost the same in every country, since it is a fairly standard
product. If so, then the ratio of the two hamburger prices implicitly defines
an “exchange rate”. In the case of the United States and Great Britain we

have:

# _ Phrac
pMac

A good way to think of F); is as follows: if the market exchange rate F
were equal to F);, then a Big Mac would cost the same in the US and the UK
(that is, it would take the same number of dollars to buy a Big Mac, whether
you did so in the US, or bought £’s first then bought a Big Mac in London).
For example, if pi;,. = £1.95 and pj,, = $3.89 then Fjy = .5013%: .

Note that Fj; has the dimension £/$, just like E, and is, in some sense,
an ideal exchange rate. Since the Big Mac can be found in virtually every
country on earth (an exaggeration) we could use F); in place of E in (2.2)
and get a better measure of dollar GDP for each country. These can then be
compared across countries. In fact, The EFconomist magazine began doing
this decades ago.

The technical term for a factor like Fj, is a “Purchasing-Power-Parity
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Exchange Rate” or PPP-ER for short. For F; to be a “perfect” factor requires
that the prices of all goods in the country stand in the same relation to their
US counterpart goods as do Big Macs. That is, if you took the ratio of any
two items (bicycles, for example) you would get the same number shown
in (2.3). This, of course, would never happen, if for no other reason than
people’s preferences vary widely over the globe, and transportation costs are

significant and different.

£0.45

If the actual exchange rate at the same time had been, say, F = ==,

which is less than the F); found above, we could say that the dollar was
undervalued and the pound was overvalued. That is, since E is the price
(value) of the dollar, when E < Fj; it means that the market (actual) value
is less than the “true” (ideal) value. Hence, the market undervalues the dollar
(and overvalues the pound sterling).

The Big Mac rate F); is way too simple a substitute for £. Yet it works,
and conveys the objective of the whole comparison project in a relatively
simple way: we are looking for factors with which we can convert a country’s
GNP in order to make it directly comparable to that of all other countries.
There are, more or less, n = 190 factors like (2.3), one for each country in
the world. From now on, we refer to these as FY, where the “j” refers to the
currency of the country in question.

Look at the row for the year 2000 in Table 2.1. Each entry shows y; 2000:

Country j’s per capita GDP in the year 2000 expressed in “purchasing-power”



CHAPTER 2. INTERNATIONAL COMPARISON 21

US dollars of 2000. Each entry is constructed as follows:

Y’ 2000
Yj,2000 = j (2.4)
E31 2000

where j refers to the country and 2000 refers to the year. In the row for the
year 2000, there are three entries, one for the US, one for Argentina, and
one for any country j. In the complete table, of course, there would be 190
columns, one for each country.

These entries are per capita GDP of each country, expressed in “US dollars
of 2000”. That is, by dividing the value of each nation’s per capita GDP in
2000 — expressed in its own currency — by its particular Fj; in (2.3) converts
its GDP to its value in terms of US dollars of 2000. If we put actual numbers
in for the expressions, we could compare each cell to see just how much one
nation’s living standard exceeded that of another in 2000.

Now we consider the additional complexity of comparing across time.
Consider only the USA, shown in the first column of Table 2.1. How can
we compare GDP of 1950 to that of 2000 or 2005, given that prices have
increased over time, so the dollar was worth less in the later years compared
to the earlier years? The easiest way to proceed is to form the following
"exchange rate” between "dollars of 2000” and "dollars of Year ¢”. In all of
our examples, the year 2000 will be considered the base year, so to find out

how much the price of a Big Mac has changed between 1950 and 2000 we
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form the following ratio:

$2000
Phrrac 189 <$2000>
I — DMac _ 7°77 _ 9 59 2.5

The ratio in (2.5) is the "price” of a 1950-dollar in units of a 2000-dollar.
This is an unusual concept; we are not used to thinking of exchange rates for
the same money across time! The way to think of it is this: it would take
2.52 dollars in 2000 to buy the same goods that 1 dollar bought in 1950. In
that sense, it would take 2.52%5009 to buy 1.00$1950. Think about the price
of pizza: 18%. It is a ratio, too.

It might be useful to assume that money changed color whenever it
changed value! That is, if money were green in 1950, it might be red in
1980 and blue in 2000. Then we could talk about the price of a red dollar in
terms of blue dollars. Or vice versa.

To adjust GDP in 1950, we multiply it by Il5q = 2.52 to make it compa-
rable to GDP of 2000. To take a later year, say, 2005: if IIyp05 = .87 then
we would scale back GDP in 2005 to 87% of its recorded value to make it
comparable to that of 2000. In Column 1 of Table 2.1 we multiply the US
current GDP by the appropriate II to get yygs+, the value of US output per
capita in year t, expressed in dollars of 2000.

For this method to be useful, we must assume that prices in general in

the US have increased about as much as the price of a Big Mac over that

50 year span. That may be fairly accurate (although durable goods prices



CHAPTER 2. INTERNATIONAL COMPARISON 23

have risen much less than food, and some have fallen). In any case, we have
now achieved comparability between all of the entries for Column 1 and Row
2000.

Now, we want to find all of the y,,: the value of per capita GDP in
Country j in Year t expressed in US dollars of 2000. That is, we want to
complete Table 2.1.

To do so, we take the national GDP per capita in Year ¢, divide it by
F 1{'” of that year for that country, then multiply it by the appropriate II; .
Take Brazil in 1972, for example. First find the value of Brazil’s per capita
output in 1972 in terms of Cruzeiros of 1972 — then divide it by Fis 1972 to
get it in terms of US$ of 1972; finally, multiply it by IT;975 to get it in terms
of US$ of 2000.

To make Table 2.1 less cluttered, define the following factor:

I,
9 R g (26)
"Ry,

where j stands for the country and ¢ stands for the year. Then, we have:

Yjr = 1Y (2.7)

The entries of Table 2.1 shows how to convert the GDP of any country

in any year to make it comparable to US GDP in 2000.
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Table 2.1: Comparing Output per Capita

’ H Country ‘

Year USA Argentina Country j

1950 || yusss0 = soYusso | Yarso = OarsoYarso | Yis0 = 0550Y550

_ _ Ya,00 — Y00

2000 || yus,2000 = Yus,2000 YAr,00 = FAr Y00 = 57
M,00 M.,00
Year t Yir = 051Y;4

2009 || yus,oo = oY 5,00

2.4 The International Comparison Project

The International Comparison Project (ICP) of the United Nations is the
leading group working on finding the best possible measures of comparable
GDP. Basically what they do is go to each country and collect price data
on about 400 different final goods. Then they divide these into hierarchies
and sub-hierarchies, eventually filtering down to 150 separate, exhaustive
categories (110 for Consumption, 35 for Investment, 5 for Government). The
ultimate goal is to find the best average price ratios to serve as an alternative
to Fy .

In the process of finding the preferred measure, the Project generates
several different, useful variables. Appendix A shows how they find the PPP-
ER based on the US dollar, by using the price of an “average” good in each

country in place of the Big Mac. Let us call this synthetic rate Fp. It can
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be described as follows:

i Priceof Ave Goodin Country j
D Priceof Ave. GoodinUS

(2.8)

All constructed PPP-ER’s are trying to measure the ratio displayed in (2.8).
It is just like the Big Mac rate, except we have substituted “the average good”
for a Big Mac.

This PPP-ER measure, although more sophisticated than our earlier mea-
sure based on Big Macs, does exactly what the simple one did: it measures
“the price of a dollar” in the sense of defining the “ideal” currency value (or
exchange rate) that would allow you to buy the same amount of goods in
Country 7 and the US given that you had, say, $100.

Now in Table 2.1, wherever there is an F};, just substitute Fp , and you
have a very good measure of comparable GDP values. For II; we would use
a measure of average prices in the US across the different time periods (not
just the Big Mac price in the US across time). And we would adjust 6 to be
Oy =

There are also similar PPP-ER measures for each of the categories and
groups of categories (Consumption, Investment, Government expenditure).
Sometimes these are very useful since different theories of growth predict
differences in prices between sectors. We could stop right here, since the

main point is already made.

Interestingly, the ICP does not use Fp in its calculations because it is
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too dependent on one country, the United States. Instead, it constructs a
measure based on a fictitious currency unit called the “International dollar”
or the “World dollar.” The process by which this is done is quite complex, and
involves solving a series of simultaneous equations to construct an average
across the world of the different categories. Once done, however, it yields the
following key measure of national domestic product for Country j:

Y¥ = I$GDP = CGDP (2.9)

J

This is the “International-$” value of domestic GDP. From this we find the

I$ PPP-ER:

w

<<

~

)

v —

= (2.10)
J

~+

)

where Y, defined in Equation (2.1), is the national-currency value of do-
mestic GDP. The interpretation is this: F}} is the world-dollar price (or
International-$ price) of a unit of currency j in year t.

In equation (2.9), the label “CGDP” refers to the variable name in the
important Summers-Heston-Aten Penn World Table (PWT) data
set,! which we discuss throughout this paper. Both of these measures are
also constructed for the components, C, I, G, and net exports X — M.

The construct CGDP allows us to compare GDP across countries for

every year that they are made, but they do not allow us to compare across

!This data, which is used in many research papers, is available free on the net at
http://pwt.econ.upenn.edu/.
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different years. Because it is so difficult to gather data on prices around
the world, the ICP has constructed data for only five years. These are the
so-called “Benchmark Years” 1970, 1975, 1980, 1985, 1996, 2005. In terms
of Table 2.1 above, it is as if we found the F}” values appropriate for each of
those years only. Across any of those five rows, we could still compare incomes
to find relative standing by country, but we could not find relative income
between different years, either of the same country or any two countries. In
the next section we discuss how they are able to construct series that are
comparable across years.

Now, we make some observations that are designed to make the Summers-
Heston-Aten dataset more understandable and useful for research.

The F}} in (2.10) are of limited value in their present form, since they
are expressed as the International-$ price of 1 unit of a national currency.
The purpose of any F' is to give us an exchange rate that is better than E so
we can convert variables like money wages, or prices, or incomes, from one
currency (say, Rupees) into another (like US dollars). Usually, we want to
know the answer in US dollars or Euros, not International dollars.

We can achieve that by taking the ratio of the F}” for the dollar and for
any second country:

Iy’

F =3
$ w
F;

= j —priceof $1 (2.11)

This is the fourth PPP-ER we have found. Like F; and Fp, Fg has dimension
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(Currency j)/dollar. Again, the way to interpret this is as follows: if the
actual exchange rate were equal to Fg as determined by (2.11) then $100
would buy the same amount of goods in Country j and the United States.
The Summers-Heston-Aten (PWT-6.2) data set is used in a great deal of
the empirical research in economic growth. It reports nominal exchange rates
and something called “the price level” which allow us to find Fg relatively
easily. To take an example, the “Price Level” for Country 5 is defined to be:
P, = Zé x 100 (2.12)
$
The name “price level” is misleading: P is best thought of as the price
level relative to the that of the United States. Note that, by the definition
in (2.12), Pys = 100, since both the numerator and the denominator are 1.
Moreover, the price level for any country whose F§ is the same as its Eé also
has a price level of 100. If, on the other hand, Fg < Eg then the country’s
price level is low relative to the US price level. It is cheaper to live there.
For example, in 1990 Pj,4, was only 26. The cost of living in India, by this
measure, was 26% of its level in the US.
To shed more light on this issue, consider what it means for % < 1. Using

(2.12), we can express the condition as follows:

India
F$
Eg{ndia
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Ave Pin India

= e <1 (2.13)
$

= (Ave Pin India) < (Ave PinUS) E§""°

Thus, when F' < E the price level in that country is below the US price level,
when converted at the going exchange rate.

The other interpretation of F, g < Eé is that the dollar is overvalued (actual
greater than ideal). It is better to think of this as a situation in which the
national currency (the rupee here) is undervalued relative to the dollar.

Since the PWT reports both P; and E?. you can multiply the two together
to find Fg . Again, what you end up with is a “true” measure of the (National

Currency)/(US dollar) exchange rate.

2.5 Comparing Across Time As Well as Space

Along with its own collected data, the ICP project uses National Account
Data from the various countries as reported by the United Nations and World
Bank to complete a matrix analogous to that shown in Table 2.1. The
procedure is, however, different from that explained earlier in connection
with the Big Mac standard. The reason is that they have only five years —
the “benchmark years” — of values for Y;* in (2.9). These values allow them to
find five years worth of F}" ’s and Fg ’s for all the nations that participated in
the PWT. This is not enough to use the method we employed earlier (which

requires having a value of F' for every country and year) but along with the
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data from the national accounts they can generate comparable measures.

There are four different series for per capita GDP reported in the PWT
data set: CGDP, RGDPL, RGDPCH, and RGDPTT. We have discussed
CGDP already, but there is more to be said about it. But first we talk about
RGDPL, since it is the easiest to understand.

The variable RGDPL (for “Real — GDP-Laspeyres”) is comparable across
both time and space. To construct it, only one year of the benchmark data
is used, along with the national accounts data for real GDP of the particular
country. The one year is called the “base year” and it is 2000 in version
6.2. The first step in the construction is to simply set RGDPLpuseyear =
CGDPgyseyear - Let us use lower case y to refer to RGDPL and upper case
Y to refer to CGDP. In that notation, y and Y are equal only in the base

year:

y;'l,}BY = Y;,UBY (2- 14)

To find the value of RGDPL for any other year requires only the national
accounts data for the country in question. That is, letting V7 o be real GDP
in Ireland in 2006 (taken from the National Income Accounts of Ireland) we

find RGDPL for Ireland for 2006 to be:

Yoo =1y — | =Y — 2.15
Y106 = Y1,BY (VI,BY> I,BY (VI,BY> ( )

In words, to find RGDPL for any year, we just take CGDP in the base year

2000 and multiply it by the ratio of real output in that year to the base year
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(the “gross growth rate of Irish real GDP”). This works for any two years.
Notice that we are discarding a lot of information with this method, since
we only use the PWT data for one benchmark year, the base year.

To take a numerical example, consider the numbers in Table 2.2 taken
from the PWT v. 6.2. In 2000 both CGDP and RGDPL for Ireland were
24,947.55 1$2000. The Irish National Accounts showed that Real GDP in
2004 was 1.161 times Real GDP in 2000 (that is, it was 16.1% greater). Multi-
plying the value 24, 947.55 by 1.161 yields the RGDPL value of 28, 958.08 1$2000
in 2004 in Ireland. Notice that the currency unit is "International dollars of
2000” in all years. That is why the values are comparable across countries
and years.

The Summers-Heston-Aten PWT v. 6.2 data also includes measures for
the broad categories C', I, GG, and NX in the same way so that researchers
can compare, say, investment spending in Brazil in 1980 with that of France
in 1990.

We now return to CGDP. For the benchmark years, this measure is that
shown in (2.9). The PPP exchange rates, both for the aggregate and the
four components, are as in (2.10). For non-benchmark years, the first step
is to find implicit price indices from the components (e.g. C) of nominal
and real GDP from the national accounts. These are used to interpolate the
component F;’’s found in the benchmark years into intermediate years (e.g.
1977). Then, through a complex procedure, the authors aggregate across

countries to find values for the overall F;” and CGDP.
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Table 2.2: Ireland and the United States
Measures of Comparable GDP Per Capita

Ireland United States Parente/Prescott  PWT
Year Y7, Yre Yiis Yus R f Rxf Z
1994 14,085.86 15,059.64 26,311.62 28,847.71 0.54 0.84 0.45 0.44
1995 15,610.35 16,485.44 27,233.77 29,290.57 0.57 0.85 0.49  0.48
1996 17,081.68 17,773.67 28,484.40 30,124.94 0.6 0.88 0.53  0.52
1997 19,103.27 19,647.91 29,956.03 31,248.23 0.64 0.91 0.58  0.57
1998  20,508.30 21,023.08 31,235.27 32,300.17 0.66 094 0.62  0.61
1999 22,816.77 23,189.97 32,766.51 33,444.45 0.7 097 0.68  0.67
2000 24,947.55 24,947.55 34,364.50 34,364.50 0.73 1 0.73  0.73
2001 26,796.10 26,140.26 35,107.52 34,162.90 0.76 0.99 0.76  0.76
2002 28,383.15 27,219.00 35,944.96 34,286.64 0.79 1 0.79  0.79
2003 29,398.11 28,246.98 37,313.33 34,875.41 0.79 1.01 0.8 0.82
2004 30,583.19 28,958.08 39,535.28 36,100.44 0.77 1.05 0.81  0.84
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This CG D P measure, whether for benchmark years or intermediate years,
is only valid when you are working in a single year. The CGDP numbers
are comparable across countries, but not across time. If, however, you are
involved in a study of only one year, CGDP is much better than RGDPL
because it contains far more information about prices and quantities in each
year.

The third measure is called RGDPCH. 1t is a construct that combines
the best of the two constructs mentioned above. It is probably the best
for intertemporal use across nations (thus, the best for the international
comparisons we wish to make) but it is only available at the aggregate level.
That is, there are no separate measures available for C', I, G, and NX using
this method. There is only GDP. If you don’t need to use, say, Government
spending in your study, then RGDPCH is best.

The fourth measure is called RGDPTT and adjusts the NX component
for changes in the terms of trade. This measure appears to be rarely used.

In sum, for most time-series and cross-section analyses of growth rates
(which use more than one year of data), the best series to use is RGDPL
(and its components), because it is the most widely applicable and the easiest
to understand. If, however, you are doing research that applies to many
countries over just a single year, then CG D P is the best measure. If you have
several years in your study, but only need the aggregate Y, then RGDPCH

is best.
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2.6 Comparison

The construct RGDPL is a consistent measure of living standards across
time and space. So, one way to compare how well any country in any year is

doing is to form the ratio:

= = 2.16
7 Yospy RGDPLyspy (2.16)

For every year and country, divide real output RGDPL by the value of real
output in the US in the base year of 2000. If you put this in matrix form,
you would have a 55 (year) by 188 (country) matrix with a total of 10,340
entries. Each entry would show the real income of country j in year t relative
to the US in 2000.

Consider Figure 2.1. This is the data for Z for the year 2004 arranged
as a frequency distribution (histogram). Over 60 countries (by far the largest
category) had real income per person only a tenth of the size of the US income

in 2000.

2.7 Other Data: Maddison and DeLong

For a small set of countries there are data sets that go back to the nineteenth
century. The most popular of these was constructed by Angus Maddison
(1991) and periodically updated (Maddison, 2001). This data has very few

variables and pertains to countries that have since become the richest of the
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RGDPL in 2004 Relative to US in 2000

20 25
|

Frequency
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|

0 5 1 1.5
Relative y: PWT6.2

Figure 2.1: Frequency of Z in the World 2004
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world.

J. Bradford DeLong (1988) has also constructed historical data series for
a few countries stretching back for longer periods.

It should be noted that the adjustments made in these series to make
them comparable are less sophisticated than those of the PWT v. 6.2 data,
although Maddison (2001) has revised his data to express them in world
prices as in the PWT data. Most historical data of GDP is expressed in

base-year US$ prices, like Table 2.1.

2.8 Conclusion

We have just scratched the surface of the problem of international welfare
comparison. The actual calculations are very involved, and no problem-free
measures exist at present. Yet this should not stop us from using this data

in empirical investigations.

Appendix 2-A: The Dollar-Based PPP-ER

To construct F?, the dollar-based PPP-ER for a country that we noted in
(2.8), the ICP first finds an average price for each category in a country. Call

these p;, where i stands for the category (of which there are m) and j for
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the country (of which there are n). Define:

PuUs,i
A;; = d (217
= )

This is called a “category price-relative” or a “category price parity”. In each
country the ICP also collects separate data on domestic-currency expenditure
X, on each commodity category. Conceptually, note that X,;; = p;.q;,,
where g;; is the quantity produced of commodity i. So X ; is the total money
amount that people spend in their own currencies on each commodity group.

Multlply Xj,i by Qi to get:
Qj,i = AjiQj; = PUS,iqj, (2~18>

Each @);; is the expenditure for category ¢ in Country j expressed in US
dollars of the current year. Now add up all the @);; in one country to get

GDP of Country j measured in US dollars. That is:

m

Yf =3 Q,, (2.19)

=1

Note that the “/” drops out from the left-hand side because we are adding up
over all the categories for a single country j.

Finally, we find the F%, reported in (2.8) for Country j as:

o ys
o (2.20)
Py
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where, as defined in (2.1), Y} is national income in home prices.

Appendix 2-B: The Method of Parente and
Prescott

Parente and Prescott (1993) use the PWT data for 102 countries but combine
it in a different way to construct a consistent matrix similar to that defined
in (2.16). The first step, for any year ¢, is to form the ratio of CGDP for

Country j and the US:

Yw .
Ry = it = CGDT (2.21)
Yits; CGDPys,

Although they refer to this ratio as a country’s year-t relative wealth, it is
better to call it a nation’s relative income or relative production (remember
that the value of income and production are equal). In Column 5 of Table
2.2 we show the values for Ireland of R, , for ¢ going from 1994 to 2004. To
take an example, e 1997 = 0.64: this means that Ireland in 1997 produced
only 64% of the "average good” compared to the US in 1997 (same year).
Although these numbers are “pure” like Z in (2.16), they are only relevant
across countries in the same year.

To construct a measure that is comparable across time as well as space,
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each R, is multiplied by the following factor:

leUS,t _ RGDPLUS,t
ygs,zooo RGDP LUS,2000

£ = (2.22)

This is the adjustment factor for each year. This ratio is the value of real GDP
produced per person in the US in year ¢, relative to the amount produced per
person in the US in 2000 (the base year), both expressed in “international
dollars of 2000”. For example, fogoa = 1.05 means that 5% more of the
average good was produced per person in the US in 2004 compared to 2000
(the base year).

The multiplication of Rj;; by f; yields a measure of real per capita GDP
in year t for Country j that is relative to the US in 2000 (the base year). In
other words, the product R;; x f; is measuring exactly the same thing that
is measured by Z in (2.16). We can show this by thinking of the summations

as the multiplication of two vectors. Thus:

w. . w ° 3
Rx f= Dr ®Gj5q¢ % DPoooo ® qus,t Qi (2.23>

P’ ®qust  Paooo ® qUS2000 18,2000

That is, the product measures the quantity of the typical good in Country j
in year t relative to the quantity of the typical good produced in the US in
the base year, 2000.

The measures Z and R x f are, however, slightly different. Columns (6)
— (8) of Table 2.2 present the data for the construction of the Parente and

Prescott measure for Ireland from 1994 to 2004 (again, the base year is 2000).
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Z and Rxf

1950 1960 1970 1980 1990 2000
Year

Rxf ———-—- z

Figure 2.2: Z and Rf for Ireland

The constructs for the US and Ireland for R;,, fi, and R;; x f; are shown.
The last column of Table 2.2 shows Z; for Ireland. The last two columns are
very close in magnitude. Consider the year 2002: using either measure, the
interpretation is that Ireland produced 79% as much in 2002 per person as
did the US in 2000. In the year 2000 itself, Ireland produced 73% as much
as the US per person.

Now look at Figures 2.2 and 2.3. The first shows Z and R x f for Ireland
over time. The second shows the world in 2004. We see that the measures

are pretty much the same.
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The World: Method Comparison

z

¢ Relative y: Par/Presc

Figure 2.3: Z and Rf in the World in 2004

The series in Figure 2.2, incidentally, reveals a modern miracle: Ireland
went from basket case to economic powerhouse in 10 years. However, the

economic downturn of 2008 affected Ireland very strongly.



Chapter 3

Principal Eras of Economic

History

3.1 Introduction

Human societies have been hit by both slow and precipitous changes to
population, technology, and institutions since the dawn of time. Modern
economies are vastly more complex than early societies, yet we can learn
valuable lessons from the study of transitions from one economic era to the
next.

This chapter simply sets out, in extremely condensed form, the basic
progression of the economic eras that have characterized the world (mainly,
the western, industrialized world). This will help place in context the work

of Douglass North (Structure and Change in Economic History, Chapter 7,

42
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1981) that explains the transition to agriculture from hunting and gathering,

the first economic revolution.

3.2 Eras

3.2.1 Hunting and Gathering
1 Million BCE to 8,000 BCE

Small bands of people spread throughout the world. Production from hunting
wild animals and harvesting natural crops. Extensive use of large amounts
of land. Population grows very slowly. Slow, but perceptible, development
of new technologies. Government is tribal. Property rights are Common

Property, but territorial.

3.2.2 Neolithic Agriculture
8,000 BCE to 4,000 BCE

Bands become sedentary and employ agriculture primarily. Groups become
larger. Faster population growth. Trade and division of labor increase. Tech-
nology progresses faster. Government remains tribal; property rights are

Communal, but exclude outsiders.

3.2.3 River Empires

4,000 BCE to 800 BCE
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Rise and Fall of the great riverine Empires: Sumeria, Egypt, Babylonia.
Great expansion of trade in the Mediterranean. Population may have grown
at very fast rates. Technological advances were far greater than before. Writ-
ten language appears. Government was autocratic, relying on religion; prop-

erty rights associated with the deity and ruler.

3.2.4 Classical

800 BCE to 400 CE

Greece and Rome. Coinage appears. Advances in legal systems and the arts.
Commerce expands, as do living standards. Population may have been very
large. Technology stifled for commercial purposes. Government autocratic;

property rights well-defined for certain groups.

3.2.5 Dark Ages

400 CE to 1,000 CE

Fall of Rome and retreat to Feudalistic self-sufficiency in manors. Towns
disappear and trade declines greatly. Population and living standards fall
considerably. Monastic learning; few advances in technology. China advances
beyond Europe. Government chaotic, based on force; property rights very

msecure.
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3.2.6 Revival

1,000 CE to 1350 CE

A revival centered on Northern Italy. Increasingly fast population growth
leads to dense population and increasing specialization and commercial re-
vival. Migrations into the Baltics and the East. Technology begins to ad-
vance more rapidly. Mongol invasions halt Chinese development. Govern-
ments diverse around the world; property rights well defined in certain parts

of Europe. Bourgeoisie arises.

3.2.7 Black Death

1350 to 1500

War, famine, Black Death lead to a general retrogression in population and
real income. Population declines by 30% to 50% in Europe. Commerce con-
tracts, self-sufficiency returns, as production retreats to the country. Tech-
nology stagnant, except for war technology. Governments defensive; property

rights show no progress.

3.2.8 Renaissance and Enlightenment

1500 to 1780

Renaissance to Enlightenment and Age of Discovery. Expansion of trade,

population, and knowledge — again. Economic center moves to North At-
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lantic (Holland, England, Belgium) and away from Northern Italy. Emer-
gence of nation-states and political integration. Technology begins to make
important strides. Governments become more central and larger; property

rights differ greatly in Europe and the world.

3.2.9 Industrial Revolution and Expansion

1780 to 1900

Industrial Revolution and expansion. Spread of industrial technology around
the world. Colonialism. Migrations and economic integration. Growth be-
comes fast and routine in some nations. Population growth in Europe is
astounding. Technology drives unprecedented growth from Europe to North
America. Governments become increasingly democratic; property rights in

some places become secure for the first time.

3.2.10 Scientific Revolution and Modern Growth

1900 to Present

Scientific Revolution. Increase in living standards in some nations based
on application of science to production. Appearance of huge disparities in
income across nations. Population growth falls dramatically in rich countries.
Technology proceeds extremely rapidly. In developed nations, governments

increasingly democratic; property rights increasingly secure.
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3.3 Conclusion

History can provide important lessons for economic development, and it is
useful to be aware of the kinds of transitions that have already taken place.
The current situation is novel in the sense that some areas have gotten far
ahead of others in terms of technology and living standards. The challenges
of dealing with this state of affairs are clear, most especially politically. Ad-
vantages also exist, however, since there is hope that developing nations can
find ways to take advantage of the new techniques of both production and

political organization.



Chapter 4

Rates of Growth

By: John McDermott (Economics 705)

4.1 Introduction

This chapter sets out some important technical results on the meaning and
manipulation of growth rates and interest rates in both discrete time and
continuous time. Without a basic understanding of the movement of variables
over time, and their changes over very short intervals, it would be impossible

to think clearly about economic development.

4.2 Growth Rates: Discrete and Continuous

In economic dynamics, we may use one of two types of analysis: discrete or

continuous.

48
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In the discrete framework, the variables of interest take on a single value
per time period (usually, a year). As time advances from Year ¢ to Year
t+1 to Year t+2, etc., the variable’s value changes: it jumps discretely at
the end of each period to its new value to begin the next period.  Within
periods, the variable does not change at all.

In the continuous framework, the variables are constantly changing at a
steady rate through time ¢.

We illustrate both types of change or growth with the population of
FEurope, which we shall refer to as N. The centralizing concept of growth
is very simple: the annual percentage change in the variable in question.
This is also the principal concept for interest and capital appreciation and
we shall discuss these concepts as well. A key word here is "annual": all
rates of interest, growth, or change must be defined fundamentally in terms
of a precise time dimension. It is almost always a year.

Although we will use real data shortly, assume at first that population is
growing at about 10% per year. Figure 4.1 shows the paths of N under both
discrete and continuous growth for the first five years, assuming it began at
100 (that is, 100 million people). The actual growth of population in Europe
was far smaller.

The smooth curve labeled N (t) is the continuous case. The choppy curve
labeled Ng4(t) reflects the discrete case. Notice that the two paths both begin
at N(0) = Ny = 100 million.

The choppy path is the easiest to explain, so we begin there. The formula
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Figure 4.1: Population Over Time: Discrete and Continuous

for N after one year is given by the basic application of percentage change:

Ny = Ny (14 ng) = 100(1.1) = 110. (4.1)

In the above expression, ng is the geometric growth rate, which here is .10
or 10%. To find the value for subsequent years, we may apply the above

formula repeatedly. For example, for 2 years it is:

Ny = Ny (1+n4) = Ny (1+ng)* =100(1.1)% = 121. (4.2)

For t years, where t is any integer, we find that population is given by:

N, = Ny (1 +ng) . (4.3)
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We can always calculate the geometric growth rate if we have data for any

two adjacent years. This formula is well-known and follows from (4.3):

_ Ni = Niy

N, (4.4)

Nq

Now consider the smooth growth path also shown in Figure 4.1. This
corresponds to exponential or continuous growth. In terms of interest, it cor-
responds to continuously compounded interest. The formula for the smooth

line is given by:

N(t) = N(0)e™ = NoExp(nt) , (4.5)

where n is the exponential growth rate. The rates n and ny are not the same,
although they are closely related to one another and n is derived from nyg.
The variable e is simply a number. It is a natural constant, like 7, and it is
given by e = 2.71828....... This number never repeats and is not completely
known. It is sometimes clearer to write the exponential function as Exp(nt),
but the meaning is exactly the same as ™

Equation (4.5) is derived from (4.1) by cutting the year into very small,
equal-sized bits and letting growth (like interest) be compounded within the
year, not over several years as in (4.3). For example, if 10% interest were
compounded on a monthly basis, and we began with $100 we would have the

following sum at the end of a year:
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10N\ "?
$W = 100 (1 + 12) = $110.47. (4.6)

Notice that we get more than just 10%. That is, with compound monthly
interest, the corresponding simple yearly rate is 10.47% or, in the decimals
that we normally use, .1047. Also, note that the compounding process de-
pends critically on the original yearly rate of .10. We divide this figure by
the number of periods (e.g. 12 months) before we compound.

If we let the number of periods get infinitely large, we end up with Equa-
tion (4.5). The exponential growth rate n that corresponds to the geometric

yearly rate ng is always smaller than ng. In fact, the formula is given by:

n=In(1l+ng) =In(1.1) = .0953102 . (4.7)

We discuss the natural log function In(.) below. An exponential growth rate
of 9.531% is just enough to keep up with a simple annual growth rate of 10%,

which is what is shown in Figure 4.1.

4.3 Exponential Growth Rates in Practice

We go through the bother of discussing exponential rates because they are
much easier to work with than geometric rates. For this section, recall from
high-school math that z?z® = 25 and that 23/2* = z . If those results ring a

bell, then this section will present no problem.
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Y
N

Consider, for example, the progress of per capita output y = +- over time
(here Y is GDP), something that we are very concerned about. Assume that
Y is growing exponentially at the rate ¢ while N, as before, is growing at
the exponential rate n. Then it is straightforward to show that y is growing
at the rate ¢ — n. Here is how to show it:

Y(t)  Ype

Y= N )~ Noer

= yoe(g_”)t = yoExp[(g — n)t] . (4.8)

We infer by inspection that the rate of change of y is (¢ — n).

Consider now revenue R = P(): revenue is price times sales. You should
be able to work out that the growth rate of revenue is equal to the growth
rate of the price plus (not times) the growth rate of sales.

Another example concerns a popular production function. Let us say
that output depends only on capital and that there are diminishing returns:
Y = K where a < 1. If capital is growing at the rate gx, how fast is output

Y growing? We derive it as follows.

Y(t) = K(£)" = (Koe?') ™ = Ko (e9') © = Yoeox. (4.9)

From this we see that the growth rate of Y is given by g = agg.

You should be able to show that the growth rate of Z = (%)ﬂ is given
by: g7 = B(gx —n).

One final problem: find the growth rate of Y if the production function

is Y = K*L" where L is workers, which differs from population. That is,
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find ¢ in terms of the growth rates of capital gx and workers g;, (which may
equal n even though N < L ).

These results are even more important than they might seem because
they generalize to instantaneous growth rates, no matter what the underlying
process that is generating the change. We discuss this in more detail below.

Next, however, we discuss the natural log function.

4.4 Natural Logs

Everyone knows what a square root is. But defining it out loud can be slightly
difficult. The reason for that is, I think, that all a square root does is undo a
square! Without the square of a number, the square root is meaningless. To

see this more formally, define the following function that squares a number:

S(z)=r*x=21", (4.10)

where we may call S(x) the “square function”. That is, S(5) = 25. Simple
enough.

Now define the "square root function" R(z). This function just reverses
or undoes the square function. That is, R(25) = 5. It is hard to write
down a general function the way we wrote (4.10) above. Perhaps the most

informative way to write it is as follows:

S(R(x)) =z and R(S(x))=x. (4.11)
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That may look odd but it just says what we all know: (y/z)° = z and
Va2 =z.

The reason to bring this up is that the natural log function In(z) is much
the same as the square root. It simply undoes the exponential function. That

18:

In (%) = x and @ =z . (4.12)

The log function has no other meaning and does nothing else. Nonetheless,
it is extremely valuable. One very important property of the log function is

that

In(AB) = InA + InB. (4.13)

Here is how to show (4.13). Use (4.12) to express AB = e"4e B | But the
latter can be written as e™ 4+ "B  Now take the log of the first and last
expressions in that sequence. They must be equal, which proves (4.13). It
also follows that In(A/B) = InA — InB, another very useful result.

We illustrate the importance of the natural log with the population of

Europe in the next section.
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4.5 The Population of Europe

Our best estimates show that Europe’s population was 81 million in 1500
AD and rose to 728 million in 2000. We shall simply assume or impose
exponential growth with a constant growth rate from the beginning to the

end of the 500 year path. This means that we assume the following is satisfied:

N2000 = N1500€nt. (414)

Notice that we know everything about (4.14) except the value of n. Thus,
t = 500, Ni500 = 81, and Noggg = 728. To find n, we substitute in the values,

then take the natural log of both sides of (4.14) to get:

In728 = In81 4 ndH00 =

1
n = - (In728 — In81) = 0043917 or 439% . (4.15)

In other words, the population of Europe grew, on average, at less than %% .

Figure 4.2 shows our hypothesized, exponential path for population. Of
course it was not that smooth: war, famine, and disease still wreaked havoc
on the European population even after 1500. Only the first and last points
are “known”: the others are generated to make the path smooth.

Figure 4.3 shows the path of the natural log of the population over this
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Figure 4.2: Population of Europe

time period (again, our hypothesized path). It is given by
In N =1n81 + .00439¢

The interesting thing here is that the natural log of a variable that is growing
exponentially in nature is a straight line. It is amazing how many economic
time series when transformed into the natural logarithm (like the natural log

of US GDP per capita) are straight lines over many years.

4.6 Negative Exponential Growth

Nothing prevents the growth rate from having a negative value. For example,
if population were growing faster than GDP, the growth rate of y would be

negative. You can see that this is a possibility from Equation (4.8). Assume
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Figure 4.3: Log of European Population

that g = .02 and n = .04, which is large, but not out of the question. Figure
4.4 shows what the path of y through time would look like. It is amazing
how quickly y(t) falls to near-zero at only a 2% annual decline. Luckily,
such long-run declines are extremely rare, even with war and very unstable

government.

4.7 Instantaneous Growth Rates

So far, we have treated rates of change over very long intervals, seeking to
find the average annual growth rate — either discrete (also called geometric)
or exponential (also called continuous). Now we focus on a smaller time
period so that the results pertain to any variable moving through time.

First, let’s consider a yearly percentage change in the population. From
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Figure 4.4: Negative Exponential Growth

(4.4) and (4.15) — with t = 1 — we may say that the two rates ng and n are

approximately equal. Let us write them as follows:

_ Nigos — N1gos AN

N1995 = N n = 1nN1996 — 111N1995 = AlnN . (416)

Q

Ng

The symbol "A" means “change in” over a specific time period. The squiggly
equals sign " ~ " means “approximately equal to”.

What if we were interested in the yearly percentage change over a smaller
interval, like 6 months? Again, everything is based on a yearly rate. This
is very important. To find the answer, we would “pro-rate” the percentage
change by dividing through by the fraction of the year over which the change

takes place. We call this fraction "At" . Thus, we re-write (4.16) as:
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AN 1 Aln N
[ ~ n =

At N At

1.

The above is very general, since for a year At = 1. For 1 month, At = ;

for a day, At = %. The change in population is accordingly measured only
over the month or day as the case may be. By dividing this way, we keep
expressing the change on an annual basis.

Although we cannot show it here, something very interesting happens as
the time interval gets short: the approximation gets better. For a very short
— infinitesimally short — interval, the two are exactly the same! We use the

symbol "d" in place of "A" to refer to this extremely short time interval.

Thus, we may now write:

dN 1 dlnN
dt N  dt

n= . (4.18)

Perhaps an example will help clarify the basic idea. Let’s say that at
the very beginning of the day of July 16, 2005 the population of the Czech
Republic was N = 10.24 million. On that day, the net increase in the popu-
lation was 420 people (not millions!). First, note that the first term in (4.18)

can be written as:

420 1
= — 0.0149707
! (iggg,) <1o.24*106)

How do we interepret this? It is the percentage by which the Czech popula-
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tion would have grown over the year, if the rate of 420/day had continued.
Again, note that the year is the key. This is about 1.50% growth rate for the
Czech population.

The first ratio of (4.18), %{, is called the time derivative or rate of change
in population and it is very important in growth theory. Notice that it is

closely related to the growth rate or percentage rate of change, n. They

differ only by the factor N. Often, we use the "dot" notation for the time

derivative:
-~ dN
N=—
dt
We can then write (4.18) as:
N :
n:N———>N:nN. (4.19)

Again, the meaning of N is the absolute change in N over a small interval,
expressed on a yearly basis.

What about the second expression in (4.18), the log form? The change
in the log of N can be written as In[(N + AN)/N] . This uses (4.12) above.

Here is the math for calculating the growth rate using logs:

<10.24 % 109 + 420
Ng = In

10.24 % 106 > * 365 = 0.0149704

Notice that the two rates are extremely close. This is because our time

interval — a day — is very short. If we did a calculation for a minute, the two
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numbers would be even closer.

Although I have used population here, the ideas are applicable to any
economic time series, such as GDP, capital, or the price level. In the case of
capital K for example, we have:

K dhhK

9K = 4=

— K = gxK . 4.20
K at 9K (4.20)

It is easy to go back and forth between growth rates and time deriva-
tives. In the next chapter we will employ these techniques to discuss the

fundamental model of economic growth.

4.8 Interest Rates

Interest rates, like growth rates, can be expressed either as simple discrete
(geometric) rates, rates that are compounded at various terms — see (4.6) —
or as continuously compounded (exponential) rates.

For example, if you begin with $A4, in the bank and keep it there for ¢

years at simple interest of R, at the end of the ¢ years you will have:

$A, =$A.(1+ Ry)" . (4.21)

The above is strictly only valid if ¢ is an integer (i.e. 1, 2, 3, ....).
If the interest rate were instead compounded continuously, then the money

would grow to:
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$A(t) = $Age™ (4.22)

after t years. Here, there is no requirement that ¢t be an integer.

To take a simple example, assume that you begin with $100.00 and can
earn Ry = .05 simple interest in Bank 1 and R = .05 continuously com-
pounded interest in Bank 2. In Bank 1, after 10 years you have $100(1 +
.05)1% = $162.889, In Bank 2 you have: $100 x Exp[.05 * 10] = 164.872.

Clearly, continuous interest of the same magnitude is better.

4.9 Present Value

Suppose you will receive $B in year T. What is that worth today? You
could say it is worth the amount $A4 , such that, with interest, $A will grow
to $B in T years. As before, we may analyze the question in either discrete
or continuous time.

In discrete time, A must satisfy:

B

Al+R"=B = A= ——. 4.23
(1+F) (1+R)T (429)

In continuous time, A must satisfy:
Al = B = A= Be . (4.24)

Here is a simple problem. Find the present value of $100 to be received in
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10 years, if R = .03. Find both the continuous-time value and the discrete-

time value.

According to (4.23): A = (1‘10%(;10 = $74.41.

According to (4.24), we find: A = 100e—%%10 = §74.08

At very low interest rates, the two are very similar.

4.10 Annuities

Let’s say you had $50,000 today. What constant amount could you consume
each year forever with that amount? The answer is what we call the “annuity
value” of the principal.

To find the answer, we note that in continuous time, the initial amount
must equal the integral of the present value of each year’s constant consump-

tion, C. That is:

A= / Ce Hdt = C=RA (4.25)
0

The formula is very simple and intuitive: you can consume the interest
on the asset forever.
In discrete time, the condition is still the sum of present values, which

leads to:

0 1 t
A= Cl—— — (C=—=)A 4.26
< <1+R> (1+R) (4.26)
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If Jane has an inheritance €250,000, how much could she consume forever
given that the interest rate is 10%? Find the answer in both continuous and
discrete terms.

In continuous terms:

C = .10 % 250,000 = 25,000 (4.27)
In discrete terms:
.10
C = <110> 250,000 = 22,727.30 . (4.28)

4.11 Conclusion

These are important techniques for use in all advanced economics and finance
courses. After working with them for a while, it becomes much easier to use

them and understand why they are so valuable.



Chapter 5

The Neoclassical Growth Model

5.1 Introduction

This chapter sets out a basic version of Solow’s (1956) classic paper that
has influenced an entire generation of economists and policy makers. This
model relies on the accumulation of physical capital to explain how living
standards change over time. The fact that capital’s marginal productivity
declines as more is accumulated, however, means that an economy with a con-
stant saving rate achieves a steady-state equilibrium with no growth. Con-
stantly rising living standards are possible only with continuous technological
change. Without such technological advance, growth is only temporary, or

transitional.

66
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5.2 Equations of Change

At the center of the neoclassical model is the stock of physical capital, K.
The change in the capital stock per unit of time over a small time interval is

given by the following equation:

K = sY(t) — 6K () . (5.1)

As in the last chapter, we use the "dot" notation to refer to the change
in the variable per unit of time:

. dK

k= (5.2)

On the right side of (5.1), s is the saving rate, § is the depreciation rate,
and Y is GNP or national income. The way to interpret (5.1) is that change
of the capital stock K per unit time is equal to the difference between the
amount saved and the amount of wear and tear. Total national saving (all
of which is assumed to go to new capital) is sY', the saving rate times total

income. For example, assume that 6 = 0, the saving rate is s = .20, and

Y = 400go0ds

voor— - Then the capital stock increases by 80 units per year.

Physical capital does depreciate, however, so we need the second term in
(5.1) take account of this process of wear and tear. If there were no saving
(s = 0) capital would wear out at a rate proportional to its size. Dividing

both sides of (5.1) by K and using (5.2) and (4.20) shows that, if s = 0,
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then K capital would follow a negative exponential process. The absolute
decline in capital from depreciation is not constant, even though the rate of
decline is constant. For example, if the capital stock were 100 units, and the
depreciation rate were § = .08, then over one unit of time 8 units of capital
simply disappears, totally worn out. In the following period, if there has been
no saving and investment, then 7.36 units disappears (92 * 0.08 = 7.36).
Labor, L, is changing through time, too. We assume that it is a simple
positive exponential process as we did in Chapter 4. Moreover, we assume

that the labor force is growing at the same rate n as population:

L(t) = Loe™. (5.3)

We saw in Chapter 4 that we may express the growth rate:

L
n=7 (5.4)

from which we can find the change per unit of time of L:

L=nlL. (5.5)

Notice that the change in L (L) is actually rising over time, even though its

growth rate is constant at the rate n.
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5.3 Production

Why do people bother to accumulate capital? Because it is useful for produc-

ing goods that may be consumed. We use the following production function:

Y = AK*(hL)'™ (5.6)

This is called the Cobb-Douglas production function and is very widely used
in growth theory and other production theory. Here, A stands for “tech-
nology” in a broad sense, and h stands for human capital or education that
improves each worker. This function shows constant returns to scale in K
and hL together, but diminishing marginal product to either input separately
(the appendix defines and derives the marginal product of capital). For the
time being, let us assume that A~ = 1, and think of A as a constant that
changes only at discrete times. Later, we will consider changes in both A
and h.

We are most interested in output per worker and output per capita (that
is, per person) in any nation. If we divide both sides of (5.6) by L (with h =

1) we get output per worker:

Loy = Ak (5.7)

where:
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7~
Il

(5.8)

e

Output per worker in the economy depends on technology A and the amount
of capital per person (the capital-labor ratio), again assuming that h = 1
everywhere. Countries with lots of capital (in the form of machines) and

relatively few workers will have high standards of living.

5.4 Growth Equation for k

We have already seen that the growth rate of labor is the constant n. Things
are not so easy in the case of capital and output. In these cases, the growth
rate is not constant over time, and depends on the state of the system.

Using our results from the last chapter, we can always express the growth
rate of a ratio — like k — as the difference between the growth rates of the
numerator and the denominator. That is, over a short span of time, any
continuous variable behaves just like an exponential process. So in the case
of k have:

K

k

Multiply both sides of (5.9) by & then use (5.1) and (5.4) to get:
K Y

k:f—nkz:sf—ék—nk:sy—((SJrn)k (5.10)
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Use (5.7) to re-write this as:

k= sAk® — (6 +n)k . (5.11)

This is the basic growth equation for the capital labor ratio.

Figure 5.1 shows how to find the path of £ through time. There are three
curves, one drawn for y = Ak®, one showing sy = sAk®, and one drawn for
the straight line (6 + n)k. To understand Figure 5.1, note that for any k
the quantity sAk® is either larger or smaller than the quantity (6 + n) k. If
larger, then k itself is rising; if smaller, then k is falling.

The long-run, balanced-growth equilibrium point is determined by Point
Q. Let us call this value k*. At Q, the (6 +n)k curve intersects the sAk*
curve, so that net saving of new capital just balances the depreciation of
existing capital, plus provides enough capital to equip all the new people
being born.

For values of k below k*, saving is greater than depreciation and popula-
tion growth, so k is growing. For values of k greater than k*, saving is not
enough to replenish the stock and provide for new workers: k is falling. In
this sense, the system is stable.

To find the balanced-growth value of k, set k = 0 in (5.11) and solve for
k. This gives us k*, which is called the steady-state stock of capital, since
if &k = k* then the capital stock is not growing nor is output per capita y

changing, as we may see from (5.7).
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6+ n)k

sy=sAk”

Figure 5.1: Steady State in the Neoclassical Model

Graphically, we find £* where the lower two lines in Figure 5.1 cross. The
important point to understand is that k rises whenever it is below k*. If k is
above k* it falls. In other words, k is attracted to the unique level £* and

it will approach that value over time.

5.5 The Steady State

The value of k goes to its steady-state value over time. To find this value, as
noted above, we have to set (5.11) to zero, and solve for k. This procedure

yields the following expression for the steady-state k:

sA \T=
k* = = 598.49 5.12
<(5 + n) ( )
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Now substitute (5.12) into (5.7) to find the value of per-worker output in the

steady state:

[e3

1 S -
*— AN = AT = 319.2 1
vt = AR ((5+n> 319.20 (5.13)

Consumption per worker can be found from the above:

F=(1-s)y" (5.14)

We can use the above equations to do simple policy experiments concern-
ing the effects of changes in saving rates, technology, and population growth.
As we see from Equations (5.12) and (5.13), increases in technology A or
decreases in population growth n are always good: they raise k* and y*
and therefore, c¢* in Equation (5.14).

The saving rate s presents a different case. An increase in s raises y*,
but reduces (1 — s), so there are two competing effects on the consumption
of each worker ¢* — see (5.14). In fact, there is a unique value for s such that

c*

is maximized. This is the so-called Golden-Rule saving rate. Edmund
Phelps won the Nobel prize in 2006 for discovering this rate. It would never
be prudent to save more than the Golden-Rule saving rate. In fact, even that
rate is too large to be optimal since it ignores the fact that present sacrifice
is worth more than future steady-state consumption.

Finally, notice that by (5.9) in the steady state the stock of capital K

grows at the same rate as the labor force L; that is, at the rate n. If this
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were not true then k£ could not be constant, as it is in the steady state. In
other words, over time the growth in K adjusts down to n, until the ratio
k is constant. Growth falls because as k rises the marginal productivity of
capital declines, reducing the growth rate of K to the rate n.

Growth ceases in the Neoclassical model. In the absence of technological
change, the economy’s living standard approaches a constant. We know that
this cannot reflect the actual course of history. Thus, if this model is correct,
technical change — a rise in A — must have played a major role in lifting the
standard of living in the last two centuries. The growth that comes from
accumulating capital is at most transitional growth, growth that may be

important in certain phases, but ultimately limited.

5.6 The Growth Rate of k

The capital-labor ratio will only be constant in the steady state. In general,
the following expression — derived from (5.11) — gives the growth rate of k

when the economy is not at the steady state:

gk:i:s<kfa>—(5+n) (5.15)

This growth rate is illustrated as a function of £ in Figure 5.2. The growth
rate is zero — so the steady state is attained — where the line crosses the
horizontal axis. This occurs at k*, which is the same capital per worker as

in Figure 5.1. The growth rate is positive, but falling, whenever the actual
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value of £ is less than k*; it is negative, but rising, when k > k*. This is
what we mean by convergence.

The existence of convergence, or the lack of it, is a topic of active investi-
gation. If each nation had the same s, A, and n, they would all converge to
the same income level. That is, y* and k* would be the same across coun-
tries if these three exogenous variables were the same. This is what is call
Absolute Convergence. We do not observe this in the data, which suggests
that there are differences in at least one of the three variables (or that the
model is wrong — a possibility we consider later).

Figure 5.2 shows a case of Conditional Convergence. Think of the dashed
line as pertaining to a country with better technology or laws, which makes
productivity A higher than in the other country. The rich country will con-
verge to k; while the country with the low A will converge to k*. Notice that
in this case the growth rate of k£ will be higher if either the beginning level of
the capital stock ko is low, or if A (or s) is high. We will test for conditional

convergence using real data later.

5.7 Continuous Technical Change

We now return to (5.1) and (5.6) and assume that A is rising continuously

at the rate g. That is: A(t) = Ape?". From (5.1) we see that:

gzs—(S. (5.16)



CHAPTER 5. NEOCLASSICAL 76

8k
0.1+ \
0.075 -
0.05 -
0.025 -
~
~
~
~
! \é*\ k
200 400 k* 800 k>

Figure 5.2: The Growth Rate of k

Let us assume that a balanced-growth path exists along which K is growing
at a constant rate. If so, the above shows that % is constant, so that Y grows
at the same rate as K: gy = gx. Now take the growth rate of the production

function (5.6) to get:

gy =g+ agk +(1—a)n. (5.17)

Substitute in gy = gk and recognize that g, = gy — n to see that:

= = . 5.18
Gy 9k 1 ( )

So the rate of technical progress determines the growth rate of per capita
income y and capital per worker k. Given (5.14), we also know that in

balanced growth g. = g, = g» = 1%
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It is common to write the production function as:

Y = K“(AhL)"™™ | (5.19)

instead of (5.6). We have no real reason to prefer one over the other, since
there are no natural units for A. Again letting h = 1, if we repeat the dynamic

analysis here we would get the following, slightly different, result:

Gy =0r=9c.=g - (5.20)

Equation (5.20) differs from (5.18) only because the definition of technology

A is different.!

5.8 Endogenous Growth: A Simple Alterna-

tive Model

Assume that total output Y depends only on a broad interpretation of K,
one that includes human capital. Labor does not even enter the production

function. So total output is given by:

Y = AK . (5.21)

'Incidentally, this result is noted by Easterly on page 67 of The Elusive Quest for
Growth.
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In this simple formulation, there are no diminishing returns to capital. In
essence, « = 1, so the g curve in Figure 5.2 becomes horizontal, so the

growth rate is

gp =sA—(6+n) (5.22)

This is the simplest in a class of models for which positive growth shows no
signs of diminishing, no matter how great the stock of capital becomes. One
important implication is that there is no cross-country convergence, either
absolute or conditional. Countries that are similar to each other (in terms of
s, A, §, and n) whose y is below that of leaders never catch up. A second
implication, however, is that if a nation gets better technology A (or saves

more, s) it will grow faster forever, not just temporarily.

5.9 Growth Accounting

Is there any way to tell how much of observed growth in a country is due to
changes in inputs ( K and L) and how much is due to technical change A?
The answer is Yes, but only if we assume that the economy is competitive.

Take the production function (5.6) and express it in growth terms as:

gy =gatagx+(1—a)(gn+n). (5.23)

The basic insight, due to Solow (1957), is that « is equal to capital’s
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share of national income if factor markets are competitive. With perfect
competition, the payment to capital owners is equal to the marginal product
of capital (see the appendix). When this holds, it can be shown that a
constant fraction of GDP is paid out to owners of capital, and that fraction
just happens to equal o . We can estimate «, then, by using real-world data
to find the fraction of GDP that is paid out to capital owners.

We have data on everything in (5.23) except g, so we can find the growth

in technology as the residual. That is, solve (5.23) for g to get:

ga =gy —agg — (1 —a)(gn +n). (5.24)

This equation has served as the basis for countless empirical studies of tech-
nical change, both cross-section and time series. Often, the relationship is

expressed in intensive form:

ga = gy — agr — (1 —a)gs. (5.25)

This expression shows technological growth in terms of per worker output
and capital growth. Solow (1957) was the first to try to quantify how much
of the change in y was due to A. He estimated the growth in A for the
United States over time and found a result which we see again and again: a
surprising amount of the increase in y cannot be explained by changes in k
(Solow assumed that g, = 1) . It appears to be due to changes in A. Such

results shift the focus of our inquiry to the processes that generate A.
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5.10 Conclusion

The neoclassical model has proven to be an extremely valuable tool for think-
ing about growth. It has formed the basis for hundreds of theoretical and
empirical studies, and has enabled policy-makers to act constructively with
respect to issues of practical importance. Its shortcomings have pointed the
way to a fuller understanding of the fundamental issues that must be ad-

dressed.

Appendix to Chapter 5

The marginal product of capital — or MPK — is defined to be the increase in
y per unit of increase in k:
Ay

MPK = — 2
Ak (5.26)

The MPK is a technical concept, and is derived from the production function
only. It is a very important concept in economics, because it determines the
rental rate on machinery and the interest rate on bonds.

The marginal product of capital is another application of the derivative
that we have seen here and in Chapter 4. Instead of measuring the change
in a variable per unit of time, it measures the increase in output per unit of

capital (when the change is an infinitesimal fraction of a unit).
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Linear Technology

If the production function has the simple, linear form y = Ak (as in the
model of Section 5.8 of Chapter 5) then the marginal product is just A.
The derivative MPK = % = A follows straight from the rules of calculus
and can be verified easily numerically. For example, in Equation (5.21) set
A = 10 and ky = 100 so that yy = 1000. Now increase k by .1 units to

k1 = 100.1 and note that y rises by 1.0 unit. to y; = 1001.

Cobb-Douglas Technology

If the production function is Cobb-Douglass, then we use (5.6): y = Ak“. In
that case, the marginal product of capital per person is given by the more
complicated formula for the derivative:

dy

— 2 _ a—1
MPK = = = aAk (5.27)

Now, if we assume that A = 10 and k£ = 100, and add that a = .3, we find
that MPK = 0.119432.

This tells us that the marginal product of capital is 0.119432 units of
output, when the economy begins with 100 units of capital. That is, if you
began with 100 units of capital and increased the stock by a “very small”
amount, output would increase by 0.12 units per unit of capital increased.

By how much would y increase if you raised & by one full unit (as opposed
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to a “very small” amount)? The answer is given by the following formula:
Ay = A(KY — k§) = 10 % (101° — 100*) = 0.119016 (5.28)
It is close, but not the same.

Payment to Owners of Capital

If the market for renting capital is competitive, then owners can charge a

rental rate equal to the marginal product of capital:
R = MPK = aAk*™! (5.29)

Notice that how much you get for your capital depends on the amount of
capital per person in the economy already (k). The share of national income

that goes to owners of capital is %. Making the normal substitutions yields:

RK Rk  aAk* 'k

v = e o (5.30)

So, given the production function, the owners of capital always received a
constant share of GDP (national income). That share is the same as the «

in the production function.



Chapter 6

Regression Analysis

6.1 Introduction

Regression analysis is a method that allows us to quantify the association
between two variables that we observe in nature or in experimentation. It
is a very common tool of research in economics, business, finance, political
science, and public policy. This chapter gives a brief conceptual description of
the technique, as well as a practical guide to actually performing a regression

between two or more variables.

33



CHAPTER 6. REGRESSION ANALYSIS 84

6.2 The Basic Theory Illustrated with Simple

Data

Let us say that we think that nations with high levels of openness to trade
and investment (the variable z) are also countries with high growth (the
variable y). That is, we might hypothesize that the higher is z, the higher is
y!. Indeed, we might go even farther and say that we suspect that the true

relationship between x and y is:
yi =a+ Pr; + ¢ (6.1)

This is a linear relationship. Its meaning is that the growth rate of a country
i (y;) is determined in a common way in every country, so differences in
growth arise only because of differences in the particular openness (x;) —
plus a random error term ¢; — for each country. The random error should
be thought of as containing the influence of other variables that we cannot
observe (or have not bothered to observe).

Table 6.1 gives some data (this is artificial data) on y and x for 20 different
countries. Each pair of numbers represents a country for a particular time
span, say, 1960-1970. This data is graphed in Figure 6.1: it is represented
by the solid dots. Each one is a country. Evidently, there is a positive

association between x and y. There are two questions that we would like to

In regression analysis, ¥ is the “dependent variable” and z is the “independent variable”
or “explanatory variable”.
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have answered:

1. What is the “best” straight line through the points in Figure 6.17 Know-
ing the answer to this question is the same as knowing the “best” esti-

mates of a and § in Equation (6.1) above.

2. How “good” is the “best” straight line? Is it very good? Or just barely

adequate? Or thoroughly inadequate?

Regression analysis can provide answers to both of these questions.

We do not need a lot of mathematics to understand conceptually what
regression analysis is all about. It is relatively simple, although putting it
into practice does require a lot of math — done by computers. Regression is
a technique that finds the a and  that minimize the sum of the differences
(after squaring them) from each point in Figure 6.1 to the straight line defined
by the a and . In other words, any (a, ) pair defines a line like that
in Figure 6.1, and for any such line we could calculate all of the twenty
differences between each actual point and the line. Square them and add
them up. The best line is that which minimizes those squared differences.

In this course, we do not have the time (nor, probably, the inclination)
to go through the mathematics of just how this is done. There are many,
many computer packages that will run a regression for you, including Excel.
The output you see in the Appendix to this chapter is from a program called

Stata.? The regression line is shown in Figure 6.1 along with the scatter plot.

2Most statistical programs have stripped-down student versions that are sufficiently
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Table 6.1: Data on Growth and Openness

Country y Growth Rate x Openness

Alland 0.77 0.3
Bobland 1.46 0.4
Chad 2.78 1

Doelandia 5.55 2.3
Evergreen 2.28 0.9
Floridia 7.22 3

Georgeland 2.78 1.2
Huland 4.64 2

Idia 1.97 0.8
Johnonia 5.73 2.5
Kelland 3.05 1.6
Lidia 2.53 1.3
Melland 4.91 2.1
Nyland 1.12 0.2
Orendia 1.81 0.1
Paland 2.61 0.5
Queenland 2.43 1.2
Rickland 4.25 1.7
Stemside 2.9 0.8

Twentia 4.87 2
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Growth Rate

Open
Figure 6.1: Regression Line and Actual Values

The estimated equation is:

§=0.712 + 1.985z (6.2)

The “*” indicates that y defined by the straight line is an estimated or
predicted value, not the actual. The g values lie exactly on the line; the actual
values of y are given by the solid dots. The error term does not appear in
(6.2) because the predicted error is zero.?

Look at the output in the Appendix. Under the column labelled “Coef.”

you see the two numbers in Equation (6.2). This tells us that if x = 0

powerful for our purposes. If you buy one, I suggest EViews or Stata, but SAS, TSP, and
SPSS are all fine. Excel will also work, but it is clumsy and offers few options.

3The data in Table 6.1 was not just randomly put together to look good. It was
generated by assuming the true relation was y; = .5+ 2x; 4+ ¢; where the random error had
a mean of zero and a variance of .50. The computer actually generated 20 random values,
one for each country. The regression technique, notice, did not get to the truth! But it
came close, especially for 8 (the estimate of 1.98 is very close to the true value of 2).
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(that is, a closed economy) then growth would be only 0.71% per year for
the average country. But, for every 1 unit increase in openness x, growth y
rises by 1.985 units. Therefore, openness is very helpful for growth. The
coefficient (1.985) measures the strength of the effect running from z to y.

The other information shows us how much faith we can have in the esti-
mated relationship in Figure 6.1. The R? is a measure of the “overall goodness
of fit” of the relationship. The R? is a number between 0 and 1, with 1 being
“a perfect fit”. Usually, we are content with an R? value anywhere above .40,
or even lower in some cases, especially if we have only a few x variables. The
value here of R? = 0.9162 is quite high, indicating a very good fit, as seems
clear from the figure.

The column labeled “t” shows how well the individual z-variables do in
explaining y. Here, we have two z-variables (we always count the constant
term), and both do well. We are looking for a t-value over 2.0, to say that
the x-variable is “statistically significant” in helping to explain y. We see
that we easily have that in both cases, and in the case of = (openness) it is
extraordinarily significant.

The next column, “P > | t |, shows the probability that the relationship
between x and y is due merely to chance, not an underlying relationship as in
Equation (6.1). Here, we want to see numbers below 0.05 (5%), but will often
settle for numbers below 0.10 (10%). As a matter of arithmetic, whenever
the t-statistic is high, the P-value is low, so we really only have to look at

one of them.
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6.3 Conclusion

Regression is a powerful technique for analyzing data, and is really not hard
to put into practice. The data in this chapter was made up to illustrate how
to use the technique and was constructed to deliver good results. Often, our
results will not be so good.

In this simple example, by construction, there was only one variable x
(openness) that influenced y (the growth rate). That is usually not true:
normally, there are many variables to put on the right hand side of the
regression equation. This presents no problems, but the correct specification
is usually elusive, and does matter for the inferences that we are allowed to

draw.

Appendix: Stata Output

The following is typical output from the Stata statistical package.
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Chapter 7

Source of Technology

7.1 Introduction

As more attention becomes focused on “technology” A, the more important it
is to think about what it is and how it is brought into existence. Our theories
so far are not very far advanced. There is currently a great divide in thinking
about A: does it happen by accident or is it actively sought? We take up this
question in various forms throughout the chapter. The question is hard to
answer because there is no easy way to define "technological progress” or to
classify the different ways that new knowledge influences economic growth.
The following list shows some of the concepts that might conceivably have
an impact on economic growth. The list begins at the most general level and

flows down to the specific.
e Science
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e Ideas

e Invention

e Innovation

e Human Capital

o Skill

All of these are related to one another, and all of them are important for
economic progress. Which of these are most closely related to the concept
of “total factor productivity” — the parameter A — that appears in the
neoclassical production function?

The closest in concept to A is probably “innovation”, which is the widespread
application of an “invention”, which is itself the embodiment of an “idea”
whose generation depended upon past “scientific discovery”. Often the diffu-
sion of an innovation requires “human capital” or “skill” in individuals.

But where does innovation come from? It stands to reason that nations
with lots of human capital will innovate more than others. It is also logical
that countries with better property rights will have more innovation, and
perhaps more physical and human capital as well. On the other hand, nations
that innovate more probably produce incentives for individuals to accumulate

more human capital. We have, in short, a kind of “chicken and egg” problem.
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7.2 Basic Issues and Terminology

7.2.1 Rivalry vs Non-rivalry

One of the key concepts in modern growth theory involves the distinction
between "rival goods” and "non-rival goods”. Most inputs in the production
process are rival goods, meaning that by their very nature, if one firm uses
them another firm cannot. This is true of any particular machine or worker,
and thus may be identified with K and L in the neoclassical production func-
tion of Chapter 5. Inventions or innovations — in general any idea — are
non-rival goods, since they can potentially be used by everyone simultane-
ously. A good example is a recipe, perhaps the secret formula in Coca Cola.
If the bottler in Atlanta is using this invention, it in no way stops the bottler
in Rio de Janeiro from using the exact same invention.

These concepts are related to the notion of diminishing returns in the pro-
duction process. Usually, rival goods show diminishing returns to increases
in their amounts while non-rival goods do not. Non-rival goods are at the
heart of endogenous growth theory, especially the work of Paul Romer (1986,
1987, 1990). This theory shifts the focus from the accumulation of physical
capital K to the generation of new ideas A. Potentially, this is a huge shift,
since the lack of diminishing returns opens the possibility of growth without
bound (see Section 6 of Chapter 5). Yet, until we settle on a process for

generating A we are not much farther along.
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7.2.2 Excludability

Just because an invention could be used by many producers at once does not
mean it will be. If a firm can keep others from using its ideas, we say that
the innovation is ezcludable.

There are two ways that firms exclude others: secrecy and patent law.
Both of these are only imperfect mechanisms. The cotton gin is a good
example of how both can fail. Eli Whitney’s machine was easily “reversed
engineered” so it could not be kept secret. On the other hand, all of his
efforts to secure a patent came to nothing, since many of the gins were
slightly different, and it was not in the interest of southern agriculture to
restrict the invention. As a result, it appears that the courts were reluctant
to grant him the patent, and did not do so for many years.

Even when patents work, they may not be the most efficient way to
produce new ideas. There are several reasons for this. Among them: the
social return to many inventions is far higher than the private return to a
monopoly; others spend wasteful amounts in finding close alternatives, in
order to get high profits, rather than trying to find more revolutionary new
goods; patent-holders can block promising new research in allied fields; there
are better ways to finance research than “taxing” the good that gets invented.

Nevertheless, it is difficult to think of a system that is clearly better than
the patent system. One alternative is the purchase of the patent for the new
idea by the government, who would then put it in the public domain. The

shortcomings of the patent system, and a possible improvement are discussed
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in Michael Kremer (1998).

The reason that excludability of non-rival goods is important is because
it matters greatly for the profit potential of a new idea. Once you have the
idea, if you can exclude others you become a monopolist. Profits follow. And
if profits exist, then people will spend time, effort, and resources looking for
ideas in the first place. This is quite relevant for the drug and software indus-
tries, in which production costs for new drugs and programs are extremely
small, but up-front costs of developing them are enormous. Only with some
excludability will companies invest those resources. The whole concept of
R&D (research and development) relies on the ability to recoup profits later.
Excludability is the key to this process.

The combination of non-rivalry and excludability is at the center of those
theories that propose that A is the result of deliberate search. Patents,
research, and inventions represent the parts of the production function for

technology. There is, however, another view.

7.2.3 Technology by Accident: Externalities, Spillovers,

and Learning by Doing

At times inventions arise by accident. This may happen in one of two ways.
First, when one firm does research in a particular area, other firms may
benefit indirectly. Scientists often discuss their work with others in differ-

ent companies; results are presented at academic seminars; new goods are
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observed at various stages of development. The technology that one firm
receives that it did not pay for (either through its own R&D or licensing) is
called a technological externality or a technological spillover. Spillovers are
unpriced, non-rival goods that arrive free to producers. By their very nature,
spillovers and externalities are hard to measure.

The second accidental way that ideas arrive is through learning-by-doing.
In the course of producing a good, firms simply get better at it. They find
new ways of doing things that reduce costs and improve the product. Again,
these innovations are free, in the sense that no one spent time or money
looking for them. The first rigorous treatment of this idea was by Kenneth
Arrow (1962).

Paul Romer analyzed the case of externalities and growth (Romer, 1986).
His idea is that the capital investment by a small firm raised its own stock
of productive machinery k, but also increased the general knowledge of the
economy K = nk. where n > 1 is the number of firms. The small firm does
not recognize the effect its investment has on the economy’s knowledge stock,
so the social return to k exceeds the private return to k.

This sort of model has two implications. First, firms do not perceive the
global external effect, so they invest too little in terms of society’s welfare.
Second, it is possible that there are social constant (or even increasing) re-
turns to capital. If so, the economy may never settle down to a steady state,
even if there is no technological progress in addition to the knowledge created

as a by-product from investment. That is, endogenous growth may arrive by
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Figure 7.1: A Positive Knowledge Externality

accident.

The basic idea is illustrated in Figure 7.1, which shows both the individual
firm’s perceived (or private) production function, and the actual (or social)
production function, assuming that there are increasing returns to scale when
the effect of K is counted. The social function rises at an increasing rate; that

perceived by each firm shows falling gains in output to increasing capital.

7.2.4 Collective Choice and Public Goods

If externalities are important, then a case can be made for collective action, in
the form of provision of technology by the government (public provision). One
possibility was mentioned above: the purchase of patents by the government
for public distribution free of charge.

Another possible way to achieve this is to fund research. This is already
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done in many countries, including the US, which has several agencies (NSF,
NIH, NEA, etc) responsible for giving out research funds.

The existence of externalities has led some economists to advocate the use
of the government to coordinate investment plans in general, or to provide
subsidies for particular “winner” industries. Only the government, according
to this argument, can simultaneously take into account all of the many ex-
ternal benefits that exist across the millions of firms. The problems with this
approach are, however, severe. The government may not have the correct
information, or the ability to marshal and administer resources on a grand
scale. Perhaps most importantly, the government may have objectives that
conflict with those of the private sector, like war or corruption. Collective
action was tried in developing economies in many parts of the world in the
50s and 60s as part of the strategy of import substitution. Henry Bruton

(1998) has described this approach in detail.

7.2.5 Institutions and Technology

It is impossible to overlook the fact that society’s institutions are an impor-
tant influence on the pace of change. Those societies with institutions that
favor and encourage innovation will achieve faster growth and higher living
standards compared to others. The theme of institutional arrangements and
growth is taken up by William Baumol (1990) and Kevin Murphy, Andrei
Shleifer, and Robert Vishny (1991). Hall and Jones (1999) show that there is

strong evidence to support the idea that institutions are the key to modern
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growth.

Protecting property rights and allowing profit are characteristics of eco-
nomically successful societies. It is interesting that many continue to violate
both. There is a large and growing literature on the political obstacles to lib-
eralization, although not a lot of it has been related to growth (McDermott,
1997, 1998)

Religion may be important. Max Weber proposed that Protestantism was
the key to capitalist development. Others have pointed out that the causality

may have run the other way.

7.3 Technology and Evolution

Evolutionary processes have been proposed for many biological and social
organisms. Joel Mokyr (1990) uses evolution to discuss the progress of in-
ventions through time.

Ideas evolve in leaps. Large ideas occur infrequently, and often by accident
— the macroinventions. Smaller ideas that improve the large important ones
— the microinventions — occur much more routinely and as a function of
economic incentives. Therefore, technical change is continuous, but its rate
of increase is not: once in a while there will be a large jump in productivity.

The world economy, as a result, may be characterized by “punctuated

equilibrium”, to borrow a phrase from evolutionary biology.
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7.4 Historical Approaches to Technical Progress

Nathan Rosenberg (1982) has studied the concept of technical change as it

has changed through history.

7.4.1 Types of Innovation

First, there are two types: product innovation and process innovation.
Simon Kuznets and Joseph Schumpeter emphasized the former over the

latter, but most theoretical work has dealt with the latter since it is easier.

Both also focused more on discontinuity and the jumps coming from large,

key inventions of new goods.

7.4.2 Continuity

Rosenberg emphasizes that there were several economic historians who thought
that a slow, continuous process was a better way of characterizing the history

of technology. These include Marx, A. P. Usher, and S. Gilfillan.

7.4.3 Direction of Innovation: Labor or Capital?

Did inventions in America tend to be labor-saving because labor was scarce
in the New World? This has been held true by several writers, but others
dispute it. This controversy has been re-opened by Romer (1996) who looks

at the relative growth of the US in the early part of our history.
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7.4.4 Diffusion of Innovation

How do inventions diffuse through the world? Are they fast or slow? Again, it
depends on institutions, and perhaps the movement of the people themselves.
There is a sizeable literature on the economics of imitation and growth in

developing countries.

7.5 Conclusion

This chapter has set forth the basic concepts of technological change and
growth. Policies, institutions, and external events are important to the
growth process only insofar as they affect the rate of technological change.

Technology stands behind every one of the various processes that we examine.



Chapter 8

Perpetual Growth and Finite

Resources

In this chapter, we present a model of growth with natural resources. It turns
out that steady growth is possible if technological change is sufficiently strong.
The production of light is a famous example of the power of technology to
overcome resource scarcity: the use of resources in producing lumens has
fallen tremendously as technology has allowed us to substitute wood, for

candles, for whale oil, to petroleum, to incandescent, to flourescent, to LEDs.

8.1 Extraction and Growth

The production function is very simple:

Y = ARP (8.1)
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where A is technology and R is the flow of resources. This is the amount
of newly produced resources every time period. Everything is produced by
resources only, with diminishing returns, but enhanced by technology. Per

capita output is:

ARP
= 2
y=—5 (8.2)
Let S be the stock of natural resources so:
. dS
R=-S=—— 8.3
o (8.3)

Certainly, if R is constant, this cannot go on forever. It would not be sus-

tainable. So let’s adopt a “Zeno’s paradox” extraction rule:

R(t) = \S (t) (8.4)

where A is a constant rate. This rule says: “Take a constant fraction of what
is left of the stock at any moment”. It may be easier if you think of ¢ as a
year. So, in 2011 we would take, say, 2%, of the stock of resources that was in
existence at the beginning of 2011. Then, in 2012, we would take another 2%
of the stock that existed at the beginning of 2012. So, if we started 2011 with
a stock of size Sy, at the end of 2012 we would have Sy = (1 — A) (1 — \) S.

It may seem paradoxical, but for any constant X\, you never run out of
the natural resource, even if A\ = .80. If, for example, this went on for any

length of time 7', we would still have Sp = (1 — )\)T Sp units of the resource
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left. This number is always positive.
Although discrete time is usually easier to think about, continuous time
yields simpler results. So now we switch to continous time.

Combine (8.3) and (8.4) to see that:
S
2= 8.5
2 (85

The stock S falls at the rate A always. Now rearrange (8.4) to see that:
R
—=A 8.6
: (3.6)

Since A is a constant, that means that R and S change at the same rate.

Since S is falling at the rate A, then we know R is also falling at that rate:

i
—=-A<0 8.7
=A< 57)

gr =
This just says we take out a smaller and smaller amount of resources every
year. Both the stock and the flow decline steadily.
The Appendix to this chapter gives us another way to think about the
extraction rule.

“Growth” means that the growth rate (i.e. rate of change) of y is positive.

From (8.2), we find the growth rate of y to be:

g = ga+Bgr—9gn
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= ga—BA—gn

For g to be positive forever, we need g4 > S\ + gn. This does not seem that
difficult to achieve, especially if population growth is low. For example, if
B = .5, technical change is 4% a year, and population growth is 1.5% per
year, we need to extract our resources at any rate less than 5% to maintain
growth in living standards forever. That is, A < .05 guarantees positive
growth.

To summarize, any value of A is sustainable — S will never run out — but

not every value of \ is capable of maintaining growth in y forever.

8.2 Optimal )\

Do we need growth? How do we think of the “best” or “optimal” rate of
extraction?

One way to consider optimality is to add up all the current and future
output of the country (or the world). Usually, we discount future output
(which equals income) such that the farther away it is in the future, the less
valuable it is. This is very similar to the idea behind present value of a future
asset, but is different in that it contains an implicit valuation of the utility

of generations that are not yet born.
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In discrete time, we would maximize:

(o.9] 1 13
Jp = Z (Hp) Yt

t=0

where p is the subjective rate of time preference. In continuous time we

would maximize:

Jo = / y(t)e Pdt (8.8)
0
From the first section, we can write

y(t) =y (0)e”

where g = g4 — A — gn. Putting this into (8.8) gives us:

Jo :/ y (0) e_mtdt:y(())/ e *dt
0 0

where x = p— g = p—ga + A+ gn. We can take the term y (0) out from
under the integral sign because it is a constant. It is necessary that > 0 so
that the integral converges.

We can express initial output as:

y (0) = Ag ()\So)ﬁ
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because our rule says that Ry = ASy. The integral can be solved to get:

o 1
/ e tdt = =
B x

Ao (ASo)’  Ag(ASy)?
T p—ga+BA+gn

So that:

Jo (\) =

What value of A maximizes this expression? It is not at all clear from looking
at it. We can see, however, that an increase in \ is ambiguous without more
information about the parameter values, since it raises both the numerator
and the denominator.

We can use calculus to find the optimal value. Or, we can plug in numbers
for the parameters other than \ and draw a graph. In Figure 8.1 we show
the graph of Jo as a function of \. We assume that Ay = 10 and Sy = 1000.
There is no population growth so gy = 0. We also assume that p = .04,
ga = .02, and 8 = .50. It looks like the best value is around 4%.

In fact, the computer confirms that the government should set A\* = .04:
extraction should proceed at 4% of the available stock. In the first year, the
economy should extract 40 of the available 1000 units (Sp). Notice that this
solution gives zero growth: g = 0. The best that we can do is consume the
same amount every year.

What if people did not discount the future so much? If we reduce the rate
of time preference to p = .03, then the optimum falls to \* = .02. Growth,

in this case, is positive forever: g = .01.
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Figure 8.1: The Optimal A

Appendix: Extraction Rule Revisited

Let us consider extraction from a slightly different perspective. Assume the
government or business decides to begin extracting at the rate R (0) and has
committed to reducing the extraction flow continuously at the rate . Both
the initial value R (0) and ~ are independent at this point. This means that
R(t) = R(0)e " . How much resource would be extracted by the end of

time (infinity)? Call that amount Sy,. It is:

S, = /0 TR dt = /O T RO) et (8.9)

Now, solve the integral to get:

Spo = ——~ (8.10)
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So the greater the initial rate of extraction R (0) or the smaller the rate of
decline in the rate v, the more will be extracted in total.

The problem is that the world may not have an amount as big as S. If
we want to extract exactly the amount we have Sy in the limit of time, then

we must set Sy = S and solve (8.10) to get:

R(0) =S, (8.11)

But this is precisely the rule we have proposed, except that we called the
rate A before (not 7).

For any country the stock Sy is given (but may be uncertain) and either
v or Ry may be chosen independently, subject to 0 < v < 1. The other is
then determined by (8.11). After that, the country must commit to reducing
R each period according to the commitment R (¢t) = R (0)e 7. If they do,

then the resource will last forever.



Chapter 9

The Limits to Wage

Equalization Across Countries

9.1 Introduction

Wages are very different across countries. It is important to think about
why these differentials arise and what we can do about them. Among the
most important questions may be this: has globalization reduced the wage
differential or increased it?

It turns out that we can provide answers to this question and others using
the basic neoclassical production function and the assumption that markets

for factors (capital and labor) are competitive.
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9.2 Comparing Separate Economies

At first, let us consider two economies that are completely separate. This
means that we can analyze relative income, wages, and returns to capital
in each country independently. Later, we allow globalization in the form of
movement of capital. We will then see how this affects wages and returns to

capital in the two countries.

9.2.1 Production and Relative Per Capita Income

We begin with the production functions in two countries, an industrial coun-
try (the US, for example) and a developing country (perhaps India). Let us

write them as follows:
Yy = AnK%(hnLy)™® (9.1)

Ys = AsKg(hsLg)' ™™ (9.2)

The subscript “N” stands for the industrial north and the subscript “S” stands
for the southern LDC. As usual, we have the following interpretations of
each variable: A is technology (broadly interpreted), K is capital, L is labor
(number or hours), and h is the skill (education) level of each person.

Define the aggregate human capital stock as:

il
H=hL = h=— (9.3)
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and the capital-labor ratio as usual: k& = % As always, our basic welfare
criterion is output per person, y = % For the two countries y can be written
using (8.4) as follows:

yn = Ankivhy (9.4)
ys = AskShg @ (9.5)

I will call the relative per capita income in the two countries:

YN
2y = 9.6
y= (9.)

We now derive expressions for the returns to capital and labor.

9.2.2 Return to Capital

The return to capital r — the rental price that a firm would pay for a machine
— is the same as the marginal product of capital. As we noted in Chapter 5,
the marginal product of capital is the derivative of Y with respect to K. For
either country 7, it is given by:
11—«
h; ,
rj = ad; <k> j=(N,5) (9.7)

J

Countries with more human capital h per machine k have higher returns to
physical capital k& . It certainly makes sense that your machinery (that is,

capital) is more productive when your workers are more highly educated.
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9.2.3 Return to Labor

The return to labor is the real wage — the rental price for worker services.
In a model with human capital we must distinguish between the wage of a
worker wy, and the wage of a unit of human capital, w. For an individual

worker they are related as follows:

w=wy*h (9.8)

Equation (9.8) says that a worker earns a base wage wj, (the same as the wage
of a unit of human capital) times the amount of human capital she possesses.
Workers in all countries have different levels of human capital, determined by
their education, experience, and ability. A worker with human capital level
x makes x times more than a worker with only 1 unit of human capital. This

is true of both countries, so we can write:

w; = wy jh; Jj=(N,S) (9.9)

where h; is the human capital of an average worker in Country j for j =
(N, S). The question is: how do we find the equilibrium values of the base
wages wp v and wy g7

The base wage w is the marginal product of H (the derivative of Y with

respect to H). Using the production functions (9.1) and (9.2) and the defi-
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nition (9.3) these give:

w; = (1—a)A; <fL]> j=(N,S) (9.10)

There are two profound implications of the above equations. The first is that
the more capital (machines, inventories, etc.) a nation has, the higher will be
its wage. The second is that the more human capital (that is, skilled workers)
a nation has, the lower will be the wage for any particular skill level. This
does not mean that education is bad. If everyone gets more skill or education,
wages will rise. How can that be true? Look at (9.8). If everyone’s h rose, w
would fall, but wh would rise. That is, w falls by a percent (where a < 1)
of the rise in h.

The ratio of the base wage in the industrial country to that in the LDC
can be found from (9.10):

wN AN thS “
— = 9.11
ws  Ag (k‘shzv> (.11)
Use (9.4), (9.5), and (9.6) to express it compactly as:
wN hg
— = Zy— 9.12
Wg th ( )

It is important to emphasize that the ratio above is for base wages. For actual
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wages, use (9.12) along with (9.9) to see that:

wr,N wyhy
— = =z 9.13
wr,s  Wshg Y (9.13)

This result is true for all of our cases in this section that deals with two
separate economies. The ratio of actual wages in the two countries is the

same as the ratio of per capita incomes.

9.2.4 Examples and Cases

Our purpose in the rest of this section is to calibrate the values of A, K,
and h in each country to see what we can infer about relative income, wages,
and the return to capital when the countries are separate. For our case, we
take the US for the industrial country and India for the LDC (a popular
comparison). Our main fact is from the Summers-Heston-Aten data set.
There we see that in 2000 the US y was 33,308 I$ whereas India’s y was only
2,480 I$. Thus, the ratio of the two was 13.43. For simplicity of exposition,
we round this up and set

zy = 14

Counting all kinds of income, US residents were about 14 times better off

than their Indian counterparts.
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9.2.4.1 Case 1: A =1 and h=1 in Both Countries

When the neoclassical growth model was first being developed and applied,
it was customary to ignore h (that is, set h, = hg = 1) and assume that

technology was the same all over the world (Ay = Ag = 1). With those two

assumptions and assuming that o = % (again, a standard number) we use

(9.4) — (9.6) to write:

o
z, =14 = <N> (9.14)
ks
Solve for ky to get:
ky = 14%kg = 2, T4dkg (9.15)

Can the US really have 2,744 times more capital per person than India? This
would appear to be way too high. But let’s suspend our disbelief for a second
and ask: if this were indeed true, what does it imply about wages and the
return to capital? Use (9.7), and our assumed values Ay = Ag = hy = hg,

to get:

2
Ts (k)T an)d
rN_<k:s> = (14%)° =196 (9.16)

This says that the return to capital should be about 196 times greater in
India than the US! Again, this seems unreasonable large. If this were true,
why doesn’t capital rush to India? Why settle for such a low return in the
US and Europe?

Since hy = hg = 1, in this case, base wages and actual wages would be
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the same. Moreover, they would have the same relative value as income:

WN

ws Ry ( )

This result comes straight from (9.12) and (9.13) and means that a worker
who lived in India but had the same human capital as a US worker could
increase her wage 14-fold if she moved to the US. That may explain why
we see so many people of all education levels trying to move to the US and

Europe.

9.2.4.2 Case 2: More Human Capital in the Industrial Country

We know that the typical worker in the US has more human capital than her
counterpart in India. Robert Barro and Jong-Wha Lee have estimated that
in 2000 the typical worker in the US had 12.25 years of schooling, compared
to 4.77 years for a worker in India. (See Robert Barro’s website at Harvard
to get this data for many countries and years.) We may infer from this that
average human capital is about 2.57 times greater in the US than India. Let
us round down and set:

};L];] =2.5 (9.18)
Now the capital stock in the US need not be so huge to generate the 14-fold

per capita income gap. That is, a part of the income gap can be explained

by differences in human, not physical, capital. Using (9.6) and (9.18), but
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still assuming Ay = Ag = 1 we now find:

ki s (hs\® 143

This is more reasonable, but a 439 multiple is still vary large.
The return to capital in India would be still quite a bit larger than in the
US. Begin with (9.7) then use (9.18) and (9.19) to eliminate the ratios 2
S

and % to get:

11—« 2
rg hgkn (439)3
N (h]\ﬂi‘g) 2.5 ( )

Now the return to capital is only about 31 times greater in India than in the
US.

As for base wages, the gap is also smaller. Using (9.12), we get:

Z’SV - zy;;i - 21%5 —56 (9.21)
We must emphasize that these are base wages; that is, the wage for a person
with one unit of human capital. The ratio of average wages is still 14 (wy =
wh) since the average US worker has 2.5 times the human capital of her
Indian counterpart. Consider a doctor, for example, whose h = 22, say. In
the US, a doctor would make about $100,000, let’s say. According to (9.21),
the same doctor in India would make $100,000/5.6 = $17,857, assuming they

had the same human capital. That is, for comparing people with the same

human capital, we use the ratio of base wages. To compare countries, where
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the average human capital can be quite different, we use (9.13) and compare
actual average wages.

As Easterly emphasizes several times in his book The Elusive Quest for
Growth, since the US has over twice as much human capital as India (per
worker) the price of a unit of human capital (the base wage) should be corre-
spondingly smaller in the US — at least if we maintain the strict neoclassical
assumption of diminishing returns to H. That may not be reasonable, as
Easterly himself constantly emphasizes. The base wage gap is still positive
in favor of the US — and sizeable — even after we account for human capital.
This is so because there is considerably more physical capital per person k
in the US, too, which raises the productivity of human capital and makes

educated workers at all levels 5.6 times more productive than in India.

9.2.4.3 Case 3: A and h Greater in the Industrial Country

We now come to our last case involving two isolated economies. It may seem
unreasonable to assume that in India and the US technology is the same:
Ay = Ag . We may instead believe that technology (TFP or total factor
productivity) is better in the US, especially when we interpret it broadly to
include property rights, justice, financial markets, security, and other relevant

institutions. Accordingly, in this section, we assume that:

An

— =20
Ag
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Now, we use (9.4) — (9.6) to arrive at the following general formulation:

kN_(Z)l<AS>°1” EI_TQ
ks Y \ Ay hyn

_ (1;)3 (215)2 — 5488 (9.22)

So now we have the relative capital-labor ratio down to 55 times larger in
the US. It is difficult to know if that is, in fact, reasonable, but it seems more
realistic than our earlier results.

Using (9.7) we may express the relative return to capital as:

re  As (hgky\' "
A A I =3.92 2
~ Ax <hN k’s) 3.9 (9 3)

We know all of the ratios in (9.23), including that for k& from (9.22), and if we
plug them in we get the answer noted on the right above, 3.92. This is much
smaller than our previous results and seems more reasonable. The return to
capital is higher in India, but only by a factor of 4 now.

Now use (9.22) in (9.23) to get the following expression:

1 l—«

rs 1o (Ag\® [ hs\ °
5 _ ol - =3.92 .24
Y (z4) <AN) (hN) 39 (9:24)

This has the advantage of involving only quantities for which we have data
or educated guesses. Equation (9.24) is the expression that corresponds to

(9.12) and (9.13), the general base wage and average wage ratios. That is, it
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is the most general form for two isolated economies.

9.3 Globalization: Capital Mobility and Wages

So far, we have assumed total separation between the two countries. Glob-
alization, however, is about the movement of capital and expertise from one
country to another. In all three of our cases, rg > ry, so capital will flow
from the industrial country to the developing country, provided there are no
capital controls in either country. In theory, capital will continue to flow to
India until rg = r5. This is what we shall assume.!

We shall continue to assume that the parameters in Case 3 hold. Namely,
that Ay = 2.0A5 and that hy = 2.5hg. We do not assume, however, that
zy = 14. The new value of z, is determined endogenously when capital is
free to move.

First, we see what r¢ = ry implies about relative capital-labor ratios.

Use (9.7) to find:
kv hy (An\T=
ML A il 2
k}S hg (AS) (9 5>

Using the parameters from Case 3 above — which we consider our most

realistic set of parameters — this yields:

k
/TN = 25%v2="7.07 (9.26)
S

"'We must remember, however, that the failure of capital to move in sufficient amounts
remains a mystery.
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Even with complete capital mobility, there will be more capital per person
in the US than in India. This result is due to the assumption of better
technology and more schooling in the US. Both of these make capital more
productive in the US, so that if there were equal amounts of k, US capital
would be more productive and earn a higher return. With diminishing returns
to k, in equilibrium more capital remains in the US. Still it is a much smaller
gap than in our isolation cases in Section 2.

What does this imply about z,, relative incomes in the two places? Just

use (9.25) in the right-hand side of (9.6) to get:

(9.27)

Ry

_ hy <AN>11°‘ _ kn

Chs \As) ks

This result is quite interesting. The ratio of real output per worker is the
same as that of capital stocks. This means that mobility of capital brings
the disparity in income down from 14 to 7.07. It is effectively cut in half.

Notice that if Case 1 were applicable (that is, Ay = As = hy = hs = 1)
then complete capital mobility would result in ky = kg — evident from (9.25)
— which makes real incomes equal by (9.27).

What does capital mobility imply about real base wages in the two coun-
tries? Equations (9.12) and (9.13) are still valid. Using the former, and our

new value of z,, and the relative h value from Case 3, the base-wage ratio is:

WN hs 7.07
_ = _—_— = 2, .2
ws 2y I 55 83 (9.28)
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Compare this to (9.21). The base-wage gap is down to about half of its value
without capital mobility. Under what conditions would the gap disappear?
We see from (9.27) and (9.28) that if technology were the same in the two
nations — Ay = Ag — the wage gap would be eliminated. This happens
in the presence of capital mobility even though labor cannot move between
countries at all.

It is only base wages that would be equalized. The ratio of average wages
remains at 7.07 according to (9.13) since the US would have higher average
human capital per worker. Arguably, however, the base wage ratio is the

more important gap.

9.4 Conclusion

We have seen that the base wage gap depends on two main things. First, is
the LDC economy open or closed to capital flows? Second, is LDC technology
A similar to, or much lower than, that in the industrial nation?

Only when capital is fully mobile and technology identical will the base-
wage gap disappear. Add to that the condition that human capital be the

same and the actual average wage gap will also disappear.



Chapter 10

Guidelines for the Empirical

Project

10.1 Introduction

The purpose of this project is two-fold. The first objective is for the student
to analyze a particular aspect of economic development in some depth. The
second objective is to understand and use the regression technique to draw
basic inferences from economic data. There are two parts to the project: (1)

a written paper; (2) a report to the class.
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10.2 The Question

The subject should be fairly narrow. There should be a specific question to
which the paper provides some kind of an answer. The paper must employ
basic regression analysis, so data must be available to either support or con-
tradict the hypothesis implicit in the question. The best way to proceed is
to take a question that can be looked at across many different countries. For
example, does a large population help or hinder convergence? Or, how much
does female education expenditure help countries grow since 19707 Since
for many countries — especially developing ones — we have data only for a
few years, the cross-section approach is best. The alternative is to take one
country and look at the data over several years. This is hard because many
of the relevant variables (such as openness) do not change much over time.
In recent years, student groups have looked at religion and growth, open-
ness and growth, the impact of colonialism on growth, the effect of education
on growth, and many others. It is also possible to compare and contrast the
growth experience of different regions of the world (e.g. East Asia and Latin
America) as long as data is available. The topic should be cleared with me
first, and I will be available to consult with the group to choose a topic that
would be interesting and for which data is available. Along the way, I will be
happy to meet with the group at any time to help with both data collection

and analysis.
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10.3 The Data

There is a lot of data on the web for free. Many of the sites listed on the last
page of the syllabus contain data that can be easily downloaded. One of the
best places to get data is the Research section of the World Bank web site.
Authors who put their work there also put the data alongside in Excel files.

The most important and popular data set is that constructed and main-
tained by R. Summers, A. Heston, and B. Aten (usually called the Penn
World Table) and used in many different studies. The Penn World Table is
currently in three versions, PWT 5.6 , PWT 6.1, and PWT 6.2. The latter
is generally preferred since it contains more years of data. It is, however,
still a work in progress. The earlier version PWT 5.6 contains more variables
(capital stocks, for example). There is no reason to use the middle version,
PWT 6.1. The data may not be mixed, since the base years are different in
each. Appendix 9.A gives the names and descriptions of all the variables in
the two versions of the PW'T.

Another excellent source for data is the Global Development Network
Database constructed by Easterly and Sawadeh. This incorporates data from
several different sources, including the Penn World Table. The internet ad-

dress for this and many other sites is listed on the last page of the syllabus.

10.4 Organization

The paper should be organized along the following lines.
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1. Introduction. (No more than 2 pages).

2. Economic theory and history, including the basic discussion of your
question and results. Here, you include any graphs of the data, and
the application of the theoretical principles learned in class. (About
2—3 pages, not counting tables and graphs.) It should not contain a

big literature review.

3. Econometric evaluation, including regression analysis. (About 3 — 5

pages, not counting tables and graphs.)
4. Conclusion. (1 page.)

The total text should be between 6 and 12 pages. The best approach is to
start with a question ("Do oil price increases cripple growth in developing
economies?”) and then answer it in the rest of the paper. The main (almost
the only) constraint on your question is the availability of data to answer it.

The class presentation should be 15 minutes. Please use presentation
software (like Power Point or Keynote) for all data graphs and regression

output.
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10.5 Retrieving and Using Data for Analysis

10.5.1 Internet

To get the PWT data, go to the PW'T website: http://pwt.econ.upenn.
edu/. On the home page of this site, click on “Penn World Table” in the
upper left corner. This will bring you to the main data page. There you can
either (1) make a selection of countries, variables, and years from the PWT
6.2; (2) download the entire Excel file for PWT 6.2; or, (3) download the
entire Excel file for PWT 5.6. It is recommended that you avoid PWT 6.1.
In fact, it is surprising that it is still there.

The PWT 6.2 data has one obvious advantage: it has more data (it ends
in 2004, as opposed to 1995). However, there are fewer series in it. For
example, there is no capital stock.

To get the data, you must select the countries, years, and variables that
you want, and then you may download it in various formats. There is also
lots of documentation about the data elsewhere on the web site. There is,
for example, a Word file called “Append62.doc” that is about 20 pages long
and contains all the variable names and a comment on the construction of
each one.

You need not limit yourself to the PW'T data. The Global Development
Network Database, for example, also comes in Excel files and it is easy to find
and download (just Google it). Every year, more and more excellent data

comes online, much of it for free. With a little work, you can probably find
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just what you need.

10.5.2 Excel

Statistical software can read data from text files and Excel files (usually in
.csv format). So, the first step in data analysis, after the data is downloaded
from the net, is to put it in Excel. You must usually do a bit of work to get
the data in the proper form to be read by the statistical program with which
you are working. Some programs are better than others in being able to read
data, but this is often the most time-consuming and frustrating step of the
process.

Appendix 9.B shows the form the Excel file should be in to be read most
easily by other statistical programs (or Excel itself for regression analysis).
The first column is the country name; the second column is a three-letter code
that identifies the country. All of this data is for one year, 2002. Moreover,
for an Excel file to be read by most outside statistical programs, it is best if
it is saved as a comma-delimited (.csv) file. The important thing is that each
column should have a label heading and there should be no blank columns.

A file that is similar to that in Appendix 9.B is on my web page under
“Data”. Go to http://web.me.com/proust/mcdermott/index.html and
download the file called “crossdata.csv”.You may run a regression on this
data, using yprch as the y (dependent) variable and pop and/or openk as the

x variables.



CHAPTER 10. GUIDELINES FOR THE EMPIRICAL PROJECT 130

10.6 Conclusion

The purpose of the empirical project is to get the student involved in basic
economic research. By formulating the question, obtaining the data, and
analyzing the data with basic graphical and regression methods, the student
will get a good idea about the value of the scientific method. It is one thing
to propose an idea or theory, and another to find support for it in the data

generated by the world.

Appendix 9.A Description of the variables in

the Penn World Tables

1. Version 5.6

Number (Name) = Description

1. ( POP ) = Population in 000’s

2. ( RGDPCH ) = Real GDP per capita in constant dollars (Chain

Index) (expressed in international prices, base 1985.)

3. ( RGDPL ) = Real GDP per capita (Laspeyres index) (1985 intl.

prices)

4. ( C)

Real Consumption share of GDP [%] (1985 intl. prices)

5. (I)

Real Investment share of GDP [%] (1985 intl. prices)
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6. ( G ) = Real Government share of GDP [}%] (1985 intl. prices)

7. ( RGDPTT) = Real GDP per capita in constant dollars adjusted
for changes in terms of trade (1985 international prices for

domestic absorption and current prices for exports and imports.)
8. (Y ) = CGDP relative to U.S. [%] (U.S.=100, current intl. prices)

9. ( CGDP ) = Real GDP per capita (current intl. prices)

10. ( CC ) = Real Consumption share of GDP [%] (current intl. prices)
11. ( CI ) = Real Investment share of GDP [%] (current intl. prices)
12. ( CG ) = Real Government share of GDP [%] (current intl. prices)
13. ( P ) = Price level GDP [%] (PPP GDP/ U.S. dollar exchange rate)
14. ( PC ) = Price level Consumption [%] ([PPP of CJ]/XR)

15. ( PI ) = Price level Investment [%] ([PPP of I]/XR)

16. ( PG ) = Price level Government [%] ([PPP of GJ]/XR)

17. ( XR ) = Exchange Rate with U.S. dollar

18. ( RGDPEA ) = Real GDP per Equivalent Adult (1985 intl. prices)
19. ( RGDPW ) = Real GDP per Worker (1985 intl. prices)

20. ( KAPW ) = Non-residential Capital Stock per Worker (1985 intl.

prices)
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21. ( KDUR ) = Producer Durables (% of KAPW) (1985 intl. prices)

22. ( KNRES ) = Nonresidential construction (% of KAPW) (1985 intl.

prices)

23. ( KOTHER ) = Other Construction (% of KAPW) (1985 intl. prices)

24. ( KRES ) Residential construction (% of KAPW) (1985 intl.

prices)

25. ( KTRANP ) = Transportation Equipment (% of KAPW) (1985 intl.

prices)
26. ( OPEN ) = Openness (Exports+Imports)/Nominal GDP
27. ( RGNP ) = Real Gross National Product (% of CGDP)
28. ( IPRI ) = Gross Domestic Private Investment (% of Gross Do-

mestic Investment in current intl.prices)
29. ( STLIV ) = Standard of Living Index (Consumption plus gov-

ernment consumption minus military expenditure, % of GDP.

2. Version 6.2

Name (units) Description

1. isocode (country code)

2. yr (year) -
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10.

11.

12.

13.

14.

15.

16.

17.

POP (000s) Population

. XRAT (US=1) Exchange rate

133

cgdp ($ current) Real Gross Domestic Product per Capita (cur-

rent prices)

cc (%) Consumption share of CGPD

ci (%) Investment share of CGDP

cg (%) Government share of CGDP

. p (US=100) Price Level of Gross Domestic Product

pc (ppp/xrate) Price Level of Consumption

pg (ppp/xrate) Price Level of Government

pi (ppp/xrate) Price Level of Investment

openc (%) Openness in current prices

cgnp (%) Ratio of GNP to GDP (current prices)

csave (%) Current Savings

y (US=100) CGPD relative to the United States

rgdpl ($ constant) Real GDP per capita (Constant price:

Laspeyres)
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18. rgdpch ($ chain) Real GDP per capita (Constant price: Chain

series)
19. rgdpeqa ($ eq. adult) Real GDP chain per equivalent adult
20. rgdpwok ($ worker) Real GDP chain per worker

21. rgdptt ($ terms of trade) Real Gross Domestic Income (RGDPL

adjusted for Terms of Trade changes)
22. openk (%) Openness in constant prices
23. k¢ (%) Consumption share of RGDPL
24. kg (%) Government share of RGDPL

25. ki (%) Investment share of RGDPL

Appendix 9.B

The following table shows how your data should be organized.
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Table 10.1: Data in the Proper Form

] country \ 1socode \ year \ cq yprch \ openk ‘
Afghanistan AFG | 2002 | 20.89437 | 525.7682 | 136.7149
Albania ALB | 2002 | 20.57526 | 4134.563 | 65.64388
Algeria DZA | 2002 | 25.43648 | 5723.53 | 66.85087
Antigua and Barbuda ATG | 2002 | 65.94318 | 15274.98 | 126.0218
Argentina ARG | 2002 | 17.73209 | 9561.587 | 19.36427
Armenia ARM | 2002 | 22.62712 | 4338.086 | 83.46104
Australia AUS | 2002 | 15.59193 | 27120.89 | 44.41226
Austria AUT | 2002 | 15.9632 | 27346.25 | 95.30912
Azerbaijan AZE | 2002 | 36.39618 | 3851.348 | 102.3431
Bahamas, The BHS | 2002 | 27.87347 | 18377.36 | 107.9666
Bahrain BHR | 2002 | 18.44424 | 18884.86 | 168.2105
Bangladesh BGD | 2002 | 13.78397 | 2049.461 | 32.07835
Barbados BRB | 2002 | 13.74614 | 15449.81 | 103.0969
Belarus BLR | 2002 | 27.6814 | 11770.66 | 149.5606
Belgium BEL | 2002 | 19.37966 | 25106.27 | 164.5674
Belize BLZ | 2002 | 38.79317 | 6831.726 | 105.7954
Benin BEN | 2002 | 10.71865 | 1311.53 | 55.67712
Bermuda BMU | 2002 | 16.56303 | 33958.16 | 86.55295
Bhutan BTN | 2002 | 31.80045 | 846.4426 | 69.02751
Bolivia BOL | 2002 | 19.10262 | 2971.438 | 48.10411
Bosnia and Herzegovina | BIH | 2002 | 30.19095 | 3490.883 | 69.19069
Botswana BWA | 2002 | 31.19615 | 7727.325 | 88.91344
Brazil BRA | 2002 | 22.68933 | 6949.792 | 23.84154




