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OVERVIEW OF GROWTH AND INCOME DIFFERENCES

Kaldor facts.

Solow model.

I Growth from capital accumulation and exogenous technology.

Neoclassical growth model.

I Growth from equilibrium capital accumulation and exogenous
technology.

I Efficiency result.

Confronting neoclassical growth theory with evidence.

Other and deeper theories of cross-country growth differences.

Growth over time.

Cross-country welfare differences beyond GDP.
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STYLIZED FACTS

1 Constant long-run growth rate: long-run growth rate is g . X

2 Constant capital output ratio: Kbgp/Ybgp = kbgp/ybgp = s/(n+g + δ )
(Solow) + sbgp = δα/(β−1−1 + δ ) (neoclassical). X

3 Labor share constant: F (K ,AL) = Kα (AL)1−α ⇒ w = FL =
(1−α)KαA1−αL−α ⇒ wL/Y = 1−α. X (but labor share declining
recently...)

4 Constant real interest rate: rKbgp = FKbgp
. X (but level off and secular

stagnation...)
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STABLE RATE OF GROWTH

20,000

30,000

40,000

50,000

60,000

G
D

P 
pe

r c
ap

ita
 (r

ea
l 2

01
2 

do
lla

rs
)

1960 1970 1980 1990 2000 2010 2020

3 / 16



MAGNITUDE: CAPITAL-OUTPUT RATIO
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Calibration: s = 0.2,δ = 0.04,n = 0.01,g = 0.015⇒ K
Y = k

y = s
n+g+δ

= 3.25.
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STABLE LABOR SHARE
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MAGNITUDE: REAL INTEREST RATE

Calibration: r = FK −δ = αkα−1−δ = αy
k −δ = 0.35

3.25 −0.04 = 6.8%.
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OUTLINE

1 REVISITING STYLIZED FACTS

2 EXPLAINING CROSS-COUNTRY DIFFERENCES



HYPOTHESES

The Solow/neoclassical framework offers three possibilities for explaining
cross-country income differences:

1 Some countries are not at their BGP level.

2 Different BGP saving rates, perhaps due to different levels of
impatience.

3 Level differences in A across countries.

(1)⇒unconditional convergence (why?) (2)⇒conditional convergence
(why?) (1) and (2)⇒cross-country differences in output explained by
differences in capital stocks.
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OFF BGP: UNCONDITIONAL CONVERGENCE
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OFF BGP: CONDITIONAL CONVERGENCE

P. Ganong, D. Shoag / Journal of Urban Economics 102 (2017) 76–90 77 

Fig. 1. Decline of income convergence and directed migration. (a) The lines show slopes from linear regressions for 1960 and 2010. (b) This panel shows estimated regression 

coefficients for every twenty-year window from 1950 to 2010. The larger circles reflect slopes for 1960 and 2010. 

Source: Ganong and Shoag (2017). Why Has Regional Income Convergence in U.S. Declined?
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DIFFERENT CAPITAL STOCKS: DIRECT MEASUREMENT

Production function with human capital:

Country i : Yi = Kα
i (AiHi )

1−α ,

where: Hi = eφ(Ei )Li .
Why model this way?

Measurable expression:

Competitive wage: wi =
∂Yi

∂Li
= (1−α)Kα

i

(
Aie

φ(Ei )
)1−α

L−α

i ,

so:
∂ lnwi

∂Ei
= (1−α)φ

′(Ei ).

Some algebra:(
Ki

Yi

) α

1−α
(
Hi

Li

)
Ai =

(
Ki

Kα
i (AiHi )1−α

) α

1−α
(
Hi

Li

)
Ai =

Kα
i (AiHi )

1−α

Li

=
Yi

Li
.
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DIRECT MEASUREMENT: CALIBRATION

Yi

Li
=

(
Ki

Yi

) α

1−α
(
Hi

Li

)
Ai .

Solow:

Kbgp

Ybgp
=

kbgp
ybgp

=

(
s

n+g+δ

) 1
1−α(

s
n+g+δ

) α

1−α

=
s

n+g + δ
.

Investment rates (and hence capital-output ratios) differ by up to 3×.

α ≈ 1/3⇒ α

1−α
≈ 1/2.

Therefore, physical capital differences can account for a factor of
about 31/2 = 1.73 in differences in output per worker across countries.

8 additional years of school in richest relative to poorest and return of
9% per year ⇒ factor of 2×.

But output per worker differs by factor of 30.
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DIRECT MEASUREMENT (HALL AND JONES, QJE 1999)

 OUTPUT PER WORKER ACROSS COUNTRIES 91

 TABLE I

 PRODUCTIVITY CALCULATIONS: RATIOS TO U. S. VALUES

 Contribution from

 Country YIL (K! Y).1/(l -a) HIL A

 United States 1.000 1.000 1.000 1.000
 Canada 0.941 1.002 0.908 1.034
 Italy 0.834 1.063 0.650 1.207

 West Germany 0.818 1.118 0.802 0.912
 France 0.818 1.091 0.666 1.126

 United Kingdom 0.727 0.891 0.808 1.011

 Hong Kong 0.608 0.741 0.735 1.115

 Singapore 0.606 1.031 0.545 1.078
 Japan 0.587 1.119 0.797 0.658

 Mexico 0.433 0.868 0.538 0.926

 Argentina 0.418 0.953 0.676 0.648
 U.S.S.R. 0.417 1.231 0.724 0.468

 India 0.086 0.709 0.454 0.267
 China 0.060 0.891 0.632 0.106

 Kenya 0.056 0.747 0.457 0.165

 Zaire 0.033 0.499 0.408 0.160

 Average, 127 countries: 0.296 0.853 0.565 0.516

 Standard deviation: 0.268 0.234 0.168 0.325
 Correlation with YIL (logs) 1.000 0.624 0.798 0.889
 Correlation with A (logs) 0.889 0.248 0.522 1.000

 The elements of this table are the empirical counterparts to the components of equation (3), all measured
 as ratios to the U. S. values. That is, the first column of data is the product of the other three columns.

 from physical capital intensity, the contribution from human

 capital per worker, and the contribution from productivity. It is
 important to note that this productivity level is calculated as a
 residual, just as in the growth accounting literature.

 To make the comparisons easier, all terms are expressed as
 ratios to U. S. values.9 For example, according to this table, output
 per worker in Canada is about 94 percent of that in the United
 States. Canada has about the same capital intensity as the United
 States, but only 91 percent of U. S. human capital per worker.
 Differences in inputs explain lower Canadian output per worker,
 so Canadian productivity is about the same as U. S. productivity.
 Other OECD economies such as the United Kingdom also have

 9. A complete set of results is available from the web site listed in the
 acknowledgment footnote.

This content downloaded from 171.64.220.35 on Tue, 10 Oct 2017 17:21:30 UTC
All use subject to http://about.jstor.org/terms
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DIRECT MEASUREMENT (HALL AND JONES, QJE 1999) 90 QUARTERLY JOURNAL OF ECONOMICS
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 Productivity and Output per Worker

 in productivity are very similar to differences in output per
 worker; the correlation between the two series (in logs) is 0.89.
 Apart from Puerto Rico,8 the countries with the highest levels of
 productivity are Italy, France, Hong Kong, Spain, and Luxem-
 bourg. Those with the lowest levels are Zambia, Comoros, Burkina
 Faso, Malawi, and China. U. S. productivity ranks thirteenth out
 of 127 countries.

 Table I decomposes output per worker in each country into
 the three multiplicative terms in equation (3): the contribution

 8. Puerto Rico deserves special mention as it is-by far-the most productive
 country according to our calculation. Its output per worker is similar to that in the
 United Kingdom but measured inputs are much lower. The result is a high level of
 productivity. Baumol and Wolff [1996] comment on Puerto Rico's extraordinary
 recent growth in output per worker. In addition, there is good reason to believe
 that Puerto Rico's national income accounts overstate output. Many U. S. firms
 have located production facilities there because of low tax rates. To take maximum
 advantage of those low rates and to avoid higher U. S. rates, they may report
 exaggerated internal transfer prices when the products are moved within the firm
 from Puerto Rico back to the United States. When these exaggerated nonmarket
 prices are used in the Puerto Rican output calculations, they result in an
 overstatement of real output.

This content downloaded from 171.64.220.35 on Tue, 10 Oct 2017 17:21:30 UTC
All use subject to http://about.jstor.org/terms
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DIFFERENT CAPITAL STOCKS: INTEREST RATES

Maybe capital stocks are mis-measured.

Suppose countries i and j have the same A = 1 and α. Then:

Interest rate: ri + δ = rKi = FK ,i = α

(
Ki

AiLi

)α−1
.

Relative rates:
ri + δ

rj + δ
=

rKi
rKj

=

(
ki
kj

)α−1
=

(
yi
yj

) α−1
α

.

For α = 1/3, to explain relative output per worker of x = yi/yj ,
require relative return on capital of x−2.

For example, output per worker in Mexico 30% of U.S. Would require
relative return on capital 0.3−2 = 11× higher in Mexico.

No evidence of massive capital flows to poor countries to take
advantage of these return differentials.
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REQUIRED INTEREST RATE DIFFERENTIALS
5.4. Growth Accounting

Table 5.1: Interest rates implied by Conjecture 5.1 for di�erent countries. Source for GDP data: Feenstra
et al. (2015).

Country x = y
yUS

k
kUS

= x

α r = rKUSx

α−
α − δ

Switzerland 1.02 1.05 7.0%

USA 1 1 7.4%

Portugal 0.47 0.12 41%

Mexico 0.30 0.031 104%

China 0.25 0.019 146%

India 0.089 0.001 1,002%

Ethiopia 0.026 0.00003 9,819%

Table 5.1 shows that if Conjecture 5.1 were true, then we should observe extremely high interest rates in

poor countries, because the marginal product of capital would be extremely high.

Lucas (1990) argued that if this were true, then the incentives for investors from rich countries to invest

in poor countries would be huge. When we analyzed the Solow model we assumed that each country was a

closed economy. But no country is a fully closed economy: cross-border investment is possible, even if not

fully unrestricted. If the �gures in Table 5.1 were correct, why invest in the US and earn an 7.4% return when

you can invest in Ethiopia and earn a 9, 819% return? If one believed Conjecture 5.1, it would be surprising

to observe any investment in rich countries at all.

5.4 Growth Accounting

Suppose that we observe that GDP in some country has increased and we want to understand why. Is is

because they have invested and the capital stock has increased? Has there been technological progress? Or

is it just that there are more people working? We can use a technique called �growth accounting� to measure

the contribution of each of these factors. The basic idea is to:

1. Measure how much capital and labor have changed.

2. Figure out how much change in output we should expect from that. This is the key step; here we rely

on combining theory and measurement.

3. Attribute all the changes in output that cannot be accounted for by changes in capital in labor to changes

in productivity.

Start from the production function:

Yt = F (Kt, Lt, At) (5.4.1)

A couple of things to note about equation (5.4.1). First, we are including technology as a separate argument

instead of assuming it just enters as labor-augmenting. The labor-augmenting case F (K,AL) is a special case

of (5.4.1) but we want to allow technological progress to possibly take other forms. Also, we are including

time subscripts on all the variables because we want to think about how each of them changes over time.

86
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CONCLUSION

Neoclassical model matches basic Kaldor facts.

Cannot quantitatively explain cross-country income differences with
differences in capital stocks.

In accounting sense, A important. Models so far have nothing deep to
say about A.
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