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Disclaimer

These are the slides I am using in class. They are not
self-contained, do not always constitute original material and do
contain some “cut and paste” pieces from various sources that I
am not always explicitly referring to (not on purpose but because it
takes time). Therefore, they are not intended to be used outside of
the course or to be distributed. Thank you for signaling me typos
or mistakes at franck.portier@TSE-fr.eu.
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1. Facts

I The gap between rich and poor countries is large

I It is rather persistent

I Standard neo-classical models would predict rather rapid
convergence
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1. Facts
Productivity growth seems to accelerate over time
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Figure 1: The Evolution of Regional Income Per Capita, 1-2000 CE
(Source: Maddison, 2003)

The forces that generated the remarkable escape from the Malthusian epoch and

their signi�cance in understanding the contemporary growth process of developed and less

developed economies has raised fundamentally important questions: What accounts for the

epoch of stagnation that characterized most of human history? What is the origin of the

sudden spurt in growth rates of output per capita and population? Why had episodes of

technological progress in the pre-industrialization era failed to generate sustained economic

growth? What was the source of the dramatic reversal in the positive relationship between

income per capita and population that existed throughout most of human history? What

triggered the demographic transition? Would the transition to a state of sustained economic

growth have been feasible without the demographic transition? What are the underlying

behavioral and technological structures that can simultaneously account for these distinct

phases of development and what are their implications for the contemporary growth process

of developed and underdeveloped countries?

The di¤erential timing of the escape from the Malthusian epoch that gave rise to the

perplexing phenomenon of the Great Divergence in income per capita across regions of the

world in the past two centuries has generated some additional intriguing research debates:

2
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1. Facts
The gap between rich and poor countries is huge

5 / 38



1. Facts
The world’s countries shaped with area in proportion to the gross domestic product
adjusted for purchasing power parity (2002 data)
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1. Facts
Can we explain it ?

I Let’s take the Solow model (constant and exogenous saving
rate s)

I Yt = AtK
α
t

I K̇t = sYt − δKt

I Along a BGP : Kt
Yt

= s
g+δ

I Kt =
(

Ats
g+δ

) 1
1−α ⇒ Yt = A

1
1−α
t

(
s

g+δ

) α
1−α

I ∆Y
Y = α

1−α
∆s
s
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1. Facts
It does not add up

I Common estimates suggest α = 1/3

I Therefore, to have a 10-fold difference in GDP, we need a
20-fold difference in savings rate (2 % vs. 40 %)

I Could be explained if technology differed a lot across
countries, but unlikely if technology is transferable

I What is the explanation ?
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1. Facts
If α were greater ?

I Growth would take more time to fall to zero

I Convergence would be slower (The speed of convergence is
the coefficient of gdp growth on (local) initial log gdp)

I From Lecture 7, we know that the speed of convergence is
v = (g + δ)(1− α)

I Income differences between countries would be magnified
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1. Facts
An extreme case : α = 1, g = 0

I This is the AK model

I The speed of convergence goes to zero

I The convergence path becomes a balanced growth path at a
constant rate

I MPK is no longer falling. Therefore, capital accumulation can
sustain long-run growth

I The growth rate is now endogenous and depends on
preferences (in a Ramsey-type model)
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2. Convergence
Convergence in neo-classical models

I Neo-Classical models : each country converges to its own
steady state

I All own steady states grow at the same rate

I But the level depend on policies, savings rates, etc

I Therefore, similar countries converge to same GDP per capita
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2. Convergence
Convergence in endogenous growth models

I A country that starts poorer never closes the gap

I Therefore, no convergence in income levels

I This because MPK is no higher for the laggard

I Furthermore, differences in policies affect the long-run growth
rate
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2. Convergence

Looking at convergence allows us to :

I Test the relevance of endogenous growth models

I Assess the magnitude of the returns to accumulable factors

I Recall : v = (g + δ)(1− α)

13 / 38



2. Convergence
Two approaches

I Barro and Sala-i-Martin : take a data set of similar economic
units and look at convergence between them in per capita
GDP

I Mankiw-Romer-Weil : take a cross-country regression of
growth rates on initial income controlling for own long-run
steady state
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3. Barro and Sala-i-Martin
Estimated equation

I They use a data-base of U.S. states over a long-run period

I They estimate the equivalent of our local speed of
convergence regression

1

T
× log

(
yi ,t0+T

yi ,t0

)
= B−

(
1− e−βT

T

)
× log(yi ,t0)+ui ,t0,t0+T
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3. Barro and Sala-i-Martin
Results TABLE 1 

CROSS-STATE REGRESSIONS FOR PERSONAL INCOME 

Sectoral 
Composition 

Sample (Sit) R v 

1. 1880-1988 .0175 ... .92 .0014 
(.0046) 

2. 1880-1900 .0224 ... .62 .0054 
(.0040) 

3. 1900-1920 .0209 ... .67 .0062 
(.0063) 

4. 1920-30 -.0122 ... .43 .0111 
(.0074) 

5. 1930-40 .0127 ... .36 .0075 
(.0051) 

6. 1940-50 .0373 ... .86 .0057 
(.0053) 

7. 1950-60 .0202 ... .49 .0048 
(.0052) 

8. 1960-70 .0135 ... .68 .0037 
(.0043) 

9. 1970-80 .0119 ... .36 .0056 
(.0069) 

10. 1980-88 - .0005 ... .51 .0103 
(.0114) 

11. Nine periods, .0189 ... ... ... 
,B restricted* (.0019) 

12. 1880-1900 .0268 - .0161 .65 .0053 
(.0048) (.0079) 

13. 1900-1920 .0269 - .0214 .71 .0060 
(.0075) (.0094) 

14. 1920-30 .0218 - .0936 .64 .0089 
(.0112) (.0175) 

15. 1930-40 .0141 2.43 .46 .0070 
(.0048) (.81) 

16. 1940-50 .0362 -.40 .87 .0057 
(.0055) (.57) 

17. 1950-60 .0313 .42 .65 .0041 
(.0055) (.09) 

18. 1960-70 .0194 .55 .71 .0036 
(.0052) (.25) 

19. 1970-80 .0139 .25 .36 .0056 
(.0076) (.37) 

20. 1980-88 .0196 1.35 .73 .0077 
(.0106) (.22) 

21. Nine periods, .0249 individual ... 
,B restricted* (.0021) 

22. 1840-80 .0254 ... .91 .0030 
(.0067) 

NOTE.-Standard errors of coefficients are shown in parentheses. Regression 22 has 29 observations, regressions 
1 and 2 have 47 observations (excluding Oklahoma), and regression 12 has 46 observations (excluding Oklahoma 
and Wyoming). All others have 48 observations. The dependent variable is the growth rate of real per capita 
personal income exclusive of transfers over the indicated sample period. Each regression includes a constant and 
three regional dummy variables, south, midwest, and west. (Regression 22 includes only south and midwest.) The 
coefficient d applies to log(yiO), where yi o is real per capita personal income at the start of the period. The sectoral 
composition variable, Si, is described in the text. The regressions denoted nine periods, 3 restricted use nonlinear, 
iterative weighted least squares, with the coefficient 3 constrained to be equal for all nine subperiods. Individual 
coefficients are estimated for each subperiod for the constant, regional dummies, and the sectoral composition 
variable. 

* For line 11, the log likelihood ratio is 32.1 (p-value = .000); for line 21, it is 13.9 (p-value = .084). The 
likelihood ratio statistic refers to the hypothesis of equality for the 3 coefficients. Under the null hypothesis, this 
statistic is distributed as x2 with eight degrees of freedom. 
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2. Convergence
Results (continued)

TABLE 1 

CROSS-STATE REGRESSIONS FOR PERSONAL INCOME 

Sectoral 
Composition 

Sample (Sit) R v 

1. 1880-1988 .0175 ... .92 .0014 
(.0046) 

2. 1880-1900 .0224 ... .62 .0054 
(.0040) 

3. 1900-1920 .0209 ... .67 .0062 
(.0063) 

4. 1920-30 -.0122 ... .43 .0111 
(.0074) 

5. 1930-40 .0127 ... .36 .0075 
(.0051) 

6. 1940-50 .0373 ... .86 .0057 
(.0053) 

7. 1950-60 .0202 ... .49 .0048 
(.0052) 

8. 1960-70 .0135 ... .68 .0037 
(.0043) 

9. 1970-80 .0119 ... .36 .0056 
(.0069) 

10. 1980-88 - .0005 ... .51 .0103 
(.0114) 

11. Nine periods, .0189 ... ... ... 
,B restricted* (.0019) 

12. 1880-1900 .0268 - .0161 .65 .0053 
(.0048) (.0079) 

13. 1900-1920 .0269 - .0214 .71 .0060 
(.0075) (.0094) 

14. 1920-30 .0218 - .0936 .64 .0089 
(.0112) (.0175) 

15. 1930-40 .0141 2.43 .46 .0070 
(.0048) (.81) 

16. 1940-50 .0362 -.40 .87 .0057 
(.0055) (.57) 

17. 1950-60 .0313 .42 .65 .0041 
(.0055) (.09) 

18. 1960-70 .0194 .55 .71 .0036 
(.0052) (.25) 

19. 1970-80 .0139 .25 .36 .0056 
(.0076) (.37) 

20. 1980-88 .0196 1.35 .73 .0077 
(.0106) (.22) 

21. Nine periods, .0249 individual ... 
,B restricted* (.0021) 

22. 1840-80 .0254 ... .91 .0030 
(.0067) 

NOTE.-Standard errors of coefficients are shown in parentheses. Regression 22 has 29 observations, regressions 
1 and 2 have 47 observations (excluding Oklahoma), and regression 12 has 46 observations (excluding Oklahoma 
and Wyoming). All others have 48 observations. The dependent variable is the growth rate of real per capita 
personal income exclusive of transfers over the indicated sample period. Each regression includes a constant and 
three regional dummy variables, south, midwest, and west. (Regression 22 includes only south and midwest.) The 
coefficient d applies to log(yiO), where yi o is real per capita personal income at the start of the period. The sectoral 
composition variable, Si, is described in the text. The regressions denoted nine periods, 3 restricted use nonlinear, 
iterative weighted least squares, with the coefficient 3 constrained to be equal for all nine subperiods. Individual 
coefficients are estimated for each subperiod for the constant, regional dummies, and the sectoral composition 
variable. 

* For line 11, the log likelihood ratio is 32.1 (p-value = .000); for line 21, it is 13.9 (p-value = .084). The 
likelihood ratio statistic refers to the hypothesis of equality for the 3 coefficients. Under the null hypothesis, this 
statistic is distributed as x2 with eight degrees of freedom. 
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3. Barro and Sala-i-Martin
Results (continued)CONVERGENCE 233 
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FIG. 1.-Growth rate from 1880 to 1988 vs. 1880 per capita income 

.00 19, is a good deal smaller than that, .0046, found for the single 
interval. The problem with the joint estimate is that the data reject 
the hypothesis that the coefficient I3 is the same for the nine subperi- 
ods. The likelihood ratio statistic for this hypothesis, 32.1, is well 
above the 5 percent critical value from the x2 distribution with eight 
degrees of freedom of 15.5 (p-value = .000). 

The unstable pattern of X coefficients across subperiods can reflect 
aggregate disturbances that have differential effects on state incomes, 
as represented by the term 4ist in equation (14). For example, during 
the 1920s, the ratio of the wholesale price index for farm products 
to the overall consumer price index fell at an average annual rate of 
3.5 percent. The agricultural states also had below-average per capita 
personal income in 1920: the correlation of log(y1920) with the share 
of national income originating in agriculture in 1920 was - .67. Thus 
the estimated coefficient, IB = -.0122, for the 1920-30 period in 
table 1 likely reflects the tendency of the poorer states to be agricul- 
tural and therefore to experience relatively low growth in this decade. 
This effect reverses for the 1940-50 decade, when the ratio of the 
wholesale price index for farm products to the overall consumer price 
index grew at an average annual rate of 9,5 percent. 

To hold constant this type of effect, we construct a variable that 
measures the sectoral composition of income in each state. For the 
subperiods that begin since 1930, we use a breakdown of the sources 
of labor income (including income from self-employment) into nine 
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3. Barro and Sala-i-Martin
The BSM Universal Law of Convergence

The speed of convergence is 2 % per year
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3. Barro and Sala-i-Martin
Solow model prediction

I What do we get in a Solow model ?

I The Solow model predicts a speed of convergence v equal to
(δ + g)(1− α)

I A reasonable calibration is δ = 0.06, g = 0.02, α = 0.3

I This gives v = 5.6 % per year
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3. Barro and Sala-i-Martin
How universal is the law ?

TABLE 3 

COMPARISON OF REGRESSIONS ACROSS COUNTRIES AND U.S. STATES 

Additional 
Sample Variables R 2 6 

1. 98 countries, -.0037 no .04 .0183 
1960-85 (.0018) 

2. 98 countries, .0184 yes .52 .0133 
1960-85 (.0045) 

3. 20 OECD countries, .0095 no .45 .0051 
1960-85 (.0028) 

4. 20 OECD countries, .0203 yes .69 .0046 
1960-85 (.0068) 

5. 48 U.S. states, .0218 no .38 .0040 
1963-86 (.0053) 

6. 48 U.S. states, .0236 yes .61 .0033 
1963-86 (.0013) 

NOTE.-The dependent variable in regressions 1-4 is the growth rate of real per capita GDP from 1960 to 1985; 
in regressions 5 and 6 it is the growth rate of real per capita GSP (the variable used in table 2) from 1963 to 1986. 
The coefficient P applies in regressions 1-4 to the logarithm of real per capita GDP in 1960, and in regressions 5 
and 6 to the logarithm of real per capita GSP in 1963. Each regression also includes a constant. The additional 
variables included in regressions 2 and 4 are the primary and secondary school enrollment rates in 1960, the 
average ratio of government consumption expenditure (standard figures less spending on defense and education) 
to GDP from 1970 to 1985, the average number of revolutions and coups per year from 1960 to 1985, the average 
number of political assassinations per capita per year from 1960 to 1985, and the average deviation from unity of 
the Summers-Heston (1988) purchasing power parity ratio for investment in 1960. See Barro (1991) for details on 
these variables. The additional explanatory variables included in regression 6 are regional dummies, the sectoral 
composition variable, si, and the fraction of workers in 1960 that had accumulated some amount of college educa- 
tion. The 20 OECD countries (the original membership in 1960) are Austria, Belgium, Canada, Denmark, France, 
Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzer- 
land, Turkey, United Kingdom, and United States. 
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FIG. 4.-Growth rate from 1960 to 1985 vs. 1960 per capita GDP, sample of 98 
countries (listed in App. B). 
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3. Barro and Sala-i-Martin
How universal is the law ? (continued)

TABLE 3 

COMPARISON OF REGRESSIONS ACROSS COUNTRIES AND U.S. STATES 

Additional 
Sample Variables R 2 6 

1. 98 countries, -.0037 no .04 .0183 
1960-85 (.0018) 

2. 98 countries, .0184 yes .52 .0133 
1960-85 (.0045) 

3. 20 OECD countries, .0095 no .45 .0051 
1960-85 (.0028) 

4. 20 OECD countries, .0203 yes .69 .0046 
1960-85 (.0068) 

5. 48 U.S. states, .0218 no .38 .0040 
1963-86 (.0053) 

6. 48 U.S. states, .0236 yes .61 .0033 
1963-86 (.0013) 

NOTE.-The dependent variable in regressions 1-4 is the growth rate of real per capita GDP from 1960 to 1985; 
in regressions 5 and 6 it is the growth rate of real per capita GSP (the variable used in table 2) from 1963 to 1986. 
The coefficient P applies in regressions 1-4 to the logarithm of real per capita GDP in 1960, and in regressions 5 
and 6 to the logarithm of real per capita GSP in 1963. Each regression also includes a constant. The additional 
variables included in regressions 2 and 4 are the primary and secondary school enrollment rates in 1960, the 
average ratio of government consumption expenditure (standard figures less spending on defense and education) 
to GDP from 1970 to 1985, the average number of revolutions and coups per year from 1960 to 1985, the average 
number of political assassinations per capita per year from 1960 to 1985, and the average deviation from unity of 
the Summers-Heston (1988) purchasing power parity ratio for investment in 1960. See Barro (1991) for details on 
these variables. The additional explanatory variables included in regression 6 are regional dummies, the sectoral 
composition variable, si, and the fraction of workers in 1960 that had accumulated some amount of college educa- 
tion. The 20 OECD countries (the original membership in 1960) are Austria, Belgium, Canada, Denmark, France, 
Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzer- 
land, Turkey, United Kingdom, and United States. 
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FIG. 4.-Growth rate from 1960 to 1985 vs. 1960 per capita GDP, sample of 98 
countries (listed in App. B). 
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3. Barro and Sala-i-Martin
Findings

I The more similar the countries, the more it holds
unconditionally

I The less similar the countries, the more likely we find
divergence

I But the law is restored if controls are added, controlling for
own steady state
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3. Barro and Sala-i-Martin
Implication for how to eradicate poverty ?

1. Adopt the policies and institutions of advanced countries

2. And then wait for congergence ...
I How long ? Suppose I am 10 times poorer than the US. How

long does it take to be 2 times poorer ?

I We need to solve d
dt log

(
Y (t)
YUS (t)

)
= −β log

(
Y (t)
YUS (t)

)
I which implies

logY (t)− logYUS(t) = (log(Y (0) = − log(YUS(0))× e−βt

I and therefore t = − 1
β log

(
log ρ1

log ρ0

)
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3. Barro and Sala-i-Martin
Wait... For how long ?

I With v = 0.02, ρ0 = 0.1, ρ1 = 0.5, we obtain t = 60 years !

I With v = 0.056, get instead t = 21 years.

I We want to understand why the speed of convergence is so
low

I Can policy increase the speed of convergence ?

I In principle, the speed of convergence only depends on the
deep technological parameters

I That it is low tells us that the technology is not what we
thought it was

I But it does not tell us if and how we can increase v

I A gloomy perspective...
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4. Mankiw, Romer and Weil
Approach

I National accounts suggest that the elasticity to capital α is 0.3

I Observed speeds of convergence suggest
α = 1− v/(g + δ) = 1− 0.02/0.08 = 0.75

I To reconcile these two facts, MRW introduce another form of
capital : Human capital
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4. Mankiw, Romer and Weil
The Augmented Solow model

I Y (t) = K (t)αH(t)β (A(t)L(t))1−α−β

I K̇ (t) = skY (t)− δK (t)

I Ḣ(t) = shY (t)− δH(t)

I Denoting x(t) = X (t)
A(t)L(t) , we have

I k̇(t) = sky(t)− (n + g + δ)k(t)
I ḣ(t) = shy(t)− (n + g + δ)k(t)
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4. Mankiw, Romer and Weil
BGP

I Along a BGP, deflated variables are at a Steady State :

I k? =

(
s1−β
k sβh
n+g+δ

) 1
1−α−β

I h? =

(
sαk s1−α

h
n+g+δ

) 1
1−α−β
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4. Mankiw, Romer and Weil
Explaining cross-country differenced in per capita GDP :

I The preceding equations define “own” steady state

I MRW use it to see if it explains cross-country income
differences :

log

(
Y (t)

L(t)

)
= logA(0) + g × t − α + β

1− α− β
log(n + g + δ)

+
α

1− α− β
log sk +

β

1− α− β
log sh
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4. Mankiw, Romer and Weil
Measuring sh
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4. Mankiw, Romer and Weil
Results
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4. Mankiw, Romer and Weil
What have we learned ?

I We have seen previously that with α = 0.3, it is difficult to
explain country income differences

I But now what matters is α + β, which acts as α.

I So with α + β large enough we can explain cross-country
differences.

I A natural question is : can we also expect slow convergence ?
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4. Mankiw, Romer and Weil
Recomputing the speed of convergence

I Let x = X
XLR

I One must have sk
YLR
KLR

= n + g + δ

I Define ŷ = log y , then v = − ˙̂y
ŷ .

I ẏ
y = α k̇

k + β ḣ
h

I k̇
k = K̇

K − (n + g) = sk
Y
K − (δ + n + g)

= sk
YLR
KLR

(1− ŷ − k̂)− (δ + n + g) = (δ + n + g)(ŷ − k̂)

I Similarly, ḣ
h = (δ + n + g)(ŷ − ĥ)

I Therefore, ẏ
y = α(δ + n + g)(ŷ − k̂) + β(δ + n + g)(ŷ − ĥ) =

−(δ + n + g)(1− α− β)ŷ
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4. Mankiw, Romer and Weil
Empirical strategy

I Investment rates and schooling are kept to proxy for own
steady state

I Initial output is added

I Coefficient in initial output related to SOV as in BSM

I No other control variable is added in strict interpretation of
Solow model
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4. Mankiw, Romer and Weil
Old Solow does not work ...
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4. Mankiw, Romer and Weil
... but new does.
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4. Mankiw, Romer and Weil
Does it add up ?

I α = .3

I β = .3

I n + g + δ = .06

I Therefore v = .024
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5. Summary

I The Solow model predicts too low income disparities and too
quick convergence

I The AK model predicts zero convergence and widening
disparities

I The Augmented Solow model does well to predict both the
disparities and the speed of convergence
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