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Taking Solow Seriously: Questions

e 1) Do the prediction of the Solow model hold qualitatively
and guantitatively in explaining cross-countries
differences in long-run income per person?

e 2) What if we add human capital to the explanatory
variables?

o 3) Does the prediction of conditional convergence hold?
At what speed?



Taking Solow Seriously: Answers

e 1) The simple Solow model has the right qualitative
Implication but cannot explain the quantitative
differences well

e 2) Augmenting Solow with human capital explains most
of the differences in cross-country income per person.
Still there i1s an important role for differences In
productivity.

« 3) Conditional convergence exists but is slow.



Basic Solow

Y =K%(AL)*

Usual capital dynamic equation: In Balanced Growth Path

k=sk*—(n+g+d)k y*:( S T“



Explaining long-run income per person

IN(Y /L) = In A(0) + gt +—2—In(s) ——2—In(n+ g + &)
1-« 1- o

The above relation expresses the relation between income per person,
investment rate, population growth and depreciation, assuming common
values of A(0).

Issues:

a) Correlation between A(0) and savings-population growth

b) The model predicts the magnitudes of the coefficients, hence one can
test the bias

c) The above equation can be used as “basis for cross-country
accounting”.



Data

Summers and Heston Data set, now Penn World Table,
are used to measure variables

3 samples: all countries, Excluding those with a very
poor data quality, OECD

Averaged 1960-85

— S=investment rate,
— n=growth rate of the population.

The analysis has been updated several times with
similar results



Textbook Solow

TABLE I
ESTIMATION OF THE TEXTBOOK SoLow WNMODEL

Dependent variable: log GDP per working-age person in 1985

Sample: Intermediate OECD
Observations: TH 22
CONSTANT 5.36 T.97
(1.55) (2.48)
In(I/GDP) 1.31 0.50
(0.17) (0.43)
In(re + & 4+ &) —2.01 —0.76
(0.53) (0.84)
B2 0.59 0.01
s.e.e, 0.61 0.38
Restricted regression:
CONSTANT 7.10 8.62
(0.15) (0.53)
IniI/GDP) — Ini{n + g + &) 1.43 0.56
(0.14) (0.36)
R= 0.59 0.06
5.8.6. 0.61 0,37
Test of restriction:
p-value 0.26 0.79
Implied o 0.59 0.36

(0.02) (0.15)

Noaote, Standard errors are in parentheses. The investment and population growth rates are averages for the
period 19601985 (g + &) is assumed to be 0,05,



How did the model perform?

e Success:
— Signs of coefficient
— Restriction of same magnitude and opposite sign
— Explain 60-70% of variation across all countries

e Failures

— Magnitude of coefficient, o Is too large to be the share
of physical capital
— Explanatory power in OECD



Adding Human Capital

Production Function

Y(t) = K(t)*H (£)P(A (t)L () B,

Accumulation of capital and human capital
k(t) = s,5(6) — (n + g + Dk®),
ht) =s,y() — (n + g + BA(),

Balanced Growth Paths

Si_ESE 1l =o=p)
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Estimable equation

Yit)

L(¢)

a+p
l-u—ﬂl

a | p
+1—a—Bn(S*}+1—n—|3

S;, should measure investments in human capital
share of people in age 15-19 that is enrolled in school

In

=InA0) + gt - nin +g +d)

In(s;).

Advantages of this equation

1) Human capital accumulation may explain some differences
2) Coefficient on population is higher

3) Phisical and human capital accumulation are related, explaining the upward
bias of previous share estimates
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Solow with Human Capital

TABLE II

ESTIMATION OF THE AUGMENTED SOLOW NMODEL

IDependent variable: log GDFP per working-age person in 1985

Sample:
Obhservations:
COMNSTAMNT

I I G

I + o + &)

Ini{SCHOOL )

RE

s,

Restricted regression:
COMNSTANT

In{I/; GDP) — lnirn + g + &)
InitSCHOOL)Y — Indre + g + &)

w2

s.oe.e.

Test of restrictiomn:
p-value

Implied o

Implied B

MNomn-oil
o5
.89
C1L.17)
a9
(O 133
—1.7T3
{041}
0. 66
CO DT
0. 78
D.51

T.86
(0. 14D
0.73
(0.12)
0.67T
(0072
0.7
0.51

O. 41
0.31
OOt}
028
(. 03)

Intermediate OECD»
TS 22
T.81 B.63
C1.19) (2. 19%
0. 70 .28
(O.15D CO.39)
—1.50 — 1.07
(0. 40 (0.7T6)
0.73 0. 76
e ) C0.29)%
0.77 0.24
0.45 0.33
T.97 8.7T1
(.15 (O AT
0.7 0.29
. 1) (0. 33D
0. T4 0,76
L0 09y (0.28)
L .28
.45 0. .32
0. 59 097
0D.29 o.14
O DS (0. 15D
0. 30 037
DL DL 2 )

- e —
Mode., Standard errmors are in parentheses. The investimeeTat

and population growth rates are averages for the

period 19801985, (& + &) is assamed to be 0.05 SCHOWOL is the average percentage of the working-age
population in secondary school for the period 15960—19865.
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. Conditional Convergence
\ / Initial condition

In(y(?)) — In(y(0)) = (1 — ™) In(y*) — (1 — e™™) In(y(0)).

As we can calculate the BGP values of income per person we can also
1) Assess if there is conditional convergence
2) Calculate its speed

We can Test absolute convergence and conditional convergence
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Absolute convergence

TABLE III
TEsSTS FOR UUNCONDITIONAL CONVERGENCE

Dependent variable: log difference GDP per working-age person 1960—1985

Sample: Mon-oil Intermediate OECD
Observations: a8 Th 22
CONSTANT —0.266 0.587 3.69

(0. .380) (0.433) (0.68)
In(Y'&0) 0.0943 — 0. 00423 —0.341

(.0496) (0.05484) (0.079)
Fob 0.03 —0.01 0.46
s.e.e. 044 041 0.18
Implied & — 00360 000017 0.0167

(0.00219) (0. 00218) (0.0023)

MNote. Standard errors are in parentheses. Y60 is GDFP per working-age person in 1960
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Conditional convergence

TABLE W
TeESTS FOR CONDITIOMAL CONVERGENCE

Dependent variable: log difference GDP per working-age person 1960—-1985

Sample: MNon-oil Intermediate ORECD
Observations: a8 TS 22
CONSTAMNT 3.04 3.69 2.81
(0.83) (0.91) {1.19)
InCY&0) —0.289 — 0. 366 —10.398
(0.062) (0. 067T) {0070}
In({IL/ GDP) 0524 0538 0.335
(O 0E Ty (O, 102y (0L LTy
Inirn + g + &) — 0. 505 —0.551 — 0. 544
(0.288) (0. 288) (0.334)
In{SCHOOL.) 0.233 0.27T1 0.223
(O OE0) (0.081) LI I -y
Rr= 0.46 0.43 0.65
s.e.e. 033 0. 30 0.15
Implied A 0.0137T 0.0182 0.0203
(0. 0019) (0. 0020) (000200

Note. Standard errors are in parentheses. ¥60 is GDFP per working-age person in 1960, The investment and
population growth rates are averages for the period 1980—1986. (g + &) is assumed to be 005, SCHOWOL. is the
average percentage of the working-age population in secondary school for the period 1S60— 1965,

C. Conditional on saving, population growth and human capital
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Ficure 1
Unconditional versus Conditional Convergence
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Conclusions

e Solow model with a production function as
Y — KlfﬂHl,-‘H L”3+

Explains most of the cross-country income variation

It also predicts conditional convergence, although at a rather slow rate.
Speed of convergence is about 2% which | consistent with the Solow
formula using human and physical capital.

What determines savings, education and population growth?
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Calibratina productivity differences, 1980

Predic
predicted log GDP per worker, 1980
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Calibrating productivity differences, 2000

Predicted log GIDP per worker, 2000
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Table 1: Productivity Clalculations: Ratios to ULS. Values

——C'ontribution from-——-

Country Y/L (K /Y)T HL A
United States 1.000 1000 1.000 1.000
Canada 0.941 1.002 0.908 1.034
Ttaly 0.834 1.063 0.650 1.207
West Germany Ll AR TR, Li
France 0.518 1.091 0.666 1. %
United Kingdom 20 UTEaT 8 el T
Hong Kong 0.60= 0.741 0.735 1.115
Singapore +
Japan 0.587 1.115 0.797 D658
Mexico . U-s6a - .
Argentina 0.418 0.953 0.676 0645
USSR 0.417 1.231 0.724 0. 468
India & (TG i

China ﬁl} 0.891 0.632 0.106 I
Kenya =i=iEns Sl 8= e
Zaire 0.033 0.499 0.408 0.160
Average, 127 Countries: 0.206 0.853 0.585 0.516
Standard Deviation: 0.268 0.234 0.168 0.325
Correlation w,/ ¥ /L (logs) 1.000 0.624 0.798 0. 859
Clorrelatiom w/ A (log=) 0.559 0.24% 0.522 1000

MNote: The elements of this table are the empirical counterparts to the
components of equation (3), all measared as ratios to the U.S5. wval-
nes. That is, the first column of data is the produect of the other three
columns.
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Predicted relative technoiogy level
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m

Year 2000

FPredicted relative technology level
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Comparing the Trefler (Trade-based) approach and the calibrated
(Hall and Jones) approach in estimating labor productivity

Calibrated productivity differences, 1988
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Comparing the Trefler (Trade-based) approach and the calibrated
(Hall and Jones) approach in estimating capital productivity

ifferences, 19838
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