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Standard growth accounting

• Solow residuals: measure of technological improvement or
TFP: Total Factor Productivity.

• The “measure of our ignorance”.

Y = AF (K , L)

dY /Y = dA/A +
AFK K

Y
(dK/K ) +

AFLL

Y
(dL/L)

• Under competitive markets w = AFL and r = AFK so
• AFK K

Y
= SK is the share of output paid to capital.

• AFLL
Y

= SL is the share of output paid to labor. Hence,

gA = gY − SK gK − SLgL

• Using measures of K , L,Y , SK , SL we can obtain a measure
of technological progress Solow gA which explains most of
observed growth.

Benjaḿın Villena Roldán CEA, Universidad de Chile Economic Growth Theory



Measurement and Accounting References

Growth accounting caveats

• Growth accounting is not a theory of growth.

• Young (1995) performs growth accounting special for Asian
tigers and concludes that most of their growth is explained
by factor accumulation.

• Klenow and Rodŕıguez-Clare (1997) and Barro and
Sala-i-Martin (2004) make the following point

• Suppose Yt = AtKα
t L1−α

t with A > 1

• Productivity increase → ∆+ Marg. Prod. K → Economy
accumulates more K .

• If A = 1, K would remain constant.

• Even though the growth is solely generated by A, growth
accounting will attribute some share to K .
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Measuring inputs (1)

• Ideal measure: Capital service flow in equivalent units.

• No official data on capital stock. Some estimations for Chile
are available at some points.

• Series are constructed using Perpetual Inventory Method.

• Take K0, δ and a series of investment It (in Chile, Formación
Bruta de Capital Fijo). Then, compute

Kt+1 = Kt(1− δ) + It

• Suitable K0 choice is I0/(g + δ).
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Measuring inputs (2)

• Capital heterogeneity issues: different kinds of capital with
different (perhaps time-varying) δ.

• Quality issues; economical versus accounting value.

• Intensity use issue: installed versus used capital.

• Some ideas to overcome this problem: use of electricity use
as a proxy for utilization rate or direct answers from survey.

• Measuring labor: ideal measure is total of hours of equivalent
units of labor effort.

• Intensity issues: only total hours are observed, effort is
unobservable.

• Labor force heterogeneity and human capital: how to
aggregate hours?
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Adding Human Capital

• Human capital? Workers’ attributes that potentially increase
their labor productivity.

• These attributes can be accumulated by workers through
investments.

• Becker (1965) and Mincer (1974) are the cornerstones of
human capital theory,

• Two main ways of acquiring human capital:
• Pre-labor market investments: schooling or formal
education.

• On-the-job investments: training or learning-by-doing,
usually associated with labor experience.
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Adding Human Capital

• Standard way to “measure” human capital is through Mincer
equation (see Acemoglu (2009) chapter 10 for a neat
microeconomic derivation)

log wagei = a0 + a1schoolingi + a2experi + a3exper2
i + εi
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Adding Human Capital into the Solow Model

• Mankiw, Romer, and Weil (1992) argue that introducing
human capital into the standard Solow model, a great deal of
the cross-sectional differences in per capita GDP are
explained.

Yt = Kα
t Hγ

t (AtLt)1−α−γ with α + γ < 1

k̇(t) = sky(t)− (n + δ + a)k(t)

ḣ(t) = shy(t)− (n + δ + a)h(t)

• In steady state we have that

k? =

(
s1−γ

k sγh
n + δ + a

) 1
1−α−γ

h? =

(
s1−α

k sαh
n + δ + a

) 1
1−α−γ

Benjaḿın Villena Roldán CEA, Universidad de Chile Economic Growth Theory



Measurement and Accounting References

Mankiw, Romer, and Weil (1992) (1)

• We get the regression equation

log y = ln A0 + at − α + γ

1− α− γ
log(n + δ + a)

+
α

1− α− γ
log sK +

γ

1− α− γ
log sH

• How to measure H is controversial though. Key is measuring
H/Y = sh/(n + δ + a). Mankiw et al. (1992) measure sH as

sH = secondary school enrollment rate× 15-19 population

15-64 population

• Log-linearizing around the SS the augmented Solow model
we obtain

gy ≈ −β(log yt−1− log y ?) with β ≡ (1−α− γ)(n + δ+ a)
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Mankiw, Romer, and Weil (1992) (2)

• Mankiw et al. (1992) argue that α = γ = 1/3 and
n + δ + a = 0.06 is a reasonable parametrization which imply
β = 0.02 and economy moves halfway to steady-state in 35
years.

• If γ = 0 as in the standard Solow model, then β = 0.04. Half
of the gap closes in 17 years.

• Augmented Solow predicts much slower convergence which
fits the data much better.
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Mankiw, Romer, and Weil (1992) (3)

• Intuition: a larger share of output is due to some kind of
capital. Economy is more “capital” intensive and the level of
output is higher.

• Mankiw, Romer, and Weil (1992) conclude there is evidence
for convergence. No need for endogenous growth models.

• Factor accumulation explains about 78% of cross country
differences in per capita log income.
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Mankiw, Romer, and Weil (1992) (4)
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Mankiw, Romer, and Weil (1992) (5)
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Mankiw, Romer, and Weil (1992) (6)
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Reactions to Mankiw et al. (1992) (1)

• Acemoglu (2009) chapter 4 and McGrattan and Schmitz
(1999) summarize criticisms.

• Endogeneity in regressions: Are sK and sH truly exogenous
regressors?

• Same policies or institutions preventing countries from capital
accumulation are likely to prevent technological adoption
(omitted variable bias)

• Technology level affects physical and human capital decisions
(reverse causality or simultaneity)
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Reactions to Mankiw et al. (1992) (3)

• Klenow and Rodŕıguez-Clare (1997) make several relevant
points wrt MRW approach

• Estimation of MRW equations via OLS is unreliable: policies
affecting A also affect savings rates. They rely in calibration,
that is they use independent micro-evidence to gauge
parameters.

• Measuring sH using primary, secondary and tertiary education
factor accumulation only explains 40% of cross-country
variation (compare to 78% of MRW)

• Using highly intensive human capital technology for
producing human capital, they can explain only 33% of cross
country variation.
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Reactions to Mankiw et al. (1992) (4)

• Klenow and Rodŕıguez-Clare (1997) also use a more standard
way to measure human capital in labor economics: Mincer
regression.

ln wi = a0 + a1schooli + a2experi + a3exper2
i + εi
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Reactions to Mankiw et al. (1992) (5)

• Hence, they obtain

H/Y = (AL/Y )

(
ea1school

∑
i

ωi e
a2experi +a3exper2

i

) 1−α
γ

• With ωi are weights for different age groups in the
population.

• Cross-sectional variation of implicit sH greatly falls.

• About 53%-34% of cross country variation is explained by
factors K and H .

Benjaḿın Villena Roldán CEA, Universidad de Chile Economic Growth Theory



Measurement and Accounting References

Alternative measures of H/Y
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Reactions to Mankiw et al. (1992) (5)

• Some simple calculations using MRW and Mincer estimates
in Acemoglu (2009)[p 93-98]

• MRW sH estimates range from 0.4%− 12%. This implies a
log difference of

γ

1− α− γ
(log 12− log 0.4) = 0.66× 3.4 = 2.26

• Implied difference in human capital stock is e2.26 = 9.65
times higher in top sH country wrt lowest sH country.

• Return to schooling is about 6%-10% per year. A 12-year
difference of schooling generates differences in the range of
e0.06×12 = 2.05 to e0.10×12 = 3.32

• MRW estimates are at odds with micro evidence of schooling
returns!
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Reactions to Mankiw et al. (1992) (6)

• Caselli (2005) updates earlier calculations.
• Calibration approach for capital-product share and computes

individual human capital with schooling h = es .
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Reactions to Mankiw et al. (1992) (7)

• Caselli (2005) summarizes a variety of alternative hypothesis
to explain cross-country differences of per capita log income.

• Measurement differences of capital stock and depreciation
cannot explain much variation.

• Measurement differences of labor (using hours) cannot
explain much.
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Reactions to Mankiw et al. (1992) (8)

• Differences in kinds of capital stock may have a great
explanatory power if cross-substitution among capital types is
low.

• Sectorial composition of product (agriculture vs.
non-agriculture) can also explain a great deal of variation.

• Technical efficiency for using K and L (using a CES
framework) can explain a great deal of variation.
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