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5 Cross-country studies and human capital

Required reading: Mankiw, Romer and Weil (1992),Klenow and Rodŕıguez-
Clare (1997), BSim: 1.2.10-1.2.11, 10.1-10.2,10.5
Secondary reading: Young (1995), Bils and Klenow (2000), Hsieh (1999),
Pritchett (2001)

5.1 Growth econometrics: Why and how?

• We desire theories that are able to learn us something of relevance to
the real world (E.g. the questions in section 1.2.3)

• Remember: We are addressing large and complex questions. Should
we expect our theories to be true? What other criteria should we then
use?

• We can adopt several perspectives when confronting empirical data

1. Testing theories (Is it ‘true’?)

2. Assess the explanatory power of the theory (How much do we
explain?)

3. Checking stylized facts

4. Explore data for regularities suggesting new theories

5. Calibrate our models

• There are good reason to be an eclectic when it comes to choice of
methods
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5.2 Levels regressions

• A fundamental question in studies of growth is: Why are some countries
so rich, and some so poor?

• It is therefore natural to investigate empirically how good we can ex-
plain variation in income levels across countries by different explanatory
variables.

• A common framework for such analysis is the so-called level regressions

ln((Y/L)i) = a + b1x1,i + b2x2,i + . . . + εi (1)

where xj,i are explanatory variables for country i, and ε is an error
term.

• From the production function we know that Y/L depends on K/L and
H/L, or in the CD-case:

ln(Y/L) = α ln(K/L) + η ln(H/L)

However, we can not readily enter the capital intensities as explanatory
variables (xj,i) in (1) because they are endogenous (that is, themselves
dependent upon Y/L).

• Estimation of an equation like (1) will give biased estimates unless we
are able to control for this problem. From econometrics we know that
this can be achieved by use of instrumental variables. However, suitable
instruments are hard to come by.

• Levels regressions are therefore usually formulated somewhat differ-
ently, and based on the assumption that all countries are in their steady
state.

• This is obviously a crude approximation, but it is still useful for putting
the model to a first test.

• We remember that the augmented Solow-model tells us that savings
rates (sk, sh) and population growth (n) affects the steady state level
of GDP per capita ((Y/L)∗). Or as we have seen:

ln((Y (t)/L(t))∗) = ln(T (0))+xt+
α

1− α− η
ln(sk)+

η

1− α− η
ln(sh)−

α + η

1− α− η
ln(n+x+δ)

(2)
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• By assuming that the observed measure (Y/L)i corresponds to the
steady state level for country i, we can therefore motivate the regression
equation

ln((Y/Li) = a + b1 ln(sk,i) + b2 ln(sh,i)− b3 ln(ni + x + δ) + εi (3)

• Note that we do not include country specific data on depreciation (δ)
since these are too hard to measure/not available, and probably do not
vary that much across countries anyway.

• We do not let the exogenous rate of technological progress, x, vary
across countries because 1) it is hard to imagine that x should be
country-specific (knowledge flows quite freely across countries), 2) we
do not want to use the Solow-model to explain income differences by
unexplained differences in x, 3) we can not readily observe x for indi-
vidual countries.

• We therefore use average values of x + δ (like 0.02 + 0.03 = 0.05), the
exact levels are not very important for our results.

• Notice however, that when we use a common intercept a for all countries
we are also assuming that

Ti(0) = a + εi, (4)

where a = T (0) +xt is the average level of technology at time t, and εi

is a random country specific deviation from this level that we include
in the total error term εi for this country.

• In econometric terminology the theoretical equation (2) is a structural
equation, with equation (3) as its reduced form.

• From theory/the structural equation we are lead to believe that

b1 =
α

1− α− η
(5)

b2 =
η

1− α− η
(6)

b3 =
α + η

1− α− η
(7)

which in turn implies
b1 + b2 = b3 (8)

which is a testable restriction on the reduced form parameters b1, b2, b3
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• Imposing condition (8) we are left with two independent equations from
which we can solve out for the structural parameters α and η based on
the estimated values of the reduced form parameters (MRW call these
the ‘implied’ α and β)

• Though this framework allows for a nice way of exploring the relation-
ship between theory (the augmented Solow-model) and the data, there
are important problems:

– What if deviations from steady-sate are important?

– Are the left-hand variables exogenous? Or do also sk, sh and n
depend on Y/L?

– Are sk, sh and n independent of country-specific level of tech-
nology (i.e. Ti(0))? If not, our inclusion of εi in the error term
εi makes it correlated with the explanatory variable. It is well
known from econometrics that this is an important source of bias
in estimates of b1, b2, b3 (Omitted variable bias)

– It is hard to include additional explanatory variables (e.g. polit-
ical variables) in levels regressions because they are likely to be
endogenous to the income level.

5.3 A broader base for the accumulated factor saves
the Solow model? MRW (1992)

5.3.1 The text-book Solow model

• In MRW, Sect II, the authors conduct a level-regression based on the
text-book Solow-model (i.e. with only accumulation of physical capital)

• Their results (Table I) are qualitatively in accordance with what we
expect from theory.

• However:

1. The explanatory power is modest.

2. The implied value of α is much higher than what we would suspect
from estimates of this elasticity based on capital’s share of income.

• This is yet another indication that we should reconsider the role of
capital, and also include human capital.
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• Note that an alternative way of formulating (2) is

ln(Y (t)/L(t)) = ln(T (0))+xt+
α

1− α
ln(sk)−

α

1− α
ln(n+x+δ)+

η

1− α
ln(h∗)

(9)

• If (9) is the true model, it is thus as if they have neglected the term
with h when they estimate the textbook model. Since h∗ is probably
positively correlated with sk, this introduces a bias. More specifically:
b1 = α

1−α
will be biased upwards (why?), and hence we will get a too

high implied value of α.

5.3.2 The augmented Solow-model

• In Section III the authors conduct a levels-regression based on the
augmented Solow-model.

• They prefer to estimate (2) rather than (9). Implicitly they are arguing
that sh is easier to measure than h∗. Another argument is that sh is
probably less likely to suffer form endogeneity problems.

• MRW use enrollment rate to secondary schooling as a proxy for sh.

• Their results are impressive. The augmented model can describe:

1. Much of the cross-country income differences in the data (R2 =
0.89 in the intermediate sample)

2. The values of α and β implied by the reduced form coefficients
are both 1/3, which is close to what we should suspect from other
considerations.

• That the implied value of β makes sense can be seen from a crude
guestimate

β ≈ (1− α)(1− minimum wage

average wage in maunfacturing
) ∈ (1/3, 1/2)

• All in all, the results in MRW is very good news for the Solow-model.
It is in accordance with the data, and capital accumulation seems to go
a long way towards answering our question about why some countries
are rich, and some are poor.

• Quite impressive of such a simple model!

• MRW was a major contribution to a ’neo-classical’ revival.
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5.4 Education and the measurement of human capital

• The conclusion of MRW has been significantly modified by later re-
search

• The criticism basically goes along two lines:

1. Methodological shortcomings. i) Endogeniety, ii) Neglecting dif-
ferences in Ti

2. That their measure of sh is poor.

• There has been suggested few remedies of the first set of problems
within the framework of levels-regression. We will have more to say on
these issues when we turn to growth-regressions.

• We therefore focus on problems connected to measuring human capital.

• We follow Klenow and Rodŕıguez-Clare (1997)

• Their approach is somewhat different. They do want to estimate α
and η due to the methodological problems. Instead they will like to
use ‘independent’ evidence on these parameter values, and based on
these calculate the contributions of the inputs directly. I.e. with

Y

L
= A

(
K

Y

)α/(1−α−η) (
H

Y

)η/(1−α−η)

= AX (10)

they measure the contributions
(

K
Y

)α/(1−α−η)
and

(
H
Y

)η/(1−α−η)
directly.

They use X =
(

K
Y

)α/(1−α−η) (
H
Y

)η/(1−α−η)
to denote the total contribu-

tion from accumulated factor. The remainder, A, is attributed to the
level of technology.

• Note that they end up using MRW’s estimates in lack of better alter-
natives (for η) and for sake of comparison.

• Instead of running regressions they use a method called variance de-
composition

1 =
var(ln(Y/L))

var(ln(Y/L))
=

cov(ln(Y/L), ln(Y/L))

var(ln(Y/L))
=

cov(ln(Y/L), ln(X)) + cov(ln(Y/L), ln(A))

var(ln(Y/L))

• Note that cov(ln(X), ln(A)) is distributed equally on the two factors.
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• The reported covariances are equal to the coefficients from univariate
regressions of ln(X) and ln(A) respectively, on ln(Y/L).

• Since cov(ln(X), ln(A)) = 0 by construction in MRW, their (unique)
decomposition is equal to R2, 1−R2.

• Methodological differences aside, the main point in the article is show-
ing how sensitive the MRW results are to modifications of how the role
of human capital is measured.

• Their first major finding is that if we also include primary and tertiary
enrollment rates, human capital seems to play a much smaller role
(MRW3/4 in Table 1).

• In particular, primary enrollment rates varies much less between coun-
tries. MRW’s focus on only secondary enrollment rates can be mislead-
ing since it exaggerates the true variation in the explanatory variables.

• A more fundamental difference in methodology is their use of estimates
based on micro-evidence on the returns to schooling.

• Mincer regressions:
ln(ws) = ln(w0) + rs

where ws is the wage of person with s years of schooling. Micro-
economic studies also control for a lot of other factors, so r is in principle
the partial effect of schooling when all else is equal.

• In general, this functional form fits the data well. The estimates of r are
surprisingly stable around 0.1 across different studies. We can use this
as a rule of thumb/first approximation. (More precisely: r = 0.095)

• Note that the return rate, r, is fixed, implying that an additional year
of higher education is more valuable than an additional year of lower
education. Thus we put different weights on the contributions of the
different types of education.

• Based on measures constructed in this way, they find results which
once again modifies the original MRW results (see Table 2). However,
the effects are not by far as drastic as those suggested by their MRW4
estimation.

• Based on these new results, it appears that MRW’s results attribute
too much to the role of factor accumulation.
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• As a conclusion we can say that the results indicate that both fac-
tor accumulation and technological differences are important (roughly
50/50).

5.5 Why is education privately profitable but with weak
macro-effects?

• A r = 0.1 in the Mincer-regressions estimated on micro-data suggests
substantial private returns to education.

• Pritchett (2001) also estimates human capital based on Mincer-regressions.

• His estimates of the growth-growth equation:

γy = a + b1γk + b2γh

yields a negative b2, i.e. a negative effect of increased aggregate educa-
tion levels on growth in aggregate production.

• The results appear somewhat extreme, but strongly suggest a conflict
between private profitability of education and weak (if any) effects on
aggregate production.

• Why is this so? In sections II and III (which you should read) Pritchett
(2001) emphasizes:

1. Substantial differences between countries.

2. How is the human capital put to use? Piracy vs. chemical engineer.
The role of private opportunities.

3. The demand for educated labor has grown too slowly in many
countries (declining r).

4. Education has failed, non-productive.

5. We need to rethink the role of education and human capital in the
production function. Human capital is not just another form of
capital. The production of human capital is substantially different
from production of output/physical capital.

5.6 Does schooling cause growth or the other way around?

• MRW’s finding of a positive correlation between enrollment rates and
output remains.
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• Can this be due to a reverse causality?

• Higher expected growth can induce more schooling because it will put
more weight on how an individual values future human capital relative
to the current (alternative) costs of education.

• The benefit of having human capital is proportional to the level of T
while working in the future. The cost of investing in human capital
is proportional to the level of T while in school (today). Increased
expected growth increases the former relative to the latter.

• This is the intuition in Bils and Klenow (2000). You should read the
introduction and section I (the model). It is, however, recommended
that you postpone this until we have gone through the Ramsey model
(Topic 7).
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