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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)

5.7 Growth accounting and development accounting

5.7.1 Growth accounting

• Consider a general production function

Y = F (T,K,L)

• Simple differentiation with respect to time gives

Ẏ

Y
=

FT T

Y
· Ṫ

T
+

FKK

Y
· K̇

K
+

FLL

Y
· L̇

L

• The different terms can be seen as capturing the contribution of the
growth in the inputs T, K,L to growth in Y .

• Here, Ẏ /Y , K̇/K, and L̇/L are directly observable (that is not to say
that they are always perfectly measured). In addition, FKK/Y and
FLL/Y can be set equal to the respective factor shares, sK and sL.
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• This leaves us with

g =
FT T

Y
· Ṫ

T

as the unobserved contribution to growth from technological progress.

• We can estimate g as the so-called Solow-residual

g̃ =
Ẏ

Y
− sK

K̇

K
− sL

L̇

L

• We also often refer to the estimate g̃ as growth of Total Factor Pro-
ductivity (TFP).

• Note that the estimate is a true accounting residual, and we can not
warrant that TFP growth is due to technological progress as we think
of it in the model (i.e. Ṫ /T = x). Anything we are not able to explain
from changes in K and L will fall in this category (ranging from the
effects of a war, to some types of measurement errors).

• One should therefore be careful not to interpret to much about causality
into growth accounting. (See also BSiM 10.5)

• Note that growth accounting differs from the regression approaches
since we use estimates of factor shares taken from separate sources
instead of estimating these as elasticities.

• The challenge for getting good growth accounting estimates is to mea-
sure changes in inputs carefully. One would like to capture both quan-
titative and qualitative changes.

• Note in particular that changes in human capital is usually entered as
changes in the quality of labor (educational attainment, age composi-
tion etc).

• In practice it is often convenient to work with a so-called trans-log pro-
duction function (e.g. Young, 1995), which is basically a generalization
of the Cobb-Douglas. The main advantage is that it makes it easy to
work with disaggregation of inputs into sub-categories.

• Growth accounts usually find that a substantial part of growth is due
to factor-accumulation, but also finds that TFP-growth is substantial.

• Particular attention has been devoted to the East-Asian growth mira-
cles.
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• The most famous study is that by Young (1995). His estimates at-
tributes the high growth rates to exceptionally strong factor accumu-
lation. TFP growth in these countries is at levels comparable to other
countries.

• Young’s results was a main contribution to the neo-classical revival.

5.7.2 Dual growth accounting

• Under the standard assumptions we have

Y = RK + wL

• From this relationship, differentiation gives us

Ẏ

Y
= sK(Ṙ/R + K̇/K) + sL(ẇ/w + L̇/L)

• Hence we get the dual formulation of the estimate of TFP growth:

g̃ =
Ẏ

Y
− sK

K̇

K
− sL

L̇

L
= sKṘ/R + sLẇ/w

That is, estimated based on changes in factor prices.

• The most important aspect of this approach is that it allows us to
estimate TFP-growth based on alternative data, which are perhaps
easier to measure and more reliable. At least it provides us with an
important check of estimates based on the primary approach.

• Hsieh (1999) used the dual approach to redo Young’s (1995) analysis
of South East Asia.

• The most important difference is for Singapore. He argues that this is
because the national accounts overstates capital growth, while rental
prices have been fairly stable.

5.7.3 Development accounting

• Let the production function be Cobb-Douglas

Y = TKαHηL1−α−η
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• In this special case, the (primary) growth account was based on looking
at the differentiated form

Ẏ

Y
=

Ṫ

T
+ α

K̇

K
+ η

Ḣ

H
+ (1 − α − η)

L̇

L

• The growth account looks at changes in a given country over time.

• It is also worth considering development accounting. I.e. for countries
i and j we should have

Yi

Yj

=
Ti

Tj

(
Ki

Kj

)α(
Hi

Hj

)η (
Li

Lj

)1−α−η

• Based on this relationship one use different criteria to judge how much
of differences across countries in Y (i.e. the left hand side) is due to
differences in TFP (i.e. T ) or inputs (K, H and L).

• Different authors have used different criteria. The main thing to notice,
however, is that this approach is based on using separate estimates of α
and η, rather than estimating them asin the cross-country regressions.

• Klenow and Rodŕıguez-Clare (1997) use a variant of development ac-
counting.

6 Convergence and growth regressions

Required reading: BSiM: 11 (11.6-11.9 cursory reading), 12 (12.5 cursory)
Secondary reading: Islam (1995), Jones (1997)

6.1 Convergence to the steady state

• A fundamental property of the Solow- model is convergence to a steady
state, characterized by the fundamental equation

˙̂
k

k̂
=

sf(k̂)

k̂
− (n + x + δ) (1)

• Along the transition to the steady-state growth is stronger the further
we are from the steady state (growth is positive if we are below, negative
if we are above).
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• This is easily seen from the graph

• More formally we can easily show show (BSiM 1.30) that (1) can be
reformulated to

˙̂
k

k̂
= (n + x + δ)

( k̂

k̂∗

)α−1

− 1


• To characterize the convergence it is however often more convenient to

instead work with the linearization
˙̂
k

k̂
= β(ln k̂∗ − ln k̂)

where
β = (1 − α)(n + x + δ) (2)

is the speed of convergence. (See exercises for seminar 2)

• We also know that the dynamics of k̂ translates directly to that of ŷ,
so we get

˙̂y

ŷ
= β(ln ŷ∗ − ln ŷ) (3)

• Or, solving the differential equation (3), we get:

ln ŷ(t) − ln ŷ(0) = (1 − e−βt) ln ŷ∗ − (1 − e−βt) ln ŷ(0)

• Diving throughout by t gives a growth rate on the left hand side (hence
the choice of linearizing in ln ŷ rather than ŷ)

ln ŷ(t) − ln ŷ(0)

t
= b1 ln ŷ∗ − b2 ln ŷ(0) (4)

where b1 = b2 = (1 − e−βt)/t.
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6.2 Absolute and conditional convergence

• So far we have been looking at convergence of a given economy to its
steady state.

• It is also an important question whether we should expect convergence
across countries.

• We now use (4) to discuss this property. Note that we talk about poor
and rich countries (i.e. as measured by y(t) = Y (t)/L(t) even if (4)
involves ŷ(t) = y(t)/T (t). The role of T (t) in the denominator is not
important here, since we assume equal technological progress across
countries. We will deal with this more carefully soon.

• The Solow-model predicts the following: Countries that are poor will
grow faster than rich ones provided they have the same steady state
(and are both below this steady state).

• This is conditional convergence, which is the same as predicting
that b2 in (4) is positive, so the partial impact of ln ŷ(0) on the growth
rate is negative.

• In (4) we have conditioned on the steady state by the term ln ŷ∗.

• Note that there is one further complication: A factor like population
growth affects both the steady state for the country and the β for that
country (see (2)). Practical implementations usually ignore the latter
effect, and sets β equal across countries.

• Note that the Solow-model does not predict absolute convergence,
i.e. that a poor country will always grow faster than a rich country.

• This can easily be demonstrated in the familiar graph
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6.3 β and σ-convergence

• It is important to be careful about how we think about convergence.

• The two types of convergence we discussed above are usually referred to
as β-convergence. That is, they have to do with the b2 above (which
is derived from β, hence the name). We speak respectively of absolute
and conditional β-convergence.

• In addition we can define σ-convergence: A group of economies are
converging in the sense of σ if the dispersion of their real per capita
GDP levels (or equivalent measure of interest) tends to decrease over
time. That is, if

σt2 < σt1

when t2 > t1 and σt is the standard deviation of ln(y(t)) across the
economies at time t.

• It is easy to realize that β-convergence is necessary for σ-convergence.

• However, β-convergence does not necessarily imply σ-convergence. (Gal-
ton’ fallacy).

• This can be illustrated by the graphs:

• See BSiM 11.1 for a more detailed discussion.
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