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Introduction

We study why there are rich and poor countries.
This borrows heavily from Caselli (2005).
You should also read Acemoglu (2009).
Hsieh and Klenow (2010) is a more recent survey.
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A Simple Start

A common view in the literature:
productivity accounts for at least half of cross-country income variation.
We build up this result and then look at recent contributions.
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Development Accounting

The basic framework postulates

y = Akαh1−α

where

• y: gdp per worker (PPP)

• k: capital per worker

• h: human capital per worker

A key parameter: α = 1/3

• observable as the capital share – around 1/3 in the U.S.

• Gollin (2002) argues that the capital share is roughly the same in rich and
poor countries

• that motivates the Cobb-Douglas functional form

• but it may not actually be true

5 / 25



The basic question

The ratio of rich to poor incomes is given by

yrich
ypoor

=
Arich
Apoor

(
krich
kpoor

)α(
hrich
hpoor

)1−α

How big are the contributions of inputs (k, h) and “productivity” A?
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Measurement

GDP:

• we assume that the PWT got this right.

Capital:

• we have data on investment (quantities)

– meaning: expenditures deflated by the local price of capital

• perpetual inventory method: Kt+1 = (1− δ)Kt + It

• assumption: K0 = I0/ (g + δ)

• I0: investment up to 1970 (or something like it)

• δ = 0.06: based on studies of depreciation in rich countries
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Measurement: Human capital

Here, things get tricky.
The standard approach follows Hall and Jones (1999)
h = eφ(s)

s: average years of schooling of population over age 25 (Barro-Lee)
φ (s): piecewise linear with slopes

• 0.13 for s ≤ 4

• 0.10 for 4 < s ≤ 8

• 0.07 for s > 8
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The rationale for this:

• assume that workers are paid their marginal products

• then variation of wages within countries reveals φ (s)

• cross-country data show that φ (s) is higher in countries with low schooling
(Psacharopoulos)

• that last fact is probably not true

Implicit assumptions:

• h (0) is the same everywhere

• a year of schooling is the same everywhere
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Measures of success

Define yKH = kαh1−α.
Variation in yKH is explained by inputs.

Fraction of income variation due to factors according to Caselli (2005):

success1 =
var [ln yKH ]

var [ln y]
= 0.39

success2 =
y90KH/y

10
KH

y90/y10
= 0.34

Exercise: Replicate these figures.
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Robustness

Quantitatively not important (Caselli, 2005)

• depreciation rate δ

• how K0 is constructed

• reasonable variation in φ (s)

– as long as it is consistent with wage data
– return to schooling could be higher if there a big externalities

• differences in hours worked

– hours are lower in richer countries
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Robustness: Capital share

Ch. 9: Accounting for Cross-Country Income Differences 697

Figure 4. Unemployment rates around the world.

Figure 5. Capital share and success.

Because k is more variable across countries than h, in general one can increase the
explanatory power of the “factor-only” model by increasing α.
Figure 5 plots success1 and success2 as functions of the capital share α. As predicted,

the fit of the factor-only model increases with the assumed value of α. Remarkably,

Higher capital share =⇒ higher success
Because capital varies more than h.
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Robustness: School Quality

Since we observe wages by schooling, school quality cannot affect φ (s).
So we must assume it affects h (0):

h = Ahe
φ(s) (1)

The problem: if this is the quality of learning, why does it affect all workers equally?
For this to make sense, we need workers with different s to be imperfect substitutes.
We will return to this later.

13 / 25



A simple specification (Caselli 2005):

Ah = pφpmφmkφkh hφht (2)

This is freely invented.
The inputs are:

• p: teacher-pupil ratio

• m: teaching materials per student

• kh: capital in education sector

• ht: teacher human capital.

Why these inputs?

• because we can observe them

Problem: we don’t know anything about the elasticities

• in micro studies using rich country data, the elasticities look like 0

• but there are measurement issues (Hanushek)
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A special case

Only include teacher human capital (Bils and Klenow, 2000)
Assume steady state: ht = h.

Ch. 9: Accounting for Cross-Country Income Differences 699

In this sub-section I will try to plug in values for the inputs p, m, kh, and ht , and
calibrate the corresponding elasticities. Unfortunately, little is known about the latter.
Indeed, they are the object of intense controversy in and out of academe. Hence, I will
typically look at a fairly broad range of values.

4.1.1. Teachers’ human capital

I begin by focusing on the last of the factors in (7), ht . To isolate this particular channel
for differences in schooling quality I ignore other sources, i.e. I set φp = φm = φk = 0,
which is essentially Bils and Klenow’s assumption. When we review the evidence on
these other φs, we’ll see that this assumption may actually be quite realistic. If we make
the additional “steady state” assumption that ht = h, we can write

h = eφ(s)/(1−φh),

and plugging this into (3) we get:

(8)y = Akαe
(1−α)φ(s)
1−φh .

Note that this formulation magnifies the impact of differences in years of schooling, the
more so the larger the elasticity of student human capital to teacher’s human capital.
I continue to choose α = 1/3, and the function φ(·) as described in Section 2. The

new, unknown parameter is φh. In Figure 6 I plot success1 and success2 as functions of

Figure 6. φh and success.Source: Caselli (2005)

Clearly, quality could be important.
Problem: how to estimate the h production function?
Later, we look at some sophisticated efforts to do just this.
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Promising Ideas

Test scores

Assume that Ah = eφττ

τ is a standardized test score.
Problem:
within a country, a 1 standard deviation increase in test scores increases earnings
by at most 20%
See Hanushek and Woessman (2008)

Health

Any measure of health (e.g. mortality) is strongly related to income.
Problem: how to quantify the effect of health on h?
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Agriculture

Fact: fraction of workers in agriculture varies from essentially 0 to essentially 1.

Ch. 9: Accounting for Cross-Country Income Differences 719

6.2. The role of agriculture

As mentioned, existing cross-country comparisons of sectorial TFP tend to be limited
to small sets of developed countries. The goal of this section is therefore to provide a
rough, preliminary assessment of the sectorial-composition interpretation of TFP dif-
ferences that extends to developing countries as well. In particular, I will focus on an
agriculture–nonagriculture split of GDP. The main reason for looking at this particular
breakdown is easily inferred from Figure 15: in the poorest countries of the world virtu-
ally everyone works in agriculture, and in the richest virtually nobody does. It is obvious
that this is the most important source of variation in the composition of GDP around the
World. Another reason for focusing on agriculture is that I have no PPP output data for
other sectors. Finally, the agriculture-nonagriculture dualism has traditionally played a
central role in the history of thought on economic development.53
The main purpose of this section, then, is to assess the hypothesis that (i) agriculture

is an intrinsically low TFP sector, and (ii) poor countries’ low aggregate TFP is due

Figure 15. The importance of agriculture.

the source of the productivity differences boils down to the fact that each English worker was willing to tend
to a much larger number of machines. In low-productivity countries workers were idle most of the time. Why
this was so remains a bit of a mystery, and one should be cautious in assuming that this finding would still
hold up one century later. Nevertheless, Clark’s findings reinforce the case that labor practices may be an
important source of observed differences in productivity.
53 Some of the classics are Fisher (1945), Clark (1940), Rostow (1960), Nurkse (1953), Lewis (1954),
Kuznets (1966), and Jorgenson (1961).

Source: Caselli (2005)
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Large Variation in Ag Productivity

Variation in Ag productivity is much greater than variation in non-ag productivity722 F. Caselli

Figure 16. Labor productivity in agriculture.

Figure 17. Labor productivity outside of agriculture.

Source: Caselli (2005)

The pattern: low income countries employ large amounts of labor in a sector with
particularly low productivity.
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How much does this matter?

A counterfactual experiment by Caselli (2005):
moving all labor into industry (holding productivity constant) would cut cross-
country income differences by 3/4

This provides the background for papers that ask:

1. Why is so much labor employed in the wrong sector in low income countries?

(a) subsistence consumption (the “food problem”):Gollin et al. (2002),
Gollin et al. (2007)

(b) intermediate inputs and labor market restrictions: Restuccia et al.
(2008)

2. Why is labor productivity so low in agriculture?

(a) Herrendorf and Schoellman (2011), Gollin et al. (2013): it’s not just
an accounting problem

(b) Lagakos and Waugh (2013): the food problem implies that unproduc-
tive farmers work in ag
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Non-neutral Productivity Differences

What if we relax the Cobb-Douglas assumption?
For example:

Y = [α (AkK)
σ
+ (1− α) (AhhL)σ]

1/σ (3)

with elasticity of substitution η = 1/ (1− σ).

Parameterizing this: Assume that factors are paid marginal products:

r = α (y/k)
1−σ

Aσk (4)

w = (1− α) (y/h)1−σ Aσh (5)

Given data on y, k, h, r, w, we can back out productivities:

Ak = (Sk/α)
1/σ

y/k (6)

Ah = (Sh/ (1− α))1/σ y/h (7)

where Sk, Sh are factor income shares.
Problem: we don’t know much about η.
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Implications

1. For any reasonable value of η not close to 1 (Cobb-Douglas),

(a) Ah is positively related to y, but
(b) Ak is negatively related to y.

2. A generalization: extend the model to have skilled and unskilled labor, then:
poor countries use

(a) skilled labor less efficiently
(b) unskilled labor more efficiently (Caselli and Coleman, 2006).

3. If the elasticity of substutition between factors is low enough, factor inputs
account for a large share of cross-country income gaps.
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Illustration from the 2 factor (k, h) model

Assume that all countries use the U.S. technologyCh. 9: Accounting for Cross-Country Income Differences 735

Figure 21. Success with non-neutral technology differences.

Figure 21 plots the success of the factor-only model when all countries use the tech-
nology of the United States. Note that our measures of success converge – as they should
– to those of the factor-neutral (Cobb–Douglas) model for η converging to 1. Success of
the factor-only model is also systematically decreasing with the value of the elasticity of
substitution, η. To see why this is so recall that the lower is η the closer the production
function becomes to the Leontief case. Also notice that Figures 18 and 19 imply that
poor countries are relatively abundant in human capital: the ratio h/k is decreasing with
per-capita income. Finally, recall that the US uses human-capital relatively efficiently.
Hence, the ratio Ah,USh/Ak,USk is extremely high in poor countries, suggesting that
much “effective human capital” in these countries would be unproductive in the lim-
iting Leontief case. This “waste” may explain the low GDP of poor countries without
having to invoke low As, i.e. it leads to greater success of the factor-only model. On the
other side of η = 1, we tend to approach the linear production function. The closer we
are to this case, the less a disproportionate Ahh/Akk ratio hurts a country’s productiv-
ity, so the factor-only model performs less and less well. Something else is required to
explain why GDP is so low.
The most remarkable finding of Figure 21, however, is quantitative: namely, not only

for elasticities of substitution less than 1 does the model with non neutral technology
outperforms the Cobb–Douglas one, but there is a range of elasticities such that the
performance of the model is extremely good. Indeed, an elasticity of 0.5 delivers a

This experiment is a bit awkard.
It forces low income countries to use a k intensive technology, even though their
endowments are h intensive.
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Alternative experiment

Let each country choose from the menu of technologies observed in the data.Ch. 9: Accounting for Cross-Country Income Differences 737

Figure 22. Success with non-neutral but appropriate technology.

low factor endowments can explain a substantially larger share of income differences
than in the Cobb–Douglas case (and if it is high a substantially smaller share). It is
therefore appropriate to conclude that the Cobb–Douglas assumption is a very sensitive
one for development accounting, and that seemingly innocuous generalizations of this
assumption – such as the CES formulation employed in this section – can lead to radical
changes in results.

8. Conclusions

Development accounting is a powerful tool to getting started thinking about the sources
of income differences across countries. As of now, the answer to the development-
accounting question – do observed differences in the factors employed in production
explain most of the cross-country variation in income – is: no, way no. This negative
answer is robust to attempts to improve the measurement of human capital by allow-
ing for differences in the quality of schooling and in health status of the population; to
attempts to account for the age composition of the capital stock; to sectorial disaggre-
gations of output; and to several other robustness checks.
On the other hand, incomplete knowledge about certain key parameters that describe

the relationship between inputs and outputs implies that the jury should be treated as
being still out. For one thing, depending on the elasticity of substitution between capi-
tal of different types, the observed wild heterogeneity in the composition of the capital

The conclusion remains: the Cobb-Douglas assumption matters.
Jones (2014) pushes this for the importance of human capital.
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