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DEVELOPMENT ACCOUNTING: BASICS

How much of cross-country income differences are “due to”:

Factor inputs (capital, education)

Efficiency

First step in understanding cross-country income differences

Doesn’t attempt to explain why inputs differ

Levels analog to growth accounting

(sometimes called levels accounting)

Goes back to Denison (1967), Christensen, Cummings, and Jorgenson (1981).

Modern literature starts with King and Levine (1994) and particularly

Klenow and Rodrigez-Claire (1997) and Hall and Jones (1999)
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CAUSES OF INCOME DIFFERENCES

207

American Economic Journal: Macroeconomics 2010, 2:1, 207–223
http://www.aeaweb.org/articles.php?doi=10.1257/mac.2.1.207

R esearch on income differences can arguably be classified into one or more  
arrows in the following chain of causality:

Geography, Climate, Luck ⇒ Human Capital,  Physical Capital,  TFP ⇒ Income
⇓

Institutions, Culture ⇒ Human Capital, Physical Capital, TFP ⇒ Income
⇓

Policies, Rule of Law, Corruption ⇒ Human Capital, Physical Capital, TFP ⇒ Income

Our focus is on the right-most arrows, or what is sometimes called “development 
accounting.” First, we describe research from the past 25 years about the proximate 
role of physical capital, human capital, and TFP in accounting for income differ-
ences across countries. The current state of the debate is as follows: human capital 
is important (accounting for 10–30 percent of country income differences), physical 
capital also matters (accounting for about 20 percent of country income differences), 
and residual TFP remains the biggest part of the story (accounting for 50–70 percent 
of country income differences).

Second, we will contend there are important positive feedback effects between 
human capital, physical capital, and TFP. In particular, the level of TFP of different 
sectors (investment versus consumption, human capital versus final goods) can influ-
ence the incentive to accumulate physical and human capital. We will also argue that 
a key determinant of aggregate TFP is the efficiency of input allocation across firms 
and industries.

* Hsieh: Graduate School of Business, University of Chicago, 5807 South Woodlawn Avenue, Chicago, IL 
60637 and National Bureau of Economic Research (e-mail: chsieh@econ.berkeley.edu); Klenow: 579 Serra 
Mall, Stanford University, Stanford, CA 94305 and the National Bureau of Economic Research (e-mail: pete@
klenow.net). We gratefully acknowledge the financial support of the Kauffman Foundation, the Alfred P. Sloan 
Foundation (Hsieh), and the Stanford Institute for Economic Policy Research (Klenow). We thank Chad Jones and 
David Romer for detailed comments that vastly improved the paper.

† To comment on this article in the online discussion forum, or to view additional materials, visit the articles 
page at: http://www.aeaweb.org/articles.php?doi=10.1257/mac.2.1.207.

Development Accounting†

By Chang-Tai Hsieh and Peter J. Klenow*

Researchers have made much progress in the past 25 years in 
accounting for the proximate determinants of income levels: physi-
cal capital, human capital, and Total Factor Productivity (TFP). 
But we still know little about why these factors vary. We argue that 
TFP exerts a powerful influence on output not only directly, but also 
indirectly, through its effect on physical and human capital accu-
mulation. We discuss why TFP varies across countries, highlighting 
misallocation of inputs across firms and industries as a key determi-
nant. (JEL E22, E23, F21, F35, O10, O40)
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Development accounting is about right-most arrows

Source: Hsieh and Klenow (2010)
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DEVELOPMENT ACCOUNTING: BASICS

Following Hall and Jones (1999):

Yi = Kα
i (AiHi)

1−α

where

Hi = eϕ(Ei )Li

Hi denotes human capital (quality-adjusted labor)

Li denotes “raw” labor

Ei denotes education (years of schooling)
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MEASUREMENT: OUTPUT

Main data source: Penn World Tables

(Modern incarnation of Summers and Heston (1991) dataset)

Output: GDP per worker at PPP

Penn World Tables:

Basic idea: Correct GDP for difference in prices across space

(analogous to adjusting for inflation over time)

Done using International Comparisons Program (ICP) price data

Has undergone substantial methodological changes over time

(Major change between V7 and V8)

Many older results in literature not robust to these changes

See Feenstra, Inklaar, Timmer (2015) for description of “modern” version
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MEASUREMENT: CAPITAL

Early versions: Capital constructed from investment:

Kit = Iit + (1 − δ)Ki,t−1

With an initial capital stock of:

Ki,0 =
Ii,0

g + δ

where

g is the average growth rate of investment before 1970

δ = 0.06

More recent versions of PWT include capital series

(which is constructed “more carefully” using perpetual inventory method)
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MEASUREMENT: HUMAN CAPITAL

Hi = eϕ(Ei )

Use average years of schooling as a proxy for Ei

Data on average years of schooling from Barro and Lee (2013)

With competitive factor markets, workers are paid their marginal product

Use wages to inform ϕ(Ei) (Mincerian wage regressions)

Assume ϕ(Ei) is piecewise linear with slopes:

0.134 for s ≤ 4

0.101 for 4 < s ≤ 8

0.068 for 8 < s

where s is average years of schooling

Based on Psacharopoulos’s (1994) survey of returns-to-schooling estimates

Steinsson Development Accounting 7 / 98



MEASUREMENT: α AND ROBUSTNESS

Typical to assume α = 1/3 for all countries

Gollin (2002) suggests this is reasonable

(but Feenstra, Inklaar, Timmer (2015) disagree)

Caselli (2005) shows results are quite sensitive to this choice

In contrast, Caselli argues that results are not very sensitive to:

Depreciation rate

Initial capital stock

Reasonable variation in returns to schooling

Mismeasurement of years of schooling

Variation in hours worked per person
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FLAVORS OF DEVELOPMENT ACCOUNTING

Hall and Jones (1999) / Jones (2016):

log

(
Yi

Li

)
=

α

1 − α
log

(
Ki

Yi

)
+ log

(
Hi

Li

)
+ logAi

Caselli (2005):

log

(
Yi

Li

)
= α log

(
Ki

Li

)
+ (1 − α) log

(
Hi

Li

)
+ logAi

log

(
Yi

Li

)
= log

(
Yi

Li

)

KH
+ logAi

log yi = log yi,KH + logAi

(Notice in Hall-Jones flavor it is K/Y that shows up rather than K/L. See Growth Accounting lecture for
details. Caselli starts with Yi = Ai Kα

i H1−α
i .) L is workers.
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 OUTPUT PER WORKER ACROSS COUNTRIES 91

 TABLE I

 PRODUCTIVITY CALCULATIONS: RATIOS TO U. S. VALUES

 Contribution from

 Country YIL (K! Y).1/(l -a) HIL A

 United States 1.000 1.000 1.000 1.000
 Canada 0.941 1.002 0.908 1.034
 Italy 0.834 1.063 0.650 1.207

 West Germany 0.818 1.118 0.802 0.912
 France 0.818 1.091 0.666 1.126

 United Kingdom 0.727 0.891 0.808 1.011

 Hong Kong 0.608 0.741 0.735 1.115

 Singapore 0.606 1.031 0.545 1.078
 Japan 0.587 1.119 0.797 0.658

 Mexico 0.433 0.868 0.538 0.926

 Argentina 0.418 0.953 0.676 0.648
 U.S.S.R. 0.417 1.231 0.724 0.468

 India 0.086 0.709 0.454 0.267
 China 0.060 0.891 0.632 0.106

 Kenya 0.056 0.747 0.457 0.165

 Zaire 0.033 0.499 0.408 0.160

 Average, 127 countries: 0.296 0.853 0.565 0.516

 Standard deviation: 0.268 0.234 0.168 0.325
 Correlation with YIL (logs) 1.000 0.624 0.798 0.889
 Correlation with A (logs) 0.889 0.248 0.522 1.000

 The elements of this table are the empirical counterparts to the components of equation (3), all measured
 as ratios to the U. S. values. That is, the first column of data is the product of the other three columns.

 from physical capital intensity, the contribution from human

 capital per worker, and the contribution from productivity. It is
 important to note that this productivity level is calculated as a
 residual, just as in the growth accounting literature.

 To make the comparisons easier, all terms are expressed as
 ratios to U. S. values.9 For example, according to this table, output
 per worker in Canada is about 94 percent of that in the United
 States. Canada has about the same capital intensity as the United
 States, but only 91 percent of U. S. human capital per worker.
 Differences in inputs explain lower Canadian output per worker,
 so Canadian productivity is about the same as U. S. productivity.
 Other OECD economies such as the United Kingdom also have

 9. A complete set of results is available from the web site listed in the
 acknowledgment footnote.

This content downloaded from 
�������������128.32.10.230 on Sun, 05 Jun 2022 22:29:18 UTC�12:34:56 UTC 

All use subject to https://about.jstor.org/terms

Source: Hall and Jones (1999). Comparison year: 1988
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HALL AND JONES (1999)

Comparing richest 5 and poorest 5:

Difference in output per worker: factor of 31.7

Difference in capital intensity: factor of 1.8

Difference in human capital per worker: factor of 2.2

Difference in productivity: factor of 8.3

Productivity explains the bulk of cross-country income differences
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in the United States than inMexico. A factor of 1.07� 1.32� 1.4 of this difference is due

to inputs, meaning a factor of 2.1 was due to TFP, since 1.4� 2.1� 3. From these num-

bers, one can also see easily how the “Share due to TFP” column is calculated. Notice

that both 1.4 and 2.1 are simple multiples of 7: for each 2 parts due to inputs, 3 parts are

due to TFP, hence the share due to TFP is around 60% (that is, 3/(2+3)).

More generally, several key findings stand out from Table 6. First, the capital-output

ratio is remarkably stable across countries. Its average value is very close to one, and even

the poorest country in the table, Malawi, is reported by the PennWorld Tables to have a

capital-output ratio very close to the US value. So differences in physical capital contrib-

ute almost nothing to differences in GDP per worker across countries. Caselli and Feyrer

(2007) document a closely-related fact in great detail: the marginal product of capital

(which here is proportional to the inverse of the capital-output ratio) is very similar in

rich and poor countries.ac

Table 6 Basic development accounting, 2010
GDP per
worker, y

Capital/GDP
(K/Y)a/(12a)

Human
capital, h TFP

Share due
to TFP

United States 1.000 1.000 1.000 1.000 –
Hong Kong 0.854 1.086 0.833 0.944 48.9%

Singapore 0.845 1.105 0.764 1.001 45.8%

France 0.790 1.184 0.840 0.795 55.6%

Germany 0.740 1.078 0.918 0.748 57.0%

United Kingdom 0.733 1.015 0.780 0.925 46.1%

Japan 0.683 1.218 0.903 0.620 63.9%

South Korea 0.598 1.146 0.925 0.564 65.3%

Argentina 0.376 1.109 0.779 0.435 66.5%

Mexico 0.338 0.931 0.760 0.477 59.7%

Botswana 0.236 1.034 0.786 0.291 73.7%

South Africa 0.225 0.877 0.731 0.351 64.6%

Brazil 0.183 1.084 0.676 0.250 74.5%

Thailand 0.154 1.125 0.667 0.206 78.5%

China 0.136 1.137 0.713 0.168 82.9%

Indonesia 0.096 1.014 0.575 0.165 77.9%

India 0.096 0.827 0.533 0.217 67.0%

Kenya 0.037 0.819 0.618 0.073 87.3%

Malawi 0.021 1.107 0.507 0.038 93.6%

Average 0.212 0.979 0.705 0.307 63.8%

1/Average 4.720 1.021 1.418 3.260 69.2%

The product of the three input columns equals GDP per worker. The penultimate row, “Average,” shows the geometric
average of each column across 128 countries. The “Share due to TFP” column is computed as described in the text. The
69.2% share in the last row is computed looking across the columns, ie, as approximately 3.5/(3.5 + 1.5).
Source: Computed using the Penn World Tables 8.0 for the year 2010 assuming a common value of α ¼ 1/3.

ac The general lack of correlation between the capital-output ratio and GDP per person is discussed by

Feenstra et al. (2015).

44 Handbook of Macroeconomics

Source: Jones (2016)
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DEVELOPMENT ACCOUNTING: MEXICO VS. U.S.

Output per worker in Mexico is 33.8% of U.S.

Capital-output ratio of Mexico is 87% of U.S.

0.87α/(1−α) = 0.871/2 = 0.931

Schooling: 8.8 year in Mexico vs. 13.2 years in U.S.

Difference: 4.6 years

0.068 × 4.6 = 0.32

0.76 = 1/1.32

TFP is 0.338/(0.931 × 0.760) = 0.477 of U.S. level
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DEVELOPMENT ACCOUNTING: MEXICO VS. U.S.

Inputs explain a factor of

1
0.931

× 1
0.760

= 1.4

TFP explains the rest
1

0.338
× 1

1.4
= 2.1

Fraction explained by TFP:

2.1
1.4 + 2.1

= 0.597

(Not sure this makes sense. Think of factors explaining 1.0.)
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DEVELOPMENT ACCOUNTING: MEXICO VS. U.S.

Alternative Decomposition:

Total difference 1/0.338 = 2.96. In logs: 1.08

Log difference explained by capital: log(1/0.931) = 0.07

Log difference explained by schooling: log(1/0.760) = 0.27

Log difference explained by TFP: log(1/0.477) = 0.74

Fraction explained by TFP: 0.74/1.08 = 0.68
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HALL AND JONES (1999) VS. JONES (2016)

In Hall and Jones (1999) K/Y explains factor of 2

In Jones (2016) K/Y explains essentially nothing

Not totally clear why the difference

One possibility: Jones (2016) uses PWT capital series which is
constructed “more carefully” than Hall-Jones capital series

Capital price series lower in poor countries than investment price series

(used by Hall and Jones) because structures are more important in capital

than in investment (because they depreciate slower) and structures are

cheap in poor countries (see Feenstra, Inklaar, Timmer (2015, p. 3178)

Lower capital prices in poor countries implies more capital [I think]
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CASELLI’S DECOMPOSITION

Question: What would cross-country income distribution look like if

all countries had the same TFP?

Consider:

var[log yi ] = var[log yi,KH ] + var[logAi ] + 2cov[log yi,KH , logAi ]

If Ai the same in all countries:

var[logAi ] + 2cov[log yi,KH , logAi ] = 0

Motivates using

success1 =
var[log yi,KH ]

var[log yi ]

to measure role of factors
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688 F. Caselli

Table 1
Baseline success of the factor-only model

var[log(y)] 1.297 y90/y10 21
var[log(yKH)] 0.500 y90

KH/y10
KH 7

success1 0.39 success2 0.34

2.3. Alternative measures used in the literature

success1 essentially asks what would the dispersion of (log) per-capita income be if all
countries had the same level of efficiency, A, and then compares this counter-factual
dispersion to the observed one. Klenow and Rodriguez-Clare (1997) propose the alter-
native measure:

successKR = var[log(yKH)] + cov[log(A), log(yKH)]
var[log(y)] ,

which differs from success1 for the covariance term in the numerator. In terms of
Equation (5) successKR is equivalent to a variance decomposition in which the con-
tribution from the covariance term is split evenly between A and yKH . Because in the
data cov[log(A), log(yKH)] is positive (0.28) the Klenow and Rodriguez-Clare measure
assigns a greater role to k and h than the simple ratio of variances: successKR is 0.60.
Here I do not emphasize this measure because it does not answer the question: what
would the dispersion of incomes be if all countries had the same A? As Klenow and
Rodriguez-Clare explain, it asks the different question: “when we see 1% higher y, how
much higher is our conditional expectation of yKH?” which in my opinion is not as
intuitive.

Klenow and Rodriguez-Clare (1997) and Hall and Jones (1999) also work with a
different version of the expression for per-capita income, because they rewrite (3) as

y =
(

k

y

) a
1−α

hA
1

1−α ,

i.e. in terms of the capital–output ratio instead of the capital–labor ratio. In other words
their counterfactual income estimates based on factor-differences is ỹKH = ( k

y
)

a
1−α h (in-

stead of yKH = kαh1−α). I find yKH more intuitive and cleaner, as ỹKH is not invariant
to differences in A (since A affects y), and is therefore less appropriate for answer-
ing the question: “what would the income distribution look like if all countries had the
same A?”. Indeed, it is easy to see that ỹKH = yKHA

α
α−1 . Whether var[log(ỹKH)] is

greater or less than var[log(yKH)] depends on the relative magnitudes of (appropriately
weighted) var[log(A)] and cov[log(yKH), log(A)], with log(ỹKH) getting less credit the
(relatively) larger is the covariance. Intuitively, when A and yKH covary a lot, if the
latter is very small the former is also very small, so that ỹKH does not vary as much.
In practice this is indeed what happens: when using ỹKH the factors only model looks

Source: Caselli (2005)
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Ch. 9: Accounting for Cross-Country Income Differences 689

even more unsuccessful than when using yKH : success1 is as low as 0.22, and success2
is 0.20. Notice that relative to Klenow and Rodriguez-Clare (1997) we have made two
methodological changes whose effects go in opposite directions: omitting the covari-
ance term from success1 lowers the explanatory power of factors, while writing y in
terms of the capital–labor ratio increases it. This is why we end up with results that are
in the same ball park.

It is worth noting that Hall and Jones’ production function, Equation (2), is substan-
tially more restrictive than the one used by some of the other authors in the literature.
In particular Mankiw, Romer and Weil (1992) and Klenow and Rodriguez-Clare (1997)
work with Y = KαHβL1−α−β . Equation (2) is the special case where β = 1 − α.
The great advantage of the Hall and Jones’ formulation is that it generates the log-linear
relation between wages and years of schooling that we exploited to calibrate h.11 Since
wage data do seem to call for log-linear wage-education profiles, Hall and Jones’ re-
striction may be justified.

2.4. Sub-samples

It may be interesting to take a look at the values that the success measures take in sub-
sample of countries. This is done in Table 2, where I report success1 – as well as its
two component parts – for the sub-samples of countries below and above the median
per worker income; in and out of the OECD; and for the various continents. I also for
convenience repeat the full-sample values. I do not report success2 because the small
sample sizes make this variable hard to interpret.

Obviously the variation in log income per worker is smaller the smaller and more
homogeneous the sub-samples. Perhaps more interestingly, it is also smaller in sub-

Table 2
Success in sub-samples

Sub-sample Obs. var[log(y)] var[log(yKH)] success1

Above the median 47 0.172 0.107 0.620
Below the median 47 0.624 0.254 0.407

OECD 24 0.083 0.050 0.606
Non-OECD 70 1.047 0.373 0.356

Africa 27 0.937 0.286 0.305
Americas 25 0.383 0.179 0.468
Asia and Oceania 25 0.673 0.292 0.434
Europe 17 0.136 0.032 0.233

All 94 1.297 0.500 0.385

11 With the Mankiw, Romer and Weil formulation the wage of a worker with s years of schooling is w(s) =
wL + wH h(s), where wL is the wage paid to “raw” labor and wH is the wage per unit of human capital.

Source: Caselli (2005)
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DEVELOPMENT ACCOUNTING: BASIC FINDINGS

Capital-Output ratio explains very little

Depends on version of analysis (up to factor 2 (i.e., 20%) in older versions)

Years of schooling explains a substantial amount

Perhaps about 1/3 across rich vs. poor countries

TFP explains at least half
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INTERPRETATION OF BASIC FINDINGS

Helps point to type of “friction” that plagues poor countries

If K/Y is low: problems associated with capital accumulation?

Taxes on capital (implicit or explicit)

Financial repression

Restrictions of international capital flows

If education is low: problem in education sector?

Insufficient supply of education (by government?)

Low quality of education

Low demand for education (culture/beliefs/high prices?)
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FOUR STRANDS OF SUBSEQUENT LITERATURE

1. Is MPK larger for poor countries?

(Lucas 90, Caselli-Feyrer 07, Hsieh-Klenow 07,

Gerding-Henriksen-Simonovska 23)

2. Quality of schooling
(Hendricks 02, Schoellman 12, Hendricks-Schoellman 18, 21,

Lagakos et al. 18)

3. Agricultural productivity gap

(Caselli 05, Restuccia-Yang-Zhu 08, Gollin-Lagakos-Waugh 14,

Boppart-Kiernan-Krusell-Malmberg 23)

4. Misallocation

(Restuccia-Rogerson 08, Hsieh-Klenow 09, Moll 12, Midrigan-Xu 14)
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WHY DOESN’T CAPITAL FLOW TO POOR COUNTRIES?

Lucas (1990):

Two countries with same Cobb-Douglas production function:

y = Akα

where y is output per person and k is capital per person

Marginal product of capital is:

r = αAkα−1

Using production function to plug in for k

r = αA1/αy (α−1)/α
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WHY DOESN’T CAPITAL FLOW TO POOR COUNTRIES?

Taking a ratio of this equation for India vs. US:

r India

rUS =

(
y India

yUS

)(α−1)/α

Suppose

α = 0.4 and
y India

yUS =
1

15

Then we have that
r India

rUS = 151.5 = 58

Marginal product of capital in India is 58 times higher than in the U.S.
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WHY DOESN’T CAPITAL FLOW TO POOR COUNTRIES?

If the MPK is 58 times higher in India than U.S., why doesn’t more

capital flow to poor countries?

Maybe because MPK is not 58 times higher in India

(and since Lucas’ paper was published, India has grown a lot)

Calculation assumes India and U.S. have same productivity

Development accounting suggests this is not the case
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MARGINAL PRODUCT OF CAPITAL

Let’s combine

r = αAkα−1 and y = Akα

to eliminate A:

r = α

(
k
y

)−1

Hall-Jones 99 results have India’s k/y at 50% of U.S. level

Implies MPK is twice as high in India

(Jones 16 results don’t imply this. But let’s ignore that for now.)

Significant focus of literature in 1990s (see, e.g., Mankiw 95)
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NAIVE MARGINAL PRODUCT OF CAPITAL
214	 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS� JANUARY 2010

Ij and Yj denote the value of investment goods and output, respectively, in country j 
valued at a common set of international (PPP) prices.4 PI, j and PY, j are the domestic 
prices investment and output, respectively, in country j, relative to the international 
prices of investment and output. Figure 2, taken from Hsieh and Klenow (2007), 
shows that in 1996 there was no tendency for richer countries to invest a higher frac-
tion of their GDP at domestic prices. Foreign capital inflows (including official aid) 
must have fully offset low domestic savings in poorer countries. Thus, the key to 
understanding the low PPP investment rates in poor countries is to understand their 
high domestic relative price of investment (compared to the international relative 
price of investment).

A corollary to Figure 2 is that the marginal product of capital looks higher in 
poor countries at international prices, but not at domestic prices. Caselli and James 
Feyrer (2007) make this point, and further adjust the marginal product of reproduc-
ible capital (equipment and structures that go into K) by subtracting payments to 
nonreproducible capital (land, minerals). In their definitions,

	 Naïve MPKj   =    ​ 
αj Yj

 ____ 
Kj

 ​   Corrected MPK   ≡    ​ 
αj PY ,   j Yj  −  rentsj

  ____________  
PK, j Kj

 ​  .

4 PPP prices are a weighted average of prices in different countries (Heston, Summers, and Aten 2002).
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CASELLI AND FEYRER (2007)

Make two adjustments to naive MPK calculation:

1. Adjust for non-reproducable capital (land and natural resources)

2. Adjust for high price of capital relative to consumption in poor countries
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CASELLI AND FEYRER (2007)

Naive marginal product of capital:

MPK = α
Y
K

where α is capital share of income

Usual way to measure capital share of income:

One minus labor share of income

But that includes income to non-reproducable capital

(land and natural resources)

While K is only reproducable capital

(constructed from perpetual inventory method)
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CASELLI AND FEYRER (2007)

So naive:

MPK = α
Y
K

yields an estimate of MPK that is too high

This bias is bigger for poor countries since non-reproducable capital

is a larger share of capital in poor countries

Makes MPK look higher for poor countries

Counterpoint: Existence of land and natural resources my raise MPK

if these resources are under-exploited.
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LAND AND NATURAL RESOURCES

reproducible capital is much higher in the weighted means, with
almost 70 percent of total capital.

Other data sources provide opportunities for checking the
broad reliability of these data. For the United States, the OMB
published an accounting of land and reproducible wealth (but
not other natural resources) over time (Office of Management
and Budget [2005]). They find that the proportion of land in
total capital varies between 20 and 26 percent between 1960
and 2003, with no clear trend to the data. This range is con-
sistent with the World Bank estimate of 26 percent (when, for
comparability with the OMB estimates, one excludes natural
resources other than land). Another check is from the sectorial
dataset on land and capital shares constructed by Caselli and
Coleman [2001]. Our approach to estimate the reproducible
capital share in GDP implies a land share in GDP in the United
States of 8 percent. According to Caselli and Coleman, in the
United States the land share in agricultural output is about 20
percent, and the land share in nonagriculture is about 6 per-
cent. Since the share of nonagriculture in GDP is in the order
of 97 percent, these authors’ overall estimate of the land share
in the United States is very close to ours.

There are a number of studies from the 60s and 70s that
perform similar exercises on a variety of countries. Goldsmith
[1985] collects some of these. He finds land shares in total
capital in 1978 that average about 20 percent across a group of
mostly rich countries. With the exception of Japan at 51 per-

TABLE I
PROPORTION OF DIFFERENT TYPES OF WEALTH IN TOTAL WEALTH IN 2000

Variable Mean St dev Median
Weighted

mean*
Corr w/

log(GDP)**

Subsoil resources 10.5 16.4 1.5 7.0 �0.13
Timber 1.7 2.6 0.8 0.9 �0.34
Other forest 2.2 5.4 1.1 0.3 �0.49
Cropland 11.4 15.2 5.1 3.2 �0.73
Pasture 4.5 5.4 2.7 1.9 �0.00
Protected areas 1.9 2.5 0.3 1.4 0.01
Urban land 13.1 4.6 13.5 16.5 0.70
Reproducible capital 54.8 19.2 56.3 68.6 0.70

* Weighted by the total value of the capital stock.
** GDP is per worker.
Source: Authors calculations using data from World Bank [2006].
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PRICE OF CAPITAL RELATIVE TO OUTPUT

In “one-good” model, price of capital is the same as the price output

In reality, this is not necessarily the case

Recognizing this, return to capital is

Py (t)MPK (t) + Pk (t + 1)(1 − δ)

Pk (t)

Ignoring capital gains, frictionless international capital markets imply

Py MPK
Pk

= R∗ − (1 − δ)

This is what should be equal across countries
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PRICE OF CAPITAL RELATIVE TO OUTPUT

Earlier estimate:

MPK = α
Y
K

Adjusted estimate:
Py MPK

Pk
= α

Py Y
Pk K
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PRICE OF OUTPUT RELATIVE TO CAPITAL
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EQUIPMENT PRICES ACROSS COUNTRIES
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US price) against relative income across countries in 1996. The price of equipment 
varies more among poor countries, but appears no higher in poor countries on aver-
age. Any import barriers seem to be offset by lower mark-ups or lower local distribu-
tion costs.6

If investment is not particularly expensive in poor countries, then consumption 
must be cheap. Figure 6, also from Hsieh and Klenow (2007), confirms that PPP 
consumption prices are lower in poor than rich countries. As an explanation, we pro-
posed that poor countries have lower TFP in producing investment goods (relative to 
consumption goods). This relative TFP explanation can simultaneously rationalize 
why poor countries have lower PPP investment rates, similar domestic price invest-
ment rates, similar investment good prices (at least for tradable investment), and 
lower consumption good prices. The upshot is that relative TFP can exert a powerful 
indirect effect on income differences through its impact on capital accumulation.

III.  Why Does Human Capital Vary?

Figure 7 combines Penn World Table 6.1 incomes with Barro and Lee (2000) data 
on educational attainment. Average schooling attainment ranges from about 3 years 
in the poorest countries to about 12 years in the richest countries. Earlier, we dwelled 

6 An important caveat regards data quality. PPP prices are supposed to be quality-adjusted prices. Eaton and 
Kortum (2001) suggest this might not be the case, given that many developing countries produce some equipment 
but rarely export it, as if it is not competitively priced for the global market.
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Figures 3 and 4 use data from Caselli and Feyrer (2007) on the marginal product of 
capital in 52 countries in 1996. In Figure 3, naïve marginal products hover around 
10 percent in the OECD countries, and range from 15 percent to almost 50 percent 
in poorer countries. So it looks as though capital flows fail to equalize marginal 
products. It is as if risk or implicit tax payments mandate higher marginal products    
in poorer economies.

Figure 4 displays marginal products for the same 52 countries, only corrected 
for local differences in the price of capital, relative to output, and for payments to 
nonreproducible capital. Strikingly, marginal products now appear lower in most 
countries outside the OECD. Figure 4 suggests that rates of return are far more 
equalized than previously imagined. This is because the price of investment relative 
to output is higher in poor countries, and a higher fraction of capital income goes to 
nonreproducible capital in poor countries (e.g., in land-intensive agriculture).

The relative price adjustment conjures a second hypothesis for low PPP invest-
ment rates in developing countries—expensive investment goods relative to rich 
countries.5 Jonathan Eaton and Samuel Kortum (2001) establish that most devel-
oping countries import most of their equipment, so transportation costs and trade 
barriers (tariffs and nontariff barriers alike) might make investment more expensive 
in poor countries. Hsieh and Klenow (2007) show that this is not the case if one 
compares Penn World Table prices of investment goods across countries. Figure 5, 
taken from Hsieh and Klenow (2007), plots the price of equipment (relative to the 

5 The high relative price of investment in poor countries has been well known since at least Barro (1991).
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CASELLI AND FEYRER (2007)

Conclusion:

“There is no prima facie support for the view that international credit

frictions play a major role in preventing capital flows from rich to poor

countries”

Low K/L in poor countries due to:

low endowments of complementary factors to capital

low efficiency (TFP)

Capital may be misallocated within country. Misallocation literature

following Hsieh and Klenow (2009)
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GERDING, HENRIKSEN, SIMONOVSKA (2023)

Caselli-Feyrer results special to 1996

Analyze average over 70 years (1950-2019)

Find MPK is higher in poor countries
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MARGINAL PRODUCT OF CAPITAL

robustness, we consider measures of returns that relax the assumption of freely-traded capital
goods and rely on country-specific prices of investment and consumption. Our approach to
measuring the relevant relative prices in terms of consumption goods follows closely that of
Gomme et al. (2011).5
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Figure 1: The Returns to Capital

Table 1: Summary Statistics of the Returns to Capital
Observations mean sd min max

Returns, r 179 10.971 9.978 1.071 56.538
βy constant R2

-4.023*** 50.45*** 0.165
(0.68) (6.71)

Notes: Table reports the summary statistics of the benchmark measure of returns to capital based
on U.S. prices for the entire sample of countries, excluding Rwanda, and the results of a linear
regression of the benchmark measure of returns against income per worker. Data Source: PWT,
1950-2019. standard errors statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

Figure 1 illustrates the first stylized fact across the full set of 180 countries in our sample.6

It plots the mean (net) return to capital, in percent, for each country over all available years
for that country, denoted by r, where returns are computed year by year using expression
(2), against the mean (log) level of income per worker over the same period, denoted by y.
Capital returns differ significantly around the world and despite a good deal of noise, there is a
systematic relationship between returns and income—specifically, returns are generally higher

5Based on an earlier version of our paper, PWT 10.0 derives and reports estimates of the return to capital
under the variable IRR.

6For visual purposes, we exclude an obvious outlier Rwanda, whose return to capital is 82%, but all results
are robust to including it.

11

Source: Gerding, Henriksen, Simonovska (2023). Adjusts for relative price of output
but not for non-reproducable capital.
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MARGINAL PRODUCT OF CAPITAL

Table 13: Income and Returns to Capital, Various Measures
(1) (2) (3) (4) (5) (6) (7) (8)
r rPj rαj rb

αj
rαj ,Pj rαjr rb

αjr
rαjr,Pj

ln y -1.782*** -0.806** -1.443* -1.37∗∗∗ -0.932* -1.856*** -1.234∗∗∗ -0.617*
(0.4) (0.24) (0.62) (0.42) (0.56) (0.51) (0.45) (0.38)

con 26.72*** 14.73*** 26.87*** 21.03∗∗∗ 20.04*** 30.05*** 20.28*** 14.75***
(4) (2.41) (6.21) (4.23) (5.61) (5.18) (4.48) (3.85)

r2 0.122 0.072 0.055 0.101 0.026 0.115 0.07 0.0245
N 143 143 95 95 107 105 105 107

Notes: Table reports the results of linear regressions of alternative measures of
returns to capital on income per worker. r is the benchmark measure of returns
under the assumption of price equalization of investment goods and uses the U.S.
price of investment for all countries. rPj uses country-specific prices of investment,
consumption and output. rαj uses country-specific labor shares. rαj ,Pj makes both
of the last two adjustments. rαjr adjusts labor shares for the share of natural
resources. rαjr,Pj makes both natural resource and price adjustment. Data is
truncated at the 10th and 90th percentile, and all observations of returns above
25% are dropped. Data Source: PWT, 1950-2019. Natural resource data source:
WDI, 1970-2019. standard errors statistics in parentheses. * p < 0.10, ** p < 0.05,
*** p < 0.01

Column (4) in Table 13 shows that for these 95 countries, the elasticity of benchmark returns
with respect to income is -1.37 and highly statistically significant. So, in fact, when we con-
sider country-specific labor shares in column (3), the estimated elasticity is even more negative,
which implies that poorer countries have lower labor shares than richer ones, as reported by
Harrison et al. (2022). Finally, when we combine the country-specific prices and labor shares,
the mean level of returns is similar to our benchmark due to the two opposing forces described
above, and the relationship between returns and income remains negative, but weaker.19

A similar picture emerges when we further adjust the capital shares for natural resources
in order to arrive at a measure of returns to non-reproducible capital as in CF. Mean returns
are quite high at 11.23% compared to our benchmark measure for the same 105 countries of
7.93%. Recall that this measure of returns is only computed post 1970 since natural resource
share data become available then, but the shorter time span does not seem to influence the
results much since the benchmark means are similar in the fourth and seventh rows of Table 12.
The elasticity of returns with respect to per-capita income is -1.856 with the natural resource
adjustment compared to -1.234 for the same sample of countries with the benchmark measure
reported in row (7) of Table 13, which once again reflects the fact that poorer countries have

19The sample size increases relative to the case of country-specific labor shares because returns are lower
across the board and fewer countries are above the 25% cut-off.

47

Source: Gerding, Henriksen, Simonovska (2023).
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MARGINAL PRODUCT OF CAPITAL IN 1996

lower labor shares. Finally, combining country-specific prices and labor shares, adjusted for
natural resources, yields lower mean returns due to the price adjustment and weaker, but still
statistically significant, negative relationship between returns and income. It is this last finding
that stands in sharp contrast to the findings in CF that the relationship between returns and
income reverses once the price and natural resource adjustment is made.

Table 14: Income and Returns to Capital, Year 1996
(1) (2) (3) (4) (5) (6)
PUS Pj αj αj, Pj αjr αjr, Pj

ln_y -1.601*** 1.050*** -1.495** 2.022*** -1.424*** 2.485***
(0.32) (0.40) (0.58) (0.56) (0.50) (0.54)

_cons 20.83*** -6.999* 24.47*** -13.07** 21.82*** -19.09***
(3.19) (3.97) (5.87) (5.65) (5.04) (5.42)

r2 0.151 0.0471 0.0587 0.109 0.0746 0.173
N 142 142 108 108 104 104

Notes: Table reports the results of linear regressions of alternative measures of
returns to capital on income per capita for the set of countries data is available
in the year 1996. Data is truncated at the 10th and 90th percentile, and all
observations of returns above 25% are dropped. Data Source: PWT. standard
errors statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

Why are returns to capital systematically lower in poor countries in our analysis while CF
find no systematic, and in fact sometimes inverse, relationship between returns and income?
The answer is simple: CF examine returns in a single year, 1996, while we consider a 70-
year period for a somewhat more comprehensive set of countries.20 Table 14 summarizes the
estimates of the elasticity of returns to capital with respect to income for year 1996 using the
same measures of returns as described above and following the same truncation rules.21 The
estimates that correspond most closely to CF are in columns (3)-(6). Like CF, we find that
adjusting the capital share to reflect reproducible capital weakens the relationship between
returns and income, while adding a price adjustment reverses it and yields higher returns for
richer countries in year 1996. In fact, we even obtain a reversal of returns between rich and
poor countries when we make the price adjustment but before we make the reproducible capital

20We should note that one important reason why CF may have chosen to work with year 1996 is because the
prices in the PWT 6.1 version that they use correspond to 1996—the benchmark year in PWT 6.1. Prices in
PWT are obtained from the International Comparison Program (ICP), which collects prices of narrowly-defined
and comparable consumer and capital goods across retail locations in a given year. The prices used outside of
the benchmark years are interpolated, so they should be interpreted with caution. As noted earlier, we rely on
an entirely different version of the PWT—10.0, where the price data were collected in year 2017.

21The results are qualitatively similar if we do not truncate the data, so the findings are not driven by outliers
in either our analysis or CF’s.

48

Source: Gerding, Henriksen, Simonovska (2023). Pj denotes country-specific price of investment.
αjr denotes adjustment for non-reproducable capital.
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HUMAN CAPITAL: EVIDENCE FROM MIGRATION

Measure of human capital in standard development accounting

very crude (average years of schooling from Barro-Lee 13 times

estimate of returns to schooling)

How can we do better?

How about looking at wage gains of migrants?

Migrant wage gains a measure of country component of

income differences

Residual due to human capital
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HENDRICKS AND SCHOELLMAN (2018)

Production function in per worker terms:

yc =

(
Kc

Yc

) α
1−α

Achc

Country component:

zc =

(
Kc

Yc

) α
1−α

Ac

Take logs:

log yc = log zc + log hc

Subtract one country from another and divide by income difference:

1 =
log zc − log zc′

log yc − log yc′
+

log hc − log hc′

log yc − log yc′
= sharecountry + sharehuman capital
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HUMAN CAPITAL: EVIDENCE FROM MIGRATION

Two problems with evidence on migrants:

Migrants are highly selected

Human capital transfers imperfectly across countries

Data on pre- and post-migration wages of migrants addresses selection

Trickier to address transferability of human capital

(e.g., accreditation, licensure, discrimination)
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HUMAN CAPITAL’S ROLE IN INCOME DIFFERENCES

Suppose labor is homogeneous and labor markets are competitive

Then firms solve

maxHc K
α
c (AcHc)

1−α − ωcHc

where ωc is the wage per unit of human capital

This yields ωc = (1 − α)zc and

logwi,c = log[(1 − α)zc ] + log hi

where wi,c is the wage of a worker with human capital level hi

For migrants (assuming hi is transferable) we have

logwi,US − logwi,c

log yUS − log yc
=

log zUS − log zc

log yUS − log yc
= sharecountry
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HENDRICKS AND SCHOELLMAN (2018): DATA

HUMAN CAPITAL AND DEVELOPMENT ACCOUNTING 677

TABLE I
MOST SAMPLED COUNTRIES BY SAMPLE AND SUBSAMPLE

Country group Most sampled countries N

Panel A: NIS sample by GDP per worker category
(relative to United States)

< 1
16 Ethiopia, Nigeria, Vietnam 281

1
16 − 1

8 India, Philippines, China 617
1
8 − 1

4 Dominican Rep., Ukraine, El Salvador 436
1
4 − 1

2 Mexico, Poland, Russia 263
1
2 − 1 Canada, United Kingdom, Korea 409

Panel B: MP sample by subsample

Mexican MP Mexico 1,910
Latin American MP Dominican Rep., El Salvador, Nicaragua 224

Note. Lists the three most common birth countries and sample size for immigrants from the respective
subgroup of the NIS or MP samples.

by each of our sample restrictions. There we also compare the
baseline sample to samples of immigrants who have only pre- or
postmigration wages and show that they do not differ greatly on
observed characteristics. We also compare the NIS to the sample
of immigrants in the American Community Survey, a standard
data set used in the literature.

Recall that our goal is to compare the log-wage change at mi-
gration to the log difference in GDP per worker in 2005 from PWT
7.1. Confidentiality restrictions prevent us from reporting statis-
tics by country of origin in all but a few cases. For this reason,
our baseline approach is to report statistics for five income cate-
gories, constructed on the basis of PPP GDP per worker relative
to the United States: less than 1

16 , 1
16 – 1

8 , 1
8 – 1

4 , 1
4 – 1

2 , and 1
2 –1 (we

exclude the few immigrants from countries richer than the United
States). Panel A of Table I lists the three countries with the most
observations within each category.

III.A. Migration Projects

Although the NIS data are ideal for our purposes in most
respects, they do have one limitation: they are confined to law-
ful permanent residents. The vast majority of these immigrants
entered the country through legal channels. As we document be-
low, this sample turns out to be highly selected on a wide variety
of dimensions, including premigration education, occupation, and
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Source: Hendricks and Schoellman (2018). NIS is New Immigrant Survey (green card holders)
MP are Mexican and Latin American Migration Projects. NIS is early 2000s.
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WAGE GAINS AT MIGRATION
HUMAN CAPITAL AND DEVELOPMENT ACCOUNTING 679

(A) (B)

(C) (D)

FIGURE I

Wages, Wage Gains, and GDP per worker

ples, with the exact figures given in Table II. Histograms of the
underlying distributions of premigration wages, postmigration
wages, and the wage gains at migration are available in the On-
line Appendix. Both pre- and postmigration wages are positively
correlated with development, although the trend is not strong and
Mexico stands as an obvious outlier. Most striking are the high
levels of premigration wages for immigrants from poor countries:
the PPP-adjusted hourly wage is $2.82 even for immigrants from
the very poorest countries.

A key statistic for our approach is the wage gain at migra-
tion, which we compute for each individual as the log of the ratio
of postmigration to premigration wages. We average this statistic
by GDP per worker category and plot the exponentiated results
in Figure I, Panels B and D for the NIS and MP samples, with
the exact figures given in Table II. The average immigrant has a
substantial wage gain at migration. The wage gain is negatively
correlated with development, as one would expect; immigrants
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Source: Hendricks and Schoellman (2018).
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HUMAN CAPITAL SHARE
680 QUARTERLY JOURNAL OF ECONOMICS

TABLE II
IMPLIED HUMAN CAPITAL SHARE IN DEVELOPMENT ACCOUNTING

Hourly wage Development accounting

Premig. Postmig. Wage GDP h 95% C.I.
Group gain gap share

Panel A: NIS sample by GDP per worker category

< 1
16 $2.82 $8.91 3.2 31.8 0.66 (0.60, 0.73)

1
16 − 1

8 $4.19 $11.83 2.8 11.9 0.58 (0.54, 0.62)
1
8 − 1

4 $4.95 $9.48 1.9 5.6 0.63 (0.55, 0.71)
1
4 − 1

2 $5.05 $9.11 1.8 3.0 0.48 (0.34, 0.62)
1
2 − 1 $12.64 $15.18 1.2 1.3 0.48 (−0.23, 1.19)

Panel B: MP sample by subsample

Latin American MP $4.84 $7.05 1.5 7.0 0.79 (0.71, 0.87)
Mexican MP $2.96 $6.04 2.0 2.9 0.33 (0.29, 0.37)

Notes. Each row shows results for immigrants from the respective subgroup of the NIS or MP samples.
Columns show the categories; the mean hourly pre- and postmigration wages, reported in 2003 U.S. dollars;
the wage gain at migration; the average gap in GDP per worker, relative to United States; the implied human
capital share; and the corresponding 95% confidence interval.

from the poorest countries gain by a factor of 3.2, while immi-
grants from the richest gain by a factor of 1.3. Mexico is again a
clear outlier with larger wage gains of 2.0. The gains for immi-
grants from poor countries are quite small relative to the gap in
GDP per worker, suggesting that the country component plays a
small role in development accounting. We formalize this idea in
the next subsection.

IV.A. Accounting Implications

Recall from equation (4) that our measure of the importance
of human capital is 1 minus the log-wage change at migration
relative to the log-GDP per worker gap. We construct the implied
share for every immigrant in our sample. We then compute the
mean of the share within each subsample for the NIS or the MP.
The resulting estimates and 95% confidence intervals are given
in Table II.7

7. We find very similar results if we use instead the median of the implied
human capital shares, or if we first compute mean log-wage changes at migration
and mean log-GDP per worker gaps and then construct the implied human capital
share. Our confidence intervals are constructed using a normal approximation,
but bootstrapped confidence intervals are very similar.
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HUMAN CAPITAL TRANSFERABILITY
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TABLE VII
OCCUPATIONAL CHANGES AT MIGRATION

Occupational switch (%)
GDP Mean change
category Lower-paying Same occupation Higher-paying (%)

< 1
16 68 9 23 −17

1
16 – 1

8 61 16 22 −15
1
8 – 1

4 67 6 26 −16
1
4 – 1

2 60 10 30 −13

> 1
2 49 25 26 0

Notes. Columns show the fraction of immigrants who switched to a lower-paying job, stayed at the same
job, or switched to a higher-paying job at migration, as well as the average change in job pay at migration,
where average pay is measured using the mean wage of natives. Rows show those results for different PPP
GDP per worker groups. All results constructed from the NIS sample.

new occupations; if we aggregate to broad occupation groups, still
only 15–41% of immigrants work in the same broad occupation
group after migrating.

A change in occupation does not indicate whether the new
occupation is better or worse than the old occupation. As a proxy
for the “quality” of an occupation, we construct the mean wage
of natives employed in the occupation from the 2004 ACS. We
merge this mean wage by occupation with both the pre- and post-
migration occupations of immigrants in the NIS. This procedure
provides us with a quantitative ranking of each immigrant’s pre-
and postmigration occupation and hence a measure of the extent
to which an immigrant’s new job is better or worse than his or
her old one. For example, take an immigrant who worked as a
physician in his or her birth country but works as a taxi driver in
the United States. Based on the observation that the mean wage
of taxi drivers in the United States is $9.58 while the mean wage
of physicians is $37.11, we would infer that the immigrant’s occu-
pational switch involved a downgrade. The extent of the change
in mean wages (74%) provides a metric to suggest that the occu-
pational downgrading was significant.

The remaining columns of Table VII show a sense of the dis-
tribution and average change in occupation at arrival. Roughly
two-thirds of immigrants move to a lower-paying job after
migrating, while only one-quarter move to a higher-paying job,
except for the highest GDP per worker group. The mean change
in occupation quality (again, judged by mean native wage) is
a loss of 13%–17% upon migration. Only immigrants from the
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HUMAN CAPITAL TRANSFERABILITY

696 QUARTERLY JOURNAL OF ECONOMICS

TABLE VIII
DEVELOPMENT ACCOUNTING AND SKILL TRANSFER

Robustness check Human capital share 95% C.I.

Baseline 0.62 (0.58, 0.65)
Employment visa 0.56 (0.50, 0.62)
Job offer before migrating 0.45 (0.36, 0.55)
Same narrow occupation 0.56 (0.48, 0.64)
English at work 0.59 (0.54, 0.63)
Skill transfer: mean wage 0.55 (0.52, 0.59)

Notes. Each column shows the implied human capital share in development accounting (1 minus the wage
gain at migration relative to the GDP per worker gap) and the 95% confidence interval. Each row shows the
result from constructing these statistics for a different sample or using different measures of postmigration
wages. All results constructed from the NIS sample.

occupation before and after migrating, and those who speak
English at work. The implied development accounting results
for these subsamples are shown along with the baseline in
Table VIII. While human capital accounts for 62% of cross-country
income differences in the baseline, it accounts for 45%–59% when
focusing on these subsamples.

As a second check, we consider imputing to immigrants a
higher wage if they experienced occupational downgrading. This
step is logical if the main reason for occupational downgrading is
an artificial barrier such as licensure rather than a lack of skills
among immigrants. By increasing the postmigration wage of im-
migrants, we also increase the implied wage gains at migration
and lower the implied human capital share for development ac-
counting. We implement this idea by adding to each downgraded
immigrant’s wage the gap in mean native wages between his or
her pre- and postmigration occupations. For example, take an im-
migrant who reports having been a doctor before arriving in the
United States, but who is now a taxi driver earning $8 an hour.
We would add to this wage the difference between the mean na-
tive wage of doctors and taxi drivers, which is $27.53, resulting
in a total wage of $35.53. The resulting adjustment is substan-
tial, increasing the mean postmigration wage of immigrants by
14%. We then recompute wage gains at migration and the human
capital share in development accounting. The results are reported
in the last row of Table VIII. We find that human capital in this
case would still account for more than half of cross-country income
differences.
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AGRICULTURE AND DEVELOPMENT

A classic view is that development is about reallocation out of

agriculture into “modern” sectors

(Rosenstein-Rodin 43, Nurkse 53, Lewis 55, Rostow 60)

Most people work in agriculture in poor countries

Productivity is low in agriculture, especially in poor countries

(Lewis 55, Kuznets 71)
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IMPORTANCE OF AGRICULTURE

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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AGRICULTURE AND DEVELOPMENT: TWO VIEWS

1. Unproductive urban sector is the problem

Urban sector can’t absorb labor

Unproductive or can’t grow fast enough

People in country-side are “army of surplus labor”

This is – I think – the more common view

2. Unproductive agricultural sector is the problem

Labor needed to produce food (“food problem”)

Agricultural sector can’t shed labor

Timmer (1988), Gollin, Parente, Rogerson (2002, 2007)

Not clear which of these stories is more important
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A TWO SECTOR MODEL

Perfect labor mobility across sectors

Competitive labor markets

Production functions:

Ya = AaLθ
aK 1−θ

a Yn = AnLθ
nK 1−θ

n

Price of non-ag good is numeraire

Price of ag good is pa

(See Gollin, Lagakos, and Waugh (2014) for more details)
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A TWO SECTOR MODEL

Labor mobility implies common wage w

Labor demand in each sector:

paθ
Ya

La
= w θ

Yn

Ln
= w

Combining these implies

paYa/La

Yn/Ln
=

VAa/La

VAn/Ln
= 1

Value added per worker should be the same in both sectors

VAa

La
=

VAn

Ln

True whether growth bottleneck is low Aa or low An
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AGRICULTURAL PRODUCTIVITY GAPAgriculture Sector Across Countries
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AGRICULTURAL PRODUCTIVITY GAP

Employment share in agriculture is larger than value added share

Particularly so in poor countries

Agricultural productivity gap:

APG =
VAn/Ln

VAa/La

Frictionless model implies APG = 1
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RAW AGRICULTURAL PRODUCTIVITY GAP

using the International Standard Industrial Classification
System (ISIC). In all cases, these data are expressed in current-
year local currency units.5

2. Raw Agricultural Productivity Gaps. Table I reports sum-
mary statistics for the raw APGs for all 151 countries and broken
down by quartile of the income distribution. We refer to these as
raw APGs because, unlike the calculations that follow, they do
not incorporate any adjustments (e.g., for hours worked). The
first data column describes the APG distribution for the entire
sample of 151 countries. Across all countries, the mean APG is 3.5
and the median is 2.6, implying that value added per worker is
roughly three times higher in nonagriculture than in agriculture.
Moreover, the gaps are large for some countries: at the 90th per-
centile of the distribution, the gap is 6.8. These gaps are consist-
ent with the results of Young (2013), who finds urban-rural
consumption gaps of around four for a set of developing countries.

The remaining columns of Table I list the APGs by quartile
of the distribution of 2005 purchasing power parity (PPP)

TABLE I

RAW AGRICULTURAL PRODUCTIVITY GAPS

Quartile of income distribution

All countries Q1 Q2 Q3 Q4

10th percentile 1.3 1.0 1.3 1.0 1.2
Median 2.6 1.7 2.7 2.8 4.3
Mean 3.5 2.0 3.2 3.4 5.6
90th percentile 6.8 4.0 6.6 7.1 12.5
Number of countries 151 38 38 38 37

Note: Income quartiles are determined using 2005 PPP GDP per capita. Q1 is the richest quartile and
Q4 is the poorest quartile. The raw agricultural productivity gaps are defined as the ratio of value added
per worker in the nonagricultural sector to value added per worker in the agricultural sector, without any
adjustments to the underlying value added or employment data.

5. An alternative would be to use a single set of international comparison
prices to value the agricultural output of each country. This would be relevant if
we were making comparisons of real (i.e., physical) agricultural output per worker
across countries, as in Caselli (2005), Restuccia, Yang, and Zhu (2008), Vollrath
(2009), or Lagakos and Waugh (2013). In the current article, however, we are inter-
ested in comparing the value of output produced per worker across sectors within
each country.

AGRICULTURAL PRODUCTIVITY GAP 951
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AGRICULTURAL PRODUCTIVITY GAP

Frictionless model implies APG = 1

In practice, APG = 3.5 and even larger in poor countries

Suggests large misallocation of labor across sectors
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IS IT REAL OR MISMEASUREMENT?

Agricultural workers may work fewer hours (lean season)

Rural people may be misclassified as agricultural workers

Agricultural output may be undermeasured due to home production

Agricultural workers may have less human capital
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GOLLIN, LAGAKOS, WAUGH (2014)

Gather database of population censuses and household surveys

to better measure agricultural productivity gap

Sector level data on:

Average hours worked

Average years of schooling

Findings:

Non-ag workers work modestly more hours than ag workers

Average schooling higher in non-ag

Can explain about 1/3 of agricultural productivity gap
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SECTORAL HUMAN CAPITAL DIFFERENCESector Differences in Schooling
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ADJUSTED AGRICULTURAL PRODUCTIVITY GAP

reduced the gap by roughly one third, from around 3 down to
around 2.

The final four columns of Table III report the adjusted APGs
by quartile of the PPP GDP per capita distribution. Comparing
these results to those in Table I shows that our adjustments had a
relatively larger impact for the least developed countries. For
example, both the median and mean gap decreased by nearly
50% for those countries in the bottom quartile. In contrast, the
median and mean gap decreased by about 15% for those countries
in the top quartile. A result of the relatively larger reduction in
APGs for poor countries is that there is a substantially weaker
relationship between the adjusted APGs and level of develop-
ment. A regression of the log adjusted APGs on log GDP per
capita yields a slope coefficient of �0.14 and is precisely esti-
mated. For comparison, without the adjustments, the slope coef-
ficient is nearly twice as large, at �0.26.

As can be seen in Table III, even after adjustments for hours
and human capital, the agricultural productivity gaps are still
large in most countries, and particularly so in the developing coun-
tries. In the richest quartile of countries (Q1), the average gap is
1.7 while the median gap is 1.4. For the middle-income groups,
mean and median gaps are in the ballpark of 2.0. For the poorest
quartile (Q4), the median is 2.3 and the mean gap is 3.0.

We also compute a set of adjusted APGs for all 151 countries.
For any country in which hours or schooling data are missing, we
impute them as the average values of those of other countries in

TABLE III

AGRICULTURAL PRODUCTIVITY GAPS AND ALL ADJUSTMENTS

All adjustments by quartile

Measure Raw APG
All

adjustments Q1 Q2 Q3 Q4

10th Percentile 1.3 1.0 0.8 1.2 0.7 1.3
Median 3.1 1.9 1.4 2.0 2.1 2.3
Mean 3.5 2.2 1.7 2.1 1.9 3.0
90th percentile 6.4 4.3 3.3 2.8 4.3 5.6
Number of countries 72 72 18 16 18 20

Note: Income quartiles are determined using 2005 PPP GDP per capita. Q1 is the richest quartile and
Q4 is the poorest quartile. The raw APG is defined as the ratio of value added per worker in the non-
agricultural sector to value added per worker in the agricultural sector, without any adjustments to the
underlying value added or employment data. The adjusted APG is defined as the the ratio of value added
per worker in the nonagricultural sector to value added per worker in the agricultural sector after ad-
justing for average hours worked per worker and average human capital per worker.
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GOLLIN, LAGAKOS, WAUGH (2014)

Construct alternative measures of value added by sector

using household surveys for 10 developing countries

Measures output whether sold or consumed at home

Result: Sectoral differences similar to NIPA data

Mismeasurement of value added not likely to explain APG
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ADJUSTED AGRICULTURAL PRODUCTIVITY GAP

micro APG is 2.2, with countries such as Cote d’Ivoire, Pakistan,
Guatemala, and Panama having the largest APGs. For compari-
son, the second to the last column reports the macro APGs, which
use the macro value added shares and the micro employment
shares. The average APG from the macro data is 2.6, and for
the most part the same countries having the largest gaps in the
micro data are those with the largest gaps in the macro data.
Thus, both sets of data suggest large APGs, albeit with somewhat
smaller gaps computed from the micro data.

We conclude that, in spite of the differences in data and
methodology between our calculations and those of the national
accounts, the two measures provide surprisingly similar esti-
mates of the size of the APGs in these developing countries.
Although countries may differ in the size of the employment
and value added shares of agriculture, there are no countries
for which micro and macro sources paint a substantially different
picture of agriculture’s share in aggregate value added.13 Thus, at

TABLE IV

MICRO AND MACRO DATA AND AGRICULTURAL PRODUCTIVITY GAPS

Agriculture share of

Employment Value added APG

Micro Macro Micro Macro Micro

Armenia (1996) 34.2 36.8 32.8 0.9 1.1
Bulgaria (2003) 14.1 11.7 18.4 1.2 0.7
Cote d’Ivoire (1988) 74.3 32.0 42.1 4.7 4.0
Ghana (1998) 53.9 36.0 33.3 2.2 2.3
Guatemala (2000) 40.2 15.1 18.7 3.8 2.9
Kyrgyz Republic (1998) 56.9 39.5 39.3 2.0 2.0
Pakistan (2001) 46.9 25.8 22.6 2.5 3.0
Panama (2003) 27.0 7.8 11.8 4.4 2.7
South Africa (1993) 11.0 5.0 7.0 2.3 1.7
Tajikistan (2009) 41.0 24.7 30.1 2.1 1.6
Average 40.0 23.4 25.6 2.6 2.2

Note: ‘‘Micro’’ means calculated using LSMS household survey data. ‘‘Macro’’ means calculated using
national accounts data. APGs are calculated using the shares of value added from micro and macro data,
and the shares of employment from micro data.

13. One potential explanation for the similarity of the micro and macro num-
bers is that the underlying data sources are in fact the same or similar. In Tanzania,
for example, the value added of agriculture is based largely on an extensive survey
of rural households called the Agricultural Sample Census, combined with a second
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AGRICULTURE AND DEVELOPMENT

Poor countries employ most of their workers in a sector in which

they are particularly unproductive (it seems)

Why this apparent deviation from comparative advantage?

Young (2013) and Hamory-Kleemans-Li-Miguel (2021) argue

difference is due to selective migration of high skill workers

Munshi and Rosenzweig (2016) argue for trade-off between higher

earnings in the city and access to caste-based insurance in the village

in India
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IS APG DRIVEN BY SELECTION?Hamory, Kleemans, Li, and Miguel Reevaluating Agricultural Productivity Gaps 1525

FIGURE 1. Productivity gap in total earnings. GLW refers to estimates from Gollin, Lagakos, and
Waugh (2014), Online Appendix Table A.4. For comparability, the figure reports log transformed
numbers from their columns (4) and (5) for Indonesia and Kenya, respectively. Symbols here represent
point estimates, and vertical lines represent 95% confidence intervals. Panel A estimates from the
IFLS come from Table 4, panel A: “Raw” is the mean difference estimate from column (1); “Adjusted”
is the regression adjusted mean difference estimate from column (3); “FE, earnings” is the fixed-
effects regression estimate of log earnings with hours controls in column (7); and “FE, wages” is the
fixed-effects regression estimate of wages from column (8). Corresponding estimates from the KLPS
come from Table 4, panel B. Estimates in panels C and D come from the same columns in Table 5,
panels A and B, respectively. Note that the confidence intervals for the estimates from the IFLS are
smaller than the size of the symbols and are therefore not visible.

gaps are also reduced substantially, to 4 log points in Indonesia and 22 log points in
Kenya. The estimated gaps in GLW—as well as our estimated gaps obtained either
without controlling for education and cognitive ability or including fixed effects—are
an order of magnitude larger. Mirroring our results, Alvarez (2020) finds that wage
gaps between agricultural and non-agricultural formal sector Brazilian workers are
primarily due to differences in worker characteristics, rather than differential pay for
similar workers across sectors. In contrast, Bryan, Chowdhury and Mobarak (2014)
estimate positive gains in consumption (of roughly 30%) in the sending households
of individuals randomly induced to migrate to cities within Bangladesh.5 Using data
from Tanzania and observing individuals at two points in time, Beegle, de Weerdt and
Dercon (2011) estimate consumption gains of 36% among those who moved away

5. We return to a discussion of this study in the conclusion.
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Source: Hamory, Kleemans, Li, and Miguel (2021). FE denotes worker fixed effects.
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AGRICULTURE AND TRADE

If agriculture is the bottleneck, why not import food?

Poor countries import very little food

Modest tariffs, but huge tariff equivalent costs in time delay to import

Cost of import delays (Hummels and Schaur, 2013):

3.1% per day for agricultural goods

2% for other consumer and capital goods

To import food, need to export something else!
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LITTLE AGRICULTURAL TRADE
Vol. 7 No. 3� 231tombe: the missing food problem

countries, the share of agricultural expenditures allocated to domestically produced 
goods is well over 90 percent. While among rich countries the share is highly vari-
able, the average is closer to 60 percent. For manufacturing goods, the pattern is 
very different. There is little relationship between ​​π​ nn​ m ​​ and a country’s level of devel-
opment, with home shares generally ranging between 20–80 percent.

The lack of agricultural trade by poor countries is also evident in the number 
of trading partners each country has. Counting the number of partners from which 

Figure 2. Key Trade Patterns for Agriculture and Manufacturing

(Continued )
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AGRICULTURAL TARIFFS
234	 American Economic Journal: macroeconomics�j uly 2015

Novy 2008, 2010, 2011) or within countries (Albrecht and Tombe forthcoming). 
The World Bank’s UNESCAP Trade Cost Database also uses this method.

This measure has many strengths. It is intuitive to interpret: ​​​ 
_
 τ ​​ ni​ 
j ​  =  1.5​ is equiva-

lent to a 50 percent iceberg trade cost, where 1.5 units must be shipped for 1 unit to 
arrive. It is also simple to implement, requiring only trade and production data. There 
is, however, an important weakness: it is symmetric by construction (​​​ 

_
 τ ​​ ni​ 
j ​  = ​​  _ τ ​​ in​ 

j ​​),  
implying US imports from Ghana are as costly as Ghana’s imports from the United 
States. But, trade cost asymmetries are known to be important. Waugh (2010), for 
example, demonstrates that poor countries systematically face higher export costs 

Figure 3. Trade Costs in Agriculture and Manufacturing

(Continued )
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(regardless of the destination) than rich countries in manufacturing. In the online 
Appendix, I show this holds for agricultural goods as well.3

3 Briefly, for the same broad class of models, one can show ​​τ  ​ ni​ 
j ​  = ​ (​P​ n​ j​/​P​ i​ 

j​)​​​(​π ​ ni​ 
j ​/​π ​ ii​ 

j ​)​​​ 
−1/​θ ​​ j​

​​ holds, where ​​P​ n​ j​​ is 
country ​n’​s price for good ​j​. Using food price data from ICP 2005, I estimate this expression. Its correlation with the 
import cost specification is zero while its correlation with the export cost specification is nearly 0.8. 
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Figure 3. Trade Costs in Agriculture and Manufacturing (Continued)

Notes: Displays observable measures of trade costs in agriculture and manufacturing. First, 
observable trade-weighted MFN tariffs from UN-TRAINS. Second, the ad valorem equivalent 
cost of border delays. Days to import are from the World Bank Doing Business Index for 2006 
(2005 is unavailable). The results of Hummels and Schaur (2013) suggest a tariff-equivalent 
cost of 3.1 percent per day for food and beverages, and roughly 2 percent per day for consumer 
and capital goods. These rates are used to convert the single Days to Import variable to ad 
valorem rates that differ by sector.

Source: Tombe (2015).

Steinsson Development Accounting 74 / 98



DELAY COSTS: MANUFACTURING

Vol. 7 No. 3� 235tombe: the missing food problem

(regardless of the destination) than rich countries in manufacturing. In the online 
Appendix, I show this holds for agricultural goods as well.3

3 Briefly, for the same broad class of models, one can show ​​τ  ​ ni​ 
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​​ holds, where ​​P​ n​ j​​ is 
country ​n’​s price for good ​j​. Using food price data from ICP 2005, I estimate this expression. Its correlation with the 
import cost specification is zero while its correlation with the export cost specification is nearly 0.8. 
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Figure 3. Trade Costs in Agriculture and Manufacturing (Continued)

Notes: Displays observable measures of trade costs in agriculture and manufacturing. First, 
observable trade-weighted MFN tariffs from UN-TRAINS. Second, the ad valorem equivalent 
cost of border delays. Days to import are from the World Bank Doing Business Index for 2006 
(2005 is unavailable). The results of Hummels and Schaur (2013) suggest a tariff-equivalent 
cost of 3.1 percent per day for food and beverages, and roughly 2 percent per day for consumer 
and capital goods. These rates are used to convert the single Days to Import variable to ad 
valorem rates that differ by sector.

Source: Tombe (2015).
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RESTUCCIA, YANG, ZHU (2008)

Agriculture becomes productive by using modern inputs

(tractors, fertilizer, better seeds, etc.)

Barriers to input use can result in low productivity agriculture

Direct barriers: High cost inputs

indirect barriers: Low wage workers

Build two sector model with barriers to explain low agricultural

productivity
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RESTUCCIA, YANG, ZHU (2008)

Production function in agriculture:

Ya = Xα(Z 1−σ(κALa)
σ)1−α

Z is land (fixed), X is intermediate inputs, κ relative prod. of agriculture

Production function in non-agriculture:

Yn = ALn
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RESTUCCIA, YANG, ZHU (2008)

Price of non-agricultural goods is numeraire

Price of intermediate inputs: π > 1 (direct barriers)

Wages in non-agriculture: wn = A

Wages in agriculture: wa = (1 − θ)wn (indirect barriers)

Demand for intermediate goods:

X
Ya

= α
pa

π

Low wa will push down pa and therefore intermediate input use
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RESTUCCIA, YANG, ZHU (2008)

Stone-Geary preferences for food:

U = a log(ca − ā) + (1 − a) log(cn)

Goods demand:

ca = ā + ap−1
a (y − paā)

cn = (1 − a)(y − paā)
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RESTUCCIA, YANG, ZHU (2008)

Features:

Two sectors

Diminishing returns in agriculture due to land

Intermediate input use in agriculture

Subsistence demand for agricultural goods

Direct (π > 1) and indirect (wa = (1 − θ)wn) barriers to

input use in agriculture

Can these features explain cross-country differences in:

La/N Ya/La Y/N
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RESTUCCIA, YANG, ZHU (2008)

Messy to solve analytically

With a = 0 (only subsistence demand for agriculture) less messy

Intermediate input use:

X
Ya

=

[(
1 − θ

πκ

α

(1 − α)σ

)σ ( ā
(Z/N)

)1−σ
](1−α)/(α+σ(1−α))

Fraction of labor in agriculture:

La

N
=

1
κA

(
ā

(Z/n)1−σ(X/Ya)α/(1−α)

)1/σ

Labor productivity in agriculture:

Ya

La
= κA

(
(Z/N)1−σ(X/Ya)

α/(1−α)

ā1−σ

)1/σ
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RESTUCCIA, YANG, ZHU (2008)

Calibration:

Hold many parameters fixed across countries: a, ā, α, σ, κ

Allow to vary across countries: A, π, 1 − θ, Z/N

A: labor productivity in non-agriculture

π: Price of ag. inputs relative to non-ag goods

1 − θ: price of ag. goods times average product of labor in agriculture over

average product of labor in non-agriculture (don’t have sectoral wages)

Z/N: arable land per person

This is all taken as exogenous. Not explained!
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DIRECT AND INDIRECT BARRIERS

relative GDP per worker for individual countries.14 The figure shows that the relative price of modern inputs is
systematically higher in less developed economies. For instance, the relative prices in Ethiopia, Nepal, Mali,
and Mozambique are 5–6 times higher than the U.S. price. We interpret these differences in the relative
price as a measure of direct barriers to using intermediate inputs ðpÞ. In a similar approach, other authors

ARTICLE IN PRESS

Table 1

Calibration of parameter values to U.S. data

Parameter Value Target

Z=N 1.6 Land-to-employment ratio

A 34,206 Labor productivity in non-agriculture

k 34.1 Labor productivity in agriculture

s 0.7 Hayami and Ruttan (1985)

a 0.4 Intermediate input share

ð1� yÞ 0.385 Value of relative marginal labor products

a 0.0046 Long-run share of employment in agriculture

a 752.6 Share of employment in agriculture

0.02 0.05 0.10 0.20 0.50 1
0.5

1

2

4

8

0.02 0.05 0.10 0.20 0.50 1

0.5

1

2

4

8

16

GDP per Worker relative to the U.S.

Panel A: Direct Barriers (π)

Panel B: Indirect Barriers (1/(1-θ))

Fig. 4. Barriers to the use of intermediate inputs—1985 (log scale). Direct barriers ðpÞ is the price of non-agricultural intermediate inputs

in agriculture relative to the price of output in non-agriculture. The price of intermediate inputs in agriculture is the price paid by farmers

at the farm gate. This relative price is reported as the ratio to the U.S. relative price. Indirect barriers (1=ð1� yÞ) is the ratio of wages in

non-agriculture to agriculture and is reported relative to the U.S. level. Aggregate GDP per worker from PWT5.6 is reported relative to the

U.S.

14Symbolically the PPP price of X reported by FAO can be represented as ðXp=Xp�Þ, where fX ;p;p�g are not reported individually.

Similarly, the PPP price of non-agricultural output is the ratio of domestic to international value of non-agricultural goods. Therefore, the

relative price reported in Fig. 4, Panel A, is: ½ðXp=Xp�Þ=ðpnY n=p�nY nÞ�=½ðXp=Xp�Þ=ðpnY n=p�nY nÞ�
US ¼ ðp=pnÞ=ðp=pnÞ

US. Notice that in this

simple form, the ratio of relative prices to a benchmark country eliminates the potential measurement bias of international prices.

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250244

Source: Restuccia, Yang, Zhu (2008).
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HOW MUCH DO BARRIERS EXPLAIN?

imply that the aggregate labor productivity difference between the richest and the poorest countries is the same
as that of the economy-wide productivity, a difference of factor 5. Versions (2)–(4) are all two-sector models in
which labor, land, and intermediate inputs are added incrementally to the agricultural production technology.
Moving from version (1)–(4), the share of employment in agriculture in poor countries rises far above the level
in rich countries, as the gap in agricultural labor productivity widens. This finding reflects the ‘‘food problem’’
facing poor countries: with low agricultural productivity, they have to allocate higher shares of employment to
agriculture. Note that in version (4), rich countries actually use less technical inputs in agriculture than poor
countries, ðX=Y aÞ

R=ðX=Y aÞ
P
¼ 0:9, which is mainly a consequence of a higher land-to-employment ratio in

rich countries. As Eq. (13) suggests, abundant land endowment reduces farmers’ incentives for intermediate
input use. It is clear, however, that a standard two-sector model without barriers as in (4) still cannot explain
well the patterns revealed in the data.

The results in (5) and (6) show that both direct and indirect barriers are important factors in accounting for
observed differences in the intermediate input ratio between the richest and poorest countries. When the model
considers one barrier at a time, as in version (5) or (6), it generates an input ratio of 1.5, accounting for about
50% of the differences in the use of intermediate inputs between the two groups. The simulated equilibrium
outcomes for La=N, Y a=La and Y=N are also improved substantially; for instance, the agricultural labor
productivity gap is raised from a factor of 6.3 to 13.8 and 10.2, respectively, much closer to the observed
differences.

Our baseline model, which takes into account the effects of both barriers simultaneously, replicates well the
observed patterns of the four variables. In particular, it implies a factor difference of 10.8 in aggregate labor
productivity between the rich and poor countries. This result indicates an amplification mechanism through
agriculture, which turns the initial factor difference of 5 from a one-sector growth model into a disparity more
than 2 times larger than the initial gap with the same exogenous differences in A. The evidence suggests that
the large difference in aggregate productivity between the two groups implied by the model stems from very
different cross-country economic structures: poor countries have on average 68% of their employment in
agriculture relative to only 4% in rich countries; however, their agricultural labor productivity is only 1/23.4 of
agricultural labor productivity in rich countries. Overall, the baseline model accounts for large percentages of
the observed differences in the data, leaving the unexplained share of labor in agriculture in poor countries at
18% and the unexplained factors of La=N, Y a=La and Y=N at 1.1, 4.7 and 3.2, respectively.

Table 3 presents additional simulation results of the baseline model covering all countries in the sample. We
group the economies by deciles based on observed aggregate GDP per worker, and compare equilibrium
outcomes of the four variables implied by the model with data. For the richest 10% of the countries reported
in the first row (decile 10), the model matches closely with the data. For the poorest 10% of the countries
(decile 1), the model replicates well the intermediate input to output ratio (both at 12%), and the share of
employment in agriculture (71% in the model vs. 82% in the data). There are still gaps in accounting for

ARTICLE IN PRESS

Table 2

Effects of barriers and economy-wide productivity on equilibrium outcome variables

La=N X=Y a Y a=La Y=N

Rich/poor Ratio of rich to

poor countries

Ratio of rich to

poor countries

Ratio of rich to

poor countries

Data 0.04/0.86 3.1 109.1 34.3

(7) Baseline model 0.04/0.68 2.7 23.4 10.8

Decomposing the contribution of individual factors

(6) Add direct barriers p only 0.04/0.39 1.5 10.2 6.2

(5) Add indirect barriers y only 0.03/0.38 1.5 13.8 7.0

(4) Two-sector with fLa;Z;X g 0.04/0.20 0.9 6.3 5.5

(3) Two-sector with fLa;Zg 0.04/0.24 – 8.2 5.4

(2) Linear two-sector with fLag 0.04/0.17 – 5.0 5.0

(1) One-sector – – – 5.0

Unexplained % or factor 0.00/0.18 1.1 4.7 3.2

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250246

Source: Restuccia, Yang, Zhu (2008).
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BOPPART, KIERNAN, KRUSELL, MALMBERG (2023)

Production function in agriculture differs from non-agriculture

Perhaps this can help explain low labor productivity in agriculture

in poor countries

Labor is particularly cheap in poor countries

Perhaps this leads to very labor intensive agriculture

(more so than in non-agriculture)
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AGRICULTURE: PRICE AND QUANTITY RATIOS
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Note: Relative prices (dashed black lines) are reported on the left axis. Relative quantities (data clouds and solid blue lines)
are reported on the right axis. Relative prices and quantities are normalized such that the fitted value of the relative price is

one for the richest country and the fitted value of the relative quantity is one for the poorest country.

Figure 2: Agricultural inputs: quantity and price ratios

are still substantial.

From these graphs, we can see that there is a striking and robust pattern in terms of quantity and price

ratios along the development dimension: the relative input prices in agriculture move in an opposite direction

with their corresponding relative input quantities. This relationship is tight and involves changes in ratios by

orders of magnitude. To us, this is suggestive of neoclassical forces at work: where inputs are expensive, they

are used less. The neoclassical production function perspective is precisely that cost-minimizing behavior

induces a negative correlation between relative factor ratios and relative factor prices, as low prices of a

factor imply cost-minimizing input combinations that are more intensive in that factor of production. These

observations make us optimistic that an aggregate production function for agriculture can provide a good

account of the data, even across very different income levels.

Before proceeding with the formulation of an aggregate production function, let us also examine the

time-series perspective. In Figure 3, we see the same cross-sectional data as the previous figure, but now

with the U.S. time series added in red (plotting the level of development of the U.S. at a given point in

time). The data covers the period of 1950–2018 apart from land prices which begin only in 1990. Nearly all

of the underlying data come from the BEA, with land quantities after 1960 coming from the FAO, and all

17

Source: Boppart, Kiernan, Krusell, Malmberg (2023).
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BOPPART, KIERNAN, KRUSELL, MALMBERG (2023)

Slopes of relative quantities and prices do not sum to zero

This implies that input share are not constant along

the development spectrum

∆ logS(y) = ∆ logQ(y) + ∆ logP(y)

Labor share in agriculture falls sharply as countries develop

Relative price of labor rises

Relative quantity of labor fall much more rapidly

Notation: Instead of everything being a function of time t ,

they assume everything is a function of “level of development” y
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FACTOR SHARES IN AGRICULTURE
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Figure 4: Input shares—gross output and value added

it is cut by slightly less than one-third as intermediate inputs rise to about 44 percent.11 The capital

share of value added increases significantly—from less than 5 percent to almost 40 percent. Finally, the

labor share declines markedly, from roughly 70 percent (of both gross output and value added) to below

50 percent of value added and about half of that of gross output. Thus, in the richest countries, the labor

share in agriculture is significantly below the labor share in non-agriculture. In sum, we note rather striking

movements in shares. We also note that all of our four inputs have shares that account for a significant

chunk of agricultural costs at least at some stage of development.

2.2.2 Consumption of agricultural goods: shares and prices

Having studied determinants of the supply of agricultural output, we now look at the demand side. Figure

5 shows how the budget share of agricultural goods in aggregate consumption expenditures declines with

development, from around 50 percent on average for the poorest economies to close to zero for the richest.12

Figure 6 shows how the price of agricultural goods relative to non-agricultural consumption moves with
11For the rich countries, our land share is line with the U.S. Department of Agriculture’s estimate of 15% of payments going

to land services. For poor countries, the share is lower than what what is found in Chen et al. (2023) or from rules of thumbs
starting from, for example, sharecroppers paying 50% of output in land rent (Mundlak, 2005). See Online Appendix A.1 for a
further discussion.

12Recall that the share of agricultural consumption is defined as the expenditure on agricultural goods relative to total
consumption expenditure. This captures ultimate consumer demand for agricultural products and will, in general, be lower
than the food share of expenditure that involves value added outside of agriculture.

19

Source: Boppart, Kiernan, Krusell, Malmberg (2023).
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LABOR PRODUCTIVITY VERSUS TFP

Since labor share in agriculture falls with development, labor

productivity rises more than TFP

wy = (1 − αy )
Yy

Ly
→ Yy

Ly
=

wy

1 − αy

Use development accounting approach to back out TFP differences

in agriculture (and non-agriculture)
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DEVELOPMENT ACCOUNTING IN AGRICULTURE

Production function for agriculture:

ya

ha
(y) = F

(
ka

ha
(y),1,

xa

ha
(y),

l
ha

(y), y
)

Differentiate with respect to y (level of development):

allows us to write non-agricultural consumption quantities produced per labor unit as

yn
hn

(y) = G

(
kn
hn

(y), 1; y

)
, (3)

where the n subscript refers to non-agriculture. The non-agricultural production function G is specified at

the value-added level and the only two primary inputs are labor hn and capital kn.

In spirit similar to Solow’s growth accounting we can then define a local change—in y space—in “total

factor productivity” (TFP) in the two sectors as

∂ logF (·; y)
∂y

=
∂ log(ya/ha)(y)

∂y
− ϵF,k(y)

∂ log(ka/ha)(y)

∂y
− ϵF,x(y)

∂ log(xa/ha)(y)

∂y
− ϵF,l

∂ log(l/ha)(y)

∂y
(4)

and
∂ logG(·; y)

∂y
=

∂ log(yn/hn)(y)

∂y
− ϵG,k(y)

∂ log(kn/hn)(y)

∂y
, (5)

where ϵF,z ≡ ∂ logF
∂ log z and ϵG,z = ∂ logG

∂ log z are the elasticities of F and G with respect to their inputs z. Put

differently, we define a change in the respective output per labor input that is unaccounted for by the output

elasticity-weighted change in inputs (again measured relative to labor input) as the residual change in TFP.

The output elasticities can by quantified by the factor cost shares that were depicted in the previous

section. After normalizing the TFP levels to 1 at the U.S. level of development y, this approach allows

us to back out a TFP series in y space for each sector. The TFP series is capturing a change in residual

“technology” expressed in Hicks-neutral units. To see this suppose the F and G production functions take

the forms

ya(y) = Aa(y)f(ka(y), ha(y), xa(y), l(y)) (6)

and

yn(y) = An(y)g(kn(y), hn(y)), (7)

i.e., technologies differ across countries at different levels of development y only through a factor-neutral

technology term. This is indeed a structure we will impose further below. In this case, the method above

will precisely result in measures of how Aa and An change with y.

In the case of the agricultural sector, we have already presented the measurements of relative inputs

and real gross output. For non-agriculture, we don’t have such measures separately for the production of

consumption goods, intermediate goods, and investment goods. Therefore we additionally assume that the

technologies to produce the non-agricultural consumption good, the intermediate input, and the investment

23

where ϵF ,k (y) is the elasticity of output with respect to k

Use factor shares estimated above as measures of output elasticities
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NON-AGRICULTURAL PRODUCTION

They assume three types of non-agricultural production:

Consumption goods

Investment goods (capital goods)

Intermediate inputs

They assume production has the same shape for these three

(same isoquants) but allow for differing Hicks neutral productivity:

yn(y) = An(y)g(kn(y),hn(y))

yk (y) = Ak (y)An(y)g(kk (y),hk (y))

yx(y) = Ax(y)An(y)g(kx(y),hx(y))

Differentiate these with respect to y to construct TFP as a function of y

just as in agriculture
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TFP BY SECTOR

good share the same isoquants. Then, the capital-labor ratio equalizes across all non-agricultural industries

and we can measure the relative factor input by the total non-agricultural input ratio kn/hn. In the example

above with the Hicks-neutral technology terms, the assumption of identical isoquants in all non-agricultural

industries implies that we can then write

yx(y) = Ax(y)An(y)g(kx(y), hx(y)), yk(y) = Ak(y)An(y)g(kk(y), hk(y)),

where x stands for intermediate inputs production and k for investment goods. I.e., the three non-agricultural

sectors just differ by the Hicks-neutral technology term. Then, under the assumption of competitive output

markets, we do not have to redo the TFP computation for the intermediate and capital good separately.

We can thus more directly back out series for Ax and Ak by observing how the relative prices of these two

output goods change in y and, together with the series in An from above, this will yield TFP estimates for

intermediates and investment goods, too. This is how we proceed and the results are shown in Figure 8.
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Figure 8: TFPs by sector

The figure reveals one of our key findings: differences in agricultural TFP across countries are not

systematically larger than in the other (non-agricultural) sectors. In the poorest countries, agricultural TFP

is a little over one-sixth of that in the U.S. The TFP differences for the intermediates and investment sectors

are larger. In intermediates, the TFP in the poorest countries is just 1/12th of that at the frontier. In

24

Source: Boppart, Kiernan, Krusell, Malmberg (2023).
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AGRICULTURE: LABOR PRODUCTIVITY VS. TFP

contrast, the non-agricultural consumption TFP gap between rich and poor countries is smaller than the

one in agricultural TFP. In sum, while the agricultural TFP gaps are large in the development dimension,

they are not as large as for other sectors.

The picture looks quite different if, in contrast, one looks at the labor productivity gaps along the devel-

opment dimension. Figure 9 illustrates, plotting both labor productivity and TFP for agriculture. We see

that labor productivity is slightly convex and that its gaps are much larger (it differs by a factor of about

100 between the richest and poorest countries). Consequently, by looking at labor productivities, it appears

that closing the technological gap in agriculture would be of first-order importance. From our perspective,

however, we simply note that the lion’s share (a bit less than 2/3) of the observed labor productivity gap

in agriculture results from differences in capital, intermediate input, and land intensification—not from its

own TFP. Thus, while improving agricultural labor productivity is of course of first-order importance, the

key to accomplishing this is perhaps to be found elsewhere: by a productivity improvement in other sectors

of the economy.13
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Figure 9: Labor productivity vs. TFP in agriculture

13An immediate reaction here might be “why not import these goods?” We discuss international trade briefly below, and it
is certainly an important topic. There is international trade in the necessary inputs but its importance seems limited; whether
this is because there are fundamental costs associated with the transfer of goods across borders or institutional constraints is
less clear.
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Source: Boppart, Kiernan, Krusell, Malmberg (2023).
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BOPPART, KIERNAN, KRUSELL, MALMBERG (2023)

Go on to estimate production functions

Estimate high elasticities of substitution in agriculture

more so that in non-agriculture

Low price of labor in poor countries leads to very labor intensive

agriculture and thus low labor productivity in agriculture

Development leads to “intensification” of agriculture

(more capital and intermediates)

Need to assume low human capital in agriculture

and some frictions to fit the data.
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RURAL-URBAN INCOME GAP

Rural incomes are lower than urban incomes in poor countries

Why don’t people move to cities?

Two classes of explanations:

Selection: People in rural areas are less productive

Frictions: Something prevents them from moving

Quite a few quasi-experimental studies support substantial frictions
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QUASI-EXPERIMENTAL EVIDENCE ON MOBILITY

Bryan, Chowdhury, Mobarak (2014): Randomly giving workers in rural

Bangladesh a bus ticket ($8.50) led to large increase in consumption

Sarvimäki, Uusitalo, Jäntti (2022): Forced migration in Finland after

WWII led to large increases in income for people that started off in

agriculture

Chetty, Hendren, Katz (2016): Giving families in high poverty areas

vouchers to move to lower-poverty areas raises long-term outcomes

of young children

Nakamura, Sigurdsson, Steinsson (2021): People induced to move

from high income village due to volcanic eruption saw large increase

in income (how could this work?)
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COMPARATIVE ADVANTAGE
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Figure 8: Sorting by Comparative Advantage

which both ȲF pqq and ȲN pqq are upward sloping (those with a comparative advantage at non-

fishing are also better at fishing) and cases in which both ȲF pqq and ȲN pqq are downward sloping

(those with a comparative advantage at fishing are also better at non-fishing). All that we assume

is that ȲN pqq has a larger slope than ȲF pqq (i.e., workers differ in their comparative advantage).

In equilibrium, workers will self-select into the sector in which they earn the most net of mov-

ing costs. Figure 8 shows that this will give rise to a unique cutoff quantile q� below which all

workers choose to be fishermen and above which all workers choose to move away from the

Westman Islands and take up employment in the non-fishing sector.

Figure 8 also shows clearly how the moving cost leads to misallocation of labor. If moving

were not costly, workers at quantile q would choose between ȲF pqq and ȲN pqq rather than ȲF pqq

and ȲN pqq � m. In this case, a larger fraction of workers would move away from the Westman

Islands (and presumably a larger fraction of mainland workers would also move to the Westman

Islands). The cutoff quantile in this no-moving-cost case would be q̃. The moving cost implies

that workers between q̃ and q� are misallocated and are earning less than they would without the

moving cost.
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Source: Nakamura, Sigurdsson, Steinsson (2021)
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ABSOLUTE VS. COMPARATIVE ADVANTAGE

Absolute advantage: Someone is better at everything

Fixed effects regressions control for absolute advantage

Abowd, Kramarz, Margolis (1999)

Comparative advantage:

Some people are good at fishing

Others are good at rabbit hunting

“Roy model” means model with comparative advantage (Roy, 1951)

(as does Ricardian model)
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