The Cross-Country Marginal Product of Capital

and the Great Recession

By: Logan McGuigan
University of California, Santa Barbara

Advisor: Javier Birchenall

Abstract

Why capital does not flow more heavily into poorer countries with lower capital-labor ratios is a
question that development economists have been asking for decades. Caselli and Feyrer (2007)
developed adjusted marginal product of capital (MPK) models that are very similar across rich and
poor countries, proving that capital is indeed allocated efficiently across the world and there are
no major frictions preventing optimal allocation of capital. This paper uses updated and improved
national accounts data to replicate the methodology set forth in Caselli and Feyrer (2007), testing
the long-term validity of their conclusions as well as the effects of the Great Recession on
international capital flows between developed and developing countries. | find that while the Great
Recession negatively impacted MPKs in both rich and poor countries, capital flows and output
growth have since recovered, and MPKs are still very similar across all countries. This study
provides support for Caselli and Feyrer’s conclusions on the causes of low capital-labor ratios in
poorer countries, as well as the view that capital is indeed allocated efficiently across countries.



I. Introduction

In a world where we have a fully efficient, free-trading and competitive international
capital market, standard neoclassical production models imply capital would flow from countries
with a lower marginal product of capital (MPK) to countries with a higher MPK, up until all
countries have near equal MPKs. This, in theory, would remove deadweight loss in the
international capital market and thus increase the gross world product, as capital would be
efficiently allocated across countries. Standard assumptions under the neoclassical production
model — countries produce the same goods with the same constant to returns scale production
function with the same two factors of production (capital and labor) — imply that any difference in
production per worker lies in differing levels of capital per worker. As poor and developing
countries tend to have far lower capital-labor ratios than do developed countries (as exhibited in
the data used in this paper), one would assume those same countries to have higher marginal
products of capital as well. If this were the case in our efficient and free-trading market, capital
would be invested in poorer countries, until those countries’ diminishing marginal returns from
capital are equalized with those of more developed countries. Thus, each unit of capital invested
across the world is producing maximized output.

Obviously, capital is not solely invested in poorer countries. In fact, most investment
occurs in developed countries that are already more productive and have relatively higher capital-
labor ratios. If the MPKSs do vary substantially between richer and poorer countries, it would seem
our global GDP, or gross world product, is indeed experiencing a deadweight loss due to the
inefficient allocation of capital. Our neoclassical production model implies MPKSs in these richer
countries receiving capital investments are lower, and thus we are not producing maximized global

output. From this, the question arises if the world would increase its production and become more



efficient by flowing capital from developed to developing countries. If this is not the case, why is
it that our production model suggests these poorer countries would produce more output per unit
of investment?

Development economists have offered theories as to what factors cause capital flows to
fall so far short of what our neoclassical production theory suggests. Many have pointed towards
the presence of international capital market frictions that inhibit efficient cross-country allocation.
Others have pointed out that poorer countries with lower capital-labor ratios have lower
endowments of total factor productivity (TFP), human capital, and other complementary factors
to physical capital. These economists suggest that MPKs may be equalized across developed and
developing countries with differing capital-labor ratios — it’s just that the standard neoclassical
model does not account for these important complementary differences. Caselli and Feyrer (2007)
attempted to develop a “true” estimate of cross-country MPKs by adjusting the standard MPK
equation to account for factors that cause these differences across rich and poor countries. They
found that when the MPK equation is adjusted to account for just reproducible capital (i.e.
excluding land and natural resources from capital share) as well as the relative price of capital in
each country, MPKs across developing and developed countries are nearly equalized. Caselli and
Feyrer (2007) concludes that international credit frictions are not the reason for differences in
capital-labor ratios — their equalized MPK calculations negated this theory. Instead, they reason
capital is indeed efficiently allocated globally, and that wide variances in capital-labor ratios are
largely caused by differences between rich and poor countries in both the portion of capital stock
that is reproducible, as well as the relative price of capital to consumer goods in a country as two

important factors that lead to large variances in capital-labor ratios.



This paper provides an extension to Caselli and Feyrer (2007) to examine the differences
in cross-country MPK following the Great Recession. In an exercise to assess whether Caselli and
Feyrer’s adjusted MPK model still produces near-equalization, | use updated and improved data
from the Penn World Tables and the World Bank to run the various adjusted MPK models outlined
by Caselli and Feyrer across 114 developed and developing countries. In my results, | find that
Caselli and Feyrer’s “fully-adjusted” MPK model still produces approximately equal calculations
between rich and poor countries in 2014, following deviation in output and capital flows caused
by the Great Recession. These results validate and provide longer-term implications to the

conclusions in Caselli and Feyrer (2007).

Il. Literature Review

In his famed 1990 article “Why Doesn’t Capital Flow from Rich to Poor Countries?”,
Robert Lucas was one of the first economists to raise the puzzle as to why capital doesn’t flow
from rich to poor countries, even though the poorer countries have lower capital-labor ratios.
Lucas highlights how neoclassical economic production theory suggests that capital would flow
into these less productive (and poorer) countries with lower amounts of capital per worker, as the
Law of Diminishing Returns implies these poorer countries have higher MPKs than do richer
countries that already have high amounts of capital per worker. In what has since become known
by economists as the “Lucas paradox,” he outlines that this is not at all true in looking at
international capital flows in global markets. Lucas offers several possible explanations as to why
the neoclassical model does not hold true, and what assumptions need to be considered to reflect

the true state of the international capital markets.



Lucas argues that there are fundamental differences that affect the production structure of
developed and developing countries in varied ways. For example, the gap in human capital
between rich and poor countries can lead to differences in capital-labor ratios not reflected in our
production model. That is, the labor factor of this model doesn’t consider the quality of labor or
knowledge of each worker. Richer countries tend to have better-educated laborers that earn higher
wages, are more skilled, and thus are more productive. These richer countries also have far higher
levels of technology and efficiency, a factor which gives them a higher total factor productivity
than poorer countries. Lucas also considers that there are imperfections, or frictions, in the
international capital market. For example, poorer countries are much more likely to default on a
debt payment, and investing in developing countries comes with a higher level of risk and
uncertainty of returns, both of which companies and governments consider when investing
internationally. Another issue considered when investing internationally is the higher degree of
asymmetric information than when dealing domestically — and this is especially true when money
is flowing from a developed country to a developing one. The neoclassical model assumes perfect
information, and the lack of it could skew the model’s convergence of returns between poor and
rich economies.*

Caselli and Feyrer (2007) attempt to answer the question posed in Lucas (1990) by
developing cross-country estimates of MPKs from macroeconomic data on total income, the value
of the capital stock, and the capital share in income in individual countries. Caselli and Feyrer
develop a new, simplified but rational method to generate cross-country MPK estimates. Previous

methods compared interest rates across countries, regressed AY on AK for different sets of

1 Asymmetric information and its relevance to the Lucas paradox are explained in detail in
Alfaro, Kalemli-Ozcan, and Volosovych (2008)



countries, or used calibration to assign values to factors complementary to return on capital.
Caselli and Feyrer felt these methods (which garnered varying results) often relied on unrealistic
and ambitious assumptions, so they developed a more direct approach to arrive at comparable
MPK estimates between countries.

This paper applies the methodology employed in Caselli and Feyrer (2007) to new data up
to 2014, in an exercise to study the effects of the Great Recession on capital distribution and
international marginal products of capital. Their full approach will be explained in further detail
in ensuing sections, as their adjustments to the MPK equation will be applied to new and improved
data. Broadly, they took the standard neoclassical Cobb-Douglas production function under
perfectly competitive capital market conditions, where the rental rate of capital is equal to the
MPK, so MPK XK equals total capital income (where K is the capital stock). Accordingly, the
standard MPK calculation, where « is the capital share of GDP and Y is real GDP, is:

MPK:aX
K

Caselli and Feyrer calculate four separate variations of this model using available data on
a set of 53 countries. In these different calculations, they adjust the measurement of capital share
in GDP, «a, from the standard calculation of one minus the labor share in GDP to an estimate of
the reproducible-capital share in income. Using one minus the labor share as the “capital share”
in GDP includes payments accruing to non-reproducible capital, such as land and natural
resources, as well as to reproducible (or physical) capital. Meanwhile, the capital stock, K, is
usually calculated using the perpetual inventory method from investment flows, which only
represents reproducible capital stock. So, Caselli and Feyrer reason that using one minus the labor
share in GDP will overestimate the marginal productivity of K (which is solely reproducible

capital), which in turn will exaggerate all differences in MPK. More importantly, agriculture and



natural resource sectors represent a far larger share of GDP in poorer countries than in rich
countries, so the overestimate of MPK would be much higher in those poorer countries.

A second adjustment Caselli and Feyrer make to the standard MPK model is to account for
the fact that the relative price of capital compared to the price of normal consumption goods is far
higher in poorer countries than it is in richer countries. When both this relative price correction
and capital share correction to just reproducible capital stock are made, they found that MPKs
across developing and developed countries are quite similar, despite their large difference in
capital-labor ratios and “unadjusted” MPKs. In looking at the results from their adjusted model,
Caselli and Feyrer concluded that international financial markets are indeed efficient in allocating
capital across countries, and there is little deadweight loss in global GDP due to misallocation of
capital. Consequently, they dismissed the idea that developing countries are low on capital due to
credit-market frictions, and offered a revision to the view in Lucas (1990) that developing countries
continue to have lower capital per worker because they are inefficient users of the already low
levels of complementary factors they have. While these differences certainly play a role, Caselli
and Feyrer conclude that other very important proximate causes in the lack of capital flows to
poorer countries are that those countries’ shares of reproducible capital in GDP is lower, and their
domestic prices of capital goods relative to consumer goods is far higher. These findings held
implications in that they suggest increasing aid flows to poorer countries would not necessarily
impact their capital stocks and outputs meaningfully.

There have been further applications of the ideas presented by Lucas (1990) and Caselli
and Feyrer (2007) to examine capital flows’ impact in the growth of a developing country.
Gourinchas and Jeanne (2013) takes the Lucas paradox one step further and looks at the allocation

of capital flows between developing countries. They find that capital doesn’t flow more into



developing countries with higher growth and investment rates, as one would assume from the
neoclassical growth model. Dubbing this the “allocation puzzle,” they conclude that the allocation
of capital flows in developing countries is driven by national saving and international reserves, not
an economy’s growth or investment rates.

While Caselli and Feyrer concluded that capital is efficiently allocated internationally when
adjusting for certain factors, much has changed in the global economy since. The Great Recession
caused declines in output and potential deviation in international capital flows. Further, new and
improved data on capital stock and labor shares in GDP are available that were not a decade ago.
This paper will use this new data and employ Caselli and Feyrer’s methodology to assess whether
their conclusions still hold true, and what factors have varied over time in cross-country differences

in MPK.

I1l. Theoretical Discussion

The primary motivation behind revisiting the MPK framework laid out by Caselli and
Feyrer (2007) with updated and improved data is to examine how the Great Recession affected
capital flows between developed and developing economies, how the decline in output along with
potential deviations in capital flows affected the validity of Caselli and Feyrer’s adjusted MPK
models, and whether the adjustments still equalize marginal products of capital following recovery
from the Great Recession. The Great Recession directly impacted highly industrialized countries
the most, as this is where output declines were most prevalent. Many developing economies were
not directly affected in that their real outputs did not fall, at least to the extent in which output fell
in many developed countries. However, indirect effects potentially caused many of these countries

to lose funding for capital growth.



While the “Lucas paradox” holds true in that poorer, non-industrialized countries do not
receive the amounts of international capital inflows as production theory would predict, many
developing countries (often the ones with less growth than others) do depend on capital inflows
from richer countries to fund economic development.? During a recession, Foreign Direct
Investment declines, so developing countries can potentially lose money and loans coming from
abroad. Developing economies with the highest growth often have their own sovereign wealth
fund to use in this event, but many poorer countries do not. Even high-growth emerging markets
can be indirectly affected by recession, as they are often highly dependent on export revenues,
which fall due to falling prices and lower demand from abroad, thus causing GDP growth to fall.®
Both lack of capital investment and decline in GDP growth can affect MPK calculations, so it is
of interest to look at marginal products of capital during and after the recession.

In an analysis of the Great Recession’s effect on the United States, Ohanian (2010) finds
that the decline in output and income in the U.S. during the recession was solely due to a drop in
the labor input. Deviation from steady state in capital markets was exceptionally small in the U.S.
during the recession, while labor markets were affected far more.* This suggests that there may
exist an MPK decline in highly developed countries impacted by the recession due primarily to
decline in output, if the U.S. is reflective of those other countries. Whether this impacts the balance
of MPK calculations across countries remains to be seen. The most current calculations using
2014 data will determine if Caselli and Feyrer’s MPK adjustments still equalize between rich and

poor countries.

2 This is a point stressed in Gourinchas and Jeanne (2013) as a cause of the “allocation puzzle”

3 Nabli (2011)

4 Ohanian (2010) uses data on labor, capital, and marginal rates of substitution for both labor and
capital during equilibrium times and during the Great Recession to show the U.S. was primarily
impacted by distortions in labor supply during the recession



10

V. Methodology

The principal models to compare cross-country MPKSs using Penn World Table data on

GDP, capital stock, price levels of capital and output, and capital shares are based on Caselli and

Feyrer’s alterations to the MPK equation, MPK = ag. Our first, non-adjusted measurement of

MPK, dubbed by Caselli and Feyrer as the most “naive” cross-country measurement, is:

MPKN=a, L
K .

In this formula, MPKN is the naive estimate of MPK, «,, is one minus the labor share, Y is real
GDP at current PPPs, and K is capital stock at current PPPs (more information as to how these
numbers are calculated by the Penn World Tables will be provided in the Data section). As
previously mentioned, Caselli and Feyrer reasoned that the standard method of obtaining capital
share (as done above; one minus the labor share in GDP) overestimated and skewed results
between countries. Our capital stock measure, K, is calculated in a method that only reflects
reproducible capital share and not land and natural capital — both of which one minus the labor
share would reflect in capital share. So, our first alteration to this model is to line up the capital
share to reflect the calculations of K. As the perpetual inventory method creates a calculation for
capital stock based on investment data (and thus does not represent capital stock in the form of
land and natural resources), the capital share in GDP is adjusted to represent an estimate of just
reproducible capital share in GDP. This gives us our second estimate of MPK:

MPKL=a, L
K-

Here, MPKL stands for “land and natural resource corrected” MPK, in which only reproducible

capital is accounted for in the estimated of marginal product of capital. With an accurate estimate
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of the reproducible capital share in GDP, this adjustment in theory corrects the discrepancy
between the estimates of capital stock and capital share in GDP.

The MPKN and MPKL calculations do, however, ignore a second major issue that Caselli
and Feyrer (2007) identified as a cause of bias when comparing marginal returns between countries
— the relative price of capital varies between countries and currencies. The cost to purchase a unit
of capital is generally far more expensive in relativity to domestic consumer goods in poor
countries than it is in rich countries. This higher relative cost of installing aggregate capital in
poorer countries could be a vital factor as to why capital does not flow to them as much as
production models would suggest. Caselli and Feyrer (2007) noted that a perfectly efficient and
frictionless capital market would mean all parties have access to an alternative investment with an
equal rate of return across the world, and that frictionless international capital markets imply the
value of the MPK of any final good, divided by the price of capital, has to be constant across all
countries.® So to correct for the relative price of final-to-capital goods, they developed a third and
fourth estimate of MPK, where the capital prices are calculated in relation to consumer prices in
each country. Adjusting the MPK to account for relative capital prices can take away this cross-
country price discrepancy of capital and equalize MPK values of final goods across countries. This
is done by altering the first two MPK estimators to include Py/Pk, which is a measure of each
country’s price level of final goods relative to their price level of capital. Our third estimator of
MPK considers this while keeping the “naive” estimation of the capital share:

aPY
PMPKN = 22

k

> Caselli and Feyrer (2007) illustrate a proof for why this assumption must hold when testing the
hypothesis of an efficient and frictionless international capital market
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PyY is therefore real GDP at domestic prices, while PxK is the capital stock at domestic prices. The
prefix “P” stands for “price-corrected”, as designated by Caselli and Feyrer (2007). Employing
both the price adjustment and the previous adjustment of capital share to reflect only reproducible
capital, we arrive at our final estimate of MPK, the “fully adjusted” model:

aPry
PMPKL =2

k

The PMPKL estimate is the one where Caselli and Feyrer found very similar marginal products of
capital between developing and developed countries, eliminating the disparity between the two
groups of countries under the original MPKN estimation. Using new and improved data from
2000-2014 as outlined in the following section, we will see how these assumptions and inputs hold

up during and after the period of the Great Recession.

V. Data

The raw input data for the years 2000-2014 is taken from the most recent release of the
Penn World Tables, Version 9.0,8 which has far more expansive data on capital, labor, and output
than did the Version 6.1 used by Caselli and Feyrer (2007). All data is in 2011 U.S. dollars, and
price levels are relative to the respective 2011 U.S. price level equaling 1. Y is output-side GDP
in purchasing power parity (PPP). K, the capital stock, is also calculated in current PPP. «,,,
which represents one minus the labor share in GDP, is calculated from the Penn World Tables
(PWT) statistic of shares of labor compensation in GDP at national prices.

It is worth nothing that when Caselli and Feyrer wrote their paper published in 2007, the

Penn World Tables did not include information on capital stock or the labor share of GDP. Caselli

® Feenstra, Inklaar and Timmer (2015)
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and Feyrer calculated the capital stock themselves using the perpetual inventory method (P1M)
from time series data on real investment that is included in the PWT Version 6.1 they used, while
they got their labor shares of GDP from Bernanke and Girkaynak (2001). First introduced in
Version 8.0, the PWT has since added their own calculations of capital stock and labor share of
GDP to their data — largely influenced and motivated by the work of Caselli (2005) and Caselli
and Feyrer (2007).

The Penn World Tables also use the PIM to calculate current capital stock, but they differ
in their approach in calculating the initial capital stock to arrive at that figure. Briefly, Caselli and
Feyrer’s approach follows what in the past has been considered standard — they computed initial
capital stock using the steady-state relationship from the Solow growth model:

]0
g+d

K, =

where the initial capital stock Ko is equal to the value of the investment series the first year it is
available (as far back as 1950 for some countries), g is the average geometric growth rate for the
investment series, and & is the depreciation rate.” The Penn World Tables, the reasoning of which
is explained in further detail in Inklaar and Timmer (2013), assume an initial capital/output ratio
for each economy to derive their initial capital stock, which they estimate as K, = Yyxk. Yo is
GDP in the initial year investment data is available and k is the assumed capital/output ratio, K/Y.
This method, they argue, provides more accurate estimates for developing countries whose earlier
years may have been tumultuous and where past data is not available for an extended period.
Caselli and Feyrer’s method to compute initial capital stock assumes the economy was in a steady

state at the time investment data became available, which may not hold true for many of these

" This method of computing initial capital stock through use of the steady-state relationship in
the Solow growth model was first proposed by Harberger (1978)
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countries. Further, while Caselli and Feyrer assumed a constant depreciation rate § at 0.06 across
the world (an assumption they admitted could raise potential bias), the new PWT data splits up
total investment by asset, which lets them calculate varying depreciation rates on fixed capital
across countries and over time. In doing so, the PWT can also calculate a capital PPP to compare
capital stocks across countries, which is a more accurate rate of comparison than the investment
PPP used in Caselli and Feyrer’s model.

In the computation of labor share of income in GDP, the Penn World Table builds on the
approach laid out in Gollin (2002), the same work in which Bernanke and Girkaynak built upon
in their computations used by Caselli and Feyrer. The following table, taken from Inklaar and
Timmer (2013), outlines all differences in calculations between the new PWT data and that used

by Caselli in his 2005 and 2007 papers.

Table 1
Area PWT8.0 Caselli (2005)
Capital
Investment By asset Only total
Depreciation rate Varies across countries Common across countries
and time and time
PPP Capital PPP Investment PPP
Initial capital stock  Based on initial Based on steady-state
capital/output ratio assumption
Capital measure Capital stock
Labor share Varies across countries Common across countries
and time and time
Labor input
Employment Number of persons engaged
Human capital Average years of schooling and assumed rate of return

Source: Inklaar and Timmer (2013)

The Penn World Table, starting with Version 8.0, built upon and improved the cross-
country comparability of the calculation methods used by Caselli. The PWT also employed Caselli
and Feyrer’s ideology behind capital share, and now include a share of gross capital formation in

GDP, which is the payments towards fixed, physical assets, while ignoring non-produced assets
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such as land and subsoil assets. This share of GDP can be used as an estimate of the share of
reproducible capital in a country’s GDP, and utilized as a proxy for a;. This share in GDP is
derived from World Bank Wealth Accounting Data on total and natural wealth, roughly the same
approach used by Caselli.?

The final piece of data I will be using, Py/Pk, also comes from PWT 9.0. Py is the price
level of output-side real GDP, while Pk is the price level of capital formation. These are the same
measures from the PWT employed by Caselli and Feyrer to eliminate the relative price differences
of physical capital between countries in calculating adjusted MPKs.

The Penn World Tables have obviously viewed Caselli’s past works as influential and
important in development accounting, and have worked to build upon his and others’
methodologies to provide more comparable and accurate world data. There is now far more data
available than a decade ago, which permits me to utilize a larger sample size of countries in my
MPK calculations. My full dataset includes 15 years of data from a total of 114 countries, which
is all countries with the necessary available data, less select island nations, city-states, and a few
sparsely populated outlier countries. 2014 MPK calculations and input data for each individual
country are provided in Appendix Table A1. Summary means and standard deviations of the MPK
calculations in all countries (expressed as percentage returns) for all years 2000-2014 are provided
in Appendix Table A2. Figure 1 below shows the relationship between 2014 real GDP per person
employed and capital per person employed (each dot being a country in the dataset), while Figure

2 plots the relative prices of capital against real GDP per person employed in 2014.

8 World Bank (2016)
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Figure 1

Capital per Person Employed
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Figure 2

Relative Price of Capital
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Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and methodology from Caselli and Feyrer
(2007)

As expected, there is a strong positive correlation between real GDP per worker and capital
per worker — countries with higher output have more capital per person. The Py/Px number
becomes higher as the relative price of capital to output declines, so the slight positive correlation
between this metric and real GDP per person makes sense in theory and bodes well for our adjusted

MPK calculations — capital is relatively cheaper in richer countries.
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VI. Results

The MPK calculations using 2014 data largely supports the framework set forth by Caselli
and Feyrer (2007). Using data as much as 18 years apart from the data used in their paper, the
results prove that the fully adjusted MPK model essentially accounts for all discrepancies in
marginal products of capital between rich and poor countries — while poorer countries do tend to
have far higher capital to labor ratios (and lower capital to output ratios — see Figure 1), their
adjusted MPKs are very close to those of rich countries, with little deviation. Table 2 below shows
the average marginal products in 2014 for all 4 MPK models, divided into richer and poorer
countries.

Table 2

Average Return to Capital, Poor vs. Rich countries

Poor countries Rich countries
MPKN 17.22 11.75
(s.d.) (8.20) (5.94)
PMPKN 14.65 13.21
(s.d.) (5.99) (6.69)
MPKL 7.13 5.70
(s.d.) (2.13) (1.73)
PMPKL 6.45 6.43
(s.d.) (2.75) (2.02)

Numbers expressed as percentage returns to capital. “Rich” countries considered all countries in data used with a real GDP
per person employed at or above the level of Croatia’s (and less than for “Poor” countries). Standard deviations in parentheses.

The price- and capital share-adjusted PMPKL model is remarkably similar between poor
and rich countries in 2014, while the unadjusted MPKN model is significantly higher in poor
countries. The two intermediary adjustments bring poor and rich countries’ marginal products
closer to equal, to varying degrees and deviations. The differences in MPK between these rich
and poor countries are significantly different at the 1% for the MPKN and MPKL calculations,

while the PMPKN and PMPKL calculations are not different at conventional levels of significance.
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Figure 3 below plots all four MPK calculations for 2014 against real GDP per person employed,
while Appendix Table Al provides a detailed list of all calculations for 2014 for the 114 countries
in the dataset. In Figure 3, the reduced variance with each adjustment in MPK calculation is

evident, up until the difference between poor and rich countries is near zero in the PMPKL model.

Figure 3
MPK Calculations, 2014
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MPKN is “naive” MPK estimate; PMPKN is adjusted for relative price of capital; MPKL is land and natural resource
corrected; PMPKL has both adjustments.

Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and methodology from Caselli and
Feyrer (2007).
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When comparing these 2014 rich vs. poor country results in Table 2 versus the same results
in Caselli and Feyrer (2007), there are some findings worth noting. You can see the comparison
of my calculations from Table A2 against Caselli and Feyrer’s averages between their set of rich
and poor countries in Appendix Table A3.

Of course, Caselli and Feyrer used a smaller sample size of countries, didn’t split between
rich and poor nations exactly where my data splits (due to smaller sample size and different data
on GDP per worker), and used statistics that were in part calculated from differing methods, but a
few similarities and differences are significant. Their PMPKL averages for rich and poor countries
were 8.5% and 6.9% respectively, while their MPKN calculations have an average of 11.4% for
rich countries and 27.2% for poor countries. These numbers differentiate from each other less in
my results in large part due to changes in capital-output ratios. Caselli and Feyrer’s rich countries
had an average capital to output ratio of 2.74, while their poor countries’ average was 1.51. My
2014 data (using an updated calculation method for capital stock) has an average of 4.38 for rich
countries and 3.29 for developing countries.® The 2014 data has numerically higher and
proportionally closer capital-output ratios than did the data from Caselli and Feyrer (2007), which
helps explain the smaller MPKs in more recent calculations — the larger this ratio, the smaller the
MPK (all else the same).

Both the PMPKN and PMPKL (price-adjusted) models are quite similar between poor and
rich countries — more so than in Caselli and Feyrer’s calculations. The decrease in relative price
of capital to consumer goods in poorer countries has contributed to this — the Py/Px metric for rich
countries in my 2014 data has an average 1.14, while it averages 0.90 in poor countries. Caselli

and Feyrer’s average for their rich countries was 1.12, but only 0.60 for their group of poor

9 Author calculations from Feenstra, Inklaar and Timmer (2015) and Caselli and Feyrer (2007)
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countries. As this metric was calculated from the same database under the same method as it was
in Caselli and Feyrer (2007), this is a direct reflection of the increase in relative price of capital in
poorer economies.

Throughout the 15 years of data collected, capital-output ratio has steadily increased, and
with it MPK calculations have steadily declined. The rise in capital-output ratio is illustrated
graphically in Appendix Figure Al, and average MPK calculations across all 15 years is shown in
Appendix Table A2. During 2009, widely considered the trough of the Great Recession in terms
of economic decline, MPK calculations (both adjusted and non-adjusted) sharply decreased from
the previous year (as illustrated in Appendix Figure A2, the average fully adjusted PMPKL across
all countries from 2000-2014). This sharp decline is principally attributable to the lack of GDP
growth between 2008 and 2009 — particularly in richer countries.

Average GDP per worker across the entire set of 114 countries declined 3.15%, but when
dividing the countries again into richer and poorer countries (based on real GDP per worker), the
effect of the recession on output (and consequently marginal product of capital) in developed
economies can really be seen. Real GDP per person employed in the set of poorer countries
increased by 2.3% from 2008 to 2009, while it dropped by 4.2% in the richer countries. This fall
in output led to an 18.7% decrease for richer countries in the fully-adjusted PMPKL model (for
reference, this MPK model averaged a 0.5% yearly decrease across all countries studied from
2000-2014). Curiously though, the poor countries’ PMPKL model also dropped 14.9% between
2008 and 2009, just a year after it experienced a slight increase. Much of this decrease for poor
countries is not caused by a decrease in output as was the case for the richer countries, but rather
due to a 12.7% decrease in the average reproducible capital share (a;) in 2009. The previous year,

there was a 5.4% increase in this metric for the same set of poorer countries. Appendix Table A4



21

illustrates these growth rates for poor and rich countries for the fully-adjusted PMPKL calculations
along with its data inputs.

The accelerated decreases in our adjusted marginal product of capital models were caused
by different underlying factors in richer and poorer countries during the Great Recession, and it is
important to take note that the recession directly impacted only developed economies when
interpreting why this happened. GDP fell in developed economies which directly led to lower
marginal products of capital, and the resulting slowdown in foreign direct investment into many
developing countries led to a decline in the reproducible capital share of GDP in poorer countries.
It is understandable why this number went down, as this looks to be an indirect trickle effect from

investment slowdowns from developed countries.

VIl. Conclusions

These results for marginal product of capital calculations both during and after the Great
Recession shed some light on to how the recession varied in its impact between developed
economies and poorer countries. Caselli and Feyrer’s framework of MPK equalization models
between rich and poor countries still holds true following the Great Recession, as output and capital
flows have returned to their respective growth paths after deviating from the norm during the
recession.

The near-equalization of the fully adjusted MPK models across countries speaks to the
validity of Caselli and Feyrer’s theories that international financial markets are efficient both in
capital allocation and in recovery from deviation. The improved data calculations from the Penn

World Tables, in part influenced by the work of Caselli, strengthen the assumption that increasing
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aid flows to developing countries is not an efficient means to jumpstart those countries’ capital
stocks and income, as they do not truly have a higher marginal product of capital.

The effects of the Great Recession on our MPK models aligns with the hypothesis that as
the recession directly impacted more developed and richer countries, it indirectly hindered capital
flows to poorer countries. These results suggest those poorer countries are slightly dependent on
flows from richer countries to fund capital formation, although not at the level the neoclassical
production model implies. As a result, marginal products of capital declined in poor countries as
well as rich countries during the Great Recession, even though there was no decline in output
among poorer countries.

These findings open research avenues to extend this study to recessions in the past that
contain the relevant data for a wide selection of countries. While the Great Recession is far and
away the largest recession that has this relevant data, smaller recessions in the past few decades
could be studied to determine the significance of general recessions in Caselli and Feyrer’s
adjusted MPK calculations and capital flows to developing economies. Doing so could determine
the statistical significance of deviations in capital flows and marginal products of capital during

recessions.
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Appendix

Figure A1
Median Capital-Output Ratio, 2000-2014

Median K/Y ratios, 2000-2014
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Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015).

Figure A2
PMPKL Averages, 2000-2014
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Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and methodology
from Caselli and Feyrer (2007).
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Table A1
Data and MPK Estimates, 2014
code country Yy k Oy ol P,/Px | MPKN PMPKL | MPKL | PMPKL
ARG | Argentina 47,513 118,698 0.57 0.15 0.75 0.23 0.17 0.06 0.04
ARM | Armenia 22,806 36,610 0.37 0.08 0.40 0.23 0.09 0.05 0.02
AUS Australia 86,047 329,659 0.43 0.25 0.94 0.11 0.11 0.06 0.06
AUT Austria 86,996 427,737 0.41 0.27 1.17 0.08 0.10 0.05 0.06
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y is real GDP per person employed; k is capital stock per person employed; a,, is total capital share (one minus labor

share); ay is reproducible capital share; P,/Py is price level of final goods divided by price level of capital goods; MPKN is “naive”
MPK estimate; PMPKN is adjusted for relative price of capital; MPKL is land and natural resource corrected; PMPKL has both
adjustments.
Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and methodology from Caselli and
Feyrer (2007).
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Table A2

Average MPKs of All Countries, 2000-2014

Year MPKN PMIPKN MPKL PMPKL
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MPK calculations expressed as percent returns. Standard deviations in parentheses.

Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015)

and methodology from Caselli and Feyrer (2007).

Table A3

Average Return to Capital, Rich vs. Poor Countries — 2014 Data versus
Caselli and Feyrer (2007)

2014 Calculations Caselli and Feyrer (2007)
Poor countries | Rich countries Poor countries | Rich countries
MPEKMN 17.22 11.75 MPEMN 27.26 11.38
(s.d.) (8.20) (5.94) (s.d.) (8.96) [2.72)
PMPKN 14.65 13.21 PMPEN 15.60 12.59
(s.d.) (5.99) (6.69) (5.d.) (5.53) (2.58)
MPEL 7.13 5.70 MPEL 11.594 7.56
(s.d.) (2.13) (1.73) (s.d.) (6.89) (1.74)
PMPEL 6.45 6.43 PMPKL 6.87 8.47
{s.d.] (2.75) (2.02) (s.d.) {3.68) {1.95)

MPK calculations expressed as percent returns. Standard deviations in parentheses. 2014 Calculations are those
expressed in Table 2; refer to Table 2 for description of methodology. Caselli and Feyrer (2007) are calculations using their

data, with Rich countries having a GDP per worker at or above the level of Portugal’s, per their specifications.

Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and Caselli and Feyrer (2007);
replicating methodology employed in Caselli and Feyrer (2007).
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Table A4
Poor and Rich Growth Rates, Adjusted MPK Calculation and Inputs,
2007-2009

Poor Countries:

% Change From: | pyjpk| y k o P,/Px
2007 to 2008 3.34% 5.31% 8.65% 5.42% 1.21%
2008 to 2009 -14.88% 2.30% 7.16% -12.74% 1.48%

Rich Countries:

% Change From: PMPKL y k ak P,/Px
2007 to 2008 -4.23% 1.63% 5.15% -0.54% 0.28%
2008 to 2009 -18.65% -4.24% 5.43% -12.01% 0.26%

PMPKL is the “fully-adjusted” MPK calculation, adjusting for reproducible capital share and relative price of capital; y is real
GDP per person employed; k is capital stock per person employed; ax is reproducible capital share; P,/P is price level of final
goods divided by price level of capital goods.

Rich countries for all three years considered all countries with a GDP per person employed greater than $50,100.

Source: Author calculations using data from Feenstra, Inklaar and Timmer (2015) and Caselli and Feyrer (2007); replicating
methodology employed in Caselli and Feyrer (2007).



