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Abstract

We generalise the traditional development-accounting framework to an open-
economy setting. In addition to factor endowments and productivity, relative
factor costs emerge as a source of real-income variation across countries. These
are shaped by bilateral trade determinants (which underpin the patterns of
“International value-added linkages”) and the global distribution of factor en-
dowments and final expenditures. We use information on endowments, trade
balances and value-added trade to back out the relative factor costs of 40 major
economies in a theory-consistent manner. This reduces the variation in “resid-
ual” productivity required to explain the observed per-capita income differences
by more than one half.
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1 Introduction

What explains the large differences in per-capita incomes across countries? Over the
last two decades, the rise of development accounting has subjected theorising about
this age-old economic question to the discipline of empirical evidence. Development-
accounting studies provide a quantitative assessment of the share of international
income differences which can be attributed to differences in measurable production
factors (such as endowments of physical and human capital) and attribute the re-
mainder to unobservable differences in “productivity”. A key finding of this literature
is that productivity appears to explain by far the largest portion of the variation in
incomes across countries.! This is sobering: since productivity is measured indirectly,
as the residual determinant of incomes once the contribution of all measurable eco-
nomic aggregates has been accounted for, it captures all drivers of income differences
which elude quantification. It thus represents a “measure of ignorance” (Abramovitz,
1956) about what makes some countries rich, and others poor.

Most exercises in development accounting proceed under the, implicit or explicit,
assumption that countries are closed.? Consequently, they are silent on how differ-
ences in countries’ international-trade linkages contribute to shaping the observed
distribution of per-capita incomes. This simplification is made for analytical conveni-
ence, but seems unsatisfactory from an empirical standpoint: numerous econometric
studies have documented a relationship between the extent and pattern of regions’
access to other markets, and their income levels.® In this paper, we generalise the
standard development-accounting framework to a setting in which countries are open
to trade. We show that recent data on countries’ final use of foreign value added —
their international value-added linkages — can be used to discipline the trade-related
portion of our generalised development-accounting equation. For a sample of 40 major
economies, the generalised equation doubles the share of per-capita income differences
which can be explained with data, and cuts the implied cross-country variation in the
productivity residual by more than one half.

Our paper departs from theoretical expressions for countries’ incomes and value-
added trade patterns which can be derived from standard quantitative trade models.
We show that in such models, a country’s real per-worker GDP evaluated at consumer
prices (the conventional measure of welfare in cross-country comparisons) depends not

only on the country’s domestic production factors and productivity, but also on its

1See Klenow and Rodriguez-Clare (1997), Hall and Jones (1999), Caselli (2005), Hsieh and Klenow
(2010), and Jones (2015).

2See Jones (2015) and Malmberg (2016) for some recent examples.

3For example, Redding and Venables (2004) document that the geography of access to markets
and sources of supply is a key predictor of per-capita incomes across countries. More generally,
empirical economic geography has recognised differences in “market potential” — a region’s access
to other significant markets — as a source of regional income variation since Harris (1954).



factor cost relative to the weighted factor costs of its goods suppliers. This is intuitive.
A country’s own factor cost determines the price of its output in global markets, while
the factor costs of its suppliers shape the country’s consumer price level. Variation
in the relative magnitude of own factor costs to weighted source factor costs thus
emerges as a determinant of real income differences in an integrated world. Such
variation, in turn, reflects differences in countries’ capacity for transforming value
added generated by its production factors into consumption possibilities.

The new ‘“relative factor cost” term comprehensively encapsulates the influence
of countries’ international linkages on their real GDP. For given factor endowments,
countries facing stronger demand from abroad for their value added — because they
supply markets which account for a large share of global spending — will have relat-
ively high factor costs. For given factor costs, countries which are able to source value
added effectively from low-cost economies will have relatively low consumer prices.
Both result in relatively higher real incomes. Calibrating our model equations to
match observed patterns of international trade in value added, it is possible to gauge
how the “relative factor cost” term varies across countries. To do so, we combine
standard data on the factor endowments of 40 major economies with information
on their international value-added linkages and trade balances from the World Input
Output Database (WIOD). We then perform open-economy development accounting
under different assumptions about a new key parameter which needs to be specified
for this purpose — the trade elasticity.

In our benchmark year, a traditional development-accounting exercise (disregard-
ing international linkages) explains only 25% of international income variation as a
result of differences in measurable production factors. The remainder must be at-
tributed to variation in unobserved residual productivity (28%) and the covariance
between this residual and production factors (47%). By contrast, our augmented
framework explains at least 50% of the variation as a result of differences in measur-
able production factors and relative factor costs, and cuts the implied cross-country
variation in residual productivities by more than one half.* Therefore, our open-
economy generalisation of the standard development accounting framework substan-
tially reduces the need to rely on residual productivity differences in explaining ob-
served differences in living standards across countries. This finding is robust to a
range of different methods for constructing countries’ aggregate factor endowments,
and the use of alternative data sources for international trade in value added.

Our paper contributes to the literature on development accounting, popularised
by the seminal work of Hall and Jones (1999). Caselli (2005, 2015) offers extens-

ive reviews of this literature, discussing methodologies and data sources in depth.

4WIOD data required to calculate international-value added linkages is available for the period
1995-2011. We choose 2006 as the benchmark year for our study, but obtain quantitatively similar
results for other years from that period.



As described above, by focusing exclusively on countries’ own production factors,
most conventional development-accounting exercises ignore the potential effects of
international linkages on the incomes of countries. Here, we show how models be-
longing to a popular class of quantitative trade theories — in conjunction with data
on countries’ international value-added trade linkages — can be used to generalise tra-
ditional development-accounting frameworks for use in a setting of open economies.”
We also document that the relationship between the productivity residuals obtained
from open-economy development accounting and countries’ total factor productivities
(TFPs) is not straightforward, and crucially hinges on the extent to which productiv-
ity is assumed to shape value-added trade patterns.

Our work is closely related with two strands of the literature on international trade
and income differences between countries. The first, by Feenstra et al. (2009, 2015),
emphasises that real GDP evaluated at consumer prices may depart from an open
economy’s real productive potential: as a result of international trade, the same good
may feature to different extents in a country’s consumption and production baskets.
Feenstra et al. (2015) argue that development accounting needs to incorporate this
gap between “expenditure-side” and “output-side” real GDP. They do so using a new
output-side PPP deflator derived from the traditional expenditure-side PPPs and
micro data on the unit values of countries’ exports and imports. We demonstrate
that the relative factor costs which we measure in this paper are related to, but
distinct from, the expenditure-output gap described in Feenstra et al. (2015). As
a result, they contain additional information about the origins of income differences
among open economies.

The second strand, represented by Eaton and Kortum (2002) and Waugh (2010),
employs models similar to ours to ask how counterfactual configurations of interna-
tional trade costs would impact countries’ incomes. These papers focus on quanti-
fying the gains from trade, and their contribution to the world income distribution.
By contrast, we quantify differences in countries’ terms of trade and bilateral trade
determinants, and show that these differences can help explain cross-country income
variation. We use an autarky counterfactual to illustrate that our findings are consist-
ent with earlier quantitative explorations, but correspond to a distinct counterfactual
thought experiment: how much more similar would countries’ incomes be if all coun-

tries faced the same terms of trade and bilateral trade determinants?

5Several studies explore the factor bias of technology in both closed- and open-economy settings.
Caselli and Coleman (2006) calibrate the skill bias of technology by combining a closed-economy
aggregate production function with data on output, factor inputs and factor prices. Trefler (1993),
Fadinger (2011), and Morrow and Trefler (2014) estimate factor-augmenting productivities which
reconcile versions of the Heckscher-Ohlin-Vanek model with the observed factor content of trade. We
are instead concerned with overall productivity and the extent to which it varies across countries.

6In a similar vein, Kehoe and Ruhl (2008) highlight that relative-price changes may cause meas-
ures of countries’ real consumption possibilities and real production capacity to diverge.



The use of data from input-output tables to tackle questions in development and
macroeconomics has recently experienced a revival. There are now a number of
studies which trace differences in countries’ per-capita incomes to differences in their
sectoral structure using national input-output tables.” Our use of international input-
output tables places the present paper in a flourishing literature in international
macroeconomics using this new data source to trace international trade in value-
added.® Among others, Bems et al. (2011), Bems (2014), Johnson (2014) and Duval
et al. (2015) have recently emphasised that distinguishing international trade in value
added from its gross counterpart is necessary for understanding short-run fluctuations
in incomes and business cycle synchronisation across countries. Our findings add to
this literature by highlighting that the patterns of international value-added linkages
also have a role to play in explaining differences in the level of per-capita incomes.

The remainder of this paper is structured as follows. Section 2 presents the the-
oretical model that serves as the basis for our open-economy development-accounting
exercise. Section 3 describes our data sources and calibration strategy, and details
the main results of our analysis. Section 4 discusses some extensions: it explores the
relationship between our findings and recent studies on open-economy PPPs (Feen-
stra et al., 2009; 2015); it showcases the distinction between residual productivity
and TFP; and it contrasts variation in “relative factor costs” with differences in the
gains from trade (Eaton and Kortum, 2002; Waugh, 2010). Section 5 offers a brief

summary and concluding remarks.

2 Model

2.1 Preferences, Technologies and Market Structure

There are many countries, denoted by n = 1,..., N. Each country produces a unique
good. The representative consumer in n assembles goods to maximise aggregate

consumption,

o—1

N
1 o-1
Cn = An Z w;:’ncn’on ’ (1)

n'=1

"This research agenda was initiated by Jones (2011), who shows that intermediate-input linkages
amplify the effects of distortions in the allocation of resources, causing differences in measurements of
aggregate productivity at the country level. Fadinger et al. (2015) provide evidence that part of the
income differences between rich and poor countries can be attributed to systematic differences in the
structure of their input-output matrices. Grobovsek (2015) employs a closed-economy development
accounting framework and highlights that low per-capita incomes appear to be related to low levels
of productivity in intermediate-input production. In a recent paper, Caliendo et al. (2017) use
WIOD data to identify trade distortions and TFPs at the country-sector level across 40 economies.

8Kose and Yi (2001) and Yi (2003, 2010) were among the first to exploit the distinction between
international trade in “gross” or “value-added” terms in the analysis of aggregate phenomena such
as the growth of world trade and the international synchronisation of business cycles.



where 0 > 1, wyy > 0; ¢y, represents consumption in n of the good produced by
n'; and A, is a country-specific productivity term. In our development-accounting
exercise below, A, will play the role of residual-productivity term.

Countries receive income from their endowments of two production factors —
physical capital, K, and labour, L, — as well as from possible net transfers from

abroad, T,,. Hence, the representative agent in n maximises (1) subject to

N
Z Pn'nCn/n S rnKn + wnLn + Tn7 (2)

n'=1

where p,, is the price of the country-n’ good in n, r, and w, respectively denote the
returns to capital and labor, and Y T, = 0.

Country n produces its good using the production technology
Qn = Zan (hnLn)l_aa (3)

where K, and L, represent capital and labour used to produce the country-n good;
h, represents labour productivity in country n; and a € (0,1). The productivity
shifter Z,, describes the overall efficiency of good-n production.

Goods and factor markets are perfectly competitive, but international trade is
subject to iceberg transport costs: 7,,, > 1 units of an input must be shipped from
country n’ for one unit to arrive in country n. Production factors can move freely
between activities within countries, but cannot move across borders.

The Armington model outlined in this section has the benefit of simplicity. How-
ever, it makes two stark assumptions which may appear to limit its use in the quant-
itative analysis of international trade and incomes. First, by assuming that each
country produces a unique good, it treats specialisation patterns in international
trade as exogenous. Second, equations (1) and (3) imply that countries in the model
trade directly in value added: a purchase of goods by country n from country n’ im-
plies the use of country-n’ factor services of equal value. This implies that trade along
the production chain — whereby some countries supply intermediate inputs used in
other countries’ exports — is ruled out by assumption.

In Appendix A.1 we show that, for our purposes, the Armington model presented
here can be interpreted as a short-cut representation of the popular quantitative trade
model of Eaton and Kortum (2002). In that model, all countries can produce all
goods, and countries optimally source goods from their lowest-cost suppliers. It also
allows for an international input-output structure. Nevertheless, we show that the

Eaton-Kortum model implies expressions for value-added trade flows and countries’

9Following Dornbusch et al. (1977), we use exogenous income transfers to allow for trade imbal-
ances in a static model.



incomes which are isomorphic to those derived in (7)-(9) below. For our development-
accounting exercise it is thus immaterial whether we think of these expressions as
arising from the microfoundations of the simple model described above, or the richer

model sketched in the appendix.!?

2.2 Equilibrium

We define country-n factor costs in equilibrium as

e (2 (725) 2

The price for country n of a unit of country-n’ good is then

Tn’nfn’
/ p—

nn . 5
p Z, (5)

It is straightforward to show that this implies

1
0

1 N 1 N -
I- = — E oy ].I—U = — E n'n _/0
" A” < =1 ”"pnn> An ( /:17 fn ) ’ (6>

where P, is the cost of one unit of final consumption in country n, and we define

1-0o

0=o0—1and vy, = won (Zn/ Tn/n)e. From this definition, ~,, captures all possible
determinants of the relative importance of country-n’ imports in the final expenditure
of country n — preferences, technology and bilateral trade costs: it depends positively
on the taste of country n for the output of country n’, governed by w,,; positively
on the exporting country’s productivity, Z,,; and negatively on the magnitude of
the trade barriers between the two countries, 7,,,,. We label {%’n}n',n as the matrix
of bilateral value-added trade determinants, and treat these as parameters in our
calibration below.

A simple application of Shephard’s Lemma yields

—0
P)/n’nfn/
= N —0 (7)
Zn’:l Fyn/nfn/

Un'n

where v, is the share of value added from country n’ in final consumption of the
representative consumer in country n. Throughout, we will refer to {v,,},,, as the

matrix of international value-added linkages.

10The same expressions could also be derived easily from a New-Trade model & la Krugman (1980).



Market clearing in international goods and domestic factor markets entails

N
ok + wo Ly = fuKSHY =Y v (f KGH) + Tor) (8)

n=1
where H, = h, L, denotes productivity-adjusted labour, or “human capital”. The
set of factor costs {f,}, constitutes an equilibrium price vector if it satisfies (7) and
(8) for given parameters a, 6, {Yun},,, given stocks of physical and human capital,
and given international transfers. By Walras’ Law, (7) and (8) uniquely determine
equilibrium factor costs relative to some arbitrarily chosen numeraire.

We define Y,, as the real GDP of country n evaluated at consumer prices. Then

y, =" ;w _ / A KOH (9)
n — 75
(qu—le /yn’nfnﬂ)
=F,

Real GDP of country n is determined by domestic production factors — with the
familiar Cobb-Douglas functional form over domestic physical and human capital —,
country-n productivity and the factor cost of country n relative to a weighted index
of all countries’ factor costs.

The “relative factor cost” term (F},) encapsulates our open-economy generalisation
of the conventional development-accounting equation. For given factor endowments,
productivities and factor costs, a country n which very effectively uses the value
added of countries n’ which have low factor costs relative to n (i.e. has high 7,
vis-a-vis these n’) will enjoy a higher level of real GDP. In turn, equations (7) and (8)
illustrate why some countries’ factor costs may be higher than others’. For given factor
endowments and international transfers, those countries whose value added is sourced
by markets with relatively large expenditure (i.e. relatively large f, K¢H!™® + T))
will enjoy higher equilibrium factor costs. In this way, the “relative factor cost” term

captures the influence of a countries’ international value-added linkages on their real
GDP.

2.3 Implications for Development Accounting
2.3.1 Development-Accounting Equation

Letting small caps denote variables in per-worker terms, e.g. x,, = X,,/L,,, and taking

logs, we can write (9) as

Iny, =Ink*h"*+1InF, +1nA,. (10)



Equation (10) shows that the log real income per worker of country n can be decom-
posed into three parts: i) a term depending on the domestic per-worker capital stock
and labour productivity; ii) the “relative factor cost” term; and iii) a productivity
residual.

In the special case 7, = 1 and ~,,, = 0 for all n’ # n, which implies that country

n has no use for foreign goods, equation (10) reduces to
Iny, = Ink%h."* +In A,. (11)

This expression corresponds to the standard aggregate Cobb-Douglas production
function which is widely used in macroeconomics. The development accounting lit-
erature employs (11) to assess what part of income differences between countries can
be explained by differences in quantifiable endowments of production factors — not-
ably, per-worker capital stocks and labour productivities — and how much must be
attributed to non-observable differences in productivity. The literature proceeds by
obtaining direct measures of production factors, calibrating the parameter o, and
treating productivity A, as a residual.

Equation (10) demonstrates that we can think of (11) as the special case of a more
general model which allows for an arbitrary set of international value added linkages

between countries. In the more general case, for given {v,,} other countries’

n’'n?
production factors and international transfers affect real GDP in country n via (7)
and (8), as discussed in the previous section.

Note that in the special case of equation (11), the productivity residual captures all
productivity differences across countries. However, in the more general case described
by equation (10) this need not be the case, as some of the variation in {¥u},,, which
is captured by the “relative factor cost” term may be due to differences in countries’

production efficiencies {Z,,}. We return to this issue in Section 4.2.

2.3.2 success and ignorance

Consider a general development-accounting equation along the lines of (10) or (11):
Iny, =Iny” +1n AZ (12)

where In yZ" collects the components of log per-worker real GDP which can be meas-
ured directly, and In A% is the residual portion which is attributed to unobserved

productivity. A simple variance decomposition yields
Var (Iny,) = Var (Iny.) + Var (In AY') +2Cov (Iny, , In AY") . (13)

Caselli (2005) measures the “success” of his benchmark development-accounting



exercise by y (1 E)
ar (Iny,”

Var (Iny,)’

i.e. by the share of cross-country variation in Iny, which can be explained with

E.

success” = (14)

observables. An alternative, inverse performance statistic is

E-

, Var (In AF)
ignorance” =

Var (Iny,) ’ (15)

i.e. the share of cross-country variation in Iny, which must be attributed to vari-
ation in the “ignorance” productivity residual. If observables could perfectly explain
countries’ incomes, success” =1 and ignorance” = 0.
Define
Iny"? =Ink2hl™ AP =InF, +InA,, (16)

Iny®t =Ink*h >+ InF, A =InA4,, (17)

where y”P and y®% respectively represent the portions of income explained with
domestic factors only, and with domestic factors and linkages; while A®P and AFF
represent the respective implied productivity residuals. Employing these definitions in

E ED

(14) and (15), we obtain success”P and ignorance®P as the measures of development-

accounting “success” which would be obtained using the traditional, closed-economy

framework. By contrast, success®" and ignorance®*

would prevail in the generalised
framework with international linkages. This highlights the potential importance of
incorporating countries’ international linkages into development accounting: if value-
added linkages are a quantitatively significant determinant of countries’ incomes,
traditional development-accounting exercises would incorrectly attribute their effect
to domestic residual productivity, inflating ¢gnorance at the expense of success.

So as to be able to compare our findings with Caselli’s (2005), we report the
success of our development-accounting exercises in each case below. However, our
preferred statistic for evaluating these exercises is ignorance, for two reasons. First,
ignorance is bounded below by 0, while success may exceed 1. Second, introdu-
cing additional observables in a development-accounting equation may raise success
without reducing ignorance. This makes ignorance a more suitable statistic for
comparing the performance of different development-accounting exercises: a superior
exercise — in terms of reducing the reliance of development accounting on unobserved

TFP differences — will always reduce ignorance.'*

1 To see the second point, suppose we were to compare two development-accounting equations:

Iny, = InyZ? 4+ 1n AEP,

Iny, = InyZL +1n APE

n n )

10



3 Development Accounting

3.1 Data
3.1.1 Incomes, Factor Endowments and Trade Balances

To perform our updated development-accounting exercise we require data on coun-
tries’ incomes, endowments of production factors, trade balances and on their inter-
national value-added linkages. Data on factor endowments is assembled from two
standard sources: the Penn World Tables (PWT, edition 9.0) and the latest edi-
tion of the educational attainment database by Barro and Lee (2013). For ease of
comparison with a benchmark development-accounting exercise in Caselli (2005), we
construct factor-endowment data ourselves, closely following the methods described

in that paper. Details are provided in Appendix A.2.12
[Insert Table 1 here]

Table 1 reports summary statistics of the final data on PPP-adjusted GDP per
worker (y,,), capital stock per worker (k,) and human capital per worker (h,) in the
years 1996 and 2006 for the countries in our sample. The size of our country sample
is limited to 40 economies (plus “rest of the world”) by the coverage of the World
Input Output Database (WIOD, see Timmer et al., 2015), our main source of data
on international linkages.!?

The WIOD also allows us to gauge the size of our sample countries’ net imports,
corresponding to the “transfers” in our model. In addition to describing the factor
data, Table 1 reports summary statistics for net imports as a share of U.S. GDP (¢,)
in 1996 and 2006.

3.1.2 International Value-Added Linkages

The WIOD contains annual global input-output tables, built from domestic input-
output tables and international trade data. The database covers all economic activity
of its sample countries, divided into 40 broad use categories — 35 industries, and 5 final
sectors (corresponding to final consumption expenditure by households, by the public

sector and for investment and inventory accumulation). A typical cell represents the

where InyZL = InyEP + In F,,. A few lines of algebra show that

sucessPt > successP & 0< %Var (InF,) + Cov (ln yEP In Fn)
ignorance®’ < ignorance”? & 1Var(InF,)+ Cov (InyfP InF,) < Cov(Iny,,InF,) .

2However, our quantitative findings are extremely robust to the use of alternative methods in
constructing factor-endowment data. See Appendix A.3.1.

3Income and factor endowments for the “rest of the world” are constructed by aggregating the
corresponding variables for all countries which report sufficient data in the PWT but do not belong
to our sample of 40 economies.

11



current dollar value of expenditure by use category s in country n on use category s’
in country n'.

The WIOD reports tables for each year in the period 1995-2011. For a given year,
we use this information to derive the final use by country n of value added generated
in each country n’, corresponding to our definition of v,, in Section 2. In doing so,
we follow Johnson and Noguera (2012) and Timmer et al. (2013). The procedure is
briefly outlined in Appendix A.2, with more details available in those papers.

Figure 1 offers a graphical overview of the matrix {Un’n}n/,n’ calculated for the year
2006. Each dot in the figure represents the share of value added from the vertical-
axis country (“country n’”) used in final expenditure of the horizontal-axis country
(“country n”), with the size of the dot indicating the magnitude of the share. The

magnitude of the entries ranges from almost 0 to .9.
[Insert Figure 1 here]

Two features of the data are immediately apparent from Figure 1. First, even
the smallest entry on the diagonal of the matrix (.54) is considerably larger than the
largest off-diagonal element (.12), indicating that countries’ own value added accounts
for the large majority of their overall final use of value added. Second, there are a
number of countries whose value added is used to a significant extent in the final
expenditure of all other countries (resulting in “strong” horizontal lines in the figure).
Those countries — notably, the United States, Japan, Germany and China — appear
to be large in terms of the shares of world population and GDP. Although Figure 1
is based on data from the year 2006, the same stylised facts are observed in any year
covered by the WIOD.

[Insert Figure 2 here]

In Figure 2, we investigate the stability over time of our matrix of international
linkages, {vn’n}n’,n' The left-hand panel plots the value of a particular off-diagonal
entry in the matrix from the year 2006 against the value of the same off-diagonal entry
from 1996. The right-hand panel does the same for on-diagonal entries. No change
in a particular entry over time would place it on the forty-five degree line (shown as
a dashed line in both panels). As can be seen from the right-hand panel, the value
of nearly all diagonal matrix entries has declined between 1996 and 2006, reflecting
a growing integration of international value chains that has been well documented
elsewhere.!'* The pattern emerging from the left-hand panel is less clear, showing both
increases and decreases in the value-chain integration of individual country pairs. A
common feature of both panels is that the magnitude of most changes in {v,,},,,, in

the period 1996-2006 appears to have been small.

“For example, see Hummels et al. (2001), Yi (2003) and Timmer et al. (2013).
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3.2 “Traditional” Development Accounting
3.2.1 Calibrating the “Traditional” Model

As defined in Section 2.3.2, yZP constitutes the portion of country-n income which
would be explained by traditional development-accounting exercises that disregard
the role of international linkages. We now calculate { yEb }n using per-worker capital
stocks and labour productivity from the data described in Section 3.1, and setting
the capital share « to the value 1/3, in line with Caselli (2005) as well as much of the
macroeconomics literature. We then obtain {AED }n as the residual portions of per-

worker GDPs not captured by {ny }n This, in turn, allows us to derive success®?

and ignorance®P.

3.2.2 Results: Domestic Factors Only

The first column in the left-hand and right-hand panels of Table 2 reports success®?

ED using data for our 40 economies from the years 1996 (left-hand

and ignorance
panel) and 2006 (right-hand panel). This corresponds to Caselli’s (2005) baseline
development-accounting exercise. As the table shows, the variance of countries’ log
per-worker incomes is significantly larger than the variance of InyZ?. resulting in
values of success of around one quarter and ¢gnorance of around one third in 1996.
The ratio of the productivity residual for a country at the border to the bottom decile
of the distribution of residuals relative to a country at the border to the top decile
(Al0/A%) is .37. The values for 2006 are of similar magnitude.

Caselli (2005) reports his findings for different country samples in the year 1996.
Although none of these samples perfectly overlaps with ours, the value of success
from his “Europe” sample — which covers the largest share of countries contained in
our group of 40 economies —is similar to ours at .23. The findings of our “traditional”
development-accounting exercise (using only data on domestic factor endowments)

are thus comparable to those of earlier studies.

[Insert Table 2 here]

3.3 Development Accounting with International Linkages
3.3.1 Calibrating and Solving the General Model

Our open-economy model in Section 2 introduces a range of new parameters —
{Ywnt , and 6 — relative to the standard development accounting framework (which
only needs to calibrate a single parameter, a). We proceed by calibrating {¥n/n},
so as to match countries’ value-added linkages in the data, and presenting results for
a range of values of 6. To build intuition, Section 3.3.2 reports results for the special

case in which 8 — 0 in detail. Section 3.3.3 reports results for a range of positive
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values of 6, and discusses plausible choices for this parameter. We find that, for any
plausible value of 6, we obtain values of success and ignorance which improve signific-
antly on the performance of the “traditional” closed-economy development accounting
framework.

so that

our model matches the matrix of observed value-added linkages {vyn},,,, perfectly

For given factor costs and a given value of 6, we can choose {y,n},, ,
using equation (7). In matching value-added linkages, we have one free parameter
per country, so we impose the normalisation ), v, = 1.1

Observed value-added linkages in turn imply a cross-country distribution of factor
costs, {fn},, from equation (8), independently of the value of . Choosing country-N

factor cost as the numeraire, we can write (8) in matrix form as

fIEFH; AKYH ™+ T
: =V : + v (KR Hy 4+ Tn)
SvaKS  Hy S SnaKS  HY S + T
(18)
where
V11 «. U1N-1 UIN
V= VN = (19)
UN-11 -+ UN-1,N-1 UN—-1,N
Using the fact that Ty = — >~y T}, (18) implies
KyHy "
n — Un ) 20
where u,, is the typical element of the vector
Uy tl
—I-V)'{(V-vN) |  |+vNy, (21)
UN-1 tN—l

and we define 1 as an N —1 row vector of ones, t,, as country n’s net imports as a share
of numeraire-country GDP, and uy = 1. Put in words, we can express f, explicitly
as a function of country-n factor endowments, country-N factor endowments, the
and the distribution

of empirically observed trade imbalances, {t,},. Throughout, we will let the United

matrix of empirically observed value-added linkages {vnn},, .,
States be our numeraire country.
Using {f.}, thus derived, a value for #, and the calibrated values of {7}, to

reconcile (7) with the data, we obtain an expression for the “relative factor cost” term

15This normalisation permits us to characterise formally the special case of the model we discuss
in Section 3.3.2.
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EL

in (10). This allows us to compute {ny}n and {AEL}H and, hence, success™" and

ignorance®r.

3.3.2 Results: Domestic Factors and Linkages (6§ — 0)

In the special case § — 0, the consumer preferences given in (1) converge to a Cobb-
Douglas form. As a result, international value-added linkages converge to a Cobb-
Douglas expenditure system. Calibrating the parameters {'Yn’n}n',n to match value-

added trade flows then amounts to
Un'n = VYn'n- (22)

This special case is attractive because it is highly tractable, and because the Cobb-
Douglas expenditure system is a popular benchmark for modelling input-output (and,
by extension, value-added) linkages in a range of applications.!®

It is straightforward to show that

N 1—a\ Vn/
" KCV/H ; n'n
I1 (Z—#) +1n A, (23)

n'=1

limIny, = Ink%h."* +1In
0—0

The second term on the right-hand side of equation (23) illustrates what underlies
the contribution of the “relative factor cost” term to per-capita incomes in our model.
Everything else constant, if country n is abundant in production factors relative to
its trading partners (i.e. it has a relatively large K®H}™%), its factor cost will be
relatively low, depressing its real income. Meanwhile, the term w,, summarises “world
demand” for country-n value added. For given factor endowments, a relatively large u,,
is associated with relatively high demand for country-n factor services, which causes
the factor cost of country n to be relatively large, boosting its real income. Finally,
the effect of conditions in each individual country n’ on the “relative factor cost” term
of country-n is moderated by v,,, which determines the relative effectiveness with
which n uses value added generated by n'.

The second column in the left-hand and right-hand panels of Table 2 reports
success and ignorance if we engage in development accounting using equation (23)
combined with data on production factors, value-added linkages and trade balances.
We obtain values of success equal to .49 in 1996 and .50 in 2006. Thus, the in-
corporation of the “relative factor cost” term doubles the share of the cross-country
variation in incomes which our updated development accounting framework can ex-

plain. The value of ignorance is reduced to .14 in 1996, and .11 in 2006. Hence, our

16See Fadinger et al. (2015) for a recent example of the use of a Cobb-Douglas model of input-
output linkages in a domestic macroeconomics context, and Johnson (2014) and Caliendo and Parro
(2015) for examples of its use in an international context.
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“relative factor cost term” reduces income variation attributed to unobserved residual-
productivity differences by more than half. Correspondingly, the residual productivity
of the bottom-decile country rises to about 60% of the top-decile country’s in both

years.
[Insert Figure 3 here]

Figure 3 offers a graphical representation of our findings. For the year 2006, it
plots In y,, against In yZ? (left-hand panel) and against In yZ% (right-hand panel). For
domestic factors (domestic factors and relative factor costs) to explain the variation
in log per-capita incomes perfectly, In y,, would have to equal In yZ? (In yZ%) up to the
value of a constant term — that is, the observations in the left-hand (right-hand) panel
should be aligned along a line with an arbitrary intercept, and a slope of 1. Clearly,
this is not the case in either panel. However, the red line of best fit between In y,, and
In yZ% has a slope of 1.3, while the line of best fit between In ,, and In yZ? has a slope
of 1.9. The difference in slopes is statistically significant at the 1% level, implying that
our model with linkages comes significantly closer to explaining cross-country income
variations as a result of observables than the traditional closed-economy framework.

The figure also verifies that this result is not driven by a few “outlier” countries.
[Insert Figure 4 here]

To illustrate why the incorporation of the “relative factor cost” term improves
results compared to conventional development accounting, we split the term into
two components for the year 2006 — the log factor cost of each country, In f,, and
the log weighted factor costs of its value-added sources, In (Zn, Ynin fr;e)_% — and
plot both against countries’ observed real PPP-adjusted GDP in that year. The
left-hand panel of Figure 4 displays the correlation of log model-implied factor costs
with log per-worker real GDP in the data, the right-hand panel the correlation of log
weighted source factor costs with log per-worker real GDP of that country.!” The left-
hand panel demonstrates that the relative success of our open-economy development-
accounting exercise is owed to the strong positive correlation between model-implied
country factor costs and per-worker real GDPs. Since countries rely largely but not
exclusively on their own value added, the relationship between model-implied source
factor costs (which “work against” own factor costs) and per-worker GDPs is weaker,
as seen in the right-hand panel. As a result, the net effect of introducing both terms in
the development accounting framework is to raise the correlation of the right-hand-
side observables with actual log per-worker GDPs, boosting success and reducing

ignorance.

"Note that a country’s consumer price index is distinct from the index of weighted source factor
costs, as the former depends both on source factor costs and the country’s residual productivity, A,,.
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3.3.3 Results: Domestic Factors and Linkages (6 > 0)

The Cobb-Douglas special case explored above is illustrative but highly stylised: it
suggests that the patterns of international value-added linkages are completely unre-
sponsive to changes in the relative costs of value added sourced from different origin
countries. Based on the evidence presented in Figure 1, this may not do justice to
some of the determinants of international linkages: in the figure, countries with large
endowments of physical and human capital (e.g. the U.S.) ship more value added
to all foreign destinations than smaller countries. Once we allow for the possibility
that # may be strictly positive, our model would predict that such countries ship

more value added abroad for given {~,,} as their factor costs would be relatively

n'n?
low ceteris paribus. Hence, permitting # > 0 allows us to capture a portion of the
patterns in Figure 1 without relying on exogenous differences in the bilateral trade
determinants, {Ynn -

While a strictly positive 6 seems plausible, the exact calibration of this parameter
hinges on its interpretation. In the Armington model of Section 2, € represents
the substitution elasticity between goods minus 1. Earlier studies in international
macroeconomics have attributed values in the range 2-3 to this elasticity, suggesting
values in the range 1-2 may be appropriate for 6 (see Backus et al., 1994). However,
also represents the “trade elasticity”, i.e. the responsiveness of trade flows to changes
in trade costs.!® Several studies have attempted to estimate the trade elasticity using
data on bilateral trade flows and goods prices. While initial estimates were as large
as 8, subsequent studies have found values closer to 4 (see Eaton and Kortum, 2002;
Simonovska and Waugh, 2014). We adopt the intermediate § = 4 as our baseline
parameter calibration. At the same time, in Figure 5 we present results for a range of
values of # between 0 and 8, using 2006 data, to illustrate how the choice of # affects

our findings.
[Insert Figure 5 here]

Figure 5 plots values of ignorance against 6 (dashed lines provide the reference
values from the standard development-accounting framework). As can be seen from
the figure, over a plausible range of 6, the Cobb-Douglas special case turns out to
present a conservative picture of the relative success of our development-accounting
exercise with value-added linkages: up to a value of 2, higher values of 6 yield even
lower values of ignorance. Beyond this point, tgnorance begins to rise once again
— but it remains below its value from standard development accounting for any

reasonable value of 6.

[Insert Figure 6 here]

18This is true in the Armington model of Section 2 — as can be seen from equations (5)-(7) — and
in the alternative Eaton-Kortum model we describe in the appendix (see Section A.1.3).
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Figure 6 provides an intuition for the non-monotonic relationship between 6 and
ignorance. It contrasts the income correlations of countries” own factor costs and
their weighted source factor costs for the case 8 — 0, already seen in Figure 4, with
the case # — oo. As noted in Section 3.3.1, given data on international value-added
linkages, countries” model-implied factor costs can be calculated independently of the
value of 6. For this reason, the left-hand panel of Figure 7 is identical in both cases.
Yet this is not true for weighted source factor costs: as 6 — oo, all countries’ source
factor-cost indices converge to a single number: the maximum global factor cost.!
Therefore, as # — oo, the variation in In f,, remains unaltered, while the variation in
—% In (Zn, Vnrn f;e) disappears. Since the former is highly correlated with per-capita
incomes, and variation in the latter “works against” the former, this lowers ignorance
— up to the point at which the variation in incomes explained by the model equals
the variation in actual per-capita incomes. Beyond this point, our framework predicts
more variation in incomes than observed in the data, and the productivity residual is
once again required to explain why some countries are not as rich relative to others

as our accounting exercise would suggest. This causes ignorance to rise again.
[Insert Table 3 here]

Table 3 reports values of success and ignorance for some specific values of 6.
The case § = 1.8 results in the smallest value of ignorance, i.e. the least reliance
on residual-productivity differences in explaining income variation in the data (the
value of success is .94 in this case). The case § = 4 corresponds to our preferred
calibration of the parameter. The Cobb-Douglas special case (6§ — 0) and our pre-
ferred calibration (@ = 4) result in development-accounting equations which require
similarly low variation in unobserved residual productivities to explain observed in-
ternational income differences. Any value of 6 between these cases results in even less
ignorance. Therefore, our conclusion from Section 3.3.2 remains unaltered: account-
ing for relative factor costs among open economies reduces income variation attributed
to unobserved residual-productivity differences by more than half. Throughout, the

bottom /top decile ratios of residual productivities track ignorance very closely.

3.3.4 Robustness

In the Appendix, we report results from a number of checks to ascertain the robust-
ness of the main findings reported above. In Section A.3.1, we show that plausible
alternative methods and sources for constructing human and physical capital stocks

have no material impact on our findings. In Section A.3.2, we perform development

YFor given {vn/n}, . a rise in § would cause countries to source relatively more value added
from locations with lower factor costs. This implies that, in order for our calibration to match the
given {”n/n}n',n as 0 increases, v, needs to rise disproportionally for n’ with relative high factor
costs. In the limit, this implies that ~,+,, — 1 for all n, where n* € arg, .y max{fi,..., fn}.
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accounting allowing for country-specific labour shares (1 — «,) and find that it leaves
our qualitative conclusions unchanged. In Section A.3.3., we extend our analysis
to a sample of 165 countries using the EORA database. As we show there, our
open-economy development accounting exercise performs, if anything, better when
confronted with a larger, more heterogeneous sample of economies. These robust-
ness checks therefore support our main conclusion that accounting for international
value-added linkages in development accounting reduces the need to rely on residual
technology differences in explaining the variation of real incomes across countries.
Section 4 below discusses three extensions of our analysis. The first explores the
relationship between our findings and the results of development-accounting exercises
employing new PPPs available from PWT (Feenstra et al., 2009; 2015). The second
makes additional assumptions to showcase the distinction between our residual pro-
ductivity term and TFP. The third contrasts the variation in “relative factor costs”,
which is behind our headline findings, with the differences in the gains from trade

documented in previous studies (Eaton and Kortum, 2002; Waugh, 2010).

4 Three Extensions: Output/Expenditure PPPs,
TFP and the Gains from Trade

4.1 Relative Factor Costs versus Output /Expenditure PPPs
4.1.1 “Expenditure-Side” and “Output-Side” PPPs

Since edition 8.0, the PWT has provided two alternative PPP GDP deflators for cross-
country comparisons. The first, labelled “expenditure-side” PPP (PPP?), deflates
the dollar GDP of country n by its price level of domestic absorption. It represents
the traditional measure of PPP-adjusted GDP, which takes account of differences in
final-expenditure price levels across countries, capturing the consumption value of
a country’s final output. Conceptually, PPP? corresponds to P, in our model, as
defined in equation (6).2

The second, labelled “output-side” PPP (PP P?), deflates nominal GDP in a man-
ner designed to better reflect the productive capacity of country n. The introduction of
this second, distinct real GDP concept reflects the recognition that the consumption
and production baskets of an open economy need not coincide. Hence, an output-
side deflator of GDP needs to adopt different price weights from an expenditure-side
deflator. As data on output prices and quantities is not readily available for a large

set of countries, the PWT constructs a price deflator with output weights from the

20Indeed, since we assume that each country consumes a single final good, the Fisher-Geary-
Khamis approach employed to compute the PPPs provided in the Penn World Tables would yield
PPP! = P, exactly in the world economy described by our model.
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traditional PW'T expenditure-side deflator by subtracting countries’” weighted import
prices and adding their weighted export prices (see Feenstra et al., 2009; 2015).2
Feenstra et al. (2015) argue that the difference between the two deflators reflects
the terms of trade, and they introduce PPP?/PPP? into a standard development-
accounting equation to account for “the effect of the terms of trade on standards of
living” (p. 3179). Formally, Feenstra et al. (2015) perform development accounting
using i
Iny, =In iii;; +Ink%h. " +In B,. (24)
They find that allowing for variation in PPP?/PPP? across countries does little to

raise the share of cross-country income variation which can be explained with data.??

[Insert Tables 4 and 5 here]

On the surface, the development-accounting approach represented by (24) appears
to be closely related to ours. As a first step towards understanding the difference
between the findings of Feenstra et al. (2015) and our findings reported above, we
follow the Fisher-Geary-Khamis approach described in Feenstra et al. (2009; 2015)
to calculate output-side PPPs in our model world economy, imposing our baseline
calibration § = 4. Table 4 reports summary statistics for the resulting PPP?/PPP?
ratios, and shows that these look similar to the PPP°/PPP? ratios for the same
group of countries which can be obtained from PWT — but very different from the
summary statistics of our “relative factor cost” term. Table 5 confirms that our model-
implied PPP?/PPP? ratios are closely correlated with their PWT counterparts, but
largely uncorrelated with the “relative factor cost” term. Therefore, PPP?/PPP?
ratios do not appear to capture the same as our relative factor costs, and there is no

reason to expect them to be substitutes in development accounting.
[Insert Table 6 here]

To reinforce this message, we perform development accounting on the basis of
equation (24), using both PWT-reported and model-implied PPP?/P P PJ ratios for
our sample countries in 2006. Table 6 gives an overview of the results. For con-
venience, the first column reproduces the results of a traditional closed-economy
development-accounting exercise, as in the first columns of Tables 2 and 3. The
second column confirms that, just as in Feenstra et al. (2015), including the PWT-
reported PPP?/PP P ratios in an otherwise standard development-accounting equa-

tion raises success only slightly, and does little to reduce residual productivity differ-

2INote that only the unit values, not prices, of exports and imports are available across a large
group of countries. Since unit values of goods shipped do not correct for the likely sizeable differences
in quality, the PWT follows Feenstra and Romalis (2014) in estimating quality-adjusted prices of
exports and imports from unit values using a monopolistic-competition trade model.

228ee Feenstra et al. (2015), Table 1, “Baseline” column, p. 3179.
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ences between countries. The third column highlights that very similar results would
be obtained if we used model-implied PPP?/P P P4 ratios.

4.1.2 Difference between Relative Factor Costs and PPP?/PPP? ratios

We now turn our attention to the question how the residual in (24) differs from the
residual productivities obtained in our open-economy development-account exercises
in Sections 3.3.2 and 3.3.3. To this end, in Appendix A.4 we use the definitions
provided in Feenstra et al. (2015) to derive an exact expression for “output-side” real
GDP — nominal GDP deflated by PPP? —in our model world economy. From this
definition, it follows that

(PPngn
In | ——2—

. arpl—-a ~ rw?m
PPPpe ) Inkih, “=InB, ~In <H Zn> : (25)

where II” is a constant, and the relationship holds approximately due to the fact that
Fisher-Geary-Khamis PPPs only approximate ideal price indices.

Equation (25) highlights that the “productivity residual” in Feenstra et al. (2015)
captures characteristics of country n which are distinct from the residual productiv-
ities {A, },, obtained by our open-economy development-accounting exercise. It also

implies that
PPP?

PPP]

confirming that there is nothing surprising about the difference between PPP?/PP P!
3

In

_1
~ —InTl* 4+ In (%me AnFn> ,
ratios and relative factor costs observed in the previous section.?

4.2 Residual Productivity and Total Factor Productivity

In sections 2 and 3, {4, }, represents the portion of countries’ incomes which remains
unexplained and is attributed to residual productivity differences. However, among
open economies, cross-country differences in A,, need not correspond to cross-country
differences in overall productivities. This is because variation in {vu},,, could
reflect differences in production efficiencies across countries: a country n’ whose value
added is used relatively intensively by all other countries (i.e. has high ~,, vis-a-vis
all n) might be using its factor endowments relatively efficiently (i.e. have a relatively
high Z,,).

We cannot determine the variation in the production efficiencies {Z,}, across

countries in addition to the variation in residual productivities {A,}, without ad-

23Fisher-Geary-Khamis PPPs appear to provide a good approximation for the model’s ideal price
indices: for @ = 4, the correlation between the {In(PPP;/PPP?)} we compute for our model

1
economy and the model-“ideal” equivalent of this price ratio {ln (*ymf AnFn)} is .99!
n
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ditional data or stronger assumptions than were required to perform development
accounting in Section 3. By way of example, here we introduce two assumptions

which would allow us to assess overall productivity differences across countries.

-0
. Wt T $ 9 .
Assumption 1: wn e — Tn'n / Y,:, where T,/ is such that

—0
WUSART S An VUSAn

N v X R
> ( o Tn,) T, =0. (26)

) VUSAn
n=

Assumption 2: There is no trade in intermediate inputs.

Assumption 1 states that variation in (relative) bilateral trade costs and prefer-
ences amounts to the residual variation in (relative) bilateral value-added linkages,
once all country-specific variation has been controlled for. This identifying assump-
tion is commonly made in the quantitative analysis of international trade linkages.?*

Assumption 2 imposes a specific input-output structure of international trade.
This assumption is consistent with the model presented in Section 2.2° However, as
argued there, we do not need to take such a restrictive stance on the nature of inter-
national input-output linkages for the development-accounting exercise in Section 3.
The key equations used in Section 3 could be derived from a range of different models
— under different assumptions about international input-output linkages. In order to
identify the production efficiencies {Z,},, however, we need to be more specific. For
illustrative purposes, we adopt the simplest possible input-output structure in the
following: the case in which countries trade only in final goods.

Under assumption 2,
Zy,

Zusa

Sl

=7

s (27)

where we use the fact that U.S. factor costs are the numeraire. Moreover, we can

24Gee, for example, Eaton and Kortum (2002). Note that Assumption 2 implies that we can obtain
wn/nT;/fl JWUSAnTy g 4p, for each country pair by estimating, with Poisson maximum likelihood,

Un'n

=exp{lnYT,  +emn},
VUSAn

where InT,,s is a country dummy; and e,, is a mean-zero error term. Then, given {Tn} and

n
{ ! } 4
€En'n n’,n’

-0
Wi T .
—0 = exp {en’n} :
WUSAnTY S An

25Tt is also consistent with the model presented in Appendix A.1 if we impose 8, = 0 for all n.
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write equation (9) as

Y = Pr Zp X Apkehl=e, (28)

1
N -0 0
Zn’zl Wn'nPnin

where p,, = f,,/Z, captures the “factory-gate” price of the country-n good.

Equation (28) illustrates that the “relative factor cost” term F,, can now be de-
composed into two components i) a “relative price” term, capturing the price of the
good produced by country n relative to the preference-weighted prices of the goods
consumed by n; and ii) a productivity term, capturing the efficiency with which coun-
try n produces its output, Z,. Henceforth, we will refer to 7, A,, as the total factor
productivity (TFP) of country n. Given (27), we can characterise how the variation in
total factor productivities across countries might differ from the variation in residual

productivities.
[Insert Figure 7 here]

Figure 7 displays countries’ residual and total factor productivities, all relative to
the US. Black bars represent residual productivities implied by closed-economy devel-
opment accounting (which are equal to total factor productivities in this case). Light
orange bars represent residual productivities implied by open-economy development
accounting, with # = 4. Dark orange bars reflect the corresponding TFPs under the
additional assumptions 1 and 2.

A striking feature of the figure is that, while residual productivity differences are
smaller once we incorporate international linkages into development accounting, the
international TFP differences implied by assumptions 1 and 2 are larger. Therefore, if
productivity is a major driver of value-added trade patterns, as per assumption 1, its
role in shaping income differences may be larger than closed-economy development ac-
counting would suggest. It may be smaller if value-added linkages are predominantly
the result of trade costs and preferences.

We showed in Section 3 that accounting for international linkages reduces the
unexplained portion of international income differences which is typically attributed
to a productivity residual. Our example here demonstrates that we cannot gauge
the size of overall productivity differences across countries without more information
about the role of productivity in shaping trade patterns and the nature of international
input-output linkages. Investigating these should be a central objective of future

research on cross-country differences in incomes and productivity.
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4.3 The Gains from Trade
4.3.1 Calibration

Throughout, we have relied on insights from standard quantitative trade models of
the kind which have been used in previous studies to analyse the gains from trade,
and their contribution to countries’ incomes. In this section, we use our framework
to perform counterfactuals in the spirit of some of these earlier papers in order to
illustrate that our findings are consistent with theirs.

We begin by calibrating our model to data from the year 2006. We choose o = 1/3,
6 = 4 for our key structural parameters (see the discussion in Section 3.3.3). Given
2006 data on countries’ factor endowments and trade balances, {K,, H,,t,},, we
calibrate {”Yn’n}n/,n targeting empirical value-added trade linkages from that year as
described in Section 3.3.1. We then attribute the residual part of income not explained
by 2006 factor endowments and relative factor costs to residual productivities, {A,},,.
Summary statistics for the 2006 distribution of factor endowments and trade balances
can be found in Table 1. Table 7 reports summary statistics for the calibrated bilateral

technology parameters and residual productivities.
[Insert Table 7 here]

By construction, the calibrated model perfectly matches real per-capita incomes
and the patterns of value-added trade in 2006. Our goal is to explore the impact on
real GDPs of a counterfactual move to global autarky. Since our calibration allows
for trade imbalances through the exogenous {t¢,}, but out model provides no theory
of the relationship between trade costs and trade balances, we proceed in two steps.
We first consider the real-GDP effects of a move to balanced trade. We then analyse
the real-GDP effects of the introduction of prohibitive trade barriers relative to the

balanced-trade scenario.

4.3.2 Balanced Trade

Figure 8 and Table 8 report the impact on real GDPs from imposing balanced trade
(t, = 0 for all n) in the 2006 calibration of our model. The changes are generally
small, ranging from —2.4% (Cyprus) to +2.1% (Luxembourg), with most changes
smaller than 1% in magnitude. They are also strongly negatively correlated with
countries’ initial net imports in 2006: the correlation between the log change in real
GDP and ¢, is —.32. This is consistent with countries experiencing a “transfer effect”
(Keynes, 1929; Ohlin, 1929).

[Insert Figure 8 and Table 8 here]

Dekle et al. (2007, 2008) use a multi-country Eaton-Kortum model calibrated to

data from the year 2004 to analyse the effect of eliminating global imbalances on the
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nominal and real GDPs of 42 economies. In their most comparable counterfactual,
they find real-GDP changes of similar magnitude to ours, ranging from —.7% to
+3.5% in the extremes but “nearly always a fraction of a percent.”? Our findings
here thus gel with their conclusion that the effect of trade imbalances on real incomes

is small for most countries.?”

4.3.3 Autarky

Starting from the baseline of balanced trade, we now explore the effect of imposing
autarky in all countries (7,,, — oo for all n’ # n). The bars in Figure 9 represent the

resulting real-GDP changes.
[Insert Figure 9 here]

Unlike the adjustment to balanced trade, a move to autarky has a negative and
economically significant effect on the GDPs of all countries, ranging from —17.5%
(Luxembourg) to —2.5% (United States). The median and mean changes are —7.5%
and —8.3%, respectively. However, while global autarky would reduce international
income differences, Table 7 reports that Var (Iny,) falls only modestly from .403
to .393. The ratio of the 10th-percentile and 90th-percentile per-worker real GDP
(yl?/y20) is unaffected up to two digits. Waugh (2010) performs a similar exercise
on a more heterogeneous sample of 77 countries using data from 1996. He finds

an average 10.5% decline in real GDPs as a result of counterfactual global autarky,

coupled with a modest effect on Var (Iny,) and y!°/y2°.2® This is broadly consistent
with the result presented here.
To understand why the contribution of the gains from trade to international in-

come differences is much smaller than the portion of these differences which can be

26Dekle et al. (2008) perform their counterfactuals under different assumptions about labour
mobility and the adjustability of the range of goods produced by countries. Their long-run scenario
— in which labour is perfectly mobile within countries, and the range of goods produced can fully
adjust to shocks — is most comparable to our counterfactual here. Note that our qualitative and
quantitative findings are similar to theirs despite the fact that they choose a significantly higher
value for the trade elasticity (f = 8.3). Our own experiments with different values of 6 suggest that
the magnitude of “transfer effects” does not appear to be affected much by changes in the trade
elasticity.

2"We do not report the impact of balancing trade flows on real per-capita consumption levels.
While consumption technically constitutes the appropriate measure of welfare in our model, the static
nature of our framework together with the assumption of exogenous trade balances preclude a robust
welfare analysis. The latter would require trade imbalances to arise (and change) endogenously in a
fully dynamic model. Our model is only designed to explore the determinants of GDP levels across
countries — the primary focus of this paper.

28Waugh (2010) reports a slight increase in Var (Iny,) from 1.30 to 1.35 as a result of autarky,
and a decrease in y2°/yL0 from 25.7 to 23.5 (see Waugh, 2010: Table 4, p. 2118). By contrast, he
finds large declines in both numbers under other counterfactual configurations of trade costs.
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explained by our “relative factor cost” term, note that we can re-write (9) as

1
0
PrnYnn -+ 1

— A kO = v i x ApkShlTe. (29)
(St

Yn =

Any changes in external trade costs and trade balances affect country-n real GDP
through changes in country-n relative prices. The share of value added sourced by
country n from itself, v,,, provides a sufficient statistic for the relative-price com-
ponent of country-n income — in line with the formula of Arkolakis et al. (2012).
However, in addition to relative prices, the “relative factor cost” term also captures
part of country-n preferences, technologies and trade costs which shape the value-
added trade patterns of country n. These bilateral-trade determinants are encap-
sulated in v,,. The development-accounting exercise in this paper thus implies a
different thought experiment from typical autarky counterfactuals: instead of ask-
ing what income differences would be if all countries were closed, it asks how much
smaller income differences would be if all countries faced the same relative prices and

value-added trade determinants.

5 Conclusion

Allowing for international trade linkages in an otherwise standard development ac-
counting framework enables us to paint a more complete picture of the sources of in-
ternational income differences. Our exercise unpacks part of the uncomfortably large
black box of residual productivity differences between countries, which constitutes a
key finding of earlier development accounting studies under the implicit assumption
that countries are autarkic. It shows that relative factor costs have an important role
to play in explaining why some countries are richer than others. Differences in relative
factor costs, in turn, arise because countries differ in their capacity for using value
added from different origins: countries which efficiently source value added from rel-
atively cheap suppliers but sell their own exports to large markets will enjoy relatively
high factor costs. In this way relative factor costs encapsulate the effect on a country’s
income, via its international value-added linkages, of all countries’ factor endowments,
productivities and the international distribution of aggregate expenditures.

A skeptical reader might observe that our framework reduces the need for residual-
productivity variations in explaining international income differences by introducing
yet another layer of “unobservables”. the catch-all bilateral trade determinants which
underpin observed value-added linkages. Yet these bilateral trade determinants differ
from residual productivity in conventional development-accounting exercises in two

important respects. First, their variation across country pairs can be disciplined with
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international-trade data. Second, such variation may not (only) reflect technology
differences, but (also) differences in trade costs and preferences. The question which
of these fundamental drivers of international trade is quantitatively most important
continues to be central in international economics. If we accept the relevance of trade
linkages as a source of income variation across countries, it should also be at the heart

of future endeavours to understand international income differences.
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1996 2006
Yn ky, hy, tn Yn ky, hn, tn
(2011 1$) (2011 I$) (2011 1$) (2011 I3)
Main Mean 48,122 145,399 2.8 .001 61,032 172,575 3.0 -.000
Sample | St. Dev. 23,965 78,935 0.4 .003 26,898 88,545 0.4 .010
Min. 4,525 8,325 1.8 -.011 7,034 13,633 2.0 -.019
Max. 102,302 304,323 3.5 .010 120,815 366,606 3.6 .051
Obs. 40 40 40 40 40 40 40 40
RoW 14,492 36,900 2.0 .043 18,701 39,745 2.2 .012

Table 1: Per-capita GDPs, factor endowments and transfers — summary statistics

D L
(0 —0)

Var (Inyy) 501 501

Var (Inyf) | 130 244

Var (InAF) | 162 070
success .26 49
ignorance .32 14
y L0 JyD0 22 22
A0 /A% 37 .58

1996

D L
(0 —0)
Var (Iny,) 401 401
Var (Inyf) | .101 200
Var (InAF) | 113 046
success .25 .50
tgnorance .28 A1
y L0 JyD0 25 25
AL /A 48 .62
2006

Table 2: Development accounting — without and with value-added linkages

D L L L
(6—0)| (0=1.8)| (f=4.0)
Var (Iny,) 401 401 401 401
Var (Inyf) | .101 200 375 614
Var (InAF) | 113 046 014 041
success .25 .50 94 1.53
ignorance .28 A1 .03 .10
y L0 /yDo 25 25 25 25
AL /A0 48 62 78 61
2006

Table 3: Development accounting — different values of 6

28




2006

PWT Model (6 = 4.0)
BT | inF, | inDEE
Main Mean .0468 -.3594 .0212
Sample | St. Dev. .0815 4926 .0440
Min. -.0790 | -1.8429 | -.0526
Max. 4068 1074 1108
Obs. 40 40 40
RoW .0028 -.9468 .0268

Table 4: Relative factor costs (F;,) and Output/Expenditure PPPs (PPP?/PPPY)

— summary statistics

2006
Correlation PWT | Model (6 = 4.0)
PPE? PPPg
lnPPP;% InF, lnPPPﬁ
1.00
PPPS
PWT | Infprt
InF 18 1.00
n
Model " (.26)
(0=40) | | pppe | 62 | 09 100
n e
PPEZ 1 (.00) | (.85)

(significance levels from t-tests of the Pearson product-moment correlation coefficient

in parentheses, * p < .1, ** p < .05, *** p < .01)

Table 5: Relative factor costs (F),) and Output/Expenditure PPPs (PPP?/PPP¢)

— correlations
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D I
PWT Model
(0 = 4.0)

Var (Inyy,) 401 401 401
Var (Inyk") 101 121 106
Var (InBF") 113 106 114
success .25 .30 .26
tgnorance 28 .26 .28
y L0 /490 25 25 25
Blo/BY 48 50 49

2006

Table 6: Development accounting with PPPP/PPP¢ ratios

Yorn Vnn A, 0 o
(n' # n)
4 1/3
n e Mean .014 432 717
Main | St. Dev. .040 .363 159
Sample Min. .000 .001 487
Max. .625 .969 1178
Obs. 1,600 40 40
n= Mean .025 .016 827
RoW | St. Dev. .068 0 0
Min. .000 .016 827
Max. 417 .016 827
Obs. 40 1 1

Table 7: Parameter calibration for 2006 counterfactuals
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Model

Data
Var (Inyy,) y L0 /420 Scenario Var (Inyy,) yL0 /20
401 .25 Baseline 401 .25
Balanced Trade 403 .25
Autarky .393 .25
2006

Table 8: Income differences — counterfactual scenarios
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Data D L L
Source
Construction 0—=0)| (0=4)
Caselli success .26 .49 1.59
(2005) ignorance .32 14 .16
PWT 9.0
success .32 .56 1.58
PWT
ignorance .28 13 .16
Caselli success .25 48 1.63
(2005) ignorance .33 14 15
PWT 8.1
success .28 .51 1.63
PWT
ignorance 31 13 .15
Caselli success .20 .39 1.30
(2005) ignorance 37 18 A1
PWT 7.1
success - - -
PWT .
ignorance - - -
1996
Data D L L
Source
Construction 0—0)| (0=4)
Caselli success .25 .50 1.53
(2005) ignorance .28 A1 .10
PWT 9.0
success .26 51 1.53
PWT
ignorance .30 13 11
Caselli success .24 .49 1.54
(2005) ignorance .30 12 11
PWT 8.1
success .24 48 1.54
PWT
ignorance 31 12 12
Caselli success 21 42 1.30
(2005) ignorance 32 14 .06
PWT 7.1
success - - -
PWT .
ignorance - - -
2006

Table A.1: Robustness — different construction methods/sources for factor endowments
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D L L L
(0—=0)|(0=18)]| (0 =4.0)
Var (Iny,) 401 401 401 401
Var (Inyf) | 415 321 493 717
Var (InAF) | 558 301 087 .080
success 1.03 .80 1.24 1.79
tgnorance 1.39 .75 .22 .20
y L0 /D0 25 25 25 25
A0 /A 18 28 A7 48
2006

Table A.2: Development accounting with country-specific labour shares — different values of 6

D L L L
(0 —=0)|(0=18)]| (0 =4.0)
Var (Iny,) | 1.459 1.459 1.459 1.459
Var (Inyf) | .358 567 1.186 1.727
Var (InAEF") | 452 280 110 110
success .25 .39 .81 1.18
tgnorance 31 19 .08 .08
y L0 /y90 .04 .04 .04 .04
A0 /A 18 27 46 45
2006

Table A.3: Development accounting using EORA data — different values of ¢
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Figure 2: Change in value-added linkages over time
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Figure 3: Explained component of log per-worker GDP
— without and with value-added linkages
Country factor cost Weighted source factor costs
o H o
S

1
1
-1
1

-2
|

Log source factor cost index
-2
1

Log factor cost (numeraire: USA

T T T T
9 10 11 12 9 10 11 12
Log GDP per worker Log GDP per worker

® theta->0 ® theta->0

Figure 4: Correlation of model-implied home-country and weighted source factor costs

with actual per-worker GDP
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Figure 5: ignorance for different values of 8
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Figure 6: Correlation of model-implied home-country and weighted source factor costs
with actual per-worker GDP (for # — 0 and 6 — o)
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Figure 8: Balanced trade counterfactual
37



-1 -.05

Log change in real GDP (PPP)

-.15

Q'
K
XEIXZWU A ZODZELWX IZZDOODOZ0ENZZOIa<raxXoncz<
OIES>OSNUOWG>SIF=Z2>3=2Z0F oW <>-CO>TomEnae>dUaezocaod
42—onmmngJE<4%o&“§oggoommo—w Wb -<=0~m0>D
Figure 9: Autarky counterfactual
Domestic factors only Domestic factors and VA linkages
(theta = 4)
o | ,’/ (o ,’/
o ’ o
o} 5}
<~ <~
[ o+
2 =
Lo | Lo ]
[ o™
3 3
2 7 2 ]
(] [e]
- -
@ @ -
~ P @ BDI® COD ~ 4
T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Explained component Explained component
Slope = 1.9 (.05) Slope = .89 (.02)

Figure A.1: Explained component of log per-worker GDP using EORA data

— without and with value-added linkages

38



References

[1] Abramovitz, Moses, 1956. “Resource and Output Trends in the U.S. since 1870.”

American Economic Review: Papers and Proceedings, 46, 2, pp. 5-23.

[2] Arkolakis, Costas, Arnaud Costinot, and Andres Rodriguez-Clare, 2012. “New
Trade Models, Same Old Gains?,” American FEconomic Review, 102, 1, pp. 94-
130.

[3] Backus, David K., Patrick J. Kehoe, and Finn E. Kydland, 1994. “Dynamics of
the Trade Balance and the Terms of Trade: The J-Curve?,” American Economic
Review, 84, 1, pp. 84-103.

[4] Barro, Robert J., and Lee, Jong Wha, 2013. “A New Data Set of Educational
Attainment in the World, 1950-2010,” Journal of Development Economics, 104,
C, pp. 184-198.

[5] Bems, Rudolfs, 2014. “Intermediate Inputs, External Rebalancing and Relative
Price Adjustment,” Journal of International Economics, 94, 2, pp. 248-262.

[6] Bems, Rudolfs, Robert C. Johnson, and Kei-Mu Yi, 2011. “Vertical Linkages and
the Collapse of Global Trade,” American Economic Review, 101, 3, pp. 308-12.

[7] Caliendo, Lorenzo and Fernando Parro, 2015. “Estimates of the Trade and Wel-
fare Effects of NAFTA,” Review of Economic Studies, 82, 1, pp. 1-44.

[8] Caliendo, Lorenzo, Fernando Parro, and Aleh Tsyvinski, 2017. “Distortions and

the Structure of the World Economy,” manuscript.

[9] Caselli, Francesco, 2005. “Accounting for Cross-Country Income Differ-
ences,”"Handbook of Economic Growth, in: Philippe Aghion & Steven Durlauf
(ed.), Handbook of Economic Growth, edition 1, volume 1, chapter 9, pp. 679-741.

[10] Caselli, Francesco, 2015. “Technology Differences Over Space and Time,” manu-

script.

[11] Caselli, Francesco, and Wilbur C. Coleman, 2006. “The World Technology Fron-
tier,” American Economic Review, 96, 3, pp. 499-522.

[12] Cohen, Daniel, and Laura Leker, 2014. “Health and Education: Another Look

with the Proper Data”, manuscript.

[13] Dekle, Robert, Jonathan Eaton, and Samuel Kortum, 2007. “Unbalanced Trade,”
American Economic Review, 97, 2, pp 351-355.

39



[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

22]

23]

[24]

[25]

[26]

Dekle, Robert, Jonathan Eaton, and Samuel Kortum, 2008. “Global Rebalancing
with Gravity: Measuring the Burden of Adjustment,” IMF Staff Papers, 55, 3,
pp. 511-540.

Dornbusch, Rudiger, Stanley Fischer, and Paul Samuelson, 1977. “Comparative
Advantage, Trade, and Payments in a Ricardian Model with a Continuum of

Goods,” American Economic Review, 67, 5, pp. 823-839.

Duval, Romain, Nan Li, Richa Saraf, and Dulani Seneviratne, 2015. “Trade and
Business Cycle Synchronization: Value Added is what Matters,” Journal of In-

ternational Economics, forthcoming.

Eaton, Jonathan, and Samuel Kortum, 2002. “Technology, Geography, and
Trade,” Econometrica, 70, 5, pp. 1741-1779.

Fadinger, Harald, 2011. “Productivity differences in an interdependent world,”

Journal of International Economics, 84, 2, pp. 221-232.

Fadinger, Harald, Christian Ghiglino, and Mariya Teteryatnikova, 2015. “Income
Differences and Input-Output Structure,” WP 15-11, University of Mannheim.

Feenstra, Robert C., Alan Heston, Marcel P. Timmer, and Haiyan Deng, 2009.
“Estimating Real Production and Expenditures Across Nations: A Proposal for

Improving the Penn World Tables,” Review of Economics and Statistics, 91, 1,
pp. 201-212.

Feenstra, Robert C., and John Romalis, 2014. “International Prices and Endo-
genous Quality,” Quarterly Journal of Economics, 129, 2, pp. 477-527.

Feenstra, Robert C., Robert Inklaar, and Marcel P. Timmer, 2015. “The Next
Generation of the Penn World Table,” American Economic Review, 105, 10, pp.
3150-3182.

Gollin, Douglas, 2002. “Getting Income Shares Right,” Journal of Political Eco-
nomy, 110, 2, pp. 458-474.

Grobovsek, Jan, 2015. “Development Accounting with Intermediate Goods,” ma-

nuscript, University of Edinburgh.

Hall, Robert E.; and Charles I. Jones, 1999. “Why do Some Countries Produce So
Much More Output Per Worker than Others?,” Quarterly Journal of Economics,
114, 1, pp. 83-116.

Harris, Chauncy D., 1954. “The Market as a Factor in the Localization of Industry
in the United States,” Annals of the Association of American Geographers, 44,
4, pp. 315-348.

40



27]

28]

[29]

[30]

[31]

32]

[33]

[34]

[35]

[36]

37]

38

[39]

Hsieh, Chang-Tai, and Peter J.Klenow, 2010. “Development Accounting,” Amer-

wcan Economic Journal: Macroeconomics, 2, 1, pp. 207-223.

Hummels, David L., Jun Ishii, and Kei-Mu Yi, 2001. “The Nature and Growth
of Vertical Specialization in World Trade,” Journal of International Economics,
o4, 1, pp. 75-96.

Inklaar, Robert, and Marcel P. Timmer, 2013. “Capital, Labor and TFP in PWT

8.0”, manuscript.

Inklaar, Robert, and Marcel P. Timmer, 2016. “Human Capital in PWT 9.0”,

manuscript.

Johnson, Robert C., 2014. “Trade in Intermediate Inputs and Business Cycle

Comovement,” American Economic Journal: Macroeconomics, 6, 4, pp. 39-84.

Johnson, Robert C., and Guillermo Noguera, 2012. “Accounting for Intermedi-
ates: Production Sharing and Trade in Value Added,” Journal of International
Economics, 86, 2, pp. 224-236.

Jones, Charles I., 2011. “Intermediate Goods and Weak Links in the Theory of
Economic Development,” American Economic Journal: Macroeconomics, 3, 2,
pp. 1-28.

Jones, Charles 1., 2015. “The Facts of Economic Growth,” NBER WP 21142.

Karabarbounis, Loukas, and Brent Neiman, 2014. “The Global Decline of the
Labor Share,” Quarterly Journal of Economics, 129, 1, pp. 61-103.

Kehoe, Timothy J., and Kim J. Ruhl, 2008. “Are Shocks to the Terms of Trade
Shocks to Productivity?” Review of Economic Dynamics, 11, 4, pp. 804-819.

Keynes, John Maynard, “The German Transfer Problem,” “The Reparation Prob-
lem: A Discussion. II. A Rejoinder,” “Views on The Transfer Problem. ITI. A
Reply,” Economic Journal 39 (March 1929), pp. 1-7, (June 1929), pp. 172-178,
(Sept. 1929), pp. 404-408.

Klenow, Pete, and Andrés Rodriguez Clare, 1997. “The Neoclassical Revival in
Growth Economics: Has It Gone Too Far?” in B. Bernanke and J. Rotemberg
(eds.) NBER Macroeconomics Annual 1997, Cambridge, MIT Press, pp. 73-102.

Kose, M. Ayhan, and Kei-Mu Yi, 2001. “International Trade and Business Cycles:
Is Vertical Specialization the Missing Link?,” American Economic Review, 91, 2,
pp. 371-375.

41



[40] Krugman, Paul R., 1980. “Scale Economies, Product Differentiation, and the
Pattern of Trade,” American Economic Review, 70, 5, pp. 950-959.

[41] Lenzen, Manfred, Keiichiro Kanemoto, Daniel Moran, and Arne Geschke, 2012.
“Mapping the Structure of the World Economy,” Environmental Science and
Technology, 46, pp. 8374-8381.

[42] Leontief, Wassily, 1936. “Quantitative Input and Output Relations in the Eco-
nomic System of the United States,” Review of Economic Statistics, 18, 3, pp.
105-125.

[43] Malmberg, Hannes, 2016. “Human Capital and Development Accounting Revis-

ited,” manuscript.

[44] Morrow, Peter M., and Daniel Trefler, 2014. “HOV and the Factor Bias of Tech-

nology,” manuscript.

[45] Ohlin, Bertil, “The Reparation Problem: A Discussion. I. Transfer Difficulties,
Real and Imagined”, “Mr. Keynes’ Views on the Transfer Problem. II. A Rejoin-
der,” Economic Journal 39 (June 1929), pp. 172-182, (Sept. 1929), pp. 400-404.

[46] Redding, Stephen J., and Anthony J. Venables, 2004. “Economic Geography and

International Inequality,” Journal of International Economics, 62, 1, pp. 53-82.

[47] Simonovska, Ina, and Michael E. Waugh, 2014. “The Elasticity of Trade: Estim-

ates and Evidence,” Journal of International Economics, 92, 1, pp. 34-50.

[48] Timmer, Marcel P., Erik Dietzenbacher, Bart Los, Robert Stehrer, and Gaaitzen
J. de Vries, 2013. “Fragmentation, Incomes and Jobs: an Analysis of European

Competitiveness,” Economic Policy, 28, 76, pp. 613-661.

[49] Timmer, Marcel P., Erik Dietzenbacher, Bart Los, Robert Stehrer, and Gaaitzen
J. de Vries, 2015. “An Illustrated User Guide to the World Input-Output Data-
base: the Case of Global Automotive Production,” Review of International Eco-
nomaics, 23, pp. 575-605.

[50] Tukker, Arnold, and Erik Dietzenbacher, 2013. “Global Multiregional Input-
Output Frameworks: An Introduction and Outlook,” Economic Systems Re-
search, 25, 1, pp. 1-19.

[51] Trefler, Daniel, 1993. “International Factor Price Differences: Leontief Was
Right!” Journal of Political Economy, 101, 6, pp. 961-987.

[52] Waugh, Michael E., 2010. “International Trade and Income Differences,” Amer-
1can Economic Review, 100, 5, pp. 2093-2124.

42



[53] Yi, Kei-Mu, 2003. “Can Vertical Specialization Explain the Growth of World
Trade?,” Journal of Political Economy, 111, 1, pp. 52-102.

[54] Yi, Kei-Mu, 2010. “Can Multistage Production Explain the Home Bias in
Trade?,” American Economic Review, 100, 1, pp. 364-393.

43



A Appendix

A.1 An Isomorphic Eaton-Kortum Model

This section presents a Ricardian model with input-output linkages based on Eaton
and Kortum (2002). It delivers expressions for value-added trade which are isomorphic

to those derived from the Armington model of Section 2.

A.1.1 Preferences, Technologies and Market Structure

There are many countries, n = 1,..., N, trading in a continuum of goods, 7 € [0, 1].

The representative consumer in n purchases goods in amounts ¢, (i) to maximise

C, = A, [/01 cn(i)";ldz'rl, (30)

o > 0. The maximisation is subject to a budget constraint which is analogous to

equation (2):
1
/ pn (1) cp(i)di < r, K, +w, L, +T,. (31)
0

Country n’ can produce goods for n using the following country-pair-good-specific

production technology:

& _
e—1

i Qua) T (32)

e—1

G (1) = Zoom (i) {(1 — B)F [Kon (1) Hoyn (1))

Bn € [0,1), ¢ > 0. Qun(i) denotes an aggregator of goods used as intermediates
by n’ to produce good i for country n, and has the same form (and price) as C,.%°
The shifter Z,, (i) is a random variable, drawn independently for each i from the

country-pair-specific Fréchet distribution
Jum (Z) = Pr(Zyn < Z) = e~ n? " (33)

Wpn > 0, 0 > 0. By the law of large numbers, J,, (Z) is also the fraction of
goods which country n’ can produce for n with efficiency below Z. The country-pair-
specific technology parameter w,,, governs the location of the distribution from which
productivities are drawn.?® A bigger w,,, implies that a higher-productivity draw for

any good i produced by n’ for n is more likely. Parameter 6, common across countries

29Note that (32) implies that countries no longer ship simply their own value added, but a combina-
tion of own value added and intermediates produced elsewhere — with the parameter (3,, representing
the intensity of intermediate use. As a result, the value of gross-trade flows will exceed value-added
trade between countries in this model.

30Eaton and Kortum (2002) assume the location parameter is country-specific only, which is a
special case of (33).
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by assumption, determines the amount of variation within the distribution; a smaller
f implies more variability.

Goods and factor markets are perfectly competitive. We assume that goods trade
is subject to iceberg transport costs: 7., > 1 units of an input must be shipped from
country n’ for one unit to arrive in country n.3! By contrast, production factors can

move freely within countries, but cannot move across borders.

A.1.2 Prices

There are constant returns to scale, so the price to country n of sourcing input ¢ from
country n' is pun(i) = Tunbn/Zun (i), where b, = [(1— 8,) f17° + @LP,}—a]i. In
equilibrium consumers in n will pay price p, (i) for good ¢ which is such that p, (i) =
min {p,,,(1); 7’ = 1,..., N}. Following Eaton and Kortum (2002), it is straightforward

to show this implies

] 1 L e (& ~7
o Nl—0o 5. o § : —601.—0
Pn = A_n [A Pn (Z) dZ:| = A—n <nl:1 wn/nTn,nbn/ > y (34)

where P, is the cost of one unit of final consumption C,, and ¢ is a constant.??

Assuming € = 0 + 1,

S

£ (& )
Pn = A_ <Z /Vn’nfr;9> ) (35)
n n’'=1

where

Y11 .- YNNI
YN YNN
0 —1
A
= I — :
_ 0
WINTIN WNNTNN 0 B <ATN>
W11T11 leT]\?l 1-— ﬁl 0
(36)
wlNTf]\? wNNT](,fV 0 1—51\/

311ike Eaton and Kortum (2002), we impose the triangular inequality T,/n, < Tprpr Trirg: direct
transportation from original exporter to final importer is always the cheapest option.

1
328pecifically, ¢ = [F ((’HT*")] =2, where I' (+) is the gamma function. Note that ¢ < 1+ 6 is

required for this to exist. See Eaton and Kortum (2002).
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The Eaton-Kortum model outlined here thus yields the same functional form for the
consumption price index as the Armington model described in Section 2, up to the
value of the constant €.

It is easy to show that the two models have the same predictions for value-added
trade patterns as long as {%’n}n’,n coincide in both.?? In other words, a set of para-
meter values { A, Wyn, Tn' n, Bn } for this Eaton-Kortum model calibrated to obtain the
same set {'Vn’n}n/,n obtained from our Armington model, yields the same equilibrium

outcomes f, and v,

A.1.3 Gravity Equation

Sales by country n’ to country n are X,, = wpp (Tn/nbn/)fe Sy /®,, where S,, denotes

total spending by country n. Total sales by country n’ are

Z Xn = Z Wn'n (Tg)’nbn’> Sn _ wn/nb;ﬁ[\;ﬁ, (37>

n=1

where A = 3 795, /®,. Following Eaton and Kortum (2002) we obtain the

gravity equation:

e (L e e

Sy S

Similarly,

Xn’n/Sn - Pn’Tn’n -
Xn’n’/sn’ B ( Pn ) ’ (39)

where the left-hand side of this equation is the “normalised import share” of country
n vis-a-vis country n’. It is apparent that we can think of § as the (gross) trade
elasticity, as it controls how a change in the bilateral trade cost 7/, affects bilateral

trade between countries n’ and n.

A.2 Data Construction
A.2.1 Factor Endowment Data

Countries” human and physical capital stocks are calculated from data provided in
the Penn World Tables (PWT, edition 9.0) and Barro and Lee (2013).
The stock of human capital in country n for any given year (h,L,) is computed

by multiplying the size of workforce (L,), reported directly in PWT, with a “quality

330ne can see this by applying Shephard’s Lemma to P, and comparing the resulting market-
clearing conditions.

34The parameter restrictions v,/ > 0 and > Yn'n = 1 made in Section 3.3.1 implies a number
of restrictions on Wn'n, Tnrm and By It is easy to show, for example, that ) , vn, = 1 implies

S Wi B ? =1 for all n, where B,, = (1 — 8,) + n (4,/6)°.
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adjustment” (h,,) based on the average number of years of schooling in the part of
country n’s population aged 15 or above (from Barro and Lee, 2013). The “quality
adjustment” takes a piecewise linear form reflecting qualitative and quantitative evid-
ence on the returns to education from Mincer regressions (for details, see Hall and
Jones, 1999; Caselli, 2005).%

The size of the capital stock in country n is obtained by cumulating PPP-adjusted
annual aggregate investment data (I,;) from PWT using the perpetual inventory
method:

Kpy=1Lu+(1—0) Ky .

Following Caselli (2005), we set § = .06. In our only departure from his methodology,
we impose that the capital stock in the first year in which investment data is available
(“year 07) is given by Ko = 2.6 X Y,0. The choice of initial capital stock is immaterial
for countries with a long time series of real investment data. However, Inklaar and
Timmer (2013) argue that Ko = 2.6 x Y0 leads to superior results for transition
economies, with a limited — and volatile — investment time series. Since our sample
contains a number of transition economies which match this description, we adopt

the convention proposed by Inklaar and Timmer (2013).

A.2.2 International Value-Added Linkages

Our source for information on international value-added linkages is the World Input
Output Database (WIOD, see Timmer et al., 2015). The WIOD contains annual
global input-output tables for 40 countries (and the “rest of the world”) in the period
1995-2011. A typical cell represents the current dollar value of expenditure by use
category s in country n on use category s’ in country n’. There are 40 use categories
in total — 35 industries, and 5 final sectors. The following manipulation of this data
is based on Johnson and Noguera (2012) and Timmer et al. (2013).

For a given year, define q as an (SN x 1) vector which stacks the dollar values
of output in each country-sector, and e as an (SN x 1) vector which stacks the
dollar values of final expenditure on each country-sector. Then the well known input-
output identity states that q = Be, where B is an (SN x SN) matrix known as the
“Leontief inverse” (Leontief, 1936) whose typical element gives the production value
of category s’ in country n’ needed to produce one unit of final output in category s of
country n.

Defining R as an (SN x SN) diagonal matrix whose typical diagonal element is
the ratio of value added to output in sector s of country n, RBe is then an (SN x 1)

vector which stacks the dollar values of value added generated in each country-sector.

35Barro and Lee (2013) report average years of schooling quinquennially for the period 1950-2010.
Since average schooling received changes very slowly over time in all countries, values for years
between these quinquennial observations can reasonably be obtained by interpolation.
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All information required to construct q, B, e and R can be read off the WIOD
tables, and we can now trace the use of value added generated by each country-sector
to final demand in every country sector through appropriate decomposition of RBe.

In particular,

Eqy 0 0
RBe=RB| : |+.+RB| £, |+..+RB| : |,
0 0 Esn

where F, denotes total final expenditure on category s from country n. The sum-

mation component

0 Bllsn
RB Esn = Bs/n’sn
0 BSNsn

now represents a (SN x 1) vector whose typical element reports the value added from
category s’ in country n’ used in providing final use of category s from country n. It
follows that ), Byysn/Es, represents the share of value added from country n’ used
in providing final output of category s from country n.

By summing over the expenditure of all 5 final sectors in country n on category
s from n’, we obtain the share of country-n expenditure on that category, denoted
Egn/E,. The final use by country n of value added from country n’ is then v, =
> 2o (g Bewrsnr | Esnn) X (Egprn/En).*® The matrix {vnm},,,, represents our
measure of international value-added linkages.

A.3 Robustness
A.3.1 Human and Physical Capital Stocks

In assembling our factor-endowment data, we closely follow Caselli (2005) to facilitate
comparison of our results with his. Recent editions of PWT (starting with 8.0) provide
“ready-made” human and physical capital stocks which were constructed using more
up-to-date data and methods. In PWT 9.0, the biggest innovation in calculating
human capital stocks vis-a-vis Caselli (2005) is the use of Cohen and Leker (2014)

36Note that, unlike Johnson and Noguera (2012), we are not pre-occupied with the value-added
content of exports. Instead, like Timmer et al. (2013), we trace countries’ value added contributions
to the output of different final goods. However, we take their analysis of the data one step further
by then attributing these final-good outputs to final expenditure in different countries.
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as a source of data on educational attainment in addition to Barro and Lee (2013).
The biggest innovation in calculating physical capital stocks is the disaggregation of
investment into up to six different asset classes with different depreciation rates. More

detailed information can be found in Inklaar and Timmer (2013, 2016).
[Insert Table A.1 here]

Table A.1 compares success and ignorance statistics without and with the use
of information on value-added linkages (alternatively imposing 6 — 0 or 6 = 4), for
different factor-endowment datasets. The top panel uses data for the year 1996, the
bottom panel data from 2006. In each panel, the first row reproduces the findings
discussed in Section 3. Subsequent rows use different data-construction methods
for the factor-endowment data and/or different editions of the PWT. In the “Data
Construction” category, “Caselli (2005)” refers to the method for assembling factor
data described in A.2.1, while “PWT"” refers to the ready-made factor data available
from the respective edition of PWT. The table serves to demonstrate that our findings

are remarkably robust across these alternatives.

A.3.2 Country-Specific Labour Shares

So far, we have assumed that the labour intensity of production (1 — «) is the same
across countries. We have done so to replicate the baseline development-accounting
exercise performed in Caselli (2005), as well as to simplify the exposition of our
findings. With Cobb-Douglas production and a common labour intensity, we should
observe a constant labour share of income across countries. However, as documented
by Gollin (2002) and — more recently — Karabarbounis and Neiman (2014), there
appears to be a lot of cross-country variation in the labour share.

It is easy to reconcile our framework with this observation by assuming that
countries operate Cobb-Douglas technologies with different labour intensities. This

yields a straightforward generalisation of equations (8) and (9):

N

anf:nH}L—an = Z Unn! (fn/K:/n/ Hrllfan/ + Tn’) (40)
n’=1

Y, = o — A, K HY O (41)

N _ 0
(Zn/zl ’y"/nfnﬂ)
We can now perform development accounting as described in Section 3.3.1, but cal-
ibrating {a,}, to match information on countries’ observed labour shares (which
is provided in PWT 9.0). Table A.2 reports the results from performing the same
development-accounting exercises which underlie the findings reported in Table 3, but

allowing for PWT-reported, country-specific labour shares.
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[Insert Table A.2 here]

Incorporating country-specific labour shares significantly increases the success of
a traditional development-accounting exercise, as can be seen from the first column
of Table A.2.37 However, it also dramatically raises ignorance. The extent to which
this generalisation can help account for income differences in our country sample is
thus ambiguous at best. Nevertheless, once we incorporate relative factor costs in
the development-accounting equation (in the second to fourth columns), we obtain
both lower values of ignorance and higher A°/A% _ratios, regardless of the value of
0. Therefore, the introduction of country-specific labour shares does not affect our

qualitative conclusions from Sections 3.3.2 and 3.3.3.

A.3.3 Larger Country Sample from EORA

The WIOD covers only a fairly limited sample of 40 countries, dominated by the eco-
nomies of North America and Europe. A natural question is how our open-economy
development-accounting exercise would perform if confronted with a larger, more het-
erogeneous sample of countries. Yet, while the PWT provides data on incomes and
factor endowments for (almost) all countries in the world, the quality and patchiness
of data on services trade and domestic input-output linkages makes it is impossible
to trace international value-added linkages consistently across many — and especially
poorer — countries.

The EORA database (Lenzen et al., 2012) represents a valiant attempt to provide
a complete picture of global trade in intermediate and final goods and services despite
these limitations. It achieves this by using a “maximum entropy procedure” to recon-
cile available national input-output data (obtained from different sources, subject to
different classifications, constructed with different methodologies) with international
trade data; and by imputing data for countries or periods for which no official statist-
ics are available. Unlike WIOD, EORA makes it possible to compute the value-added
linkage between (almost) any pair of countries in the world, but with the caveat that
many of these computed linkages will be based on trade-flow data which is not defin-
itionally consistent or entirely imputed. For this reason, we employ EORA only as a
robustness check for our main results based on WIOD.3®

EORA allows us to calculate a new matrix of international value-added linkages,
{vwn}, for 165 countries in 2006 following the same procedure as described in
A.2.2. We combine it with data on incomes and factor endowments for these countries,

constructed following the steps in A.2.1. We then perform traditional closed-economy

3TFeenstra et al. (2015) report the same finding for a larger sample of countries. See Feenstra et
al. (2015), Table 1 and text, p. 3179.

38For a more comprehensive comparison of WIOD and EORA, see Tukker and Dietzenbacher
(2013).
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development accounting (in line with Section 3.2.1) and open-economy development
accounting with different values of 6 (in line with Section 3.3.1). The results are
reported in Table A.3.

[Insert Table A.3 here]

Unsurprisingly, the variance of per-capita incomes to be explained is significantly
larger for the sample of 165 countries, which includes many very poor countries (such
as Burundi and Liberia), but also some countries with extremely high per-capita
incomes (such as Brunei and Qatar). The income of countries at the border to the
bottom decile of the distribution is now only 4% of the income of countries at the
border to the top decile. Nevertheless, traditional development accounting yields
success and ignorance statistics which are very similar to those in our baseline 40-

country sample.
[Insert Figure A.1 here]

Remarkably, open-economy development accounting significantly reduces the role
of residual productivity differences in explaining international income differences, even
in this much larger sample of countries. Plausible values of § are associated with
higher values of success, lower values of ignorance, and a larger AY/A% ratio than
obtained from closed-economy development accounting. Indeed, for # = 4, almost no
differences in A,, are needed to explain the international income distribution perfectly.
This is illustrated in Figure A.1 — which corresponds to Figure 3 in the main text,
but employs the full sample of 165 countries and displays {ny}n constructed for
6 = 4. While the variation in the portion of real per-capita incomes explained with
domestic factors only is significantly lower than the variation of actual per-capita
incomes (left-hand panel), the portion of incomes explained with domestic factor and

linkages aligns very closely along the 45-degree line (right-hand panel).

A.4 Output-Side Real GDP
A.4.1 Import and Export Price Indices

From the expenditure minimisation of the representative consumer in country n, we

can write country-n nominal GDP as

rnKn + wnLn = PnOn + Z Pnn/Cnn’ — Z Pn'nCn'n =
n'#n n'#n
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where
146
0

7 KaHl—a
m o= Zw”" ”9 N e T (43)

n'n nn n

n'#n w;ne Tnn
respectively denote aggregate import consumption, and aggregate domestic-good con-

sumption forgone due to exports;

) = (Zp ) A (44)

n'#n

respectively denote the corresponding domestic import and export price indices; and
_1
Dnin = W, Py 1s the quality-adjusted price of the country-n' good in country n (as

measured by Feenstra and Romalis, 2014).

A.4.2 Revenue Function

We can now define the revenue function for country n as

Ry (Po, PL, P K H,) =

0
A,QrN\N™ A KCHE  A,QR
= max P,C, + P;Q; — PO ( Q") +< non Q") =1

Cn, QI Q% Ch

where Yom = wom (Zw [ Tam)’.-

A.4.3 Output-Side Real GDP

Feenstra et al. (2015) define the “output-side” real GDP of country n (CGDPFP?)
as the revenue function of country n evaluated at some vector of reference prices
(IL, I1*, I1"™). Formally,

CGDP° = R, (I, 1I*, I"™; K,,, H,)) = %nA KeH!™ (46)

1
Therefore, 72, A, KH}~ equals the “output-side” real GDP of country n up to the

value of a constant (which will reflect the normalisation imposed on reference prices).
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