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Abstract

Development accounting evaluates how much of the variation in per-worker in-
comes across countries can be attributed to quantifiable factor endowments,
and how much is due to unobserved TFP differences. We use a standard trade
model to generalise the development accounting framework to a setting in which
countries are open to trade, and consume both domestic and foreign value
added. In addition to differences in factor endowments and TFPs, the gen-
eralised framework highlights differences in relative factor costs as source of
real-income variation across countries. In turn, countries’ relative factor costs
are determined by their trade linkages, and the international distribution of
factor endowments and expenditures. We use information on value-added trade
from international input-output tables for 40 major economies in the period
1995-2011 to back out their relative factor costs in a model-consistent man-
ner. Incorporating this information into the development accounting equation
reduces the variation in unobserved TFPs required to explain the distribution
of per-worker incomes among our sample countries by more than one half. Our
findings suggest that the large international TFP differences found in traditional
development-accounting exercises are in part due to their implicit assumption
that countries are closed.
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As of now, the answer to the development-accounting question — do ob-
served differences in the factors employed in production explain most of
the cross-country variation in income — is: no, wWay no.

— Francesco Caselli, 2005,

“Accounting for Cross-Country Income Differences,”

Handbook of Economic Growth

1 Introduction

Since Adam Smith’s The Wealth of Nations (1776), economists have sought to under-
stand the large differences in countries’ per-capita incomes and well-being. Economics
libraries abound with potential explanations — ranging from the thriftiness and in-
ventiveness of nations to their openness to trade. Over the last two decades, the rise
of development accounting has subjected theorising about this old question to the
discipline of empirical evidence. Positing plausible aggregate production functions,
development-accounting studies provide a quantitative assessment of the share of in-
ternational income differences which can be attributed to differences in measurable
production factors (such as endowments of physical and human capital) and attribute
the remainder to unobservable differences in “total factor productivity” (TFP).

A key finding of this literature is that TFP differences appear to explain by far
the largest portion of the variation in incomes across countries. As the quote from
Caselli (2005) suggests, this is sobering: since TFP is measured indirectly, as the
residual determinant of incomes once the contribution of all measurable economic
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. Reducing the reliance on this
“measure of ignorance” in explaining income differences poses a first-order challenge
for macroeconomists.

In this paper we show that a generalisation of the standard development account-
ing framework, which allows for cross-border linkages between countries through trade
and trade imbalances, substantially increases the share of per-capita income differ-
ences which can be explained with data. The conventional aggregate production
functions used in the development accounting literature implicitly assume that eco-
nomies are closed, causing any income effect of international economic relations to
be absorbed by the TFP residual. We find that the absence of international linkages
from these models is an important omission. Using data from the year 2006 for a
sample of 40 major economies, a standard development accounting exercise can ex-
plain approximately 25% of international income variation as a result of differences
in measurable production factors. By contrast, our augmented framework explains at

least 50% of the variation as a result of differences in measurable production factors



and international linkages, and cuts the implied cross-country variation in unobserved
TFP by more than one half.!

We set up a highly tractable model of value-added trade in the spirit of Eaton
and Kortum (2002), which allows us to derive an intuitive expression for countries’
incomes in the presence of international linkages. In the model, a country’s real GDP
not only depends on its own endowments of production factors and productivity, but
also on its factor cost relative to the factor costs of its import suppliers, the variation
of which reflects — loosely — variation in the terms of trade. In turn, countries’
relative factor costs are determined by their trade linkages, and the international
distribution of factor endowments and expenditures. For given determinants of inter-
national linkages, an increase in foreign factor endowments reduces the relative cost
of a country’s imported goods. For given factor endowments, stronger demand from
abroad for domestic value added raises a country’s factor income. Both cause a rise
in domestic real GDP. Finally, changes in the geographic distribution of aggregate
expenditure levels through trade imbalances affect real GDPs, in a reflection of the
“transfer effect” (Keynes, 1929; Ohlin, 1929).

To perform our updated development accounting exercise, we trace the patterns
of countries’ international trade in value added using data from the new World Input
Output Database (WIOD) for 40 major economies in the year 2006. Imposing these
in our model, together with information on countries’ factor endowments and trade
imbalances, we arrive at our new measures of the quantifiable components of countries’
income differences. This measure significantly exceeds the traditional measure, based
on an implicit closed-economy assumption, in our data sample.

Having established the quantitative relevance of international production linkages
for explaining income differences, we highlight the role of trade imbalances and trade
linkages in determining real income levels through a number of illustrative counter-
factuals. We calibrate our model so as to match countries’ incomes in 2006 perfectly
for given data on factor endowments and international value-added linkages. Com-
pletely eliminating global imbalances reduces the real GDPs of deficit countries (by
up to 2% in some cases), and raises the real incomes of surplus countries. Eliminat-
ing goods trade worldwide has even stronger implications: it reduces real GDP for
all countries, with median losses amounting to 8% of GDP. We also report the results
from external-adjustment and autarky scenarios for three large economies — China,
the U.S. and Germany — in order to assess the influence of these countries on their
key trading partners.

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

!The data required to perform our development accounting exercise is available for the period
1995-2011. We choose 2006 as the benchmark year for our study, but results are similar for other
years from that period.



reviews of this literature, discussing methodologies and data sources in depth.? As
described above, by focusing exclusively on countries’ own production factors, most
conventional development-accounting exercises ignore the potential effects of interna-
tional linkages on the incomes of countries. Here, we show how a popular Ricard-
ian model of international trade can be used to generalise traditional development-
accounting frameworks for use in a setting of open economies.®> Our model allows for
country-pair-specific international linkages through which a country can utilise the
value added generated in different countries in varying proportions in its own final
production. We discipline it using novel data on countries’ international input-output
linkages from the WIOD.4

The exercise we perform is related with Feenstra et al. (2009, 2015). These pa-
pers emphasise that real PPP GDP evaluated at consumer prices — the traditional
measure of real GDP in the development accounting literature — may depart from
an open economy’s productive potential by a measure which captures the price of
the economy’s output relative to the price of its representative consumption basket.
They argue that development accounting ought to allow for differences in this “gap”
across countries, and proceed to construct a measure of it based on available micro
data on the unit values of countries’ exports and imports.> We show that an altern-
ative measure of the “gap” can be derived from macro trade data using a standard
structural trade model, and that it plays a significant part in accounting for income
differences between our sample countries. In this sense, our approach is complement-
ary to Feenstra et al. (2009, 2015). However, since it does not rely on actual price
data, instead obtaining the key relative prices as equilibrium objects in a structural
model calibrated to match real-world value-added trade flows, it lends itself more
readily to counterfactual experiments. We use this feature of our framework to ask

how changes in trade costs and trade balances would affect prices and, hence, real

2See also Hsieh and Klenow (2010).

3Eaton and Kortum (2002) and Waugh (2010) use similar Ricardian models to analyse the effect of
trade on countries’ incomes. However, these papers ask a different question from ours. Their analyses
explore the impact of counterfactual configurations of international trade costs on countries’ incomes.
As such, they are pre-occupied with quantifying the gains from trade, and their contribution to the
distribution of incomes across countries. By contrast, we use our trade model to quantify differences
in the terms of trade across countries, and to demonstrate that accounting for these differences allows
us to explain a larger share of cross-country income variations without appealing to unobservable
productivity differentials.

4Fadinger (2011) and Morrow and Trefler (2014) allow for international trade in estimating total
factor productivity in different versions of the Heckscher-Ohlin-Vanek model, in which a country’s
factor content of trade with the rest of the world summarises all its international economic interac-
tions. However, they do not offer a quantification of the contribution of international trade to the
cross-country variation in per-capita incomes.

SSpecifically, they follow Feenstra and Romalis (2014), who use data on unit values of traded
goods to estimate quality-adjusted prices of countries’ imports and exports within a monopolistic-
competition framework. These prices are then used to calculate a PPP output price index from the
traditional PPP consumer price index.



incomes among the countries in our sample.%

The main finding of our analysis — that international linkages can help explain
income differences between countries — gels with an econometric literature in geo-
graphy and economics which has studied the economic implications of regional trade
behaviour and trading partners.” In comparison with these empirical studies, our
development accounting approach enables us to compare quantitatively the import-
ance of international trade relations for incomes relative to other “usual suspects” in
development economics, such as factor endowments and productivity. Our headline
results suggest that the portion of income differences between countries which can
be explained as a result of international linkages is at least as large as the portion
explained by domestic production factors among our sample of 40 major economies.

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 the realm of 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 shown that international trade in value added is relevant for under-
standing short-run fluctuations in incomes and business cycle synchronisation across
countries, and that calibrated macroeconomic models which incorporate empirical
production linkages can improve our quantitative understanding of these phenom-

ena. Our findings complement this literature by highlighting that value-added trade

60nly very few papers have tried to assess the impact of changes in trade balances on incomes in
a multi-country setup: Dekle et al. (2007, 2008) produce extensions of the Eaton-Kortum model to
asses the extent to which the elimination of the global imbalances of the early 21st century would
affect real incomes, finding small effects. However, unlike ours, their calibration assumes that only
manufacturing goods are traded and targets gross, not value-added, trade flows.

“In geography, empirical analyses of a region’s market access through measures of “market po-
tential” have a long tradition reaching back to Harris (1954). In economics, numerous empirical
studies have attempted to identify the causal relationship between trade and incomes at the regional
and national levels. Famously, Frankel and Romer (1999) use geographic variables to construct an
instrument for countries’ trade, showing that a percentage-point increase in a country’s openness
raises its real income by 1%. Redding and Venables (2004) also document that the geography of
access to markets and sources of supply is a key predictor of per-capita incomes across countries.

8This 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 TFP 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.

9Kose and Yi (2001) and Yi (2003, 2010) were among the first to realise that distinguishing
between international trade in “gross” or “value-added” terms is important for analysing aggregate
phenomena such as the growth of world trade and the international synchronisation of business
cycles.



through international-production linkages also has a role to play in explaining differ-
ences in the level of incomes across countries.

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. Section 4 details the main results
of our analysis. Section 5 describes and carries out our counterfactual experiments.

Section 6 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, trading in a continuum of goods,
i € [0,1]. The representative consumer in n assembles goods in amounts ¢, (i) to

maximise aggregate consumption,

Cp, = A, UOI cn(i)a;ldz} o : (1)

0 Countries receive

where ¢ > 0 and A, is a country-specific productivity term.!
income from their endowments of two production factors — physical capital, K,,, and
labour, L, — as well as from possible net transfers from abroad, 7;,. Hence, the

representative agent in n maximises (1) subject to

1
/ Pn (0) cn(0)di < 70 Ky + wy Ly, + Ty, (2)
0

where p,, (i) is the price of good ¢ in n, r, and w, respectively denote the returns to
capital and labor, and Y~ T, = 0.!!
Country n’ can produce goods for n using a country-pair-good-specific production

technology,
G (1) = Zrn (1) K (Z)a [Pr Ly (D]lia ) (3)

where K, (i) and Ly, (i) represent capital and labour used in n’ to produce good
i for country n; h,s captures labour productivity in country n’; and a € (0,1). The
shifter Z,., (i) describes the efficiency of country n’ in producing good ¢ for n. It is

the realisation of a random variable Z,,, drawn independently for each ¢, from the

104, will play the role of the traditional TFP residual in development accounting.
HFollowing Dornbusch et al. (1977), we use exogenous income transfers to introduce the possibility
of trade imbalances in a static model.



country-pair-specific Fréchet distribution
Fun(Z) = Pr(Zy, < Z) = e " (4)

where v, >0, > Yn = 1 and 6 > 0. By the law of large numbers, F,,(Z) is also
the fraction of goods in country n for which country-n’ efficiency is below Z.'2

Goods and factor markets are perfectly competitive. We assume that goods are
freely tradable between countries. By contrast, production factors can move freely
between activities within countries, but cannot move across borders.

The model outlined in this section resembles the Eaton-Kortum model (Eaton and
Kortum, 2002) — but departs from it in two important respects. First, equations (1)
and (3) imply that countries in our model trade directly in value added: a purchase
of goods by country n from country n’ implies the use of country-n’ factor services of
equal value. By contrast, Eaton and Kortum (2002) assume that countries use their
own factors as well as (imported) intermediates to produce goods, causing the value
of gross imports of by country n from country n’ to exceed the country-n’ value added
embodied in those imports.

Second, given equation (4), the volumes and patterns of value-added trade in our
model will be governed by the set of pair-specific technology parameters {%’n}n',n'
In Eaton and Kortum (2002), the location parameter of the Fréchet distribution
is instead only country-specific, and bilateral trade patterns are governed by the
combination of country-specific location parameters with country-pair-specific trade
costs.

In the appendix, we show that the model presented here can be interpreted as a
short-cut representation of a more general model in the spirit of Eaton and Kortum
(2002). Although that model has a richer input-output structure and allows for trade
costs explicitly, it implies value-added trade flows governed by parameters {’Yn’n}n',n
and 0 as in the short-cut model, and expressions for countries real incomes as derived
below. In that model, the parameters {7,,},, ,, capture a combination of technology
and trade barriers.'® For the purpose of our empirical development accounting exer-
cise, it is immaterial whether the value-added trade flows observed in the data arise
from the microfoundations of the simple model described above, or the richer model

sketched in the appendix.

12The country-pair-specific technology parameter v,+, governs the location of the distribution
from which productivities are drawn. A bigger ~,, implies that a higher-productivity draw for
any good i produced by n’ for n is more likely. The parameter §, common across countries by
assumption, determines the amount of variation within the distribution. A smaller 6 implies more
variability.

I3However, the relationship between trade costs and the determinants of value-added trade flows,
{Vn’n}n/,fl,v is rather nuanced: trade barriers "tax" gross — not value-added — trade. Therefore,
bilateral trade in value added will generally depend not only on the trade costs between the country
pair in question, but on bilateral trade costs between all country pairs.



2.2 Equilibrium

We define country-n factor costs in equilibrium as

e () (725) g

The price to country n of sourcing good i from country n’ is

Pun (i) = Zj :'(Z.). (6)

In equilibrium consumers in n will pay price p, () for good ¢ which is such that p,, (i) =
min {p,,(i);n" = 1,..., N}. Following Eaton and Kortum (2002), it is straightforward
to show that this implies

-6

Un'n = ]\7” nfn/ —9° (7)
Zn’:l ’Y’n’nfn/

where v,,,, is the share of value added from country n’ in final consumption by the

representative consumer in country n; and

1
4

1 1 ﬁ 1 1 N
P, = T {/0 pn(i)l_"dil = A_E [pa(i) 7] = Ain (; %/an9> , (8)

n

where P, is the cost of one unit of final consumption in country n, and £ is a constant.'4

Market clearing in international goods and domestic factor markets implies

Pk 4w Ly = fKSH = v (fo KSHY + T (9)

n'e€N

where H,, = h, L,, denotes productivity-adjusted labour, or “human capital”. A set of
equilibrium factor costs { f, },, satisfies (7) and (9) for given parameters a, 0, {yun}, .,
given stocks of physical and human capital, and given international transfers. By
Walras” Law, (7) and (9) uniquely determine factor costs relative to some arbitrarily
chosen numeraire.

We define Y,, as the real GDP of country n. Then

rpd, + wp Ly, fnA,KOH—
= - . (10)

§ (Zgzl ’Yn’nf7;9> E

Yy,

The real GDP of country n is determined by the familiar Cobb-Douglas functional

form over domestic physical and human capital, but corrected by the ratio of domestic

1

M8pecifically, ¢ = [F (QHT_U)] =7 where I' () is the gamma function. Note that o < 1 + 6 is
required for this to exist. See Eaton and Kortum (2002).



factor costs to consumer prices.

2.3 Relationship with the Development-Accounting
Literature

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

logs, we can write (10) as

+InA,. (11)

1 N £\
Iny, =—Iné+InkhL " + i In LZ::l Vrim <f_:/)

Equation (11) shows that the log real income per worker of country n can be de-
composed into four parts: i) a constant term, ii) a term depending on the domestic
per-worker capital stock and labour productivity, iii) a “relative factor cost” term that
captures other countries’ influence through trade on the income of country n, and iv)
a total factor productivity “residual”. Notice that technology differences appear not
only in the form of labor-augmenting productivity, h, and total factor productivity, A,

but also in the form of parameters {~,,} , , which determine the access of country-n’

n',n?
value-added exports to country n.
In the special case 7,, = 1, which implies that country n has no use for foreign

goods, equation (11) reduces to
Iny,=—-Iné+alnk,+ (1 —a)lnh, +InA,. (12)

This expression corresponds to the standard aggregate Cobb-Douglas production
function which is widely used in macroeconomics (up to the value of a constant). The
development accounting literature employs (12) to assess what part of income differ-
ences between countries can be explained by differences in quantifiable endowments
of production factors — notably, per-worker capital stocks and labour productivities
— and how much must be attributed to non-observable differences in “total factor
productivity”. The literature proceeds by obtaining direct measures of production
factors, calibrating the parameter «, and treating TFP as a residual.

Equation (11) demonstrates that we can think of (12) 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, with v,,, < 1, other countries’
production factors and international transfers affect real GDP in country n via (7)
and (9). For given technologies underpinning international value-added linkages —
i.e. given {yun},, —, the size of the “relative factor cost” term depends positively
on other countries’ endowments of physical and human capital as these make foreign

goods cheaper. It depends negatively on the country’s own factor endowments, as



their abundance leads to lower domestic factor prices and income. It also depends on
the distribution of international transfers: large transfers to countries that absorb a
lot of value-added from country n raise f,,, thus raising the consumption possibilities
of country n.

Another implication of equation (11) is that there is a component of the “ig-
norance” TFP residual from earlier development accounting studies which may be
attributed to the income effect of international value-added linkages. Using data on
the empirical size and structure of such linkages, this component can be quantified
directly, potentially allowing us to explain a larger share of income differences across
countries as the result of observable country characteristics. We proceed to explore

this in the following.

3 Data

3.1 Factor Endowments and Trade Balances

To perform our updated development accounting exercise we require data on coun-
tries” endowments of production factors, as used in earlier studies (such as Hall and
Jones, 1999; Caselli, 2005, 2015), data on countries’ trade balances (“transfers” in
our model) and data on countries’ international value-added linkages. The latter
constitutes a novel feature of our analysis, and we discuss it in detail below.

Data on countries’ factor endowments is constructed from two standard sources:
the Penn World Tables (PWT, edition 9.0) and the latest edition of the educational
attainment database by Barro and Lee (2013). We gauge the size of the capital stock
in country n by cumulating PPP-adjusted annual investment data (I,;) from PWT

using the perpetual inventory method:
Knt = Int + (1 - 5) Knt—l-

In line with Caselli (2005), we set 6 = .06. Following Feenstra et al. (2015), we impose
that the initial capital stock in the first year in which investment data is available
(“year 07) is given by K, = 2.6 X Y.

The stock of human capital in country n for any given year (h,L,) is calculated
by multiplying the size of workforce (L,), reported directly in PWT, with a “quality
adjustment” (h,,) based on the average number of years of schooling in the part of
country n’s population aged 15 or above. The “quality adjustment” takes a piecewise
linear form reflecting qualitative and quantitative evidence on the returns to education

from Mincer regressions (for details, see Hall and Jones, 1999).1°

15Barro 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

10



[Insert Table 1 here]

With the exception of the choice of Ko, the construction of factor endowments
data follows Caselli (2005) exactly, and all methods used here are carefully described
and justified therein.'® Table 1 reports summary statistics of the final data on PPP-
adjusted GDP per worker (y,), also taken from the PWT, 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.!” We also use it to
obtain information on countries’ trade balances for the years 1996 and 2006.

It is worth noting that the results presented below are insensitive to reasonable
variations in the methods used to construct factor-endowment data for our sample
countries. In particular, the quantitative findings are almost identical if for reasonable

changes in ¢, different choices of Ko, and across data from different editions of

PWT.18

3.2 International Value-Added Linkages
3.2.1 Data Source and Construction

The WIOD contains annual global input-output tables, built from domestic input-
output tables and international trade data, which covers 40 broad use categories — 35
industries, and 5 final sectors (covering final consumption expenditure by households,
by the public sector and for investment and inventory accumulation). A typical cell
represents the current dollar value of expenditure by use category s in country n on
use category s’ in country n’. The WIOD covers 40 major economies and the “rest of
the world”, and 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 v, in Section 2. In
doing so, we follow Johnson and Noguera (2012) and Timmer et al. (2013) whose
accounting procedure is briefly outlined here.

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”

between these quinquennial observations can reasonably be obtained by interpolation.

I6For a justification of using K, = 2.6 X Yo as the initial value of capital for use in the perpetual
inventory method, see Feenstra et al. (2015).

"Tncome 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.

8These findings are available from the authors upon request.

11



(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.
All information required to construct q, B, e and R can be read off the World Input
Output 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,

En 0 0
RBe = RB : +.+RB| E,, | +...+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 ), Bynssn/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, =
Sou o Oy Bstwsn | Esnrr) X (Esprn/Ey).Y The matrix {Unn},, represents our
measure of international linkages, and the only new piece of empirical data used
in the updated development accounting exercise in Section 4. The next subsection

highlights some properties of this data.

YNote 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.

12



3.2.2 Data Description

Figure 1 offers a graphical overview of the matrix {v,,} calculated for the year

n'n’
2006. Each dot in the figure represents the share of value added from the vertical-
axis country (“country 17) used in final expenditure of the horizontal-axis country
(“country 2”), 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, {Un/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 lined 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.

In Section 4, we will now combine our matrix of international linkages with
the factor-endowment and trade-balance data described above in order to perform
a development-accounting exercise which accounts for the presence of cross-border

production chains.

20For example, see Hummels et al. (2001), Yi (2003) and Timmer et al. (2013).
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4 Results

4.1 “Traditional” Development Accounting

Equation (11) provides a theory-based decomposition of real per-worker income in the
presence of international value-added linkages. Defining yZP = k®h1~* as the portion

of income explained only by domestic production factors, we can re-write (11) as

+1nA,. (13)

0
Iny, = —Iné+ Iny?? —ln [Z%n(—>

ED also constitutes the portion of

Given the discussion in Section 2.3, note that y;
income which would be explained by traditional development accounting exercises
that disregard the role of international linkages. We now calculate y“” 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.

Define
fo )9
Tn'n \ 7
S (f
as the portion of per-worker GDP that would be attributed to TFP in a traditional

development accounting framework. A simple variance decomposition yields

1
In AEP = 5 +1nA, (14)

Var (Iny,) = Var (ln yED) + Var (ln AED) + 2C0ov (ln yEP 1n AED) (15)

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

ercise by

Var (InyZP)
ED = ____ 1 7n J 16
success Var () (16)

i.e. by the share of cross-country variation in In ,, which can be explained by observed
domestic factors. An alternative, inverse measure of the share of income differences

explained is

Var (ln AED )
' ED = __ " n J 1
ignorance Var (ny,) (17)

i.e. the share of cross-country variation in In y,, which must be attributed to variation
in the “ignorance” TFP residual. If domestic factors could perfectly explain countries’

ED ED would be

incomes, the value of success™” would be 1 and the value of ignorance
0.2! This highlights the potential importance of incorporating countries’ international

linkages formally in a development accounting framework: if value-added linkages are

2INote that, by the nature of variance decompositions, the constant — In ¢ is irrelevant for devel-
opment accounting.
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an important determinant of countries’ incomes, traditional development accounting
exercises would incorrectly attribute their effect to domestic total factor productivity,
inflating ¢gnorance at the expense of success.

The first column in the left-hand and right-hand panels of Table 2 replicate’s
Caselli’s (2005) baseline development accounting exercise for our 40 economies using
data from the years 1996 (left-hand panel) and 2006 (right-hand panel). As the table
shows, the variance of countries’ log per-worker incomes is significantly larger than the
variance of In yZP | resulting in values of success of around one quarter and ignorance
of around one third in 1996. The values for 2006 are of similar magnitude. Caselli
(2005) reports his finding for different country samples in the year 1996. Although
none of these samples perfectly overlap 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 values of success reported here are

thus not unusually low compared with earlier development accounting studies.

[Insert Table 2 here]

4.2 Development Accounting with International Linkages
4.2.1 Calibrating and Solving the Model

Our model introduces a range of new parameters — {'Vn’n}n’,n and 6 — relative to the
standard development accounting framework (which only needs to calibrate a single
parameter, o). We proceed by calibrating {¥un},,,, 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 4.2.2 reports results for the special case in which # — 0 in detail.
Section 4.2.3 reports results for a range of positive values of #, and discusses plausible
choices for this parameter. We find that, for any plausible value of #, we obtain
values of success and ignorance which improve significantly on the performance of
the closed-economy development accounting framework.

For given factor costs and a given value of 0, we can choose {Yun},,,, so that our
model matches the matrix of observed value-added linkages {Un/n}n,m perfectly using
equation (7). These value-added linkages in turn imply a cross-country distribution
of factor costs, {f,},, from equation (9), independently of the value of . Choosing

country-N factor costs as the numeraire,* we can write (9) in matrix form as

fIKYH] ™ AEKYH T+ T,
. _v .

: : +VN (K]‘\“[H}\fo‘ + TN) ;
P K HS N KR Hy S+ T

22Throughout, we use “Rest of the World” as our numeraire country.
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where

V11 cee UV1N-1 V1IN
V = : : VN = (19)
UN-11 -+ UN—-1N-1 UN—-1,N
Using the fact that Ty = — Z#N T,, (18) implies
KYHy
n — Un 5 20
where u,, is the typical element of the vector
n t
—I-V) " {(V=val)|  |+vny. (21)
UN_1 In—1

and we define 1 as an N — 1 vector of ones, t,, as country n’s trade deficit 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

matrix of empirically observed value-added linkages {v,,} and the distribution

of empirically observed trade imbalances, {¢,}, .
Using {f,.}, thus derived, a value for 0, and the calibrated values of {7y}, , to
reconcile (7) with the data, we obtain an expression for the “relative factor cost” term

n (11). Defining

kRl
= — — (22)
§ (Zn/:1 ’Yn’nfy;0>
A= (23)

were are ready to calculate the values of success and ignorance in the presence of

international value-added linkages, and for a given value of 6.

4.2.2 Special Case: Cobb-Douglas Linkages (6 — 0)

In the special case § — 0, calibrating the parameters {'Yn’n}n',n to match value-added

trade flows amounts to
Un'n = Vn'n- (24)

A low 6 implies a large amount of variation in productivity draws Z,,: even country
pairs with low ~,, are now likely to get high draws for Z,,,. This leads each country

n’ to earn a share of country-n final expenditure proportional to the parameter ~,,,.
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It is straightforward to show that

N 1—a \ Y/
n KQIH ; n'n
H (z #) + In An (25)

n'=1

limlny, = —In& +Ink%h "+ In
6—0

The third term on the right-hand side of Equation (25) illustrates what underlies
the trade-linkages term’s contribution to per-capita income in our model. Country-
n own factor abundance has a negative impact on its own income, as it depresses
the price its production factors command. By contrast, the factor u, has a positive
effect on g, as it summarises “world demand” for country-n value added. The factor
abundance of foreign countries affects country-n real income positively, as it reduces
country-n consumer-price level, whereas the terms w,, have a negative effect: a larger
demand for country-n’ value added raises the factor cost of country n’ and, hence, the
consumer-price level of country n. Notice that the effect of each individual country
n' on country-n price level is moderated by v,,, which determines the importance of
each country in country-n final-consumption basket.

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 (25)
to determine the relationship between incomes and production factors. We obtain
values of success equal to .49 in 1996 and .50 in 2006. Thus, the incorporation of
the “relative factor cost” term doubles the share of the of cross-country variation in
incomes which our updated development accounting framework can explain. The
value of ignorance is reduced to .14 in 1996, and .11 in 2006. Hence, our ‘relative
factor cost term” reduces income variation attributed to unobserved TFP differences

by more than half.
[Insert Figure 3 here]

Figure 3 offers a graphical representation of our findings. For the year 2006, it
plots Iny,, 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, Iny,, would have to equal In yZ? (InyZ%) 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 one. Clearly,
this is not the case in either panel. However, the red line of best fit between In y,, and
In yZF has a slope of 1.3, while the line of best fit between In y,, and In yZP 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]
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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, (Zfzv’:l Ynrn ;9>79 — 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.
[Insert Figure 5 here]

Figure 5 shows that accounting for international value-added linkages in the cal-
culation of country’s productivity levels causes us to revise downward our assessment
of TFP for some countries, and upwards for others, so that TFP levels become more
similar overall. High model-implied factor costs (as in the cases of Luxembourg,
Ireland and Denmark) are associated with downward revisions of TFP, while low
model-implied factor costs (as in the cases of Cyprus, Malta and Bulgaria) are asso-
ciated with upward revisions. This is intuitive: our framework attributes part of the
relatively high per-worker GDP in Luxembourg to high factor costs, and part of the
relatively low per-worker GDP in Bulgaria to relatively low factor costs. Without the
“relative factor cost” term, a closed-economy development accounting exercise would
attribute these income differences to differences in TFP. Consequently, it would over-

state Luxembourg’s TFP and understate Bulgaria’s.

4.2.3 General Case (0 > 0)

The Cobb-Douglas special case explored above is illustrative but highly stylised: it
suggests that the patterns of international value-added linkages are explained entirely
by technologies, and unresponsive to changes in the relative cost of goods sourced

from different origin countries. Based on the evidence presented in Figure 1, this may

23Note that a country’s consumer price index is distinct from the index of weighted source factor
costs, as it depends both on source factor costs and the country’s aggregate productivity, A,.
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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 goods abroad for given {7, } as their factor costs would be

relatively low. Hence, permitting 8 > 0 allows us to ;:apture a portion of the patterns
in Figure 1 without relying on exogenous differences in {yun},/ -

While a strictly positive 6 seems plausible, the appropriate interpretation of the
parameter — and, hence, the correct choice of parameter value — is made difficult
by the highly stylised nature of the model presented in Section 2. However, in the
appendix we show that our benchmark model can be thought of as a short-cut rep-
resentation of a standard Eaton-Kortum model, in which 6 represents the elasticity of
(gross) trade flows with respect to trade costs. Several studies (including Eaton and
Kortum, 2002) have attempted to estimate # using data on bilateral trade flows and
goods prices, obtaining values of § around 4 (see Simonovska and Waugh, 2014). We
thus adopt 6 = 4 as our baseline parameter calibration. At the same time, in Figure
6 we present results for a range of # between 0 and 8, using 2006 data, to illustrate

how the choice of # affects our findings.
[Insert Figure 6 here]

The left-hand panel plots values of success, and the right-hand panel 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:
higher values of 6 yield higher values of success and, up to a point, lower values of
ignorance. Beyond 6-values of 2, success exceeds 1 — implying that our framework
predicts more variation in incomes that observed in the data. At this point, variation
in TPF once again becomes necessary to explain why some countries are not as rich

relative to others as our accounting exercise would suggest, which raises ignorance.
[Insert Figure 7 here]

Figure 7 provides an intuition for this finding. It contrasts the income correlations
of model-implied country factor costs and the country’s weighted source factor costs
for the case # — 0, already seen in Figure 4, with the case # — oo. As noted in
Section 4.2.1, given data on international value-added linkages, model-implied factor
costs can be calculated independently of the value of 8. For this reason, the left-hand
panel of Figure 7 is identical in both cases. Yet this is not true for source factor costs:

as  — oo, all countries’ source factor-cost indices converge to the maximum global
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factor cost.?* As this reduces the cross-country variation in the denominator of the
“relative factor cost” term (which “works against” the positive correlation between
the numerator and real per-worker GDPs), it increases the overall correlation of that
term with actual incomes, thereby boosting the ability of our framework to explain

the cross-country variation in incomes.
[Insert Table 3 here]

Table 3 reports values of success and ignorance for different values of #. The
case 6 = 1.8 results in the smallest value of ignorance, i.e. the least reliance on TFP
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 ( — 0) and our preferred calibration (6 = 4) yield as
similar reduction in the reliance on TFP differences in explaining cross-country income
variation compared with closed-economy development accounting, with any value of
0 between these cases resulting in even less ignorance. Therefore, our conclusion
from Section 4.2.2 remains unaltered: accounting for relative factor costs among
open economies reduces income variation attributed to unobserved TFP differences
by more than half.

In the next section, we explore the impact on incomes and consumption of a
number of counterfactual changes in the international environment, imposing our

preferred calibration, 6 = 4.

5 Counterfactuals

5.1 Calibration

Having shown that a large share of the variation in GDP per worker across countries
can be explained with a model which allows for international influences on the rela-
tionship between domestic production factors and incomes, it seems natural to ask
how barriers to international transactions would affect incomes across countries. In
the following, we calibrate our model to data from the year 2006. We then proceed to
consider two types of scenarios: i) barriers to international transfers only, which force
balanced trade on a country or a group of countries; and ii) barriers to international
transfers and prohibitive trade costs, which also make it impossible for a country or
a group of countries to trade goods with the rest of the world. We will refer to the

latter scenario as autarky for the country or countries affected.

%For given {Ynn}ps e 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 observed {v,,,},, , as 6 increases, v,/ needs to rise disproportionally for n’ with relative high
factors costs. In the lfmit, this implies that vy, — 1 for all n, where n* € arg, oy max{fi,..., fn }.
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[Insert Table 4 here]

We choose a = 1/3, 6§ = 4 (see the discussion in Section 4.2.3), and calibrate
{%’n}n',n using empirical 2006 value-added trade linkages as described in Section
4.2.1. Table 4 reports summary statistics for the resulting set of technology para-
meters. We then attribute the residual part of income not explained by 2006 factor

endowments and relative factor costs to aggregate TFP differences, {A,}, .

5.2 Global Scenarios
5.2.1 Balanced Trade

We first consider the impact on per-capita real GDPs if trade imbalances were elimin-
ated worldwide. The intuition of the “transfer effect” tells us that countries with trade
deficits are likely to suffer losses in such a scenario, whereas trade-surplus countries
should experience increases in income. The logic for this result is well known in inter-
national economics: in the presence of home-biased consumption patterns (here, high
values of v,,), trade imbalances raise real GDP in favour of deficit countries, as more
expenditure is allocated to their goods, raising the relative price of their exports. By
the same token, the terms of trade of net exporters deteriorate. If trade imbalances
are corrected, the reversal of the “transfer effect” should result in a rise in the real

GDP of surplus countries, and a fall in the real GDP of deficit countries.
[Insert Figure 8 here]

The left-hand panel of Figure 8 reports the impact on real GDPS from imposing
balanced trade — t,, = 0 for all n — in our model. The changes range from —2.3%
(Cyprus) to +2.0% (Luxembourg). Not surprisingly, these correlate strongly and
positively with countries’ trade balances as a share of their GDP. Although in our
multi-country setting a move to balance in a surplus country n could, in principle,
improve the terms of trade of a closely linked (here, high wv,,) deficit country n’,
counteracting or even overturning the effect of balanced trade on the GDP of n’, such
effects appear to be of second order in practice.

The right-hand panel of Figure 8 reports the effect of the change on real consump-
tion levels. Although the latter represent the appropriate measure of welfare in our
model, the figures need to be interpreted with care: the trade balances which account
for the difference between real GDP and real consumption are treated as exogenous
transfers in our static framework. A more robust welfare analysis would need to en-
dogenise them as part of a fully dynamic model. Doing so is beyond the scope of the
present paper. We thus report the consumption figures for completeness, but focus

on real GDP changes in the discussion below.

21



5.2.2 Autarky

So far, we have assumed that goods can be traded between countries at no cost. In
addition to eliminating trade balances, we now also impose that the cost of trading
goods between countries is prohibitive. The resulting changes in real GDPs are dis-
played in the left-hand panel of Figure 9. 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 —15.6% (Malta) to —2.8% (Japan).
[Insert Figure 9 here]

Since our model permits a simple gravity representation of value-added trade flows,
the GDP loss from autarky can be calculated using the formula of Arkolakis et al.
(2012): In (Y 'k /Y, ) = % 1nw,,. Therefore, the average magnitude of the losses
shown in the left-hand panel of Figure 9 hinges crucially on the choice of 6, while their

distribution reflects differences in countries’ observed use of domestic value added.

5.3 Regional Scenarios

We now subject a selected group of “large” countries to the same experiments we
performed for the world above. First, we impose balanced trade in the country in
question. We do so by assuming that the country’s trade surplus/deficit is absorbed
by all other countries in proportion to their share of rest-of-the-world GDP. Formally,

if we impose t,, =0,
Y,

Zn’;ﬁn Yn

Second, we impose complete autarky on the country, balancing its trade and setting

Aty = —t, Vn' #n. (26)

prohibitive costs of trading between the country in question and the rest of the world.
This allows us to demonstrate how country-specific shocks to trade balances and trade

costs might be transmitted to other regions of the world.

5.3.1 China

The left-hand panel of Figure 10 reports real GDP changes resulting from external
adjustment in China. The most substantial effect of this experiment is a Chinese
income increase, in line with the “transfer effect”. Perhaps more interestingly, Taiwan
also experiences a (smaller) increase in real GDP. The relatively high share of value
added from Taiwan absorbed in China implies that a repatriation of Chinese con-
sumption benefits Taiwanese factor income. All other countries suffer GDP losses
from ending China’s transfer to the rest of the world. Notably, however, these losses
are small — not exceeding a fifth of a percentage point for any country — and fairly

evenly distributed.
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[Insert Figure 10 here]
[Insert Figure 11 here]

The rest-of-the-world losses from complete Chinese autarky (shown in the left-
hand panel of Figure 11) are significantly larger. Yet in this scenario, China itself

and Taiwan are the biggest losers, with Chinese income losses from autarky of 5.4%.

5.3.2 United States

The left-hand panels of Figures 12 and 13 display the results of the balanced-trade
and autarky counterfactuals for the United States. Figure 12 suggests that the in-
come effects of U.S. external adjustment would be small everywhere quantitatively.?®
Qualitatively, we observe that — like U.S. GDP — the GDP of the U.S.’s closest trad-
ing partner, Canada, would be adversely affected by U.S. adjustment. Indeed, Figure
13 suggests the combined loss of U.S. demand and value-added inputs as a result of
complete U.S. autarky would have a larger adverse effect on Canada than on the U.S.
itself.

[Insert Figure 12 here]
[Insert Figure 13 here]

5.3.3 Germany

The left-hand panels of Figures 14 and 15 display the results of the balanced-trade and
autarky counterfactuals for Germany. Unsurprisingly, Germany is the biggest loser
from a counterfactual move to autarky, with a number of neighbouring EU countries
also suffering significant real GDP losses. The quantitative effects of eliminating
Germany’s trade surplus are small outside of Germany. Notably, however, some
neighbouring countries (Czech Republic, the Netherlands) would benefit more from

such an adjustment than the 2006 deficit countries Italy, Greece and Spain.

[Insert Figure 14 here]
[Insert Figure 15 here]

6 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

ZDekle et al. (2008) also explore the potential economic effects of a reduction in the U.S. trade
deficit on American income and wages. Their trade model, just as ours, is based on Eaton and
Kortum (2002). Unlike ours, it allows for a richer sectoral structure, and an extensive and an
intensive margin of international trade. However, they find similarly small effects on U.S. real GDP
from external adjustment (up to a 2% decline in their least favourable calibration).
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international income differences. We have shown that this generalisation is quantit-
atively significant: it at least doubles the share of variation in income levels which
can be explained with measurable aggregates. Our exercise unpacks part of the un-
comfortably large black box of “residual” TFP differences between countries, which
constitutes a key finding of earlier development accounting studies under the implicit
assumption that countries are autarkic. It shows that international linkages have an
important role to play in explaining why some countries are richer than others. In
the model that forms the basis for our analysis, a country’s income depends not only
on its own endowments of production factors and productivities, but also on those of
all other countries and the international distribution of aggregate expenditures. The
quantitative effects of these open-economy forces vary by country, depending on the
nations with which a country enjoys strong trade linkages.

The existence of such linkages means that shocks in one economy may affect
incomes elsewhere. To illustrate the implications of this transmission in the face of
changes in the international environment, we present the results of some evocative
counterfactual experiments. Our model allows us to explore the global impact of shifts
in aggregate expenditure, via changes in trade balances, and of shocks to trade costs.
Simulating external adjustment for all countries simultaneously, and for selected larger
economies, we show that the “transfer effect” may be economically significance in the
light of contemporary value-added linkages. Under reasonable calibrations of our
model, we also find that the gains from international integration are large, with
autarky reducing real income by 8% for the median country in our sample.

A skeptical reader might observe that we reduce the need for aggregate-TFP vari-
ation in explaining international income differences by introducing yet another layer
of technology: the patterns of technological comparative advantage which we assume
underpin observed value-added linkages. Yet the technological differences between
countries on which our framework relies differ from aggregate TFP in conventional
development accounting exercises in an important respect: they can be disciplined
with international trade data. Moreover, they help us provide a clearer interpreta-
tion of perceived macro-level technology differences in an integrated world: our paper
highlights that these may arise, in part, due to factor cost differences resulting from
countries’ technological advantages at the level of goods or industries. If we accept the
quantitative relevance of this source of income variation across countries, future en-
deavours to understand international income differences ought to shift their attention

towards the origins of comparative advantage at that level.

24



1996 2006
Un k., hy, tn Yn k., hy, t,
(2011 1) (2011 I$) (2011 18) (2011 I$)
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 and factor endowments, summary statistics
D L D L
(0 —0) (0 —0)
Var (Inyy) 501 501 Var (Inyy,) 401 401
Var (Inyf) | .130 244 Var (Inyf) | .101 200
Var (InAF) | .162 070 Var (InAF) | 113 046
success .26 .49 success .25 .50
ignorance .32 14 tgnorance 28 A1
1996 2006

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

D L L L

(@ —0)|(0=18)| (0 =4.0)
Var (Inyy) 401 401 401 401
Var (Inyf) | .101 200 375 614
Var (In AF) | 113 046 014 041
success .25 .50 94 1.53
tgnorance .28 11 .03 10

2006

Table 3: Development accounting — different values of
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2006

Tn'n Ynn o
(n" # n)
1/3
n e Mean .014 432
Main St. Dev. .040 .363
Sample Min. .000 .001
Max. .625 .969
Obs. 1,600 40
n = Mean .025 .016
RoW St. Dev. .068 0
Min. .000 .016
Max. A17 .016
Obs. 40 1

Table 4: Parameter calibration for 2006 counterfactuals
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with actual per-worker GDP

28



'\ —
0 |
©
a
T
|_
(@]
kel
S © -
2
a
E
0 |
o
m -
SZZSE ORI Ey P EFEHOaNXZa 200 LR o Eazyx
—o—mgmgJmow1§mm49ﬂm§oo%oomm<0Fm—mz<@35—4
I Dom. factorsonly  IEEEE Dom. factors and VA linkages

Figure 5: Implications of international value-added linkages for measured TFP (6 — 0)
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Figure 6: success and ignorance for different values of 6
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Figure 8: Universally balanced trade counterfactual
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Figure 9: Global autarky counterfactual
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Figure 10: China trade balance counterfactual
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Figure 11: China autarky counterfactual
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Figure 13: U.S. autarky counterfactual
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Figure 13: Germany autarky counterfactual

naq —
- an —
— az0 —
— S —
- Rt —
- =8 —
— 10d ——
— NAS — ——
- vsn o ——
- N —
- ) o —
- v o —
- NG —
] NVO ~ ——
- NI c —
— 1w —
- i o —
- ds3 =) I
— unL o —
—] 60X £ —
- 1nv ——
- snv — —
—] an < > ——
— Lud = %) ——
— g c ——
— sny + S —
- ams Q ——
— NML < (@] —
— 153 o —
— NH o - ——
— Nai [ ——
— Moy 1 O ——
—] oHO +~ ——
—1 dAD ] o ——
— nou —
— NHO = ———
— nn o ———————————
— ani ————
— frat) o
— N [}
- XN %
T T T w T T T T
S0 0 S0~ = ¥0 c0 0 c0™-
abueyo 6o o) abueyo 6o
<]
=
— naa + -
—] an -
] 320 —
1 S 2 -
\ k) =] —
- 138 < —
- 104 —
- s = —
vsn —
Ndr - —
o) ) —
- i —
—
—] Na —
E a8 O T =
— NI .. O | —
— i & A
— ds3 — = —
— HnL —
— s O | —
— 1nv o 0| —
— sny - —
— xan = | —
— Lud —
— via o0 — | ——
— snu o © | ——
— ams e Q| —
— N —
— 15 | —
— NOH —
— Nal ——
— mou —
— ) ——
— A0 ——
— nou ——
— NHO ——
— o ——
— ani ——
— 108 ————
— Al ———
— xm ————————
T T T T T T T

0™~ 90~

abueyo 6o abueyo 6o



References

1]

2]

13

4]

5]

(6]

17l

18]

19]

[10]

[11]

[12]

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

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.

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

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.

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

Elsevier.

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

script.

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

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.

35



[13]

[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

22]

23]

[24]

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

Mannheim, Department of Economics.

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.

Robert C. Feenstra, 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.

Frankel, Jeffrey A. and David H. Romer, 1999. “Does Trade Cause Growth?.”
American Economic Review, 89, 3, pp. 379-399.

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?,” The 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.

Hummels, David L., Jun Ishii and Kei-Mu Yi, 2001. “The Nature and Growth
of Vertical Specialization in World Trade,” Journal of International Economics,
54, 1, pp. 75-96.

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.

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

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

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

36



[25] 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,
(September 1929), pp. 404-408.

[26] 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.

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

[28] Lucas, Robert E., Jr, 1990. “Why Doesn’t Capital Flow from Rich to Poor Coun-

tries?)” American Economic Review, 80, 2, pp. 92-96.

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

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

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

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

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

[32] Smith, Adam, 1776. An Inquiry into the Nature and Causes of the Wealth of
Nations, Liberty Fund.

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

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

[34] 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-
nomics, 23, pp. 575—605.

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

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

37



A Appendix: Value Added and Gross Trade Flows

We extend our benchmark model of Section 2 by introducing input-output linkages
and trade barriers explicitly. This helps us clarify the role of gross and value-added
trade and prices. The resulting model has the same implications in terms of value-

added outcomes and offers a justification for some of our key assumptions.

A.1 Technologies

Most of our new assumptions affect the production technology for goods. Country n’
can now produce goods for n using the following country-pair-good-specific production

technology:

e
e—1

Gum (0) = Zuen (8) { (1 = B) ¥ [ (i) Hor ()]

e—1

i Qua) T @1)

where (3, € [0,1), and Q,,,(7) denotes an aggregator of goods used as intermediates
by n’ to produce good i for country n. Q,,(i) has the same form (and price) as C,,.
As in our benchmark model, we think of shifter Z,, (i) as a random variable, drawn

independently for each ¢ from the country-pair-specific Fréchet distribution
Foun (2) = Pr (Zy < Z) = e~ n? " (28)

where w,,, > 0. Finally, international trade is subject to ad-valorem taxes t,, > 0
that lead to price wedges 7,,, = 1 + t,v, > 1. The rest of the model remains as
discussed in Section 2.

Note that the generalisation of (3) represented by (27) implies that countries no
longer ship simply their own value added, but a combination 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.

A.2 Prices

Define

P = [(1= Ba) f1 + B P T (29)

The price to country n of sourcing good ¢ from country n’ is?®

Tn'nPn’

Ly (2) '

26Under the assumption that Z is not pair- but country-specific, equation (30) corresponds exactly
to the pricing equations in Eaton and Kortum (2002).

Pn'n = (30>

38



Again following Eaton and Kortum (2002), we obtain

5 N
_ -0, —0
b= (pr ) .

as the cost of final consumption C,, and of the composite intermediate @),,. Assuming
f=c—1,

D=

=
ESI

N - N -
3 -9 -0 - _ ¢ -0
Pn = A—n n/z::lwn/n’rn,n [(1 — 671/) fn, —|— /Bn/Pn, j| = A_n n/z::l/yn’nfn/ 9 (32)
where
Y11 -+ IN1
: : = (33)
TN INN
A\? !
(?1) 0 wnTi P wnTy BN
=1|17- : :
A\’ -6 -0
0 . (TN> WINTINPL o WNNTNNON
W11T1_19 (1 — 61) leTjggb (1 — ﬁN>
wlNTl_J\? (1—61) CL)NNT]\_/]GV (1—ﬁN)

The “gross-output” and “value-added” models thus yield the same functional form for

the consumption price index.

A.3 Implications

It is easy to show that (32) implies that both have the same predictions for value-
added trade patterns as long as {¥us},,,, coincide in both models.?” In other words,
for a given set of parameters { A,,, Wyn, Tw/n, Bn ), there exists a set of parameters v,/,,
given by equation (33), such that the corresponding models yield the same equilibrium
outcomes f,, and v,,,.28

Moreover, equation (31) highlights that we can think of 6 as the (gross) trade

elasticity in the spirit of a standard Eaton-Kortum model.

2T0One can see this by applying Shephard’s Lemma to both (31) and (33) and comparing the
resulting market-clearing conditions. For convenience, we assume that any tax revenue is transferred
to the exporter.

28Note that, given our data, the terms wy,, and 7,, cannot be identified separately. However, the
parameter restrictions v, > 0 and ), v,/ = 1 made in Section 2 imply a number of restrictions
ON Wp/n, Trnrn and Bir.
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