NBER WORKING PAPER SERIES

GLOBAL VALUE CHAINS AND EFFECTIVE EXCHANGE RATES AT THE COUNTRY-SECTOR
LEVEL

Nikhil Patel
Zhi Wang
Shang-Jin Wei

Working Paper 20236
http://www.nber.org/papers/w20236

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
June 2014

We are grateful to Charles Engel, Stephanie Schmitt-Grohe, Martin Uribe and our discussants Martin
Berka and Giorgio Valente for helpful comments and discussions. We would also like to thank seminar
participants at Columbia and the ABFER annual conference in Singapore for useful comments and
Joy Glazener for editorial assistance. All remaining errors are our own. The views expressed herein
are those of the authors and do not necessarily reflect the views of the National Bureau of Economic
Research.

NBER working papers are circulated for discussion and comment purposes. They have not been peer-
reviewed or been subject to the review by the NBER Board of Directors that accompanies official
NBER publications.

© 2014 by Nikhil Patel, Zhi Wang, and Shang-Jin Wei. All rights reserved. Short sections of text,
not to exceed two paragraphs, may be quoted without explicit permission provided that full credit,
including © notice, is given to the source.



Global Value Chains and Effective Exchange Rates at the Country-Sector Level
Nikhil Patel, Zhi Wang, and Shang-Jin Wei

NBER Working Paper No. 20236

June 2014

JEL No. F1,F3

ABSTRACT

The real effective exchange rate (REER) is one of the most cited statistical constructs in international
macroeconomics. With the rising importance of offshoring and outsourcing, the standard measures
are increasingly flawed. In addition, because different sectors within a country may participate in international
production sharing at different stages, sector level variations are also important. We develop a theoretical
framework to compute REER at both the sector and country levels. It nests the existing measures in
the literature and addresses their shortcomings. As an application, we exploit the recently available
World Input-Output Database (WIOD) to study the properties of the new measures of the REER for
40 countries, 35 sectors, over 1995-2011.

Nikhil Patel Shang-Jin Wei
Department of Economics Graduate School of Business
Columbia University Columbia University
New York, NY 10027 Uris Hall 619
np2333@columbia.edu 3022 Broadway

New York, NY 10027-6902
Zhi Wang and NBER
Research Division shangjin.wei@columbia.edu

Office of Economics

US International Trade Commission
500 E Street SW

Washington, DC 20436
zhi.wang@usitc.gov



1 Introduction

The Real Effective Exchange Rate (REER) is one of the the most quoted indices in international
economics among academics, policy makers and financial market participants. A google search
on “effective exchange rates” yields close to 58 million hits, higher than terms like “inflation
targeting ”(~5 million) and “comparative advantage”(~9 million). The underlying purpose behind
the construction of REER is to have a statistic that measures competitiveness by quantifying the
sensitivity of demand for output originating from a particular country as a function of changes
in world prices. It is a partial equilibrium construct which takes observed price changes as given
and does not require modeling of primitive shocks that lead to those price changes, or any other
general equilibrium constraints like balanced trade.! Among the common applications of REER
in international macroeconomics is its use as an indicator to draw inferences regarding currency
manipulation, currency misalignment and vulnerability to crises—see for instance Chinn (2000) ,
Goldfajn and Valdés (1999) and Gagnon (2012).

The importance of REER is further evident from the time, effort and resources devoted to
computing REER indices by leading organizations like the International Monetary Fund (IMF),
Bank of International Settlements (BIS), OECD as well as various central banks around the world.?

Standard REER measures make a number of simplifying assumptions which we evaluate in this
paper. For instance, they assume that every country exports only final goods which are produced
without using imported intermediate goods. The first point we wish to emphasize is that this
assumption is not innocuous, as the following example shows.

Consider a stylized world with three countries involved in a global value chain—China, Japan
and the US. Suppose Japan manufactures raw materials for the production of a mobile phone and
ships it to China which acts as an assembly point. China in turn exports the finished product to
the US which is then consumed by US consumers. According to the traditional REER measures
like the one used at the IMF, the phone would be classified as China’s “product” and China would
be assumed to be competing with other providers of phones. Consequently these models would
conclude that an increase in the price of a mobile phone in Japan would lead to an increase in the
demand for China’s mobile phone and hence increase its competitiveness. In reality however, China
is not producing the entire phone but is the producer of assembly services, which accounts for only
a small fraction of the total value of the product. It therefore competes with other providers of

such processing services and not phone manufacturers. Once we recognize this, it becomes clear

1See Chinn (2006) for a primer on the concept of REER and Rogoff (2005) for an application
and discussion.

2For the IMF REER computation see McGuirk (1986) and Bayoumi et al. (2005). For the Federal
reserve’s REER measure see Loretan (2005). The BIS’s REER methodology is summarized in Klau
et al. (2008)



that an increase in Japanese prices of mobile phone components could very well lead to a decline in
demand for China’s services and hence a decline in its competitiveness.

This example shows that REER computed by organizations like the IMF' is not only inaccurate
in terms of magnitude, but may also have the wrong sign. Given that trade in intermediate goods
can potentially have a major influence on the REER, it is important to incorporate it in the model
used to compute REER, especially given the prominence and rising trend in intermediate goods
trade in the last two decades.?

Another limitation common to all previous work in this literature is that REER is defined at the
level of individual countries.* With increasing specialization and trade in intermediate inputs, inter-
sectoral linkages between countries differ substantially from aggregate country level relationships.
Wang et al. (2013) (henceforth WWZ) have documented this heterogeneity substantially. In
particular, they find that total foreign content (VS) sourced from manufacturing and services
sectors used in world manufacturing goods production has increased by 8.3 percentage points
from 1995 to 2011 (from 22. 5% in 1995 to 30.8% in 2011). Moreover, they show that this
increase is primarily accounted for by the increase in foreign double counted terms (FDC) which
are a result of back and fourth trading between countries. Once we take the concept of global
value chains seriously, we have to recognize the fact that different sectors in a country tend to
participate in cross-border production sharing by different extents and in different ways. For
example, according to WWZ (2013), some sectors mostly engage in regional value chains (i.e.,
buying or selling intermediate inputs with neighboring countries), whereas others engage in truly
global value chains (i.e., sourcing and selling a significant amount of inputs to countries on different
continents.) This implies substantial heterogeneity in changes in competitiveness across sectors to a
given change in foreign price vector. An aggregate country level measure is incapable of capturing
these. Indeed, in section 10 we document several instances where the REERs move in opposite
directions for different sectors within a country. In these cases where the country level REER
moves in the opposite direction to certain key sectors within the country, lack of information on the

latter can lead to false conclusions and inefficient or even counter-productive policy measures. For

sFor OECD countries Miroudot et al. (2009) find the share of trade in intermediate goods and
services to be 56% and 73% respectively. As emphasized in Baldwin and Lopez-Gonzalez (2012),
intermediate goods trade and vertical specialization have grown many fold in developing countries
starting in the 1980s (see also Wang et al., 2013) Also important is the import content of exports,
epitomized by the prevalence of processing trade involving Asian economies, especially China.
Koopman et al. (2014) find that the import content of exports is as high as 90 percent for some
sectors in China.

+Although Goldberg (2004) develops sectoral effective exchange rates for the US and Kiyotaka
et al. (2012) and Kiyotaka et al. (2013) do so for Japan, Korea and China, these papers do not
take into account trade in intermediate inputs or differences in elasticity of substitution. In fact
they proceed in a reduced form manner and do not allow for even third country competition as is
done in our framework as well as in the models by the IMF and BIS.




example, we document in figure 2 that Mexico as a whole has experienced a loss in competitiveness
(appreciation) starting in 1995. One policy measure this may instigate is (implicit or explicit)
subsidies, especially to exporters. However applying these measures uniformly across all sectors
would be erroneous since there are sectors like the financial intermediation sector that are already
experiencing a gain in competitiveness. This illustrates the usefulness of sector level exchange rates
in enabling countries to better target and manage their producers and exporters. Although lack of
data and absence of the global value chain phenomenon had prevented the feasibility and need for
such measures in the past, in this paper we emphasize that this is no longer the case.

Recognizing all these shortcomings, this paper proposes a concept of REER that improves upon
the existing REER measures in the literature along four dimensions. Firstly, by explicitly allowing
for trade in intermediate inputs and distinguishing trade by end use category, our model recognizes
that value added and gross output are not the same. We therefore compute different REER indices
for value added (GVC-REER) and gross output (Q-REER). Secondly, we start at the level of
sectors within countries and build our way up, allowing us to define and compute not just country
REERs but also REERs for sectors within countries. Given our data source (to be discussed in
detail later on in the paper) we can compute REER indices for 35 sectors within each of the 40
countries in the sample. We find substantial heterogeneity in the REER across sectors within
countries and are in a position to talk about competitiveness of individual sectors within the same
countries. Thirdly, we estimate and explicitly incorporate different elasticities of substitution across
different groups of goods in our REER measure. This is a significant improvement relative to other
attempts to take GVCs into account which continue to work with a simplified Cobb-Douglas case
in which all elasticities are identically equal to one. Lastly, we compute sector level price indices
and use these in our REER measure instead of the more coarse country level price indices (GDP
deflator or CPI) which have been used in the literature so far.

We show that our model can also be used to construct better measures of bilateral real exchange
rates (RERs). Bilateral RERs are typically used for either price level comparisons or relative
movements in competitiveness (see for example Chinn, 2006). If the goal is the latter, then we show
that the insights gained from our discussion of REERs can be used to construct measures of bilateral
RERs using sector level trade flows that better reflect movements in relative competitiveness. We
find in the data that our measure of bilateral RER paints a substantially different picture compared
to the standard GDP deflator based RER for certain key country pairs. Section 11 for instance
shows that for US-China, we find that although the standard RER displays a non monotonic
pattern for the RER including substantial depreciation of the Chinese exchange rate prior to the
abandonment of the peg in 2005 (which was widely reported and discussed among academics,
financial participants as well as in the media) our RER measure which exploits sector level linkages

shows a secular appreciation during the sample period.



It is worth emphasizing that our objective is to model relatively short-term and small-scale
movements in competitiveness. We therefore take the nature of GVC and trade patterns across
countries and sectors as given and do not consider the issue of endogenous off-shoring and production
sharing decisions.® Moreover, due to the complex nature of the model we solve it using log
linearization techniques. This further reinforces the view that our REER indices are best suited for
short-term movements resulting from shocks that are not too large so as to affect organization of
GVCs.

This paper is related to two different strands of the literature. First and foremost the paper is a
contribution to the literature on international trade and finance. The most prominent and commonly
cited REER measure today is the IMF’s REER measure. This along with other commonly used
REER indices like the ones by the Federal Reserve and Bank of International Settlements (BIS) do
not distinguish between trade in intermediate and final goods and consider all trade flows to be in
the latter category. The consequence of making this assumption could be quite detrimental, as we
have discussed above.

A few recent papers have recognized this drawback and have made attempts to address them.
Bems and Johnson (2012) (henceforth BJ) allow for trade in intermediates and compute the REER
weighting matrix at the country level. Bayoumi et al. (2013) propose a measure of competitiveness
in which they borrow the weighting matrix from the IMF but adjust the price indices to acknowledge
the presence of imported inputs. But these papers work with the constant elasticity (Cobb Douglas)
assumption and country level (instead of more detailed sector level) price indices. Our attempt
to incorporate sector level price indices and build sector level exchange rates has a precedent in
the work of Bennett and Zarnic (2009). But their work does not incorporate trade in intermediate
goods and uses an IMF-like weighting matrix. Moreover, they use unit labor costs to proxy for
price of value added, whereas we have a more comprehensive measure of value added price index at
the sector level which includes not only labor but also capital.

In Table 1 we summarize our contribution to this literature by drawing comparisons across the
most influential as well as the most advanced REER computation frameworks available. A check
mark (4/) indicates that the paper attempts to address the particular attribute, irrespective of
whether they achieve the desired objective in our opinion. In fact, in most cases where there are
check marks in the table, we show drawbacks that are addressed by our framework. As will be
shown in the sections to follow, our measure is not only more comprehensive, but nests most of the
common measures in the literature.

More broadly, the paper is motivated by and is linked to new but rapidly expanding literature

sThere is a growing literature on organization of global value chains that looks into these questions.
See for instance Antras and Chor (2013), Antras (2014), Costinot et al. (2013) and Johnson and
Moxnes (2012).



Table 1 — Comparison with the literature on computing REER
IMF FED BIS BJ BST BZ This paper

Value added competitiveness V
Sector level exchange rates/prices Vv Vv
Trade in intermediate goods v vV vV

Heterogenous elasticities

Key: BJ: Bems and Johnson (2012); BST: Bayoumi et al. (2013); BZ: Bennett and Zarnic (2009);
A check mark (y) indicates that the paper attempts to address the particular attribute, irrespective
of whether they achieve the desired objective in our opinion

on global value chains and vertical specialization in trade (see Hummels et al., 2001 and Baldwin
and Lopez-Gonzalez, 2012 among many others) as well as the literature on trade statistics and
export accounting in the presence of intermediate goods trade (Koopman et al., 2012 and Wang
et al., 2013).

After briefly reviewing the concept of REER in section 2 we start by presenting a simplified
version of our framework in section 3 to illustrate some of the features of our exchange rate measure
before moving on to the general model in section 4 which is discussed in greater detail and applied
to the data.

2 The Concept of REER as a Measure of Competitiveness

The real effective exchange rate measures change in competitiveness by quantifying changes in
the demand for goods produced by a country as a function of changes in relative prices.® To be
more precise, if V; is the demand for the goods produced (or alternatively, value added) by country

J, then the effective exchange rate of country J is defined as:

where {Ap}? | is a vector of price changes in all countries including the home country. Note that
no other variables except the prices explicitly enter the function G(.). Hence by construction REER
is a partial equilibrium construct where the primitive shocks that lead to the observed price changes

are not modeled. Moreover the demand side of the economy is assumed to be exogenous and the

6In this literature the use of the word “competitiveness” is appropriate only in conjunction with
the perfect competition assumption. With imperfect competition, an increase in demand for value
added may coincide with a decrease in profits for the producers (as would be the case for instance
with a monetary policy shock with sticky prices). It seems misleading to label this an increase in
competitiveness of the producers. We thank Charles Engel for pointing this out.



aggregate final demand is assumed to be constant (although relative demands are allowed to change
when prices change).

The function G(.) is homogenous of degree zero, so that the model satisfies neutrality in
the sense that if all prices (including the home price) double, then the relative demands remain
unchanged (and since by construction aggregate demand is held fixed, the absolute demand for
each good also remains unaffected).

It is worth pointing out that REER models like ours do not assume balanced trade or any
restrictions on the trade balance. Trade balances are allowed to be non-zero in the steady state and
are calibrated to their observed counterparts in the data. This is in line with the partial equilibrium
setup in which the demand side is exogenous.

Throughout the paper we work with a static partial equilibrium model. Before describing the
model it is pertinent to address concerns regarding its ostensibly restrictive nature.

Competitiveness is a supply side concept and measures how changes in cost structure of a producer
makes its product more competitive by enabling it to capture demand from other producers. In
order to isolate the role of competitiveness it is therefore critical to shut out other effects that
might be operational, most notably aggregate demand.

Consider the case of a favorable supply shock like a productivity shock or a tariff reduction that
affects a single producer. In the partial equilibrium setting of this paper, the shock manifests itself
only in the form of a lower price, which leads to an increase in demand for the good (at the expense
of other goods). This is interpreted as an increase in competitiveness. In a general equilibrium
framework, a supply shock of this form will have additional effects. In particular, it will affect the
real incomes of agents which in turn will affect aggregate demand (and also its distribution in a
heterogenous agent economy). This latter effect, however, is not a direct consequence of the cost
advantage gained by the producer and hence must not be included in the competitiveness measure.

To make the point more precise, consider a two country (A and B), two sector (1 and 2) model
and suppose (A, 1) is hit by a positive productivity shock. The direct impact of this shock would
be to lower the price of (A, 1). This in turn would lead to a shift in demand towards (A, 1) at the
expense of demand going to all the three remaining sectors. This demand is captured by (A, 1)
due to its cost advantage triggered by the favorable productivity shock. This is the effect that a
competitiveness measure should be designed to capture and our REER measure does exactly this.
In addition, the favorable productivity shock would most likely also lead to an increase overall
demand (i.e quantity demanded) for all goods. This effect may imply an increase in the quantity
demanded for either or all of the three remaining sectors. This latter increase however comes despite
an unfavorable movement in relative costs (i.e a decline in competitiveness), and hence must not be
interpreted as an increase in competitiveness as would be the case if we measure competitiveness

solely by increase in quantity demanded in a general equilibrium setting. For instance, with home



bias in consumption, the transfer effect leads to an improvement in home terms of trade which in
turn leads to an increase in the absolute demand for foreign goods as well, but this happens despite
an increase in costs, not due to a favorable movement in costs which is what competitiveness in
meant to capture.

It is often relevant for researchers working with partial equilibrium models to justify that
the ignored general equilibrium effects are not likely to overturn their main partial equilibrium
conclusions. The goal in this paper, however, is the construction of statistic as opposed to forecasting,
comparative statics or explaining stylized facts in the data. We therefore do not need to show
robustness with respect to generalization of the model beyond the partial equilibrium setup. On
the contrary we argue that the question at hand requires us to look precisely at partial equilibrium
effects and although general equilibrium effects might overturn partial equilibrium ones as hinted
above, the latter are not the object of attention as far as measurement of competitiveness is
concerned.

Regarding the static nature of the model, although the model does not have any inter-temporal
features like capital accumulation and investment, it nevertheless imports the dynamics from the
persistence of shocks in the data, which are the observed price movements. In fact, the model is
calibrated to the exact time series of price changes so that we let the data completely govern the
dynamic aspects of our REER measures.

Aside from effective exchange rates, unit labor costs (both at the country and sector level)
are often used as indicators of competitiveness. Although these are widely available and easy to
comprehend, REER, especially if constructed taking into account trade in intermediate goods and
sector level trade flows as in this paper, is superior as a measure of competitiveness on several
counts. Firstly the REER incorporates movements in relative prices as opposed to looking at
individual or a pair of prices in isolation. It combines information from prices in all countries by
weighting them in proportion to how important they are in affecting the competitiveness of the
country or sector in question based on past trade flows. Looking at individual prices cannot deliver
such information. For instance consider two countries A and B. If prices in A rise by more than
prices in B, this does not automatically make B more competitive than A since they may be trading
with different partners whose prices themselves may have changed differently. Moreover, B might
be using A’s output as an intermediate input in production, in which case B’s competitiveness
might actually fall when A’s price rises. Secondly, a measure like the unit labor cost considers only
one component of value added (namely labor) and ignores the effect of prices of other inputs (most
notably capital) which account for one third of the total value added on average (and much higher
in certain sectors). This is also a drawback of all effective exchange rate measures that use unit
labor costs as deflators. In this paper we compute price indices for value added which incorporates

all components of the latter (including labor and capital) to overcome this shortcoming.



3 A Stylized Three Country Global Value Chain

We start with a simplified 3 country, 2 sector model capturing the basic Global Value Chain
(GVC) features. There are three countries (J, C and U for Japan, China and USA respectively)
and two sectors indexed by {1, 2}. Table 2 displays the input output table. All boxes with “X”
denote non-zero entries while the remaining entries are zero. Note that the IO matrix is sparse and
contains only one (out of a possible 36) non-zero entries. The Global value chain is modeled across
two sectors in three different countries. The upstream sector J1 (sector 1 in country J) produces
raw materials that are exported to country C. Sector 2 in country C combines these intermediate
inputs from J along with its own value added to produce final goods that are then exported to
countries J and U in addition to being consumed internally by country C. All other sectors (i. e J2,
C1, Ul and U2) only produce goods using own value added (i. e no intermediate inputs) and sell
them as final demand in the home country. Sector 2 can be interpreted as the electronics sector

and sector 1 can be interpreted as a (raw) materials sector.

Table 2 — A stylized 3 country 2 sector global value chain set up

J C U JFinal CFinal Ufinal total output
JI J2 C1 C2 Ul U2
JI[TOTOTO [ XTO0OTDO X 0 0 X
J270707 0707070 X 0 0 X
citifofolO0O]lO0OTO0TO 0 X 0 X
C2[0]0[ 0[O0 1T07]0O X X X X
U Uur[ oo 0[0]70T7]0 0 0 X X
U200 07]07]70T7]0 0 0 X X
VA X X X X X X
total output X X X X X X

Specifying the model:

We use QF to denote the gross output of sector [ is country h. 7 X glh denotes the intermediate
input from country f sector s used in production by (h,1). V" denotes the value added by (h, ).
We assume a constant elasticity of substitution which is allowed to differ across consumption and

production aggregators as clarified below.

Production:

The production function of (C,2) is given by

Qf = (W)= + w3 =] (31)

"Throughout this paper, superscripts will be used for countries and subscripts for sectors.



where o is the elasticity of substitution between the two inputs and w" and wX are weights that
can be mapped to the shares of the two inputs.
Since all other production comprises entirely of own value added, the remaining production

functions are of the form:

Q= V"(h,1) # (C,2) (3-2)

Consumption:

We use F/ to denote output of (k,1) that is absorbed in country f as final demand. Based on

table 2, the consumption aggregators for the three countries are given as follows:

1 -1 1 6—1 1 9—1. 6

F/ = ((&]7)5(F)T + (s)0 ()T + (s§7)0 (FE7) T 70 (3.3)

FC = [(k9)(FCO)T + (k5C) s (FEC) T ot 3.4
1 0—1 1 0—1 1 0—-1._60

FU = [(sY0)3(FVU) 4 (k57)5 (FYU)T + (k§7) 5 (FEV) 5T oot (3.5)

We use large case P to denote CPI, small case p® is used to denote price of gross output; p¥ will
be used to denote price of value added and p* for price of intermediate goods. 6 is the elasticity of
substitution between different goods in the final consumption good bundle and is assumed to be
the same across all countries®. k s are weights that denote the shares of the different components in
the aggregators.

Appendix A shows how the linearized version of the model can be solved to write the demand
for value added for each entity as a function of all the value added prices assuming that total final
demand remains constant (i.e " = 0¥A), or what we define as the real exchange rate (GVC-REER)

following this partial equilibrium literature®:

AGVC — REER" = VI = w(w)p(V)] + w©)"dp(V)3 + w(v)Cp(V)¢
+w(V)H(V)§ +w(0) p(V)Y +w(v) (V)Y (3.6)

where h € {J,C,U},s € {1,2}
To illustrate the properties of our REER weighting scheme, we focus on the weight assignment
between the two sectors that are involved in the the GVC. We use the notation p(V)#V,** to denote

the total value added created in (a,l) that is ultimately absorbed as country b’s final demand. Our

8This and many other restrictions imposed so far will be relaxed in the general model presented
later.

oIn addition to the first order conditions, the only equilibrium conditions we need are market
clearing conditions. These are listed in the appendix.



model yields the following expression for the weight assigned by C2 o J1:

ww)S! = 6 |:<P(V)QCV2CJ> <P(V){V1‘”> I <P(V)gv2cc> (P(V)fvl‘IC) " <p(V)2CVQCU> <p(V)iIV1JU>}
p(V)SVE PJIFJ p(V)SVE PCFC p(V)SVE PUFRU
P@IXYY
* ( PQ5QS > =0 (3.7)

Several aspects of the weighting schemes now become evident from (3.7). Firstly, under the

constant elasticity assumption (f = o = 1)the weight reduces to:

wE)y' = Y

k=J,C,U

(P(V)SVE*) (p(V){ V™)
(p(V)SVE) (PRFF)

>0 (3.8)

This is the same as the sum of the three terms inside the bracket in (3.7)°. Each of these terms
can be interpreted as capturing the intensity of competition between (C,2) and (J, 1) in the three
final goods markets, namely C, J and U. The higher is the intensity of competition as measured
by these terms, the higher would be the weight assigned by (C,2) to (J, 1), since in that case a fall
in the price of (J,1)’s value added would hurt (C,2) more. As an example, if the last term in (3.7)

pVISVE T (BVIVITN | i high, it conveys that value added b (C,2) and (J,1) are competin

p(V)ZC'VQC PUERU g ) Yy valu y ) ) p g
intensively in order to satisfy country U’s final demand, so a fall in (J,1)’s price will hurt (C,2) to

a greater extent.

Secondly, note that w(v)S}’ is strictly increasing in o. Intuitively, the lower is the elasticity of
substitution between own value added and Japanese imports in (C,2)’s production, the higher will
be the co-movement between the value added by (C,2) and (J,1). In this case, the weight assigned
by (C,2) to (J,1) will be lower, since a fall in the price of (J,1) ’s value added, which increases
demand for output of (J;1) , will also end up exerting a positive effect on the demand for value
added by (C,2).

Thirdly, unlike o, the effect of an increase in 6 is ambiguous. On the one hand an increase in 6
exerts a positive effect on w(v)§} via the standard expenditure switching effect-if consumers are
more willing to substitute between different goods in their consumption bundle, a fall in the price
of a substitute will decrease demand for the own good to a greater extent. On the other hand, to
the extent that the value added by (C,2) and (J,1) are complementary, expenditure switching

towards (J,1)’s value added indirectly also implies a shift in expenditure towards (C, 2)’s output

10]n fact, under the assumption of constant elasticity, all weights can be represented by a formula
mimicking (3.8), i. e.

hk Z (P(V)lhvlhk) (p(V)ﬁVSCk

)
Vi, k, 5,1
- (V) (PP

w(v)
k=J,C,U

This is the same as 5.2 in the case of the general model.

10



and hence towards (C,2)’s value added which is embodied in its own output. In this example the
two effects run in opposite directions.

Lastly, (3.7) and (3.8)also illustrate the restrictive nature of the weighting scheme in the constant
elasticity case. In particular the complementarity effect discussed above is not present, and as is
evident from (3.8) the weighting scheme is not flexible enough to accommodate negative weights.

The appendix shows how we can derive REERs for gross output competitiveness (as opposed to
competitiveness for value added which is what GVC-REER measures) and how it compares to our
GVC-REER weighting scheme in this 3 by 2 world.

Defining Aggregate Real Effective Exchange Rates for Countries

We compute aggregate country level REERs by exploiting information on sector level trade
flows. For comparison, in the appendix we also compute an alternate measure that aggregates all
trade flows within a country as is commonly done in the literature. Appendix A shows that the
demand for value added produced by country A can be written as:

e S % [(EPRE) wnd + (BPRE ) wlt] s (3.9)
fE(J,CU) ke{1,2}

If sector level price indices are available, then (3.9) provides the most accurate measure of
competitiveness for a country as a whole. Typically however, country level REER is computed
using an aggregate country-wide price index (like the GDP deflator, CPI or some measure of unit
labor cost). To define an analogous measure in our framework we need to make an assumption
regarding the link between sector level prices and the aggregate GDP deflator of a country. We
choose to make the simplest possible assumption (which is also made implicitly throughout this
literature), namely that all sector level prices change by the same proportion as the change in the

aggregate GDP deflator. In particular,

p(V)" =p(V)i =p(V)z (3.10)

With this assumption we can simplify (3.9) to write:

e 3 ()Gt () et s

FE(,CU)

wa(v)hf

(3.11)
Here w(v)" denotes the aggregate (i.e country level) weight assigned by country h to country

f in the real exchange rate of country h. As is evident from (3.11), this weight is itself a weighted

11



sum of the weights assigned by each sector in h to each sector in f, with the weights given by the
value added shares of the sectors in h.

In the appendix we compare our country level REER measure against the common approach of
aggregating across sectors within each country and show that these two approaches yield different

results except in knife-edge cases.!

4 The General Model

Consider a world economy comprising of n countries. There are m sectors within each country.
Each country-sector is called an “entity” so that there are a total of nm production entities in the
world economy. Each entity uses a production function with its own value added and a composite
intermediate input which can contain intermediate inputs from all mn entities including itself. The
output of each entity can be used either as a final good (consumed in any of the n countries) or as
an input by another entity. Thus there are a total of nm producers and nm + n consumers (nm
entities plus n final goods consumers) in the economy. Both the production function and final
goods consumption aggregators are nested CES (constant elasticity of substitution) aggregators

which are described in detail next.

4.1 Production

Consider the production process for entity (¢, ). The production process is assumed to follow
the following three stage hierarchy:

First, for each sector, inputs from all foreign countries from that sector are aggregated (with
a constant elasticity of substitution) to form sectoral intermediate inputs {X(f)¢}7 . In other
words, X (f)¢ is the aggregate sector s foreign intermediate input used in production by country c
sector [

g (ed)
n o'%(c,l)fl U%(CJ)—I

X(Ng=| Y (wistesteh(xio) alen s=1,2,.m (4.1)

i=1,ic

Here X§ denotes inputs from country ¢ sector s used in production by country ¢ sector [, the
w's are aggregation weights and o!(c, 1) is the (constant) elasticity of substitution between different
foreign varieties of the sector s output in the production function of entity (c,!)

The sector s import bundle is then combined with the domestic sector s input to form the

aggregate sector s input. The elasticity of substitution between these two inputs is o2(c, ).

11'The issue of aggregation is explored in more detail after we present the general model.
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ot (en—1 o5t (e)=17 o1l (c,l)—1

X6 = |(we) oD (X ) ren 4 (w(f)S) V7" (X)) Fren (4.2)

S

With this two step framework we are allowing for a distinction between “macro” (o!%(c, 1)) and
“micro” (cl(c,1)) elasticities for each sector, which is a feature of the data documented in the
literature—see Feenstra et al. (2010) .

Next, these m sectoral aggregates are combined to form the aggregate intermediate input X

0'2(c,l)

m o2(e—1 | o2 (eD-1
X = [Z(w;)l/“(c’lwle) ] (43)

s=1

Finally, the aggregate intermediate input is combined with the entity’s own value added to form
the gross output for entity (c,l) which is used both as intermediate and final good. This is denoted
by Q¢. The elasticity of substitution between value added and aggregate intermediate is o3(c, )

o3 (e,

o3 c,l)— o3 c,l)— c —
Qlc _ |:(wlvc)l/03(c,l)(vl6) ag(i?l)l + (wiXC)l/UB(c,l)<ch) a(3<3l)1} o3ed-1

(4.4)

4.2 Preferences

A country specific final good is obtained by aggregating goods from all nm production entities
in two stages.

Firstly, for each sector s, goods from all foreign countries are aggregated to form an aggregate
sector s final imported good for consuming country c. The elasticity of substitution for each

aggregate is 01(c)

HE)

n . ) o ok(e)—1 | 0h(eo-1
Fi(f) = | Y (5)MO(FE) 0 (4.5)

i=1,i#c

Each of these imported goods is then combined with the domestic goods from its respective
sector to form an aggregate sector s consumption good for country c.
63" ()

ko1 9%’%)—1] o

F = [w?)”@%’“a)(F;ﬂ) T+ (PO OE(f))

(4.6)

Finally, these s sectoral aggregates are combined (with constant elasticity 6?(c)) to form the

aggregate consumption good for country ¢
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02(c)
m 02(c)—1 62 (c)—1

Fo= | (k)Y@ (o) (4.7)

s=1

4.3 Market clearing:

Gross output from an entity is absorbed either as an intermediate input or a final good (we do
not allow for inventory accumulation or any inter-temporal effects). Thus the following market
clearing condition holds V(c, 1)

Q=) F+) > Xt (4.8)
=1

j=1 k=1

9 Computation of Effective Exchange Rate Weighting Matrices

In order to define the exchange rates we take prices and final demands in all countries as
exogenous and compute the demand for value added and gross output of different entities as
functions of prices. This partial equilibrium setup is common in the literature and requires only
one market clearing condition along with the different optimality conditions for production and

consumption.

5.1 Demand for value added as a function of price of value added:(GVC-REER)

The appendix shows that the demand for value added can be written as
vec (I?f) = Wywec (p(V);) + Wryvec (ﬁ’c> (5.1)

Here (vec (‘A/}C)>nmX1 is the vector of changes in value added stacked across all countries and
sectors, and Wy and Wy are nm by nm matrices derived in the appendix. Putting the change in
final demand vec (ﬁ’ C> to zero, the nm by nm matrix premultiplying vec (p(V')§) can be interpreted
as a matrix of weights for the real effective exchange rate, as it measures how the demand for
value added originating in a country-sector changes when price of value added changes in any other
entity.

Interpretation in the case with constant elasticity:

Appendix D shows that under the constant elasticity assumption the weight assignment by

country sector (h,l) to country-sector (c, s) where (h,l) # (¢, s) can be written as follows:
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he _ i (P(V)IV™) (p(V)eVier)
’ (p(V)IV}") (PEF¥)

k=1

(B 1) # (¢, 5) (5-2)

where we use lower case w to denote constant elasticity weights. This is a generalized form of
equation 3.8 which was derived in the context of a simplified model and the intuition is similar. In
particular, the weight assigned by country sector (h,[) to country-sector (c, s) where (h,l) # (c, s)
is a weighted sum of the value added created by country-sector (¢, s) and absorbed by each of
the countries k(= 1,..,n), where the weights are given by the value added created by (h,[) that
is absorbed in the same country k. This captures both mutual and third country competition,
because the weight is high if both (p(V)f“Vlhk) and (p(V)gV;‘:"‘) are high, which happens when both
(h,l) and (c, s) have a high share of value added exports to country k.

Relaxing the Uniform Elasticity Assumption

Since a full analytical characterization of the role played by different elasticities is infeasible given
the complex nature of the model, we will illustrate the role played by the different elasticities in a
series of examples in section 8. However, in order to provide some intuition the following proposition
shows the effect of a small change in elasticity on the REER weights in the neighborhood of the

constant elasticity equilibrium.

Proposition 5.1. Suppose all production and consumption elasticities are constant and equal to o
and 0 respectively*?. Then starting at the uniform elasticity equilibrium, the effect of a change in

elasticity on the weight assigned by entity (h,l) to entity (c, s) is given by:

Qwpe e VIS D Y i U (P(Q)F F?)
S — c Cc1 c2 S h l 53

Proof(sketch): See appendix D.

Here b is used to denote elements of the global Leontief inverse matrix and p(Q) is used to
denote price of gross output.(5.3) shows that an increase in elasticity of substitution of consumption
holding everything else constant(including the production elasticity) has two opposing effects on
the weight assigned by home entity (h,[) to the foreign entity (c, s). The two terms correspond to
the expenditure switching and complementarity effect illustrated earlier with the stylized model. In

particular, the first effect (expenditure switching) is positive and is given by the constant elasticity

he

¢, which, it should be recalled, is always positive in the constant elasticity case. In

weight w

addition, there is the countervailing complementarity effect which comes from the second term

on the right hand side. This term is high when the products b)\*b%" are high for various entities

12This is equivalent to assumption (A2) in section 6
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indexed by (c1, k), which in turn happens if the outputs of the two entities are used together in
production (i, e entities such as (¢; k) which use the output of (¢, s) as an input, also uses the
output of (h,l) as an input).

Intuitively, when the price of (¢, s) decreases, its quantity demanded increases. This effect is
greater the greater is the elasticity of substitution between goods(#). Moreover, an increase in
demand for (¢, s) will end up increasing the output of (h,[) if it is highly complementary with (c, s).

The corresponding expression for the two GVC sectors in section 3 is the following:

— WS _ P(Q)i’Xijzc
-1 = <p<cz>§@§> (54)

We will elaborate more on these mechanisms by the use of stylized examples.

5.2 Gross Output Competitiveness

We also derive the demand for aggregate output as a function of price of value added (this is
analogous to the “goods” REER measure proposed in Bayoumi et al. (2013). See appendix for steps
of proof)

vec (Qf) = Wovec (p(V)f) + Wrquec (FC> (5.5)
Here Wy, is an nm by nm weighting matrix derived in appendix C. Again putting the change in
final demand vec <F C) to be zero, the nm by nm matrix premultiplying vec (p}¢) can be interpreted
as a matrix of weights for the real effective exchange rate with regard to gross competitiveness, i. e
it measures how the demand for output of a country-sector changes with changes in prices of other
country-sectors. This is in contrast to the first measure defined above, which looks at change in
demand for value added. (As is shown in 6.1, the two are the same in the special case where gross
output is the same as value added, as is assumed in most of the REER measures including IMF,
FED and BIS).
Bayoumi et al. (2013) define the “Goods REER” as a measure of competitiveness of a country’s

gross output.

Alog(GoodsREER') =S Wi, (;51’ - ;5]') (5.6)
JFi
where I/Vzglf are the IMF weights. The analogous expression in the context of the framework
proposed in this paper (and BJ) can be obtained by setting m = 1, F¢ = 0Ve and taking the "
row of the following expression (5.5)
However in general (5.5) and(5.6) are not the same since, as shown in the next section, the IMF

weights coincide with the weights obtained in the present framework only under fairly restrictive
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conditions.

The idea behind the Integrated real exchange rate (IRER) measure proposed in Thorbecke
(2011)*3 is also similar to Bayoumi et al. (2013) with the analogous expression in the present model
given by (5.5) . However they too use the IMF weighting scheme, which means that their measure
only coincides with the measure proposed in the present paper under fairly restrictive assumptions,

which we discuss in detail below.

6 Relationship to other REER Weighting Matrices in the Literature

This section shows the link between the two REER measures proposed in the previous section
and some common REER measures in the literature with particular emphasis on whether and under
what conditions the different measures in the literature can be recovered from the more general
measures proposed here. We start by listing the various REER measures that are compared in this
section. With some abuse of terminology, we refer to the weighting matrix by the same name as the

name given to the associated REER measure by the authors(irrespective of the price index used).

1. GVC-REER and Q-REER are as defined in the previous section
2. IOREER(BJ): Input-output real effective exchange rates as defined by BJ in their model

3. VAREER(BJ): Value added real effective exchange rates as defined by BJ in their model. It is
a special case of IOREER with all elasticities (production and consumption) set equal to each
other.

4. GOODS-REER: as defined by Bayoumi et al. (2013) .

5. IRER: Integrated real exchange rate as proposed by Thorbecke (2011), but without lagged

dependence

6. IMF-REER

As shown in Bayoumi et al. (2005) the weight assignment by country i to country j in the
IMF’s REER measure is given by:

Wfr]nf = (am + @s)WigLfm + (ac)mirjﬁfc + (aT)M/viig;fT (6.1)

where «,,, as, ., andar are shares of manufactures, (non-tourism) services, commodities, and

tourism in overall trade.

1sThorbecke (2011) defines the IRER measure with lag dependence. However, I ignore this feature
and refer to IRER as the Thorbecke (2011) measure without lag dependence in order to make the
measure comparable to the other measures discussed here and in the following sections
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Assumptions:

(Al)m = 1. i. e, each country has only one sector
(A2) Elasticities are the same across consumption and production entities

1. ol(c,l) = 01¥s,¢,1, olf(c,1) = 01Vs,¢,1, 0%(c,1) = 0uVc, 1, 03(c, 1) = o3Ve, 1
2. 01(c) = 0,Vs, ¢, 0 (c) = 0,Vs, ¢, 0%(c) = O,Vc

(A3) All elasticities(in both consumption and production) are the same
o 01 =0y = 03 = 0] = O=1(wlog)

(A4) No intermediates in production and only final goods are traded.
(A5) All trade flows comprise of trade in manufacturers and non tourism services, i. ea, = ap =0

Proposition 6.1.

1. Under (A1) and (A2):
GVC-REER =IOREER

2. Under (A1), (A2) and (A3):
GVC-REER=IOREER=VAREER

3. Under (A1), (A2), (A3) and (A4):
GVC-REER=Q-REER=IOREER=VAREER

4. Under (A1), (A2), (A3), (A4) and (A5)
IMF-REER = GVC-REER=Q-REER=IOREER=VAREER=GOODSREER=IRER"

proof: see appendix.
In general, the GVC-REER measure does not reduce to the common measures currently is use,

such as those of the FED (Loretan, 2005), BIS (Klau et al., 2008) or IMF (Bayoumi et al., 2005).
Certain parallels can, however, be drawn between the IMF measure and the GVC-REER (and BJ)

measure as shown in part 4 of proposition 6.1.

14 As mentioned before, note that the IMF uses CPI to compute REER, but in this section we will
use IMF-REER to denote total effective exchange rates computed with IMF weights but using the
GDP deflator, to make the measure comparable with other measures proposed here and in BJ
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7 Building Country-level REER From Ground Up:

Value added weights at the country level

This section provides a method to aggregate the country-sector level weights derived above and
defines country level weights analogous to the ones commonly discussed in the literature. We show
that the aggregated weights so derived in general do not correspond to any of the ones proposed
in the literature except in knife-edge cases. This is attributable to the fact that our measure
exploits inter-sectoral linkages between countries to provide a more comprehensive measure of
competitiveness than what can be obtained by using just country level data.

To derive the expression for country-level value added weights, we start with the following

decomposition of the nominal GDP of country c into its different sectoral components:
p(V)Ve=3 p(V)iVy (7.1)

log linearizing this equation we get:

PV)e+ Ve = lz:: (i—ggl“j) [ﬁ(V);‘ + Vf] (7.2)

Stacking the n equations in (7.2) we can write the system in matrix notation as:

vec (p(V')9),,xq + vec (VC) I Ry [vec (PV)]) mx1 + veC (Vf) nmXJ (7.3)
where
sy o .. 0,
O’ SV .
(RV>anm = m 2 (74)
o 0. . S

1% _ (p)1VY p(V)5Vs V)i Vi
and (Sz )1Xm — (p(V)%Vli ) p(V)%V% DREE] pp(v)ivi
the change in the GDP deflator is the weighted sum of change in its components and hence (7.3)

) and 0,, is an m by 1 matrix of zeros. By definition

reduces to

vec <VC) . Ry [vec (Vf) nle] (7.5)

using (5.1) in (7.5) and imposing vec <ﬁc) = 0 as before we get:
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vec (Vlc) = RyWywec (p(V)i) (7.6)

Defining the two measures of country level value added exchange rates:

When sector level price indices are available, (7.6) defines the change in the country level
GVC-REER, i. e

Alog(GVC — REER) = Wy (C)vec (p(V)5) (7.7)

where the n by nm matrix Wy = Ry Wy is the weighting matrix which can be interpreted as
follows: the weight assigned by country ¢ to country j sector [ is itself a weighted sum of the weights
assigned by each sector of country i to (7,1), with the weights being proportional to the country i

sector’s share of value added as a fraction of total value added by country

m ivsi
Wi =3 (B ) (73)

Sector level prices are often not available for many countries. In such cases we need a further
approximation. In particular, we need to assume a mapping between sector level prices and GDP
deflator, i.e between p*¢ and {pr°}M,. We make the relatively uninformed assumption that all
sectoral level prices change in the same proportion as the aggregate GDP, i. e we make the following
assumption?s.

Assumption (AP):
p(VY = p(V){¥Iv; (7.9)

Using this assumption we can define our second measure of country level value added exchange
rate, GVC-REER(GDPdef) as follows:

Alog(GVC — REER(GDPdef)) = Wy (CG)vec (p(V)°) (7.10)

where Wy (GDPdef) = RyWy R, is an n by n matrix of weights and R, = I, ® 1,,

15Note that in a world with price rigidity and producer currency pricing this assumption is satisfied
automatically.
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Link to other measures in the literature:

Our second measure of country level exchange rates which uses only the GDP deflator (GVC-
REER(GDPdef)) has an n by n weighting matrix as all other measures in the literature and we
can hence make a comparison with them.

Given the country-sector level weights(Wy ), the country level weights (W (CG)) have an
intuitive interpretation. The weight assigned by country ¢ to country j is a weighted sum of the
weights assigned by each sector of country ¢ to each sector of country j, with the weights being

proportional to the home sector’s share of value added as a fraction of total home value added.

Wy (GDPdef)” = ; (W) (;(WV)s]k> (7.11)

These country level weights defined here are different from others proposed in the literature in
several respects as will be discussed in the following sections. The closest to our measure is the
one by Bems and Johnson (2012) who also take into account the input-output linkages in their
measure and define weights in terms of value added, but do not exploit sector level linkages across
countries. Because of the greater information used in our measure, it is in general different from
their VAREER and IOREER, even under the assumption of all elasticities being the same. The
following proposition shows that even under the uniform elasticity assumption, GVC-REER and

VAREER differ from each other except in special cases. 16

Condition 7.1

v’ zn: VR = Em: vl i Em: biCFVi, j (7.12)
c=1 =1 c=1 s=1

where v} = p(Q)%Q’?-

global inter-country Leontief inverse matrix.

is the value added share for entity (i,1) and b denotes a generic element of the

Proposition 7.1.

The country level weights (Wy (GDPdef)) defined above reduces to VAREER (and IOREER)

weights defined in Bems and Johnson (2012) if either of the two conditions below are satisfied.

1. (A2), (A3) and condition 5. 1

1sWe make the comparison with Bems and Johnson (2012) because it is the closest to our
framework. Although they do not allow for sector level linkages in their theoretical model, in
the empirical implementation of their model they do use sector level linkages from Johnson and
Noguera (2012) by making some simplifications. (However their simplification only works in the
constant elasticity case).
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2. (A?)), (A4) and 6)1 = 0? = 92

The proof is given in appendix D. The first part of the proposition shows that outside of the
knife-edge case in which the above condition is satisfied, the GVC-REER(GDPdef) weights which
exploit inter-sectoral linkages between countries will dominate the VAREER measure even under
the uniform elasticity assumption (they would of course differ if elasticities are different even if the
first condition in the proposition is satisfied). Intuitively, condition (7.12) is satisfied if different
sectors within a country are “symmetric” with regard to their input-output linkages with the rest of
the world, for in that case aggregation across sectors within a country will be a closer approximation
to the behavior of each individual sector. The next section will provide an example to illustrate the
role played by the condition in aggregating weights at the country level.

The second part of the proposition shows that differences between GVC-REER and VAREER
vanish when there is no trade in intermediates. This shows that if there is no trade in intermediates,
then aggregating trade flows across sectors within a country does not lead to any loss of information
as far as computation of real effective exchange rate is concerned. Intuitively, if all production
by all entities involves only own value added and no intermediates, then there is no asymmetry
between sectors within a country with regard to the foreign value added embodied in their output

(which is zero in all cases) and hence aggregation does not lead to any loss of relevant information.

Gross output exchange rate at country level

Following a similar procedure to the one used for GVC-REER, we can define weights and

exchange rates for gross output at the country level:

Alog(QREER) = Wgvec (p(V){) (7.13)

Alog(QREER(GDPdef)) = Wo(GDPdef)vec (p(V)°) (7.14)

8 Illustrative Examples

This section presents some examples to illustrate the different aspects of the weighting matrices
derived above and compare them to other measures proposed in the literature.
Example 8.1. Three country world with limited trade in intermediate inputs:

Consider the following 3 country one sector example where the input output linkages are
restricted to just one non-zero entry. Country C imports intermediates from country J, puts in
own value added and sells the output to all the three countries as final output. Table 3 displays

the associated input-output table.
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Table 3 — Input output table for 8.1

J C U J final C final U final Total output
J 0] 1 0 1 0 0 2
C 0 0 |0 0.1 0.1 1 1.2
U 0 0 |0 0 0 1 1
Value added [ 2 0.2 1
Total output | 2 1.2 1

In this simplified example only two elasticities are relevant, namely o3 (elasticity of substitution
between C’s value added and intermediate input from J in C’s gross output) and 6, (elasticity of
substitution between final goods in the final consumption basket of all countries. For simplicity,
this elasticity is assumed to be common across countries).

Consider the weight assigned by country C to country J, We;, which measures the change in
demand for value added by C when price of value added by J changes. A decrease in p(V')”7 affects
the demand for C’s value added via two channels. Firstly, with regard to final goods consumption,
a decrease in p(V)” leads to a shift towards J’s value added (and goods containing value added
by J, namely the gross output of C) in the final goods consumption bundle of all countries. The
strength of this effect depends on 6;. A higher #; means that goods are more substitutable in the
final goods consumption bundle of countries and hence the shift towards J’s value added will be
more pronounced when its price decreases.

Secondly, with regard to intermediate goods and production mix, a decrease in the price of J’s
value added leads to a shift towards J’s value added and a shift away from C’s value added in the
production function of C. The strength of this effect depends on o3. The higher is this elasticity,
the higher is the shift towards J’s value added in C’s production (at the expense of C’s own value
added) and hence higher is the fall in demand for C’s value added.

As a result of these two effects W is an increasing function of o3 and a decreasing function
of 01, as was pointed out in proposition (5.1). Interestingly, when 6 is sufficiently high and o3 is
sufficiently low, Wy may indeed be negative, something that the IMF weights or the value added
weights in BJ do not allow for.

Table 4 presents weights based on different schemes for this example when o3 = 1.5, 6; = 5.
(as is done by the IMF and others, weights are normalized so that own weight is -1 and is not
reported). Several aspects of the differences in the weighting schemes are noteworthy. Firstly, note
that there are no negative weights in the IMF and the VAREER weighting matrix. In fact it can
be easily shown that these weighting schemes are not flexible enough to accommodate negative
weights under any circumstances. Next, note from column 1 that W;s and W are negative in
the GVC-REER measure. As discussed above, this is a consequence of the input output structure

and a combination of a relatively high 6, (=5) and low o3 (=1. 5). Column 3 illustrates that as
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Table 4 — Comparison of weights under different measures for example 8.1

GVC-REER VAREER Q-REER GOODS-REER IMF Weights

(PWW) (BJ) (PWW) (BST) (BLS)
Wie -0.04 0.19 -0.04 1.0 1.00
Wiu 1. 04 0.80 1. 04 0 0
Wey -0.25 0.54 -4.07 -3.40 0.26
Weu 1.25 0.45 5.07 4.40 0.73
Wug 0.83 0.83 0.83 0.83 0
Wue 0.16 0.16 0.16 0.16 1

key

PWW  Patel, Wang, Wei(2014)
BJ  Bems and Johnson (2012)
BST Bayoumi et al. (2013)
BLS Bayoumi et al. (2005)

far as gross output is concerned, the magnitude of the negative weight assigned by country C to
country J is much larger. This is because only the first effect discussed above (i. e shift in final
demand) affects gross output, whereas the second effect (shift towards intermediate composition)
does not affect the gross output measure.

The uniform elasticity assumption is overly restrictive can also be noted from the observation
that the VAREER(BJ) weight which does take into account trade in intermediates, does worse
than the IMF weight which ignores it, although both have the wrong sign.

Column 4 shows that the Goods-REER measure of Bayoumi et al. (2013) falls somewhere in
between the GVC-REER and the Q-REER measures (columns 1 and 3) so that it measures neither
gross output competitiveness nor value added competitiveness but some arbitrary combination of
the two. Although the aim in Bayoumi et al. (2013) is to capture gross competitiveness, they fall
short of doing so because their measure uses the IMF weighting scheme which does not account
for trade in intermediates. This aspect is further illustrated by the fact that the GOODS-REER
measure(which in turn inherits this property from the IMF measure) assigns a value of 0 to Wy
because there is no direct trade between J and U. However, J’s value added does reach U via C
and so the correct weighting matrix must have Wy # 0.

Lastly, note from the last two rows of table 4 that the weights assigned by country U to the
remaining two countries are the same in all the measures except IMF. This is a consequence of
the fact that the US trades in only final goods and all its production comprises entirely of its own
value added.

Figure 7 in the appendix shows how the weight assigned by C' to J changes with the elasticities.
The top left figure plots W¢, for three measure(GVC-REER, VAREER(BJ) and IMF) for different
values of o3 with 6, fixed at 1. 5. The top right picture plots the same weights for different values of
0, with o3 fixed at 5. The bottom left figure shows a 3D plot of W for the GVC-REER measure
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Table 5 — 10 table and elasticities for example 8.2

J C U JFinal CFinal Ufinal total output
J1 J2 C1 C2 Ul U2
] JITOJTOT O] 277070 1 0 0 3
J2707070 7077070 1 0 0 1
C Citfo[O0O]lO0O]O07]O07]O 0 2 0 2
C210[07 07T 07]07]0 0.5 0.5 2.5 3.5
urfojJof[o0o[0]0T]0 0 0 2 2
U200 00070 0 0 1 1
VA 3 1 2 15 2 1
total output 3 1 2 35 2 1
Elasticities:

0'1:2,0'2:270'3:2,91:5,02:5

for different values of o3 and #; while the bottom right augments this graph by adding a surface
each for VAREER and IMF weights.

Example 8.2. A three country 2 sector world:

This example is an extension of example 8.1 which will be used to illustrate the role of aggregation
and comment on the practice of normalization of weights. In each country we now have two distinct
production sectors. The main object of attention will be country C which is assumed to have two
sectors that are different with regard to their production function. Sector 1(C1) uses its own value
added and produces only final goods absorbed at home. Sector 2 (C2) operates downstream and
uses intermediates from a different country and produces only a final good. The elasticities and
input-output table is given in table 5 below.

Table 5 displays the full 6X6 country-sector level weighting matrix (which is not normalized
to illustrate the mechanics of aggregation based on equation (7.11) later on). In line with the
observations made in example 8.1, C2 and J1 are found to attach negative weights to each other.
Table 7 shows the weights at the country level. As can be seen from the country level weighting
matrix, the negative weights disappear when sectors are aggregated by country. To understand
the intuition behind this, table 8 shows a 2 by 2 sub matrix from table 7 which contains weights
assigned by sectors in C and J to each other, along with the value added and gross output shares
of the respective sectors, derived from table 5.

Note that the aggregate country weight We; is a combination of the 4 sector level weights (in
line with (7.11)). Since in value added terms the size of C} and J; is higher compared to C's and
Jy respectively, the country level GVC-REER weight is likely to be dominated by W, ¢,, which is
positive (0.57)'7

17the number 0.3 can be recovered from (7.11) as follows
W = 0.57(WS7 + WG +0.43(WE7 + WE7)=0.57(0.571 + 0) + 0.43(—0.338 + 0.28) ~ 0.3
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Table 6 - GVC-REER weights at country-sector level(raw) for examples.2

Jl JQ Cl CQ U1 UQ
Ji | 236 0.86 0.38 -0.169 0.86 0.43
Jy | 2.57 -3 0 0.43 0 0

C7 | 0.571 0 -1 0.4 0 0

Cy | -0.338 0.28 0.571 -24 1.3 0.65
Uy | 1.30 0 0 0.97 -3.18 0.90
Uy | 1.30 0 0 097 1.81 -4.0

Table 7 - GVC-REER weights at country level for ezample8.2

J C U
-1.24° 026  0.97
Cl| 030 -1.14 0.83
U | 130 097 -2.27

Table 9 provides a summary of country-level weights assigned by different measures in the
literature alongside the weighting matrices proposed in the preceding sections (now the weights
are normalized to make the comparison easier). Unlike the case with GVC-REER weights, note
that Q-REER, which focuses on gross output, does end up assigning negative weights (see row 3
containing W) even at the country level, the intuition for which is again clear from noting that in
terms of gross output shares the dominant sectors are J; and C5 so the country level weight W is
likely to be dominated by the weight assigned by Cy to J;, which is negative(-0.338). However as in
the previous example since the GOODS-REER measure uses IMF weights, it does not completely

account for the input-output linkages and hence offers a different weight from our Q-REER measure.

More on aggregation:

To focus exclusively on the role of aggregation we now set all elasticities equal to one. Table
10 shows the country-level input output table derived from the general country- sector level 10
table. The country level 10 table is what is used to compute weights when inter-sectoral flows are
ignored, as is common in the literature. Table 11 gives the weights under the two difference schemes,
GVC-REER and the corresponding measure derived from a country level 10 table, which we call
A-REER (for aggregate). Note that in theory the A-REER measure is equivalent to VAREER in

Table 8 — 2X2 weighting matriz for example 8.2

J1 Jo  value added share gross output share
C 0.571 0 0.57 0.36
Cy -0.338 0.28 0.43 0.64

value added share 0.75 0.25
gross output share 0.75 0.25
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Table 9 - Summary of different weights at country-country (normalized) ezample 8.2

GVC-REER TO-REER  VAREER Q-REER GOODS-REER IMF Weights

(PWW) (BJ) (BJ)  (PWW) (BST) (BLS)
We 0.21 0.41 0.69 0.21 I I
Wiy 0.78 0.58 0.30 0.79 0 0
Wey 0.26 0.29 0.56 -0.80 0.25 0.53
Weu 0.73 0.71 0.44 1.80 0.75 0.47
Wy 0.57 0.36 0.36 0.57 0.36 0
Wye 0.42 0.63 0.63 -0.42 0.63 1

Table 10 — Country level 10 table for example 8.2

table6. 2.6 J C U J final C final U final Total output
J 0] 270 2 0 0 4
C 0[O0 10 0.5 2.5 2.5 5.5
U 0 010 0 0 3 3
Value added [ 4 3.5 3
Total output | 4 5.5 3

Bems and Johnson (2012).

The difference between the 2 weighting matrices can be illustrated using Wey as an example.
Weyp is an increasing function of value added by C that is ultimately absorbed in country U. By
exploiting sector level information the GVC-REER measure recognizes that all the exports from
C to U are associated with sector C2, which uses foreign (J) value added (and therefore less of
its own value added) and hence it tends to reduce the weight assigned by C to U. The aggregate
measure on the other hand looks at aggregate country level data and as a result attributes a higher
amount of value added by C in its exports to U (because C2 has a higher fraction of own value
added). As a result, Wey is higher under the aggregate measure compared to GVC-REER. Table
12 shows a comparison between normalized and raw weights under the two measures. Note that
now the ordering in Wey is reversed and the GVC-REER measure assigned a higher weight than
A-REER. This undesirable feature is a consequence of the arbitrariness involved in normalization
and highlights its drawbacks.

Table 11 - GVC-REER and VAREER weights (raw, constant elasticity)

GVC-REERC A-REER
We 0.18 0.27
Wiy 0.19 0.12
Weyg 0.20 0.32
Weu 0.16 0.25
Wi s 0.25 0.16
Wue 0.19 0.28
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Table 12 — Normalization and the role of aggregation

Raw Weights Normalized weights
GVC-REER A-REER(raw) GVC-REER A-REER

Wie 0.18 0.27 0.48 0.69
Wiy 0.19 0.12 0.51 0.37
Wey 0.20 0.32 0.55 0.56
Weu 0.16 0.25 0.44 0.43
W 0.25 0.16 0.57 0.36
Wue 0.19 0.28 0.43 0.63

9 Data

We use recently released data from the World Input-Output Database(WIOD) which was
developed by a consortium of eleven European research institutions with funding from the European
Commission. The database consists of a time series of input-output tables covering 40 countries
and 35 sectors from 1995-2011'%. The data is available in both current and previous year prices
which enables us to compute price indices for different entries in the input-output table. A detailed
description of this database can be found in Timmer and Erumban (2012). As documented by
these authors, the database is more precise than previous attempts in the literature (for instance

Johnson and Noguera, 2012) as it uses less approximations and more detailed trade data'®.

Estimation of Elasticities

The examples in the previous section have shown that the different elasticities of substitution
are key parameters in computing the REER weights. In the next section we take up the task of
estimating these elasticities. The availability of input output tables at previous year prices in the
World Input Output Database (WIOD) allows us to estimate elasticities used in the computation
of weights instead of assuming all elasticities to be unity as is done in the literature. We use the
framework pioneered in Feenstra (1994) and subsequently used in Broda and Weinstein (2006) and
Soderbery (2013) to estimate the different elasticities used in the CES aggregators for production
and consumption which also enter the expression for the real exchange rate. Appendix F provides a
brief overview of the framework followed by a discussion of how the estimation is carried out in the

context of our model.

18The full set of countries and sectors is listed in appendix J

19For instance, unlike Johnson and Noguera (2012) who use a proportionality assumption to split
intermediate and final goods imports, the WIOD uses detailed data from com-trade to distinguish
trade flow into the different categories.
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10 Results

10.1 Elasticity Estimation

We generalize the framework used in Feenstra (1994) and subsequently in Broda and Weinstein
(2006) and Soderbery (2013) to allow for elasticities less than unity. To minimize the effect of
outliers we winsorize the data at the 10th and 90th percentiles. Further, we propose to use the
bootstrap median as our point estimate since we find this to be more stable than the MLE in our
simulations. Table 18 in the appendix reports the moments of the sample bootstrap distribution

obtained using 50 draws. In table 13 we report estimates across different country and sector groups.

10.1.1 Baseline Calibration:

As shown in table 13 we find substantial heterogeneity in the elasticities across country and
sector groups. The p-values for the null of equality of medians across samples is often insignificantly
different from zero. For our baseline calibration of consumption elasticities we pool across sectors
and split countries into two groups, OECD and non-OECD. For production elasticities we pool
across countries and split sectors into primary, secondary and tertiary. Thus we use 16 different

elasticities in the baseline calibration. These are highlighted in bold in table 13.

Table 13 - Comparison of median elasticities across different country and sector groups

Consumption Elasticities Production Elasticities
o1 g1n 92 o1 S1h o2 o3
OECD(28) 7.75 3.38  1.35 primary(2) 12.25 819  4.76  1.015
Non-OECD(13) 17.80 9.45 1.925 secondary(15) 5.81 8.02 4.36 1.015
p(OECD,Non-OECD)  0.00%**  0.074*  0.266 tertiary(18) 9.14 7.29 3.22  1.015
observations 1435 41 41 p(secondary, tertiary)  0.00%** 0.34  0.00%**

Notes: p(a, b) denotes the p-value for the null hypothesis that the medians are constant for a and
b using Moods chi squared test. Tests for o! are based only on 2 countries(i. e 2450 (=2*35%35)
observations). Agriculture and mining are classified as primary sectors while the rest are split into

manufacturing (secondary, 15 sectors) and services (tertiary, 18 sectors).
For p values, “***” 7**” and “*” denote significance at 1%, 5% and 10% level respectively

10.2 Multilateral Exchange rates

In this section we illustrate the properties of our different REER indices. Figure 1 illustrates the
different kinds of REER indices that we generate using our framework taking the example of one
country, the United States. The first plot displays eight different country REER indices that can
be constructed using the framework developed in this paper. Four of these (solid lines) are value

added exchange rate indices and the other four are indices for gross output. The eight indices can
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also be seen as two groups of four indices each corresponding to the uniform elasticity elasticity
(UE) or our baseline calibration. Here we use normalized versions of the weighting matrices, the
rationale for which we will discuss below. All indices are in logs and normalized to zero at the start
of the sample period so the value on the y axis can be read as the percentage deviation from the
start of the sample. The second plot illustrates how each of the 8 indices in the first plot can be
split into 35 sectoral components using the baseline GVC-REER as an example.

For reference, figures 9-14 in appendix L show the 8 indices for all 40 countries in the sample.
Several interesting observations are worthy of mention. Firstly, note that there is substantial het-
erogeneity across the indices which speaks to the importance of incorporating trade in intermediate
goods. Secondly, we note that the 8 indices, although different, show high comovement for most
countries. The notable exception is China. Here a comparison of the red dotted line and the
pink solid line for instance shows that although there was an appreciation in China’s value added
exchange rate (GVC-REER) in the initial part of the sample, if we impose the constant elasticity
assumption and look at China’s gross output instead of value added, the conclusion seems to be
the opposite. China is a country that shows the most disparity across REER indices and we will
discuss and illustrate them in the remainder of this section.

As mentioned before, our framework also allows us to compute exchange rates at the sector level
to gauge competitiveness of individual sectors within a country. Figure 2 shows some sector level
exchange rates for select countries. As can be seen in the figure, we find evidence of substantial
heterogeneity across movements in competitiveness for sectors within countries. For Mexico for
instance we find that although the aggregate exchange rate appreciates through the sample period,
the REER for the financial intermediation sector indicates depreciation, implying an increase in its
competitiveness even as the overall competitiveness of the economy falls.

We next illustrate the role of different aspects of our REER indices in isolation. Figure 3
shows a comparison of uniform elasticity and baseline elasticity GVC-REER indices for select
countries. The figure clearly shows the dramatic increase in the volatility of REER when moving
from Cobb-Douglas case(constant elasticity) to the case where more realistic elasticities estimated
from the data are incorporated 2°. This is the reason we chose to display indices based on normalized
weights in figure 1.

Due to the high volatility of the REER with heterogenous elasticities, a mere visual comparison
between the two indices is not informative. Moreover, our focus in this paper is not on second
moments of REER. Therefore, in order to illustrate the role played by heterogenous elasticities we
define a statistic to qualitatively capture the differences in REER based on uniform and heterogenous

elasticity. For each entity (e) and for each year, we create a variable df which takes the value one if

20The same pattern holds in a comparison of constant and heterogenous elasticities indices for
gross output competitiveness as well (These results are not reported)
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Figure 1 — REER indices for USA
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Notes: This figure illustrates all the different REER indices that we compute using our framework
taking the case of USA as an example. The first plot shows the 8 indices at the aggregate (country)

level and the second plot shows how each of the 8 can be further split into 35 sectoral components.
All indices are in logs and normalized to zero at the start of the sample period so the value on the y
axis can be read as the percentage deviation from the start of the sample. Further, all own weights
are normalized (as done by the IMF) to make a visual comparison feasible. In this figure the IMF
convention is adopted so that an increase corresponds to an appreciation.



Figure 2 — Sector level Exchange rates along with Aggregate country REER for select countries
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Figure 3 — The role of heterogenous elasticities
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on the value on the y axis can be read as the percentage deviation from the start of the sample. In
this figure the IMF convention is adopted so that an increase corresponds to an appreciation.
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Table 14 — Divergence index for Countries

d® number of countries

0.21 1

0.14 4

0.07 15

0 21
total=41

the GVC-REER uniform elasticity and heterogenous elasticity (with baseline calibration) indices

move in opposite directions and zero otherwise.

di = 1(sign(AGVC — REER(BM);) # sign(AGVC — REER(CE))) (10.1)

We then compute the mean of df for each e across all time periods and to define the “Divergence

index” for entity e as follows:

S ds
df = === ¢ 10.2
= (10.2)

Note that d® takes the value zero if the two REER measures always agree in their direction of
movement and takes the value of 1 if they never agree, i. e always move in opposite directions.

Table 14 summarizes the distribution of the divergence index for country level GVC-REER?'. A
large fraction of countries (21) never see a divergence between the two measures. The maximum
number of times the measures move in opposite directions is 3, which is still a small fraction (20%)
of the total number of years. This happens for Slovenia. Our main takeaway from these statistics
is that incorporation of heterogenous elasticities does not significantly alter the REER indices at
the country level, at least qualitatively.

The story however is different when we go to more disaggregated level of sectors within each
country. Here we find examples where the two measures disagree on sign in as many as 10 (67%)
of the time periods. Figure 8 in the appendix displays a histogram plot of the divergence index
for 1435 country-sector pairs, and figure 4 shows some examples where the two measures have the
highest disparity.

Next, we consider the role of using sector level price indices in isolation. Figure 5 plots the
GVC-REER indices based on the baseline calibration using sector level prices alongside the same
indices constructed using an aggregate price index (namely the GDP deflator) for select countries.
While there is very little difference between the two indices for some countries (Germany) the

divergence is substantial for countries like China and Turkey. The difference is most stark when

21The results for other REERs including Q-REER are qualitatively similar
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Figure 4 — Examples with high divergence between uniform elasticity and heterogenous elasticity GVC-REER
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Notes: All indices are in logs and normalized to zero at the start of the sample period so the reading
on the value on the y axis can be read as the percentage deviation from the start of the sample. In
this figure the IMF convention is adopted so that an increase corresponds to an appreciation.

the indices move in opposite directions (as is the case for these countries at various points in the
sample), as it shows that ignoring sector level information can lead to an error in computing not
only the magnitude but also the direction of exchange rate movement. For instance, in 2003, while
the GDP deflator based REER indicates a depreciation, the more comprehensive REER based on
sector level prices actually indicates an appreciation of the Chinese GVC-REER. Similar instances

are also observed for other countries, most notably for India and Turkey as shown in figure 5.
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Figure 5 — The role of sector level price indices
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Notes: All indices are in logs and normalized to zero at the start of the sample period so the reading
on the value on the y axis can be read as the percentage deviation from the start of the sample. In
this figure the IMF convention is adopted so that an increase corresponds to an appreciation.

11 Application: Bilateral Real Exchange Rates:

The bilateral real exchange rate (RER) is commonly used to gauge competitiveness as well as
cost of living differentials between countries. In particular, the bilateral real exchange rate between

countries h and f is defined as follows:

RERM = p(V)! — p(v)" (11.1)

where p/ and p" are changes in aggregate (country wide) price indices measured in a common
currency.

Based on the the insights gained from the previous sections we argue that if the goal is to measure
competitiveness of one country against the other then the standard RER measures computed using
an aggregate price index(such as those in Chinn, 2006) like the GDP deflator and ignoring trade in
intermediates can be misleading since they ignore sector level linkages between the countries.

Consider a two country world where each country has two sectors. There is no trade in

intermediate goods and production comprises entirely of own value added. Table 15 shows how the
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final demand is distributed across sectors.

Table 15 — 10 table for bilateral RER

C U CFinal Ufinal total output
Cl1 C2 Ul U2
CITOJOTJOT]O 1 1 2
C2/ 00070 3 0 3
UL 0T 010710 0 1 1
U201 010710 0 1 1
VA 2 3 I 1
total output 2 3 1 1

Suppose in addition, p(V){ = —0.01,p(V)$ = 0.02,p(V){ = 0,p(V)§ = 0 (all prices are in a
common currency, so nominal exchange rate is already incorporated)

Based on the conventional RER definition using an aggregate country level price index,

RER™T — (V)¢ — p(V)Y = 0.008 (11.2)

and hence the conventional RER measure would indicate an increase in competitiveness of the US.
This however is misleading since the entire price increase comes from China’s sector 2 which does not
compete with any of the US sectors. Moreover, the Chinese sector which does compete with the US
is C1, which actually experiences a decrease in its price, so the correct measure of competitiveness
must signal an appreciation of the US exchange rate against China, not a depreciation as measured
by the standard RER in 11.1.

Our framework to compute effective exchange rates can be easily modified to adjust these

bilateral RERs to better reflect movements in competitiveness. We define our bilateral RER
measure, the “GVC-RER” as follows

GVC — RERY = 3" o | wlip(v)r + 3wl p(v)! (11.3)
j=1

i=1 j=1

h_ _ eV
L eV V)
1. The ws are weights that are analogous to the GVC-REER weights. Based on this measure,

we get GVC — RERUS-CH = _(.01. Hence the two measures differ not just in magnitude but

also the sign. The conventional measure shows a depreciation whereas the new measure shows an

Here,v is the share of sector 4 in country h’s total value added, so that )" v;

appreciation that is consistent with intuition.

Figure 6 Shows the comparison of the two RER measures for China against two of its major
trading partners-The United States and Germany. In computing these indices, the weights are
normalized so that the sum of the home country and foreign country weights are equal in magnitude,
as is the case with the standard RER measure. Unlike in the GVC-REER effective exchange rate
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computation, here the normalization of weights cannot be avoided, since otherwise the GVC-RER
measure would be dominated by home prices because home sectors (especially the own sector) on
average carry much higher GVC-REER weights.

It can be seen that there are substantial differences between the two measures for some country
pairs. For China’s bilateral exchange rate against the US for instance, whereas the standard RER
shows a U shaped pattern, the GVC-REER shows a secular appreciation during the sample period,
indicating that price movements during this period have meant that China has lost competitiveness

against the US steadily.

Figure 6 — Comparison of GVC-RER and standard RER bilateral exchange rates for China
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Notes: All indices are in logs and normalized to zero at the start of the sample period so the reading
on the value on the y axis can be read as the percentage deviation from the start of the sample. In
this figure the IMF convention is adopted so that an increase corresponds to an appreciation.

12 Conclusion

This paper proposes a theoretical framework to compute real effective exchange rates (REER) as
a measure of competitiveness by incorporating four features that have been typically overlooked in
the literature and that we show are likely to lead to mis-measurement in competitiveness. Firstly,
we distinguish between trade by end use category (i. e intermediate vs final). Recognizing that
with trade in intermediate inputs, value added and gross output become delinked, we define and
compute REER indices to quantify competitiveness both in terms of gross output (Q-REER) and
value added (GVC-REER). Secondly, we go beyond aggregate REERs for countries and compute
REERs for individual sectors within countries. We are able to do so by exploiting detailed sector
level trade flows in the data and by specifying a general multi-country multi-sector model on the
theoretical side. Thirdly, we construct sector level price indices and use these in our REER indices
instead of relying on the more coarse country level price indices like CPI, GDP deflator or some

measure of unit labor cost. Fourthly, we explicitly estimate and incorporate different elasticities of
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substitution in production functions and final demand aggregators in our REER indices, which is a
significant improvement from the typical practice of assuming all elasticities to be unity as is done
in the literature. We illustrate the importance of each of these additions using illustrative examples
as well as actual REER indices computed using data from the World Input-Output Database
(WIOD) and outline the conditions under which our general framework nests the other measures in
the literature.

We take our framework to the data by utilizing detailed input-output tables from the World
Input-Output Database (WIOD). We compute REER indices for 40 countries and 1435 country-
sector pairs for the period 1995-2009 and display various aspects of our REER measures and
contrast them with other measures in the literature.

In addition to addressing the issue of competitiveness in a comprehensive manner, we see two
other important auxiliary contributions of the paper. Firstly, our modeling of the production and
consumption aggregators is the most comprehensive in the literature and allows for features like
intermediate inputs and several elasticities of substitution including a distinction between macro
and micro elasticities that has been shown to be a feature of the data (see Feenstra et al., 2010).
Although we worked with a static partial equilibrium model in this paper in order to best address
the primary question of interest, the model can be extended to a dynamic general equilibrium
setting to study other important issues in international macroeconomics including international
transmission of shocks. Secondly, this is the first paper to our knowledge that has taken up the
task of estimating elasticities of substitution comprehensively by making a distinction between
consumption and production elasticities on the one hand and micro and macro elasticities on the
other. Since even the most advanced empirical estimates of elasticities available in the literature to
date do not distinguish between production and consumption elasticities (see for instance Broda
and Weinstein, 2006, Soderbery, 2013 or Feenstra et al., 2010), DSGE models aiming to study the
role of production sharing are often missing a key component in their calibration?2. Our elasticity

estimates provide a first step toward filling this void.

Appendix

A Stylized 3 by 2 GVC <Not for publication>

The associated price indices for final goods consumption (CPIs) can be computed as follows:

22The list of papers that would benefit from such estimates is too large to summarize comprehen-
sively. But several recent examples are Burstein et al. (2008), Johnson (2012) and Di Giovanni and
Levchenko (2010).
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Market clearing conditions:

Output of all entities except (C,2) is sold only as final good. Table 2 implies the following

market clearing conditions:

= X{y+F (A.4)
; = Y (A.5)
o= C (A.6)
§ = FP94 F¢T + FOV (A7)
i = K" (A8)
5 = KY (A.9)

Solving the model:

We solve the model by combining the log linearized first order conditions with the market

clearing conditions. The first order condition for final good can be written as:

—0
FIh = gfh (19(]3&25) F' b, fe{JCU),se {12} (A.10)

(note that only 8 out of the 18 values of F/" are positive, as denoted in table 2 ).

We will work with the following log linearized version:

FfM = —0pf 4+ 9P + " (A11)

Linearizing the expressions for the CPIs in the three countries we get:
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pU (pf?FzCU> AO + (p(Q)?FlUU) AV 4 (p(Q)zUFzUU> AV

PUFRU PUFRU PUFRU
C rCC C CcC
PCEC 1 PCEC 2
5T p(@)i]Fi]J J p(Q)gFé” J p(Q)ngcj c
P’ = (W) (@) + (W) p(Q)y + <W) Q)3

The first order conditions for production are as follows:

X1J2c — X (p(Q)i])_U 20

Vo= = wQV(p

(A.12)
(A.13)

(A.14)

These along with the production function (3.1) and its associated price index can be linearized

as follows:

XY = —op(Q) +op(Q) + Q5

VY = —op(V)§ +op(Q)§ +QF

o p(v)ngC> Vc <p(v)1JXi]2C> XJC
@ = (p<@>§Q§ > T\ @y )
Nol p(V)?Vf) 5(1)C (P(V){Xijzc) (V)7
2= (p<Q>§@§ P+ Cpiaigay )P

(A.15)
(A.16)

(A.17)

(A.18)

Next, the non trivial market clearing conditions (A.7) and (A.4) can be linearized as follows:

0 — (P(Q)§F§C> e 4 (M) FC7 4 (M) FCU

2\ p(Q)5QY p(Q)SQS ) * p(Q)SQS ) 2
AT P(Q)lJlezc> > JC (P(Q){Flﬂ) g
Lo (p(Q)‘{Q{ St prer )1

Computation of linearized expression for V' and QY in section 3.

From (B.15) and (7.6) we get:
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. ) J v JC
Q5 = V< + (%) (—op(V)! + op(Q)S) (A.22)

Using the linearized first order conditions for final goods consumption (A.23) in the market

clearing condition (B.21) we get:

A P(Q)gpzcc> cc (p(Q)ch‘]> CJ (p(Q)chch> SCU
@ = ( o7 ) Cogar ) 7 Uaigar )

C CC A A CCJ . .
By ) (0@ +05 5+ (B0 ) 09105 08 + Fth2)
C nCU “ ~
o (MUEED Cops +op i) (A2

Using the expressions for the linearized CPIs ((B.26) (B.27) and (B.42) )) as well as (B.35) we

can write (A.23) as follows:

Q5 = w(Q)5p(V){ +w (@)% B(V )3 +w(Q)5 BV )T +w(Q)5 B(V)§ +w(Q)5B(V )Y +w(Q)sy B(V)g

(A.25)
where
@5 = 0 P@QYXi\ o (P@QIXi (p@QFFFT (p(@FFSTY |, (p(FVET (pQTFCY (p(QF FFT
21 P(Q)S QY p(Q)5 QY p(Q)5 QY PIF/ p(Q5QY ) \ p(@)FQT PCFC
p(QSFETY (p(@)7F]’ p@QIX{E Y (P@FFEV (p(@F FSY
*9(;7(@)220@220 )( PIET >+9<p(Q)1§C;§ > (p(@fgég > ( PUFD ) (A.26)
p(Q)SFSN (p(Q)JF3’
w(Q)S = 9( (A.27)
22 CQ2 PIFJ
CFCC’ CFCC
w(@) = ( 0)707 >( e ) (A.28)
wOVCC pPSVE N (p(QF FEC QFFSC §Vs \ (p@SFS7\ (p(@FFS’
(@ = ”(’(p(cg)gcz%‘)( PQ)F QS >< PeFe )”( )(p(@)%‘@?)( PIFY )

o pWSVE N (pWSFEY N (p(@QFFSY
p(Q)5 QY p(Q)§ QY PUFU
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w(@ e(p@)ngfU) <p<@>?F1UU)

wQgey ) P
B p(Q)SFSYN (p(Q)SFYY
v = 0 (80 ) (M)

From (A.22) and (A.25) we can write the demand for value added by (C,2) as a function of

prices as follows:

Vs = w(©)5/p(V)] +w(0)5 (V)] +w@)§p(V)] +w(v)5s HV)§ +w ()5 p(V)Y +w(w)5y p(V)§
(A.29)

where

cJ cJ p(Q)i]XJC
VR = @ ”(p(c;)?%)
w(V)g = w@)
wV)s® = w(@)y”

co cco Q) Xi
w(V)y = w(Q)x +U< (Q)QCQQC)
w(V)g” = w(@)z
w(V)y = w(@Q)z

V= w@)i V) +w@)F D)3 + @I V)T +w@)E pV)E +w)f V)] +w)E pvV)y

(A.30)
where
w(V)C = 9( (C]i)CCﬁCC)
C ccC C
Vs = 8(p(PCC§CC)( )%‘ifc)
wV)§ = 9<p PCFC )( ))CQ2) (A.31)
wV) = wV)y =w(V )CU—O
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The appendix shows that the weight assigned by sector 2 in country C' to sector 1 in country J
(its input supplier) is given by

w)§? = (PQUXETN o (PQIXE Q5T (p(@)5F
# PQFQT @55 ) \ p(@FQS PIF7

term?2

pSVE N (p(QFFECN [ p(@QFFSC
e <p(Q>§Q§ > < 5oy )\ pere (4.52)
term3
p(Q)SFST p(Q){ F{’ p(Q){ X{F p(Q)§ FSU p(QFFSY
o < QTS > ( PIFT >+9( QTR ) <p(Q)2§Q2§ ) < PUFD ) (A.33)
term4 termb

We can interpret the different terms on the right hand side of the above equation as follows:
; <p<Q>{X{QC) (p(@)§F§J> (p(Q)§F§J> o <p(@)§F§J> <p<@){F{J>
p(Q)5 QS p(Q)S QS PIFI P(Q)5 QS PIFJ
o [(PQYVEN (p@S ST\ [ (p@IXPS (p@SFETY | (Plon i
p(Q)5 QS p(V)§Vy p(Q)5 QS PIFT PIFJT

<p (V)gv20> p(Q)SFS7 is the value added created by (C,2) that is ultimately absorbed in country

term?2 + term4

(A.34)

Q5 QY
J. Similarly (p((Q))lch(% ) p(Q)SFS7 +p(Q){ F{’ is the value added created in (.J, 1) that is ultimately
absorbed in country J. Therefore we can simplify (A.34) to write:??
p(WMSVETY (p(VTV
term2 +term4 =0 ( DIV I (A.35)

Comparison of GVC-REER and Q-REER

With trade in intermediate inputs, competitiveness in gross output and value added can be
delinked. The expression for gross output competitiveness in our model is as follows (We label this
measure of gross output competitiveness “Q-REER”).

AQ — REERS = Q5 = w(Q)5p(V){ + w(@Q)% (V)3 + w(@FCH(V)T +w(@Q)5Lp(V)S +w(@)SYp(V)Y +w(@)5 (V)Y (A.36)

where

23The derivation follows by multiplying and dividing both terms by (%) and rearranging.
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st - o[(AE) (ER) (AT () () ()

e( Jjg;) (A.37)
w(v)sy — o < 8)22; ) (A.38)

The idea behind the “Goods-REER” measure of Bayoumi et al. (2013) is to measure competitiveness
of gross output as opposed to value added. The analogous expression in our framework is given
by (A.36), but as will be shown later, the two measures do not coincide except in very restrictive
and /or knife-edge cases.

Two differences between the value added weight w(v)$;’ and gross output weight w(Q)$,’ are
worth highlighting. First, note that as long as the production function is not Leontief (i. e
o # 0) , the gross output competitiveness weight is always lower then the value added weight
(w(Q)Sy < w(V)S). This is a consequence of the fact that substitutability in the production
function which causes the weight w(V)$’ to increase because of the possibility of a shift occurring
from V., to (J,1)’s value added(embodied in X{) does not affect the gross output weight w(Q)S/,
for as far as gross output is concerned the substitution between different inputs in production is
irrelevant as long as the final demand for the good increases.

Secondly note that when X = 0, the two weights are equivalent. As will be shown in the
paper later on, this is a general result—that in the absence of intermediate inputs the gross output

and value added weighting matrices are identical.

Computing Aggregate Real Effective Exchange Rates for Countries

To derive the expression for country-level value added weights, we start with the following
decomposition of the nominal GDP of country h into its different sectoral components:
p(V)"Vh = p(V)IVI 4+ p(V)3 Vs (A.39)

where p*" is the GDP deflator of country h. Log linearizing this equation we get:

. V)hvh . p(v)hvh R
SV Th — p(V)iVi |:Avh Vh:| 2V [Avh Vh] A 40
Since (up to a first order approximation) the change in GDP deflator is a weighted sum of

changes in the different sector level prices, the above equation reduces to
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(V)iv h
- (o) |, 2, 2 oo = (Gryms) || 2, 32 woostaw
_ (Vv h V)3V nrl
- 22 G ot (s ) ot o 0

Solution of the single sector version of the model:

Final demand:

FI" = —0p(Q)] + 0P + F" (h, f) € {(C,C), (J, J), (U, U),(C,J),(C,U)} (A.42)

Linearizing the expressions for the CPIs in the three countries((B.22)-(B.23)) we get:

. C pcu U puu
P (p—%ﬁj )ﬁ<V>C+(@U—£)ﬁ<v>U (A.43)
PC = p(v)° (A.44)
. JpJJ ol nied]
P (P i (BT s

The first order conditions for production are as follows:

Xty = o (HD0) g

@ >§
G (iﬁ@iic) <

These along with the production function (7.5) and its associated price index can be linearized

as follows:
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Table 16 — Single sector version of the 3 by 2 model

J C U] JFinal CFinal Ufinal total output
C 0[]0 [0 X X < <
U 0[]0 10 0 0 < <
VA X X X
total output X X X
X = —op(Q) +op(Q) +Q° (A.16)
¢ = —op(Q)f + op(Q)F +QF (A47)
AC p(Q)CVC) yre (p(v)JXJC) P A
¢ (p(Q)CQC T\ p@ree (A.48)
V CVC vV JxJC
"= (pEQ;CQC> V)T (p((Q))CQC )ﬁ(V)J (A.49)

Next, the market clearing conditions (4.8) and (B.14) can be linearlized as follows:

o0 — (p(Q)CFCC> pec (p(Q)CFCJ> Az (M) peu (A.50)

P(Q)°QC P(Q)°QC (Q)°Q°
AT P<Q>1JXJC > JC P(Q)JFJJ AT T
@ = ( (Q)7Q ) AT (p<@>J@J ) " (A-5)

Using these linearized first order and market clearing conditions we can derive an expression for
change in demand for value added by country C' (equation (D.13) and (D.1) )
Country Level exchange rate without exploiting sector level heterogeneity

The production functions, price indices and final demands and market clearing conditions are

now given as follows:

Q° = [(@™)7 (V)7 + ()7 (X777 (A.52)
P(Q)° = [ (p(V)*) 7 + @) (p(Q)7) ] 77 (A.53)
Q"=V" he{J U} (A.54)
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Consumption

FIo= (575 (F)T 4 (s97) (FO7) 5T 7 (A.55)
F¢ = Fp¢c (A.56)
FU = [(xU0)5(FU9)5 + (xCU)s (FOV) 5 |75 (A.57)
PT = (&) (p@Q)7) + (57T (p(Q)) ) (A.58)
P = pQ)° (A.59)
PY = (") p@Q)V)" + (57 (p(Q)C) ) = (A.60)

QJ — XJC+FJJ
QC — FCC+FCJ+FCU
QU _ FUU

The appendix shows that the weight assigned by country C' to country J in this case is given by:

VE = w(0)p(V)” +w(v)“p(V) + w(v)p(V)” (A.61)

p ) CQC PCFC
N p JXJC) (p( C’FCJ> <p CFCJ> ( CFCJ) (p(V)CFCJ)
p CQC p CQC PJIEJ CQC PJIEJ
( JXJC ( CFCU CFCU
() (5 s ) (“5rr) 69

e - < () o ) () () ()

ot - (SE) o (D) () a
0

_|_

(haew) (o CCZCCJ) (p(pfﬁm)
(aree) Giarar) (o) e
W)V = 9(5 ;CQC) (p(X/ZI?/CCU)( PUl;f;UU) .
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It is evident from A.62 and 3.11 that w(v)¢’ and wa(v)®” are not equal. The issue of the
non-equivalence of the two weighting matrices will be discussed after we have specified the general
model. For now we just want to emphasize that our weighting matrix which exploits sector level
information is unique in the literature, and so a starting point to begin a comparison with other
measures in the literature is to consider the case where there is only one sector within each country.

We next move on to our general model which builds on the intuition developed from this 3 by 2
setting. After discussing the relationship to other measures in the literature based on the general

model we come back to the 3 by 2 model to show some illustrative examples.

B Solution of the general model <Not for publication>

B.1 First order conditions

B.1.1 first order conditions for production:

C e p<V>f)”‘°’<‘*”
Ve = B.1
l w (p(Q)lc Ql ( )
c _‘73(071)
Xc — Xc p(X)l) c B.2
! wy <p(Q)lC Ql ( )
c c p(X)gl 702(67[) c
st — Wy (p(X)f) X7 (B.3)
: . [ p@Q) el
X;lc = w?l: <p(X)£{)C> X(f)gl (B 4)
Q) —a3"(el)
Xg = wy (p(X—)if)C> X3 (B.5)
—alh(c)l)
com o (PO c
Xa(f) = w(f)y (P(T)?l X5 (B.6)

Here ¢ and ¢, are price indices corresponding to X and X, respectively and are given by:
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s=1
(e [ n A ol (el) lfai(c,l)

p(X)g" = | D W@ (B.8)

Li=1,i#c

1
c cc c\1—o'"(c c c\1—olh(c —olh(c,
P(X)5 = (W) p(Q)S) " 4 (wf) (p(X) Pt e e (B.9)
and price of gross output is given by:
1

PQ); = [ (VI 4 (wf¥e) (p( X050 | (5.10)

where p(V')§ is the price of value added(i. e price of factor of production) of country ¢ sector [

B.1.2 First order conditions for final consumption:

i\ —05(0)
R (B.11)
e\ 04" (e)
Fe = R (p(ﬁ)s) Fe (B.12)
: (PHON T L
P = e (GE) (B.13
e\ —02(c)
F¢ = kS <%> F* (B.14)

Here P¢ and P¢ are price indices for sector s good and aggregate good consumed by country c,

respectively and are given by

n 1-04 ()
Pi(f) = [ > (nzcxp(cz)z)”m] (B.15)

P = (RO B(QU) " + (s ) (P (B.16)
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m

Z(ﬁi)(PE)”Q(C’] o (B.17)

s=1

P =

Let [A]nmxnm be the input-output coefficient matrix at the country-sector level, i. e the (i, )%

block which has dimension mXm is given by

i i @
an Qg - Ay
ij ij ij
> a a .. a
i 21 22 2m
tj tj ij
A1 A2 - Oy

where az denotes the output of (7, s) used in the production of one unit of (j,1), i. e

i p(Q)ZSXS

ag = — (B.19)
L P
Let [Blumxnm be the corresponding total requirement matrix given by

Also, define the matrix [Dg]nmanm to be a diagonal matrix with the (cl)™ diagonal entry given

1
RIS

Log Linearization:
A note on notation:

o for any variable Y%, vec (Y,%') denotes a vector with all components of Y% stacked together

e The stacking order is as follows: d, ¢, b, d. i, e first the home sector index changes, followed by

foreign sector, followed by home country and finally foreign country
— vec (YY) ,vec (V) etc are defined accordingly.
e Examples in a 2 by 2 case (m =n = 2)
—vee (YA) = (Vi YL Yol VAL ViR V2 Y2 Vo2 YL YA VAL YA Y2 YR Y YR
- vee (Vi) = (Y, Y, Yo, Vb Y3, Y, VA, V3)
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This appendix contains the log linearized first order and market clearing conditions and organizes
them in stacked matrix notation which will be useful in deriving the results that follow. A variable
with a “ denotes log deviation from steady state.

Log linearizing and stacking components of production function and price indices:(to simplify

notation further, we omit the parenthesis for gross output prices, i.e the parenthesis containing “Q)”
is omitted)

)
. ole,n-1] ol(e,)—1
: ) i ol(c
Raw expression X(F)G = | iy ipe(win)l/osle (Xie) aien
. . ol PPN p;X;C .
Log linearized expression X (g =it ise (W) Xie
Stacked vector:
(veC(X(f)gl)) = @(/)ﬂ{/ vec(X ) (B.21)
nm2Xn2m?
oéh(c,l)
o G o olhey—17 oTh(c,n—1
Raw expression X6 = [(we)t/os" (e (xep) i@ 4 (w(f)e)/os @D (X (f)e,) oD
Log linearized expression Xe=", (;&%) Xi¢
Stacked Vector:
(Uec( gl)) = Wixx wvec(Xy) (B.22)
nm?2Xn2m?
R o2 (c,l)
. m 1 2 . o (2C7l)*1 o‘é(c,l)fl
Raw expression Xf=|32m (we)t/oreb(Xe,) oD
ineari ~ oo _ P48 XS Y 3
Log linearized expression Xe=ym, (W) X¢
Stacked vector:
vec( X)) = (Wax X ) mxnmz vec(Xg) (B.23)
.
. n ; iNl—ol(c.l)| 1—ek(c,D)
Raw expression (g = |2 izt ine (W) (PS) os(ed)
. . . ~ o n piX;c >
Log linearized expression s (f) = Zizl,i#c (WZZXC) Pt
Stacked vector:
’U@C(ngl(f)) = (WlXPH)anXnm Uec(ﬁé) (B24)
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Raw expression

Log linearized expression

Stacked vector:

Raw expression

Log linearized expression

Stacked vector:

Raw expression

Log linearized expression

Stacked vector:

Raw expression

Log linearized expression
Stacked vector:

Raw expression

Log linearized expression

Stacked vector:

S

. c ixlc ~
P(X)g =200 (W) Ps

1
1h 1h o1k (e,
a5y = [(wep) (pe,) o0 - (we) (p(x) (Nt (ed | D

- C

vec(p(X);,l) = (W1XP)pnm2 Xnm vec(pl)

m c ¢ \1—o2(c *”21 ©
P(X)f = [ (g (X)) = 0] 70
sc N (XaXa ) e
ar =21 (pp(x)éxlcl) dg

1
n ic iV1-01(c)| 1-01(e)
PE(F) = [0 e (20) ()10 7750
MNe — n st“ At
P(f)§ = Yictize (P(JI”))iF(f)) Ps

vec (psc) — = (WIFPH)nanmUeC (pé)nle

P = [(R)5) 0O+ (=(DP(P()S) 2]

~ _ n pi Fic .
P =, (3% ) ot

vec (Pﬁ)nmm = (W1rP)nmXxnmvec (PL) x

1
Pe =[S, (se)(PE) =00 O

s=1

pc _ "M PIFC\ pe
Pe=%1 (P“F“ by

vec (PC> = (Warp)nxnmVec (]5:)
nX1

nmX1

Final goods consumption first order conditions:
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(B.26)

(B.27)

(B.28)

(B.29)



Fic = —0Mo)(p. — P(f)s) + F(f)s (B.30)
Fee = —"(c)(p¢ — P,") + E° (B.31)
F(f)e = —0M(c)(P(f)S— P)+ (B.32)
Fe = —0*(c)(PS— P°)+ F° (B.33)
We can combine these 4 conditions to write:
E = —0Me)pi + (01(c) — 02 (0)) P(f)s + (0 (c) — 0%(c)) PC + 02(c) P° + Fe
B = —0M(e)ps + (01 (c) — 62(c)) PE + 6%(c) P° + F*

We can now stack the above n?m equations to write a single matrix equation as follows:

vec (F‘;zc) n2mX1 JF(Z 7& C) [(Yl)nsznmveC(Q; (C))nle} ® [(YZ)nzm,XnmveC(pi)nle}

- _JF(Z = C) [(Yl)nsznmveC(Q;h(C))nle] O] [(Y2)n2anm'UeC(ﬁfs)nmX1]
Jie(i # ¢) [Vi (vee(B}(e))umx1 — vee(0(€))umx1)] © [Yivee P(F)wmx1]
(Ylvec(oih(c))nle - (YES)anXnvec(gz(C))nle) O] (Ylvec(pg)nle)

[Yavec(0%(¢))nmx1] © [ngec(Pc)nXl} + Y3 E°

+ + o+

where Y| =1, &1, Yo =1,81,®1,, Y3=1,81[,%1,,, ® is the element by element multiplication
operator for two vectors and Jr(z) is an n*m by 1 vector with ones in all indices that satisfy the

condition x and zero elsewhere.

Combining this with (B.29) and (B.28),

vec (FAsw)n 1 Zpvec(pL)nmx1 + YsF* (B.34)

where

(ZF)p2mxnm = &) [(Y1)nzmxnmvec(s (€))nmx1] © [(Y2)n2mxnm] (B.35)
- —JF( ¢) [(Y1)n2 anmUeC(elvh(C))nle] O [(Y2)n2mxnm]
#¢) [Y1 (vec(0X(¢))nmx1 — vec(@lh(c))nle)] O [YiWrH]
(Ylvec(H;h(c))nle (Yg)nzmxnvec(HQ(c))nmXﬂ © (Y1Wirp)
[Yavec(62(¢))nmx1] © [YsWarppWipp)

+ o+ o+

Log linearizing Production first order conditions:
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Xic

sl

ch

sl

These n?m? equations can be stacked to write

Xa(f)

‘/26

c
Xsl

ic
Xsl

cc
Xsl

—oi(e,Dpk + ol (e, Dp(X)
—o (e, )pS 4 o2 (c, l)p(}()zl + X<
+ ot (e, Dp(X)y + X4

(f)

a X0

= —o?(e,)p(X) + (e, Dp(X), + X§

—al(e, . + (ok(c,1) — o (e, 1)) p(X) + (a1 (e,1) — o%(e, 1)) p(X),
(0%(e,1) — (e, 1)) p(X); + 0™ (e, Df§ + Q5

—U;h(c7 Dps + (U;h(c, 1) — (e, l)) p(}();

(0’2(6, ) —o3(c, D) a5+ o3 (e, 1)ps + Q}:

c

(B.36)

(B.37)

(B.38)

(B.39)

(B.40)

(B.41)



vec (XZ?) = —Jx(i# c) [Crvec (ol(c, D) mzx1) © [Csvec(pl)nmx1]

- JX(Z = C) [Clvec (O—;h(ca l))anXl] © [CBUec(ﬁi)nle}

+ Jx(i#c) [C’l (vec (ai(c, l))nm2X1 — vec (aslh(c7 l))nszl)] ® [Clp(}()g)c]

+  [Cs (vec (az(c,l))nle — vec (Ug(c,l))nleﬂ ©) [Czp(}()f]
[Crvec (a,"(c, D) pmzx1 — C2vee (0%(e,D),, ] © {Clp(k)gl}
[Cavec (03(0,1))nmX1] ® [Covec(pl)nmx1] + CoQ¢
where C; = 1, @ 2, Co =1, 01,01, 0 [, C3 =1, 1, ® I, ® 1,,. Jx(y) is an n*m by 1

vector with ones in all indices that satisfy the condition y and zero elsewhere.
Combining this with (B.22) - (B.26) we get:

vec (Xl) = Zxvee)umx1 + C2Q1° (B.42)
where
Zx = —Jx(i+#c)|[Civec(ol(c, l))anXl] © [Cs) (B.43)
— Jx(i=c) [Crvec(ci(c.D)), .y, ] ©[Cs]
+ Jx (i #¢) [Cy (vee (a;(c,l))mﬂx1 — vec (U;h(cvl))nm2x1)] © [C1WxH]
+  [C2 (vec (o (e, l))nle — vec (O’S(C,l))nle)] O [CoWox pWix p]
+  [Crvec (ot (e, l))nm2X1 — Cyvec (0(c, l))nle] O [C1Wixp]
+ [C’gvec (03(0, l))nle] © [Cy]

Next, linearizing the production function we have:
vec (QZC> = (Dv)nanm <U€C (‘A/EC>> + (DX)nanm vec (ch> (B44)
nmX1

vee (p§) = Dyvec (B(V)§) + Dxvec (p(jX)lc) (B.45)

(here D, and Dx are nmXnm diagonal matrices denoting the shares of value added and
p(V)IVe
p(Q)FQF

and that of Dy is I;(é;zg’c We can use (B.25) and (B.26) in (B.45)to obtain the following expression
1=l

linking price of gross output and price of value added:

intermediate inputs in the production of different goods , i. e the lc* diagonal entry of D, is

vee (pf) = (I — DxWaxpWixp) ™ Dyvec (p(f/)j’) (B.46)
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The market clearing conditions (4.8) can be linearized as:

n

ZZ Jj Xin 4 Z i Flh (B.47)

h=1 =1

As before, these can be written in stacked form by creating matrices Sx and Sg from the above

equations to yield:
vec (QAIC> = (SF)nanQm vec (stc> + (SX>nan2m2 vec (Xsflc) (B48)

C Derivations of the expressions for GVC-REER and Q-TREER/((5.1) and (5.5))<Not
for publication>

From (B.48) and (B.42) we get

vec (Qf) [[nm — SxCs] = (SxZx + SpZp) vec (p]) + SrYsvec (ﬁc) (C.1)

Using (B.46) in (C.1)and rearranging we get:

vee (Qlc) = [Inm — SXCQ]A (SXZX + SFZF) (I — DXWQXPWMP)& vaec (p({/)}) (CQ)

+ [Lum — SXCQ]_l SrYsvec (]3”)

This is equation (5.5) in the main text.
Next, starting from the linearized production function vec (Q?) = D,vec (Vf) + Dxvec (Xf)
we first use (B.23) and (B.22) to get:

vec (@f) = D,vec (Vf) + DxWoxxWixxvec (X;f) (C.3)

substituting (B.42) in (C.3) and rearranging we get:

vec <Qf) [ — DxWaxxWixxCs] = Dyvec (‘710> + DxWoxxWixx Zxvec (py) (C.4)
It can be shown that Wox xWixxCs = I and hence [I — DxWaoxxWixxZ4Z¢] = D, so that the

above expression simplifies to:

vec (Q?) = vec (Vf) + D;lDXWQXXWU(XZX (I — DXWQXPW1XP)_1 Dyvec (p(V)f) (C.5)
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eliminating vec (Qf) from (C.2) and (C.5) we get:

oc -1 —1 —1 .
vee (V%) = {(Inm — SxC2) ' (SpZFp + SxZx) — D, 'DxWaxxWixxZx } (I - DxWaxpWixp) ' Dyvee (57°) (C.6)

+ (I—-8xZ426)" "' SpYsvec (F°)

It is easy to show the following identities:

(Inm — SxC2) ™" = Dg' BDqg (C.7)

(I — DxWaxpWixp) ' = B’ (C.8)

Substituting (C.7) and (C.8) in (C.6) we get (5.1) in the main text, with:

Wy = [DC—;BDQ(SFZF Sy Zyx) — D;lDXWQXXWU(XZX} B'Dy (C.9)

D Proofs of Propositions<<Not for publication>

D.1 Sketch of Proof of Proposition 5.1

In this appendix we sketch the proof of proposition 5.1. Since the underlying intuition is preserved in the case
with m = 1, we will sketch the proof for this simplified case.

The expression for the weighting matrix is given by:

w={Dg'BDq (SpZr + SxZx) = D' DxWaxxWixx Zx | B'Dy (D.1)

As shown in proposition (6.1), under the constant elasticity assumption and m = 1, the GVC-REER weighting

matrix reduces to VAREER weighting matrix defined in Bems and Johnson (2012), which according to equation (18)
in that paper is given by

w=—I+ Dg'BDoSpMB'D, (D.2)

define the matrices
Z1:Z4:1n®InEM2
Z2:Z5:In®1nEM1

Under the constant elasticity assumption, from (B.43) and (B.35) we have:

ZX == O'(MQ - Ml) (D?))
Zrp = O0(MyWpp — M) (D.4)

Taking the partial derivative of (D.1) wrt 0
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ow _
55 = Dg'BDoSp(MyWpp — My)B' Dy (D.5)

using (D.2) in (D.5) , the following relationship holds for the off diagonal elements of w

Ow By _ .
= - (D3 BDGSpMB'Dy | i (D.6)

Simplifying the last term in the above expression gives (5.3) in the main text.

D.2 Proof of Proposition (6.1):
Part 1.
the GVC-REER weighting matrix under (A2) is given by:

Wy = {(1 — SxZiZg) "t — D;lDXWZXXW1XXZX} (I — DxWaxpWixp) Dy (D.7)

where

Zx = 0o1(ZsWixp — Zs) + 02(ZsZsWaxpWixp — ZsWixp) + 03(ZsZs — Z4ZsWaxpWixp)

with

Zl =1, ® Inm , Zg = [n X (1n X Im), Z3 = [n X 1m, (Z4)n2m2Xnm2 =1, ® [nmz, (Z5)n2m2Xnm =
I[,1,®1,®1, and Zg = (I, ® 1,,) ® I,

for m = 1, the different matrices in the above equation simplify as:

J1=04,=1,R 1, = My*

Jo=Js=1,01, = M;

L= teg=1,

WQFP = WQXX = W2XP = In

DxWix, = €, where 1 is the country level input output matrix with Q;; = P Xy

TopiQ;

Zx = o1(ZiWixp — Zs) + 02(Zy ZsWax pWixp — ZWixp) + 03(ZsZs — Z4ZsWoxpWixp)
= 01(M2W1XP - M1) + 02(M2W1XP - M2W1XP) + 03(M2 - M2W1XP)
= o1(MaWixp — My) + o3(My — MoWixp) (D.8)

24]n this section the matrices M; and M, are as defined in Bems and Johnson (2012) and are
different from the ones defined earlier in this paper.
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Zyp = 0(ZWipp — Zs) + 05 (21 ZsWappWipp — Z1WiFpp)
= 01(MyWpgp — M)

Substituting all these in the expression for Zy ., we get

Wy = =6, (I —SxMy)™" Sp(M, — MyWep)(I — Q)" Dy
+ (I = SxMy)™" Sx [o1(MoWixp — My) + o3(My — MyWixp)] (I — Q)" Dy
— Dy'DxWx [01(MyWixp — My) + 03(My — MaWixp)] (I — Q)" Dy

This is the same as equation (33) in section 5 of Bems and Johnson (2012) IOREER-BJ.
Part 2 and 3 follow directly from Bems and Johnson (2012).

Part 4:

The IMF manufacturing weights are given by (Bayoumi et al. (2005))

ik ok
imfm ik(1 _ ik )
> wh(l—s™)
where s/% = 5(1!;?56811@ and w* = %(sales” denotes gross sales from country ¢ to country j)
l n

Substituting the expressions for s/* and w™* in W% and simplifying we get:

- 1 salest® sales?®
e | D.10
o= g 3 5t ) (5 ) o

- les™® salest™
Timim _ 1 _ aes D.11
' ; (Zn salesm> (Zz saleslk) ( )

From parts 1-3 we know that under (Al), (A2) TEER and VAREER-BJ are equivalent and
given by equation (24) in BJ which is reproduced below.

y 1 pwvzk pjvvjk:
Wg, = TBJ Z (Pivvi) (kak (D.12)
v k

with T.°7 =", (’}iwi) <]}akw>
Under the assumption of no intermediates (A3)we have:

where

° piv —_ pi7 Qz — Vi, Vik — sz
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o sales® = pivyik — piy/ik

e 3 sales® = pityin = pivyi

o >, sales't =5 pVik = pEpk
Substituting these in (D.10) and (D.11)

Wi = V3,

imfm

Finally, using o, = a7 = 0 we have

Wz% f = Wg]

The equivalence of IMF-REER to GOOD-SREER and IRER follows in a straightforward manner
from the respective papers (Bayoumi et al. (2013) and Thorbecke (2011))
D.3 Proof of Proposition 7.1
Part 1

We start with the following expression for GVC-REER weights at the country-sector level (D.7).

under the constant elasticity assumption:

Zp = —Zo+ Z1Z3WorpWirp (D.14)

Here, without loss of generality we can assume that the elasticity is 1.

([ - SXZ4Z6)_1 == DélBDQ =\ (D15>
(I — DxWaxpWixp)™ = B (D.16)

Substituting (D.13), (D.14), (D.15) and (D.16) in (D.7)

Wy = [()‘(SFZF +SxZx) — D\;lDXWZXX‘/VlXXZX] B'Dy

= ASpZ1ZsWappWippB'Dy + [)\SXZ4Z6 —X(SpZs+ SxZs) — D;lDXW2XXW1XXZX] B'Dy (D.17)

Using the identities SFZQ + SXZ5 =1 and DV - DXwQX)(Wlx)(ZX = (I - A), = B/_l, we can
show that the second term in (D.17) is the identity matrix, so that (D.17) reduces to:

Wy = —ILun + ASrZ1Z3WappWirp|Bf|'D, (D.18)
— T Apm + MlmM2m
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where

My, = ASpZ1Z3
M2m = W2FPW1FP[BZC]/DU

Next, the country level weights (which correspond to VAREER in Bems and Johnson (2012))

are given by:

Wy = {(I ~ SYZ1Z3) T (ShZk + Sk Zk) - (D},)—ID}<W1XXZ)1<} (I - DX¥Wix,) " DY (D.19)

(where the superscript 1 on the matrices on the RHS of (D.19) indicates that the matrix corresponds
to the case where m = 1)

Following steps similar to those used to derive (D.18) we can get an analogous expression:

wy = —L+ N SpZiZ3WippB]'D, (D.20)
= —I,+ MM,
where
M, = MNSpZlZ; (D.21)

My = WllFP[BC],Di

The 2 country level weights are equal iff

RyWyR, = Wy(CG) (D.22)

Since Ry R, = I,,, a necessary and sufficient condition for (D.22) to hold is :

(Ry Myy,)( My Ry) = My M (D.23)
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n m m pic cj
(RVMlm)ij ZZ( vz‘i >
c=1 =1 s=1
n m m UgbicFm
(Mo Ry )ij = ;;;( ~piF )
n ipic prci
oy = 3 ()
1)ij ; v
n b]chz
om = 3 (%)

c=1

here v = (ﬂ)
PyQ5
From these expressions it is clear that the condition (D.23) is satisfied for all values if and only if

v Z biefi = Z Z waF@w, j (D.24)

c=1 s=1

or stacking these conditions in matrix notation:

diag[vc]an[Bc]an[FC]an - (MV)anmdiag[Ulc]nanm[Blc]nanm[F'lc]nan <D25>

which is the same as (7.12) in the main text.

Interpretation in the case of constant elasticity

Under the assumption that all elasticities (both in production and consumption) are the same,
we can interpret the country-sector level weights purely in terms of value added trade flows. Suppose
the common elasticity is n . Without loss of generality we can assume 7 to be unity since it factors

out. Then the weighting matrix W can be written as above:

Wy = — I + M M, (D.26)

The matrix M; is an nm by n matrix with each row corresponding to a unique production entity.
Along this row, the n columns give the value added created by the production entity that is finally
absorbed by each country. As an example, the entry corresponding to row (i,l) and column j gives
the value added created by production entity (7,/) that is eventually absorbed in country j as a
fraction of total value added created by the production entity (i,7). Entries in this matrix can thus

be interpreted as export shares in value added terms. The corresponding mathematical expression
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is25

Vi et Dsey bis (P(Q)SFY)
My ((3,1 Lee=l D.27
((01).4) = s (D.27)
where vi = pll Q‘;; For later, it is convenient to write this expression compactly as:
S p(ivy
M l =—r D.28
1((7'7 )7]) (V)ZV“ ( )

where p}'V, "7 is the value added created by production entity (1,1) that is finally absorbed in country
j.

Matrix M, is an n by nm matrix with each column corresponding to a unique production entity
and each row containing the value added created by the entity corresponding to the column that is
absorbed in each country, as a fraction of the total final demand in that country. As an example,
the entry corresponding to column (i,1) and row j gives the value added created by production
entity (,[) that is ultimately absorbed in country j as a fraction of total final demand of country j.

The corresponding mathematical expression is :

My, (i, 1)) = D e 127’;?;( p(Q)Fe)

As above, it turns out to be more convenient to rewrite the above expression in short-hand

(D.29)

notation as follows:

p(V)iV;”
PiFi

Using the generic terms from (D.28) and (D.30)we can write the weight assignment by country

My (. (i, 1)) = (D.30)

sector (h,l) to country-sector (c, s) where (h,l) # (¢, s) as follows:

F= () <PKFk>

where we use lower case w to denote constant elasticity weights. This is a generalized form of
equation 3.8 which was derived in the context of a simplified model and the intuition is similar. In
particular, the weight assigned by country sector (h,[) to country-sector (¢, s) where (h,l) # (¢, s)
is a weighted sum of the value added created by country-sector (¢, s) and absorbed by each of
the countries k(= 1,..,n), where the weights are given by the value added created by (h,l) that

2%The raw expression of the matrix M; is E;(LQ)bgp (QEF
l

i _ p(V)Y,

Ul p(Q)z

Multiplying and dividing by

ylelds the expression below.
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is absorbed in the same country k. This captures both mutual and third country competition,
because the weight is high if both (p(V)}'V;"*) and (p(V)<V*) are high, which happens when both
(h,l) and (c, s) have a high share of value added exports to country k.

Part 2:
Under (A3), (A4) and 0; = 6, (=1(wlog)) we have,

diag[v]nxn = [Blnxn = In,

diag[vilnmxnm = [B{lnmxnm = Lnm

(MV)anm[FlC]nan = [FC]an

With these simplifications condition (D.25) is automatically satisfied and hence GVC-REER(CG)
is equivalent to VAREER.

(D.32)

E Illustration of Role of Elasticities: Example 8.1

F Estimation of elasticities <Not for publication>

F.1 Framework

The approach used here will be based on recent work by Soderbery (2013) which outlines
certain drawbacks in the preceding two papers and proposes an estimator which outperforms them.

Consider a generic CES Armington aggregator defined as follows:

D, = [Z(wkﬂ/wmﬁ] N (F.1)

keK
The objective is to estimate the demand elasticity 1. The double differenced demand equation

in terms of expenditure shares is given by?2S:

A"In(sg) = —(n — D) ATIn(pre) + €5, (F.2)

where ATln(zy) = Aln(zg) — Aln(z,,) and Aln(zj) = In(x) — In(zji-1)), ¢ = s,p 7 is called a

reference variety and is typically chosen to be the one with the largest share . s, is the expenditure

2See Soderbery (2013) , Broda and Weinstein (2006) or Feenstra (1994) for further details
including the actual derivation
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Figure 7 — Illustration of Role of Elasticities: Example 8.1
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share of the k' variety and is given by:

Diet Dt
ZkeK Pt Dyt

Next, given a supply curve with elasticity p, the supply curve in terms of differenced shares and

Skt — (F3)

prices can be written as:

AIn(pre) = (

If the demand and supply disturbances are independent across time, then the 2 equations can

be multiplied and scaled to yield:

Yie = 0121t + 02 Zoky + upe (F.5)
where Y, = (A" In(pre))? , Zie = (A7In(sk0))?, Zoge = (A" In(pre) ) (AT In(spt)), and ug, = %.

Further, the parameters of this regression model can be mapped to the primitive parameters of

the demand and supply system as follows:

N (=

1+p77¢ 261
0 = ara=e %2 = mena-e

Consistent estimates of #; can be obtained by using the moment condition E(uy) = 0, where
consistency relies on T'— oo. ?7 If standard procedures (2SLS or LIML) yield a value of ; that
gives imaginary values for n and p or values with the wrong sign, then the grid search or the

non-linear search method of Soderbery (2013) can be used.

F.2 TImplementation:

We construct sectoral price indices for all cells in the WIOD input output table using the tables
in previous year prices. For a fixed production entity(identified by the country-sector pair (c,))
and a fixed sector s, table 17 shows how the estimation of the different elasticities in the model

maps onto the procedure outlined above.

27(Given the nature of the data, the value of T is typically very small. For example Soderbery
(2013) uses an unbalanced panel with 15 years of data
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Table 17 - Elasticity Estimation

D Dy, Dk
Production elasticities
o (c,1) (X(f)a) (X3 p(Q)%
0. (c,1) (X9) (X&), (X)) P(Q);
o*(c,1) (X7) (X51) P(X)k
o*(c,1) (@) (X7, Vo) (p(Q)f, p(V)})
Consumption elasticities
() (F(P)(F P(Q)!
o c) (F) (FLFD) Q)
e (F°) (F) P

This table shows how the model in section 4 maps into the general framework for estimation of elasticities discussed
in section F

G Bootstrap moments of elasticities <Not for publication>

Table 18 — Summary of Bootstrap moments

Consumption Elasticities Production Elasticities
91 th 02 0.1 Ulh 0.2 0.3
15th percentile 1. 774 1. 174 1. 04 1. 65 1.782 1.008 0.867
median 9. 876 7. 438 1. 527 7. 88 7.7 3. 816 1. 015
85th percentile 82. 535 65. 550 4. 73 67. 22 37. 607 14. 553 1. 501
sample size  1435(=35%41) 41 41 2450 1435 1435 41

Note: the table reports the percentiles of bootstrap medians, for example, for #', 1. 774 is the
15th percentile of the distribution of medians of the 1435 0! bootstrap distributions. We propose
this quantity as our point estimate as they are more stable than the LIML point estimate. The

moments reported above are based on 50 iterations.
Statistics for o! in this and the next table are based only on observations for 2 countries (China
and the US), i. e < 5percent of the total number of possible observations.

H Description of matrices defined in the main text with examples for the case with

n =m =2 <INot for publication>

This appendix includes details of each of the matrices as they appear in the text, including
dimension and content. As always, n stands for the number of countries and m for the number of

sectors within each country. An example with n = m = 2 is provided in each case.
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H.1 Matrix (WlXX)

nm?2Xn2m?2

(Wixx)nm2xn2m? = [(V[/11XX>nsznm2 , (WEXX)anXan s oos VT X ) mm2 Xmm2) (H.1)
(dlag(Wf}(x))mQXmQ OmQXm2 .. 0m2Xm2
(WZ ) 2Xnm2 — OszmQ (diag(Wlig(X))mQXm2 .. OmQXm2
1XX/nm=Xnm= —
0,22 X2 0,12 X2 . (diag(Wi% ) )2 Xom2
(H.2)

i i L oii L ooid L i L ooii
Wil ) 5o = H < PiX1 > <P1X1”2 ) ( PiXil, >} {(pmxffd ) (meZn’,g ) ( Pin X1 )H
Bex)mzx1 = : , : Vs . L Vs L L , L Vs ' 3
a1 X1, @12 X7, A X1 1 X Do X o G Xinm

Example with n =m =2

Wi, = '(p¥%§> (pLYS) (p?&%) (pé&£>'
L C]%1)(111 7 Q%zXllz ’ Q%1X211 Q%2X212 .
Wi, - (ﬁx;i) <piX1122) (p%Xéf) (p%X%zz)
1 - ) ) )
L Q%1X121 Q%2X122 Q§1X§1 Q§2X222 .
WL _ (p?X1211> (p%Xf%) (péX%l) (p%Xz?zl)
1Xx ) 9 )
L thlll Q%2X112 Q%1X211 (J%zlez i
Wz (p?X1212> (p?X%) <p§X2212) <p§X§22)
1 - ) ) 9
CI%1X121 Q%2X122 Q%1X221 Q%2X222
1yv11
() o 0 0 0 0 0 0
plel
0 <—q§2xli> o 0 0 0 0 0
0 o () o 0 0 0 0
0 0 0 () o 0 0 0
WllXX = 22722 plx12
1711
0 0 0 0 23 o 0 0
0 0 0 0 o (#E) o 0
0 0 0 0 0 o () o
2121
0 0 0 0 0 0 0 (23)
22722
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(2%) o 0 0 0 0 0 0
411311
0 ( gﬁi ) 0 0 0 0 0 0
0 o (¥%) o 0 0 0 0
21<*21
- 0 0 o (BE) o 0 0 0
XX 0 0 0 0 (%) 0 0 0
0 0 0 0 o (HE) o 0
12<*12
0 0 0 0 0 o (BE) o
921321
p2X22
1 0 2 0 0 0 0 0 0 (qi ;52)
Wxx = [WlXX> WlXX]
H.2 Matrices (WQXX)nanmQ and (WQXp)nanmz ((WQXP)nanm2:(WQXX)nanm2)
(Ll/gj(p)7n)(7n2 Orn)(n12 .- 07n)(7n2
0y0x00 W2 o O
(Waxp) o xnmz = o ( QXP.)WXWQ e (H.3)
07n)(rn2 Orn)(n12 .- (Id/gg(p)7n)<7n2
W) e = (W330) s (W335 s+ (W30 ) (H4)
i . qlileil qlic2Xli2 qlicleim
Wik ) :dzag( e 2 . H.5
( 2 mxm aXi ' BX5 T g X, 19

Example with n =m = 2

Uik 0
(Wa,) = [ o |
2Xp/mXm 0 912X19
lxl
PR
Ld 0
(WI’Q) = nXy 1 vl
2Xp) mXm 0 G20 X 59
X5
Q%%Xgl 0
2,1 ) . a7 X5
(WZXP mXm 0 472 X7s
X3
L3 0
2,2 ) _ a7 X5
(WQXP mXm 0 ‘152)(222
X3
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ah X 0 a3 X5 0
1 _ a1 X] a X{
W2X 2 1 1
P/mXm 0 ql%X%Q 0 QQ%X%Z
93X 92X;5
X 0 a3, X3, 0
(Wl ) — G X7 ;X7
2Xp) mXm? 0 a3 X7o 0 432 X3,
QQX2 QQX2
1yl 1
911 X711 ‘121X21
U0 e o0 0 0 00
1 Xl 1 Xl
W 0 Mk 0 & 0 0 0 0
2% 22
( 2Xp)nanm2 0 0 0 0 ah X7y 0 451 X3, 0
i X{ i X7
0 0 0 0 0 q%QX%Z 0 q§2X222
X3 X3
Matrix (WIXP)anXnm
11
(WlXp)mQXm (WlXp)mQXm (WlXp)mQXm
12
(WlXP) ox — (WlXP)mQXm (WlXP)mQXm (W1XP)m2Xm
nm nm . .
(WlXp)mQXm (WlXp)szm ( 1Xp)m2Xm
(W5)! 0 0
1Xp)mx1 mX1 mX1
(Wij ) _ Ole (Wlxp)le Ole
1Xp/m2xm .
ij \™
Ole Ole (WlXp)le
I
iyt iyt i Y
(Wz‘j )k | Xy PRXGs P X
1Xp/mx1 — > oy v J
qlekl T2 X2 Doy Xk

Example with n =m = 2
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i)' - (A Xl?)
P 911 11 912X12
Wil 2 X2111 X2121
( lXp) - X1
C]21 21 %2
W2l 1 p%X1211 p%X1221
( 1Xp) - X1
Q11 11 Q12
W2l 2 p%X2211 p%X2221
( lXp) - X1
C]21 21 ‘J22
(W11)2( )1 _ < X1112 X1122>
P Q11X11 Q12
(W11)2( )2 _ ( X2112 X2122>
P C]21X221 ‘J22X222
i) - (B Xi?)
P Q11 11 912X12
i) - (55
P QQ1X21 ‘J22 22
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(Wixp)ax

(Wixp) =

(Wixp) =

(Wixe)

Wixp =

1 11
B
DX
o
412X

piXit
WXy
p1 X35
472 XTs

1x11
pll 11 0

p; X
r o
12412 —
0 A
q21X1211

o i
922X 2o

P X371
1 w1
q 1X11
p]?Xl212 0

412X 1o
2 321
P3X3;
Uy X
e
922X 32

B

o O

1y12
Es
X
T X
PiAis 0
q2 X2
12412 L o12
0 P2 Xo3
X2

d21 2

3 32
932X35

2 22

P1 X371 0

q2 X2

Rt

P15 0

2 32

d12%12

>

9 X35
A
G50 X5

o O

AXE
ql Xl
1
B0
912X12

1y11 2 121
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Figure 8 — Divergence index at the country-sector level
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L REER indices plots <Not for publication>

Figure 9 - GVC-REER and Q-REER indices for all countries
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Figure 10 - GVC-REER and Q-REER indices for all countries cont.
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Figure 11 - GVC-REER and Q-REER indices for all countries cont.
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Figure 13 - GVC-REER and Q-REER indices for all countries cont.
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Figure 14 - GVC-REER and Q-REER indices for all countries cont.
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