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Abstract

The real effective exchange rate (REER) is one of the most cited statistical constructs
in open-economy macroeconomics. The conventional measures of the REER assume
a world in which every country exports only final goods. With rising importance of
offshoring and cross-border trade in intermediate goods, such measures are increasingly
flawed. Taking into account international value chains, we develop a theoretical framework
to compute REER at the both sector and country levels. The framework nests all existing
measures in the literature and addresses their shortcomings. We exploit detailed trade
data from the recently available World Input-Output Database(WIOD) spanning the
period 1995-2011 to compute the REER for gross output as well as value added for 40

countries and 1435 country-sectors.
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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.'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 form 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.?

In addition to being a gauge of competitiveness, it also finds use as a measure of relative price to
summarize an economy’s price level vis -a-vis the rest of the world. It is also used as an indicator
to draw inferences regarding currency manipulation, currency misalignment and vulnerability to
crises-see 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 U.S. 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 U.S 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 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

that an increase in Japanese prices of mobile phone components could very well lead to a decline in

1A 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).

2See Chinn (2006) for a primer on the concept of REER and Rogoff (2005) for an application
and discussion.

sFor 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

4Arrgong ghe exceptions to this criticism are recent papers by Bems and Johnson (2012) and
Bayoumi et al. (2013). These will be discussed later on in the paper where we argue how our
measure improves upon theirs.



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 puzzling that this feature continues to
be ignored in the mainstream, 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) have document 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. With this development of internationalization in production, individual sectors
within countries are likely to show substantial heterogeneity in their competitiveness. 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 example, we document in figure 10.2 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

5This example is discussed in more detail quantitatively in section 7

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 has grown many fold in developing countries
starting in the 1980s(see alsoWang 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.



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.

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 7. 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 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 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 use 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

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



most influential as well as the most advanced REER computation frameworks available. A single
check mark (y/) 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.
Table 1 — Comparison with the literature on computing REER
IMF FED BIS BJ BST BZ This paper

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

Heterogenous elasticities

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

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

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:

AREER; = AVy =G, ({LAp}y) (2.1)

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 aggregate final demand is assumed to be constant (although relative demands are affected
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. Since this is a partial equilibrium

model in which the demand side is exogenous, this assumption is not unsuitable.

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) 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
JITOTOTO[XTOT]O X 0 0 X
J27070707T070T70 X 0 0 X
Citifo[0O]O0O[O0O]TO0T]O 0 X 0 X
C2[0[0]O0[0]T07]O X X X X
U Uurfofjfof[0[0] 07O 0 0 X X
U200 0[07] 07O 0 0 X X

VA X X X X X X

total output X X X X X X

Specifying the model:

We use Q" to denote the gross output of sector [ is country h 8. X Sflh denotes the intermediate

input from country f sector s used in production by (h,l). V;* denotes the value added by (h,1).

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



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

o—1

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

where ¢ is the elasticity of substitution between the two inputs and w" and w* are weights
that can be mapped to the shares of the two inputs.

The associated price index is given by:

p§ = [(W)PY) + (w¥)(p!) =] (3.2)

Since all other production comprises entirely of own value added, the remaining production
functions are of the form:

QF = V(1) # (C,2) (3.3)
Consumption:

We use Flhf to denote output of (h,[) that is absorbed in country f as final demand. Based on

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

6—1

F o= [(wf)0 (BT + (s3”)o (F7)T + (w7)5 (FCY) ' |7 (3.4
FC = [k (FEO)T + (§C) 3 (FEC) T Jor (3.5
FU = [(WY9)5(FIU)T + (WU (FYV)T + (k§7)3 (FCV) T 7 (3.6)

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

P = (&) + (k53) ()0 + (65T ()0 (3.7)
PC = [( “’)(p?) + (K5O (pS) O] (3.8)
PU = (&Y + (55 (0)) 0 + (kSV) ()0 (3.9)

Here, large case P is used to denote CPI, small case p is used to denote price of gross output;
p¥ will be used to denote price of value added. 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®. &

s are weights that denote the shares of the different components in the aggregators.

9This and many other restrictions imposed so far will be relaxed in the general model presented
later.



Market clearing conditions:

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

market clearing conditions:

T = X{C4+ R (3.10)
g = FJ7 (3.11)
¢ = Fr@ (3.12)
§ = WO+ Fy + Y (3.13)
U= v (3.14)
Y = FUU (3.15)

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:

N\ —f
thzﬁih(%) F'.h,f €{J,C.U),s € {1,2) (3.16)

(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:

Ffh = —0pf 4+ 9P + " (3.17)

Linearizing the expressions for the CPIs in the three countries we get:

C 7 CU U rnuU U rnuU
. ps F . pi F . ps F. .
oo (B )i (B s+ (B ) o (318
pe p?Flcc ~C + ng2CC ~C (3 19)
— \pcpc )Pr T\ ‘popc ) P2 '
pJ _ pi]FIJJ ~J + pQJFZJJ ~J + ngZCJ ~C' (3 20)

The first order conditions for production are as follows:

JC X pi] - o}
Xy = w (_c> 2
bs

c 1% p;/() - c
Vyi= = wy <_C ) 2
Ps



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

as follows:

X = —op{ +0p5 + QF (3.21)
Ve = —opy© +opf + Q5 (3.22)
vCy,C VJvyvJC
A D2 VQ ~C b1 X12 > JC
QY = ( )v +(—)X 3.23
2 psQs ) ? p5QY 2 (3.23)
VCy/C VJyJC
Nl 22 > ~VC (pl X{s ) NS
— [T e S 3.24
? (p§Q§ 2 p§Q5 ) (3:24)

Next, the non trivial market clearing conditions (3.13) and (3.10) can be linearized as follows:

ch _ (pchQCC) F2cc+ <p20cmJ> p2CJ+ (pchch) FQCU (3.25)
p§QY ps§QY ps§QY
JyvJC JrJJ
A pi Xiy > JC Py Fy ST
Q) = ( ) X5+ ( ) F 3.26
1 ol )5t Gar ) 5 (3.26)
(3.27)

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 F* = 0VA), or what we define as the real exchange rate(GVC-REER)
following this partial equilibrium literature.:

AGVC—REER" = V1 = w(v) " +uw(0) 55 + ()10 +w(w)S i + ()Y ¥ +uw(w)¥ py”
(3.28)

Where h € {J,C,U},s € {1,2}
To illustrate the properties of the weighting matrix, we will focus on the weight assigned by

(C,2) to the six production entities(including itself).

Ve = w(o)gpy + w(v)s b + w(v)s B + w(v)g py” (3.29)
+w(v)g P+ w(v)g ps”
In particular, we focus on the weight assignment between the two sectors that are involved in

the the GVC. 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) = <p1’Xi’zc> (0—6) 10 (pi’Xi’zC) (ngZCJ) (nggJ) Lo (pzvcvf> (pzonCC) (p§F§C>
. P Q% A\ Qs ) \p§Qf ) \ P/FY psQ5 ) \ p§Q5 ) \ POF°

J/

texn2 te%i’)
o4y (ng§J> (P{Fi”) g <p{Xi]2c) <ng20U> <ng2CU> (3'30)
S\ pfQf )\ PR ) T\ pfQf )\ pSQS ) \ PUFU )
te;:n4 te;:nS

We can interpret the different terms on the right hand side of the above equation as follows:

J xJC CpCJ CpCJ CpCJ J 7
term2 +termd = 60 (plc % ) <p20 20 > <p2J 2] > +0 (pQC 20 ) (le 1J>
Py Q5 P53 Q3 P/F Py Q5 PF
9 p;/CVQC nggJ pi]XigC nggj + pljFljJ (3 31)
ps QY ) \py vy p5Qs ) \ P/FY PIET )

py Ve O pCd : : :
(u) ps F57 is the value added created by (C,2) that is ultimately absorbed in country J.

S QY
Similarly (7%)%) pSFSY + p] F{7 is the value added created in (J, 1) that is ultimately absorbed
in country J. Therefore we can simplify (3.31) to write:*°
VoY CJ VJIyJJ
Py~ Vs P17V
term2 + term4d = 0 ( mcive ) ( PIET ) (3.32)

where we use the notation p}*V® to denote the total value added created in (a,l) that is ultimately
absorbed as country b’s final demand. Similar simplifications can be applied to term3 and termb
to reduce (3.30) to the following:

e [(BEOVETY (BTN (BEOVECN (BN | OOVETY (I
wv)y' = PYove PIFT + pYCVC PpCFC + pYCVC PUFU

JyvJC
n (p];—;g; ) (0 —0) (3.33)

Several aspects of the weighting schemes now become evident from (3.33). Firstly, under the

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

w)' = Y

k=J,C,U

(ngVéCk) (ng‘/le)
(ps°V7) (PEF*)

>0 (3.34)

This is the same as the sum of the three terms inside the bracket in (3.33)'".Each of these terms

can be interpreted as capturing the intensity of competition between (C,2) and (J, 1) in the three

by o

CcyC
the derivation follows by multiplying and dividing both terms by SXC gg > and rearranging.
e represented by a formula

11]n fact, under the assumption of constant elasticity, all weights can



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
pY Oy U pVIVIU Lo . .
(3.33) [( S geirie ) < SR ﬂ is high, it conveys that value added by (C,2) and (J, 1) are competing
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
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, (3.33) and (3.34)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 (3.34) the weighting scheme is not flexible enough to accommodate negative

weights.

Exchange rate weights for gross output competitiveness:

With trade in intermediate inputs, competitiveness in gross output and value added can be
delinked. Similar to (3.29) we can compute a log linear approximation of the change in (C,2)’s
gross output as follows(derivations are in the appendix). We label this measure of gross output
competitiveness “Q-REER”.

AQ—REERS = Q5 = w(Q)5i by +w(Q)% sy +w(Q)5 pi +w(Q)5 py+w(Q)S bV +w(Q)%y py”
(3.35)

mimicking (3.34), i.e.

(p;}h‘/lhk) (pzs)c‘/sck’)
(" V") (PKF*)

wpt =y

k=J,C,U

Vh,k,s,1

This is the same as 5.27 in the case of the general model.

10



Where

cr pi X{¥ py VTN (Y TV py VN (pYV V€ py VYN (VY
w(@)s’ = —0(—555 | +0 V1, C T )T V1 C cpe ) T V1, C U0
P35 Q3 Py Vs P F Py Va PEF Py Vy PUF
JyvJC
i Xis
= w(v)c']—o*( > (3.36)
21 ngg

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 (3.35), but as will be shown later, the two measures do not coincide expect in very restrictive
and/or knife edge cases.

Two differences between the value added weight w(v)$y and gross output weight w(Q)

cJ
21
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)S7). 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.

Defining Aggregate Real Effective Exchange Rates for Countries

We compute aggregate country level REERs by exploiting information on sector level trade
flows. For comparison we also compute an alternate measure that aggregates all trade flows within
a country as is commonly done in the literature.

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:

PV = p" V) p vy (3.37)

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

" . vhvh » . vhvh ™ R
P <p1 1 ) [p1h+‘/1hi| 4 (pQ 2 ) [p2h+‘/2h] (3.38)

pvhvh pvhvh
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

11



Table 3 - Single sector version of the 3 by 2 model

J C U] JFinal CFinal Ufinal total output
J 0 X |0 X 0 0 X
C 0[]0 [0 X X X X
U 01010 0 0 X X
VA X X X
total output X X X

v + ( ’}Zh) 2]

vhy/h vh/h
- ()| s e |+ (ZE) | X3 el

fe{J,C,F} ke{1,2} fe{J,C,F} ke{1,2}

= >y () e+ () wott] 539

Fe(J,CU) ke{1,2}

If sector level price indices are available, then (3.39) 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 =B =y (3.40)

With this assumption we can simplify (3.39) to write:

vhY/h vhy/h
N p V p V -
V=) [( ihvlh) (w<v>?{+w<v>?§)+(zh;h) (w@)g{w(v)g{)]pf (3.41)
rerou) LN p |

~~

wa(v)hf

Here w4 (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 (3.41), this weight is itself a weighted
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.

For comparison to the common approach in the literature we first reduce table 2 to a single
sector version by aggregating across sectors within each country in table 3.

The production functions, price indices and final demands and market clearing conditions are
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now given as follows:

o

Q° = [(@™)7 (V) + ()7 (X777 (3.42)

P = [ ) + (W) ()] (3.43)

Q"=V" he{JU} (3.44)

Consumption

F/ o= [(W7)3(F7)T 4 (k)8 (PO o (3.45)

F¢ = R (3.46)

FU = [(&7)5(FU)7 + (xCV) (FOY) 5 [ (3.47)

P/ o= (&))" + () (%) (3.48)

PY = p© (3.49)

PY = (7)) + (57 () ) (3.50)

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:

VC — w(U)CJﬁVJ + w(v)CCﬁVC + w(v)CUﬁVU (3'51)
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prCFCCN (o€ pCO
pCQ° pCQ° pCQ° pCFC (3.52)
pvJXJC vaFCJ vCFCJ vaFCJ va’FCJ
°Q° °Q° DI F7 p°Q° D F7
pUJXJC pUC’FC’U ’UCFCU
+0 pCQC pCQ° pUFU
UJXJC vC1/C vC (& UCFCC UCFCC
U)(U)CC = —0 pc— — 6 P v + 6 vV P P
pCQ° pCQ° pCQC pCQ° PpC |C
) pCVON [ pCRCTN [ prCRCT ) pCVON [ prCRCUN ([ puC pCU
- °Q° °Q° D 7 T °Q° pCQ° pUFU
w(v)CU _ 0 vavC va'FC'U vaFUU (354)
pCQ° pCVyC pUFU
It is evident from 3.52 and 3.41 that w(v)®’ and w4 (v)®’ are not equal. The issue of the

non-equivalence of the two weighting matrices will be discussed after we have specified the general

’U.]XJC vJXJC
wv)? = o (p—) -0 (p
+6

(3.53)

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.

4 The General Model

Consider a world economy comprising of n countries. There are m sectors within each coun-
try.Each country-sector is called an “entity” so that there are a total of nm entities in the world
economy.Each entity uses a production function with its own value added and a composite inter-
mediate 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 (c,l). The production process is assumed to follow

the following three stage hierarchy:
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Stage 1

Stage 1.1 First, for each sector, inputs from all foreign countries from that sector are aggre-
gated(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 [

olie,l)
o'%(c,l)fl U%(C»l)*l

X(Na=| Y (wipt/eeh g wien ,s=1,2,.m (4.1)

i=1,i#c

n

Here X denotes inputs from country i sector s used in production by country ¢ sector [, the
w's are aggregation weights and ol(c, 1) is the (constant) elasticity of substitution between different

foreign varieties of the sector s output in the production function of entity (c, ()

Stage 1.2 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 ol*(c, ).

ol ()
G (e )=17 GTh(e,ny—1

¢ = | (W)Yo D (X ) e Ten 4 (w(f)e) Yo" (X (£)e) oTeD (4.2)

S

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

Stage 2:
Next, these m sectoral aggregates are combined to form the aggregate intermediate input X/

02(5,1)
2(c
m 0_2(07”71 o4(c,l)—1

o i

Stage 3:

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

ag(c,l)

03(‘371)*1 ‘73(‘371)*1 a3 (c,l)—1

Qi = | () D) TED + ()N (X7) D (44)

4.2 Preferences

A country specific final good is obtained by aggregating goods form all nm production entities

15



in two stages.

Stage 1

Stage 1.1 Firstly, for each sector s, goods from all foreign countries are aggregated to form a
aggregate sector s final imported good for consuming country c. The elasticity of substitution for

each aggregate is 01(c)

61(c)

- ; 1 C0ke-1 | 01
Fi(f) = | D0 (50)=O(Fy) 0 (4.5)

i=1i#c

Stage 1.2 Each of these imported goods are then combined with the domestic goods from their
respective sector to form an aggregate sector s consumption good for country c.
63" ()

03(c)—1 9%%)—1} oIh(ey—1

R = [l o0 () S (e e 1)) A

(4.6)

Stage 2

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

aggregate consumption good for country ¢

02(c)

m

/a2 02(c)—1 02(c)—1
D (w)Y(FS) oo (4.7)

s=1

Fe =

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=Y F'+> > XiF (4.8)
=1

j=1 k=1

5 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 is a partial equilibrium set up is common in the literature and requires
only one market clearing condition along with the different optimality conditions for production and

consumption. We start by deriving these optimality conditions. The expression for the exchange
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rates is then computed using a log linear approximation of these optimality conditions. For brevity

the log linearization and derivations are relegated to the appendix.

5.1 First order conditions

5.1.1 first order conditions for production:

Ve 703(c,l)
Ve o= e (—) o (5.1)
by
qc _US(CJ)
Xo= (1) (52)
l

c c
sl

! (5.3)

)
s
N
|
q
V]
o
s

. . pZ —ai(c,l)
o _ wé?( ) X0, (5.4)

Q(f)sl
pc _Ugh(cvl)
w_ e q—l) 3 (5.5)
C _O—lh(cfl)
C C q<f)5 ° C
xatn) = wina(“22) 7 x (5:6)
sl

s=1
- 1
n Lol 1—0'%(c,l)
c ic i\1—o;(c
aNa = | D ) J] (58)
Li=1,ic
1
C cc cc —0'1h & C C —Ulh C _Glh C,
a5 = [ () =" D + (w0 (5.9)
and price of gross output is given by:
1
(& ve vC 70'3 C C C 70'3 C —o3 C,
pf = [(wi) ) 7D+ (wie)(gf) e | (5.10)

Where pj© is the price of value added(i.e price of factor of production) of country ¢ sector I
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5.1.2 First order conditions for final consumption:

i —0i(c)
Fie = gie [ Ds F(f) 5.11
(i) 0 10
pc —G;h(c)

FCC — cC _S FC '12
s - w(B)w (5.12)
(& C Pfg _68 (C) C

P = e (GE) T E (5.13)
pPe —62(c)

Fe= ke (22 Fe 14

=i () (5.14)

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

respectively and are given by

ch(f) _ [Z (ﬁic)(pi)l—eé(@] 1-6%(c) (515>

=1,i#c
Pro= )BT+ (RPN T (5.16)
m e
PC = Z(“§)<P§>l_0 (c)] (5.17)
s=1

Let [A],mxnm be the input-output coefficient matrix at the country-sector level, i.e the (i, j)"block

which has dimension mXm is given by

afy afy .. dp,
ij ij ij
[Alrxm = " (5.18)
aj’il aj’fﬂ . a%m
where @ denotes the output of (4, s) used in the production of one unit of (4,1), i.e
sl p p J
- i X
aly = PsZsl (5.19)

) = D
*plQ)
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Let [Blumxnm be the corresponding total requirement matrix given by

[B]nanm = ([nm_[A])il (5'20)

Also, define the matrix [Dglnmznm to be a diagonal matrix with the (cl) diagonal entry given

1
R

5.2 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 (Vlc) = Wywvec (p)°) + Weyvec (Fc> (5.21)

Here (vec (Vlc))nm)ﬂ 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 (FC> to zero, the nm by nm matrix premultiplying vec (py°) 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:

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(see appendix D for proof):

Wy = —Iom + My M, (5.22)

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 (7,1) and column j gives
the value added created by production entity (i,1) that is eventually absorbed in country j as a
fraction of total value added created by the production entity (i,[). Entries in this matrix can thus
be interpreted as export shares in value added terms.The corresponding mathematical expression

iS12

T, S b (peF)

PV,
12the raw expression form the matrix M is Lo Z}%}éibigp L Multiplying and dividing by v} = ’Z;‘;l
11 1l

yields the expression below.
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Where v = Z31 For later, it is convenient to write this expression compactly as:
1%l
viY
'V

My((i,0),j) = L
1((2,1), ) RV

(5.24)

where p}’iVlij is the value added created by production entity (i,[) that is finally absorbed in
country j.

Matrix Ms 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 (7,1) 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 :

L VDot D2 bis (PEFY)
M2(]a(l7l)): l ! Pj;’jl

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

(5.25)

notation as follows:

o pvivij
MZ(]J (Z7 l)) = ﬁ

Using the generic terms from (5.24) and (5.26)we can write the weight assignment by country

(5.26)

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

n

he __
Wi _E :

k=1

(p;;h ‘/lhk> <pzcv'sck>
(pP"V}") (PRFY)

, (h, 1) # (c, ) (5.27)

Where we use lower case w to denote constant elasticity weights. This is a generalized form of
equation 3.34 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?thhk) and (ngV;k) are high, which happens when both (h, )

and (¢, s) have a high share of value added exports to country k.

Relaxing the constant 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 illustrative examples in section 7. 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.
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Proposition 5.1. Suppose all production and consumption elasticities are constant and equal to o
and 0 respectively'®. Then starting at the constant elasticity equilibrium, the effect of a change in

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

a hc ,Uhvg n B n B mﬁ bhcl bcq c1 Fclcg
Wis _ whe — PV 0= 2oenmt %kfhl i bor Py Fi ),(h, ) (¢, 5) (5.28)
o0 "V

Proof(sketch): See appendiz D.

(5.28) 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,l) 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

he

first effect (expenditure switching) is positive and is given by the constant elasticity weight w;'¢,

which recall is always positive in the constant elasticity case. In 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 blh,fl bS! are high for various entities indexed by (cq, 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 price of (¢, s) decreases, its quantity demanded increases. This effect is greater
the greater is the elasticity of substitution between goods(6). Moreover, an increase in demand for
(c,s) will end up increasing the output of (h, 1) if it is highly complementary with (c, s).

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

J xJC
cJ P1 12)
1 =wS’ — 5.29
2 < p§ QS (5:29)

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

5.3 Gross competitiveness

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

vec (Qf) = Wovee (pj°) + Wrquec (ﬁc) (5.30)

Here Wy, is an nm by nm weighting matrix derived in appendix C. Again putting the change in
final demand vec ( F¢) to be zero, the nm by nm matrix premultiplying vec (pj¢)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

13This is equivalent to assumption (A2) in section 6
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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 (;5@' - p?> (5.31)
J#i

where I/V;zlf 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, Fe = 0Vc and taking the i row
of the following expression (5.30)

However in general (5.30) and(5.31) 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
conditions.

The idea behind the Integrated real exchange rate (IRER) measure proposed in Thorbecke
(2011)** is also similar to Bayoumi et al. (2013) with the analogous expression in the present model
given by (5.30) . 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 QREER are as defined in the previous section
2. IOREER(BJ):inout-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

4Thorbecke (2011) define their 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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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:

Wil = (0 + 0 Wi g+ (@) Wi+ (ar) Wi (6.1)

imf

where a,,,a, o, andar are shares of manufactures, (non-tourism) services, commodities, and

tourism in overall trade.

Assumptions:

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

—_

6.

cole,l) = o1V, ¢l
olh(e 1) = 01Vs, ¢, 1
a?(c,l) = a9¥e, 1
a3(c,l) = o3Ve, 1

6 (c) = 0,Vs,c
011 (c) = 0,Vs, c

7. 0%(c) = 0yVc

(A3)all elasticities(in both consumption and production) are the same

e 01 =0y=03="0; =0,

(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. = g =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-REFER = GVC-REER=Q-REER=IOREER=VAREER=GOODSREER=IRER"
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proof: see appendix.

In general , the GVC-REER measure(or any of the measures defined by BJ) does not reduce to
the common measures currently is use, such as those of the FED(Loretan (2005)), BIS(see 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.

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 then 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:
pvcvc _ Zpgjcv;c (62)
=1

log linearizing this equation we get:

P Ve = gmj (pfcvlc> o+ V] (6.3)

— pchc

Stacking the n equations in (6.3) we can write the system in matrix notation as:

e e (1) = R e e (i) 08
where
sy o .. 0,
O’ SV .
(RV>anm - m 2 (65)
Op O o SV

(a) 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 i BJ
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and (SY) e = <§§§1, i%?, . 1;%‘&) and 0,, is an m by 1 matrix of zeros. By definition the
change in the GDP deflator is the weighted sum of change in ints components and hence (6.4)

reduces to

vec (VC> = Ry [vec (Vf) nle] (6.6)

using (5.21) in (6.6) and imposing vec <F6> = 0 as before we get:
vec <Vlc> = RyWywvec (p;°) (6.7)

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

When sector level price indices are available, (6.7) defines the change in the country level
GVC-REER(C), i.e

Alog(GVC — REFER(C)) = Wy (C)vec (p)°) (6.8)

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

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

, " pUiVE iy
W)y = Y () (6.9)
s=1

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 pv¢ 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'¢

Assumption (AP):

~

Pl = pIvIvj (6.10)

Using this assumption we can write the relationship between the vector of GDP deflators and

sector level price indices as:

vec <p%j> = Rjvec (p%') (6.11)

16note that in a world with price rigidity and producer currency pricing this assumption is satisfied
automatically.
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where R, = I,, ® 1,,,. This constitutes our second measure of country level value added exchange
rate, GVC-REER(CG)

Alog(GVC — REER(CG)) = Wiy (CG)vec (5) (6.12)

where Wy (CG) = RyWy R, is an n by n matrix of weights

Link to other measures in the literature:

Our second measure of country level exchange rates which uses only the GDP deflator (GVC-
REER(CG)) 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 (Wi (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.

i N~ (VS (S
Wy (CG)7 = Z (pv) (;Wv)sk) (6.13)

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 constant elasticity assumption, GVC-REER(CG)
and VAREER differ from each other except in special cases.!”

Condition 5.1

m n m

v’ i YR = lz v Y bSOV, (6.14)
c= =1

c=1 s=1

or, in stacked matrix notation:

diag[vc]an[BC]an[FC]an - (MV)anmdiag[wc]nanm[B]nanm[EC]nan (615>

My=1,®1,

17"We 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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Proposition 6.2.

The country level weights (W (CG)) defined above reduces to VAREER (and IOREER) weights

defined in Bems and Johnson (2012) if either of the 2 conditions below are satisfied.

1. (A2),(A3) and condition 5.1
2. (A3>,(A4) and 61 = 9? = 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(CG) weights which
exploit inter-sectoral linkages between countries will dominate the VAREER measure even under
the constant elasticity assumption(they would of course differ if elasticities are different even if the
first condition in the proposition is satisfied). Intuitively, condition (6.14) is satisfied if different
sectors within a country are “symmetric” vis-a vis 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.

Goods exchange rate at country level

Following a similar procedure to the one used for task exchange rates, we can define weights and

exchange rates for goods at the country level:

Alog(QREER(C)) = Wq(C)vec (p©) (6.16)

Alog(QREER(CG)) = Wo(CG)vec (p*°) (6.17)
where Wy (C) = RyWy , Wy (CG) = RyWy R, and Rgis defined analogous to Ry as follows

S0 0
0S¢ :

Rg = moe . (6.18)
0 0 . S
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Table 4 — Input output table for 7.1

J C U J final C final U final Total output
J 0O 110 1 0 0 2
C 0 010 0.1 0.1 1 1.2
U 0 010 0 0 1 1
Value added [ 2 0.2 1
Total output | 2 1.2 1

Q _ (PiQ phQ% PhQb )18
and (SZ >1Xm = <piQi7 PiQi T piQt )

7 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 the literature.
Example 7.1. 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 4 displays the
associated input-output table.

In this simplified example only 2 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 pY affects
the demand for C’s value added via 2 channels. Firstly, with regard to final goods consumption,
a decrease in pY 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 ;. 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

shere p’ can be interpreted as the price index of gross output produced by country i.
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Table 5 - Comparison of weights under different measures for example 7.1

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

(PWW,BJ) (BJ)  (PWW) (BST) (BLS)
We -0.04 0.19 -0.04 1.0 1.00
W 1.04 0.80 1.04 0 0
Wey -0.25 0.54 -4.07 -3.40 0.26
Wew 1.25 0.45 5.07 4.40 0.73
Wiy 0.83 0.83 0.83 0.83 0
Wye 0.16 0.16 0.16 0.16 1

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

sufficiently low, W may indeed be negative, something that the IMF weights or the Value aded
weights in BJ do not allow for.
Table 5 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;c 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 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 constant 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.
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Figure 7.1
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Lastly, note form the last two rows of table 5 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 7.1 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 0, fixed at 1.5. Top right picture plots the same weights for different values of 6, with o3 fixed
at 5.Bottom left figure shows a 3D plot of W¢; for the GVC-REER measure for different values of
o3 and ¢, while the bottom right augments this graph by adding a surface each for VAREER and
IMF weights.

Example 7.2. A three country 2 sector world:

This example is an extension of example 7.1 which will be used to illustrate the role of aggregation



Table 6 — 10 table and elasticities for example 7.2

J C U JFinal CFinal Utfinal total output
J1 J2 C1 C2 Ul U2
] JITOJTOTO[] 277070 1 0 0 3
J2707070 1077070 1 0 0 1
C Citfo[0]lO0O]O07]O07]O 0 2 0 2
C210[07 0] 07]07]O0 0.5 0.5 2.5 3.5
urfojJofo0o[0]0T]0 0 0 2 2
U200 O0[0]0T7]0 0 0 1 1
VA 3 1 2 15 2 1
total output 3 1 2 35 2 1
Elasticities:

0'1:2,0'2:270'3:2701:5,92:5
Table 7 - GVC-REER weights at country-sector level(raw) for example?.2

Jq Js i Cs Uy U,
Ji | -236 086 038 -0.169 086 0.43
Jy | 2.57 -3 0 0.43 0 0

Cy | 0.571 0 -1 0.4 0 0

Cy | -0.338 0.28 0.571 -24 1.3 0.65
Uy | 1.30 0 0 097 -3.18 0.90
Us | 1.30 0 0 097 181 -4.0

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 6below.

Table 6 displays the full 6X6 country-sector level weighting matrix (which is not normalized
to illustrate the mechanics of aggregation based on equation (6.13) later on). In line with the
observations made in example 7.1, C2 and J1 are found to attach negative weights to each other.
Table 8 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 9 shows a 2 by 2 sub matrix from table 8 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 6.

Note that the aggregate country weight We; is a combination of the 4 sector level weights (in

line with (6.13)). Since in value added terms the size of Cy and .J; is higher compared to C's and

Table 8 - GVC-REER weights at country level for ezample?.2

J C U
-1.24 026 097
0.30 -1.14 0.83
1.30 0.97 -2.27

O«
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Table 9 — 2X2 weighting matriz for example 7.2

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

Table 10 - Summary of different weights at country-country(normalized) example 7.2

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
Wi 0.78 0.58 0.30 0.79 0 0
We 0.26 0.29 0.56 -0.80 0.25 0.53
Wew 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

Jy respectively, the country level GVC-REER weight is likely to be dominated by W, ¢,, which is
positive(0.57)

Table 10 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 We ) even at the country level, the intuition for which is again clear form noting that in
terms of gross output shares the dominant sectors are J; and Cs so the country level weight We s is
likely to be dominated by the weight assigned by Cy to Ji, 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
11 shows the country-level input output table derived from the general country- sector level 10
table. The country level 1O table is what is used to compute weights when inter-sectoral flows are
ignored, as is common in the literature. Tablel2 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
Bems and Johnson (2012).

The difference between the 2 weighting matrices can be illustrated using Wey as an example.
Werp 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

1vthe number 0.3 can be recovered from (6.13) as follows
W =0.57(WS) + WG +0.43(WE7 + WE7)=0.57(0.571 + 0) + 0.43(—0.338 + 0.28) ~ 0.3
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Table 11 — Country level 10 table for example 7.2

table 6.26 J C U J final C final U final Total output
J 0] 270 2 0 0 4
C 0 0 ]0 0.5 2.5 2.5 5.5
U 0[O0 10 0 0 3 3
Value added [ 4 3.5 3
Total output | 4 5.5 3

Table 12 - GVC-REER and VAREER weights (raw,constant elasticity)

GVC-REERC A-REER
We 0.18 0.27
Wi 0.19 0.12
Weyg 0.20 0.32
Weu 0.16 0.25
Wy s 0.25 0.16
Wue 0.19 0.28

Table 13 — Normalization and the role of aggregation

Raw Weights Normalized weights

GVC-REER A-REER(raw) GVC-REER A-REER
W;e 0.18 0.27 0.48 0.69
Wi 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
Wy 0.25 0.16 0.57 0.36

Wye 0.19 0.28 0.43 0.63
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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, W¢y is higher under the aggregate measure compared to GVC-REER.Table
13 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.

8 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 this 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) allow 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. We start with a brief
overview of the framework followed by a discussion of how the estimation in carried out in the

context of out model.

8.1 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:

Dy = [Z(wk)l/n(Dkt)n”_’ll - (8.1)

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

in terms of expenditure shares is given by?°:

AIn(sg) = —(n — V)A"In(pre) + € (8.2)

where A"In(xy) = Aln(zg) — Aln(xy) and Aln(zje) = In(zj) — In(zj4-1)),© = s,p r is called
a reference variety and is typically chosen to the the one with the largest share .sy; is the expenditure

share of the k" variety and is given by:

2see Soderbery (2013) , Broda and Weinstein (2006) or Feenstra (1994) for further details including
the actual derivation
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Next, given a supply curve with elasticity p, the supply curve in terms of differenced shares and

Skt

(8.3)

prices can be written as:

NM@W:(f%JA%mm+%t (8.4)

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

be multiplied and scaled to yield:

Yie = 012151 + 02 2ok + gy (8.5)

where Yis = (A"In(pre))? 21k = (A"In(skt))?, Zore = (ATIn(pre) ) (ATIn(s1) ), and ugy = %.
Further, the parameters of this regression model can be mapped to the primitive parameters of

the demand and supply system as follows:

¢:ME[0700;1)

1+m7¢ 261
0 = toeas) 2 = mona-e

Consistent estimates of §; can be obtained by using the moment condition F(ux) = 0, where
consistency relies on T' — 00.2! If standard procedures (2SLS or LIML) yields a value of 6; 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.

8.2 Implementation:

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,1))
and a fixed sector s, the table 14 shows how the estimation of the different elasticities in the model

maps onto the procedure outlined above.

Table 14
D Dy, Dk
Production elasticities
o,(c,1) (X () (X2 Pt
a;h(c, ) (Xg) (X5, (X(N)a) p];
a(c,1) (X7) (X%) i
o’(c,1) (@7) (X7, V) (pf, PI)
Consumption elasticities
0,(c) (£(f)2) (Fy°) P
0, (c) (F) (£5), (F'(f)) Pt
9'(c) (F) () 7

21(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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9 Data

We use recently released data form the World inout-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 1995-201122. 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 in more precise than previous attempts in the literature (for instance

Johnson and Noguera (2012)) as it uses less approximations and more detailed trade data?.

10 Results

10.1 Elasticity Estimation

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 20 in the appendix reports the moments of the sample
bootstrap distribution obtained using 50 draws. In table 16 we report estimates across different

country and sector groups.

10.1.1 Benchmark Calibration:

As shown in table 16 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 benchmark 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 benchmark calibration. These are highlighted in bold. (15 in table 16 and one in
table 20, namely ¢®=1.015).

22The full set of countries and sectors is listed in appendix I

2for 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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Table 15 — Comparison of median elasticities across different country and sector groups

Consumption Elasticity Production Elasticity
91 th QQ 01 O.lh 02 0.3
country group(size)
OECD(28) 7.75 3.38 1.35 NA 7.78 4.05 1.046
Non-OECD(13) 17.80 9.45 1.925 NA 7.02 3.38 0.99
Europe(29) 8.22 7.60  1.536 NA 7.30 4.03 1.00
Asia(7) 14.28 1.78  1.499 NA 7.75 3.16 1.076
Americas(4) 9.1035 37.75 1.1822 NA 7.81 2.80 1.16
p(OECD,non-Oecd)  0.00*** 0.074*  0.266 NA 0.22  0.074* 0.3677
observations 1435 41 41 1435 1453 41
sectors
primary(2) 13.98 NA NA 12.25 8.19 4.76 NA
secondary(15) 14.23 NA NA 5.81 8.02 4.36 NA
tertiary(18) 7.75 NA NA 9.14 7.29 3.22 NA

p(secondary, tertiary) 0.00%**  NA NA 0.00%** 0.34 0.00%** NA

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 using a series of figures,
focussing mostly on country level exchange rates

Figure 10.1 illustrates the different kinds of REER indices that we generate using our framework
taking the example of USA. The first plot displays 8 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 also be
seen as two groups of four indices each corresponding to the constant elasticity(ce) and benchmark
clasticity (bm) 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 benchmark GVC-REER as an example.

For reference , figure J.1 in appendix J shows the 8 indices for all 40 countries in the sample.
Several interesting observations are worthy of mention. Firstly, note that there is substantial
heterogeneity across the indices which speaks to the importance of incorporating trade in inter-
mediate 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
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added exchange rate(GVC-REER(BM)) 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 10.2 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 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 10.3
Shows a comparison of constant elasticity and benchmark elasticity GVC _REER indices for 7
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 24. This is the reason we chose to display indices based on normalized
weights in figure 10.1.

Due to the high volatility of the REER with heterogenous elasticities, a mere visual comparison
between the two indices is not informative. In order to illustrate the role played by heterogenous
elasticities we therefore define a statistic to qualitatively capture the differences in REER based on
constant and heterogenous elasticity. For each entity (e) and for each year, we create a variable df
which takes the value one if the GVC-REER constant elasticity and heterogenous elasticity (with

benchmark calibration) indices move in opposite directions and zero otherwise.

d; = 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:

Sy ds
e =2 1t 10.2
d 1 (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 17 summarizes the distribution of the divergence index for country level exchange rates.
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 elasticity do not significantly alter the REER indices at the

24The 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 10.1 — REER indices for USA

United States

~GVC-REER(CE)
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S Q-ReEREY)
- | Q-REER(GDPdef,BM)

1995 2000 2005 2009
Sectoral GVC-REER(BM): 35 sectors for USA

1995 2000 005 2009

Notes: This figure illustrates all the different REER indices that we compute using our framework
taking the case of USA as an example. This 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 reading on
the value on the y axis can be read as the percentage deviation from the start of the sample.
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Figure 10.2 — Sector level Exchange rates along with Aggregate country REER for select countries
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Figure 10.3 — The role of heterogenous elasticities
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Table 16 — Divergence index for Countries

d® number of countries

0.21 1

0.14 4

0.07 15

0 21
total=41

Figure 10.4 — Divergence index at the country-sector level

Histogram of divergence index for 1435 country—sectors
1000 ‘ ‘ ‘ ; ‘ :

800

600

400

00 0.1

02 03 04 05 06 0.7 08

country level to the extent that one is interested in studying the direction of movements in REER.

The story however is different when we go to more disaggregated level of sectors within each
country. Here we find examples where the 2 measures disagree on sign in as many as 10 (67%) of the
time periods. Figure 10.5 displays a histogram plot of the divergence index for 1435 country-sector
pairs, and figure 10.5 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 10.6 plots the
GVC-REER indices based on benchmark indices 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(notably Japan and the UK)
the divergence is substantial for countries like China, Turkey and India. The difference is most
stark when the indices move in opposite directions(as is the case for these three 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 REER.Similar
instances are also observed for other countries, most notably for India and Turkey as shown in
figure 10.6.

49



Figure 10.5 — Examples with high divergence between constant 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.
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Figure 10.6 — The role of sector level price indices
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10.3 Application: Bilateral Real Exchange Rates:

Bilateral real exchange rate(RER) is commonly used to gauge competitiveness as well as cost of
living differentials between countries. Based on the the insights gained from the previous sections
we argue that if the goal is to measure competitiveness of one country vis-s-vis the other then the
standard RER measures computed using an aggregate price index(such as those in Chinn (2006))
like the GDP deflator can be misleading since they ignore sector level linkages between the countries.

In particular, the bilateral real exchange rate between countries A and f is defined as follows:

RERM = pl — ph (10.3)

where p/ and p" are changes in aggregate (country wide) price indices measured in a common
currency. If one is interested in interpreting the RER as a measure of competitiveness, then this
measure can be inaccurate as the following example shows

Consider a two country word where each country has two sectors. There is no trade in intermediate
goods and production comprises entirely of own value added. Table 18 shows how the final demand

is distributed across sectors.

Table 17 - IO table for bilateral RER

C U CFinal Ufinal total output
Cl C2 U1l U2
CITOoOJOTJOTO 1 1 2
C2/ 00070 3 0 3
Ul 0707070 0 1 1
U200 10710 0 1 1
VA 2 3 1 1
total output 2 3 1 1

Suppose in addition, p¥(c;) = —0.01,p?(cy) = 0.02, p*(uy) = 0,p*(uz) = 0(all prices are in a
common currency, so nominal exchange rate is already incorporated)
Change in China’s GDP deflator is given by:

N 2. 3 .
pU(c) = gp”(cl) + gp”(@) =0.008 (10.4)
Change in US GDP deflator is zero, since
N 1. 1.
P () = 5 (m) + 39" (uz) = 0 (10,5

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

RER™M = po(e) — po(u) = 0.008 (10.6)

and hence the conventional RER measure would indicate an increase in competitiveness of the US.
This however is misleading since the entire price change 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

45



Table 18 — Weighting matriz for bilateral RER example

@] Cs U, Us
Cy [-354 188 083 0383
Cy | 1.25 -1.25 0 0
Uy | 1.67 0 -333 1.67
Uy | 1.67 0 1.67 -3.33

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 10.3.

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 = Z Z wihpth + Z wpd pit (10.7)
=1
herev! = Z’S_—‘ihvh is the share of sector i in country h’s total value added, so that > 7", vl = 1.
The ws are Wejlghts that are analogous to the GVC-REER weights.
Table 19 gives the GVC-REER weighting matrix . Based on our proposed measure, we have
~ 1 1
GVC — RERVS-CH = 5(—0.0167) + 5(—0.0167) = —0.01 (10.8)

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 appreciation that is consistent with
intuition.

Figure 10.7 Shows the comparison of the two RER measures for China against the G7 countries.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 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.
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Figure 10.7 — Comparison of GVC-RER and standard RER bilateral exchange rates for China
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11 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
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
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(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 and final use 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 easily 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.?>We believe

our elasticity estimates provide a first step toward filling this void.
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Appendix

A Computation of linearized expression for Vf and QY in section 3.

From (5.15) and (6.7) we get:

AC _ {rC piX{y VT ~C
Q2 = ‘/2 + ( %/CVQC) ( op;” + JpQ) (A1>
Using the linearized first order conditions for final goods consumption (A.2) in the market

clearing condition (B.1) we get:

AC P2 F C cC 4 Pps F - crJ Pa F cu cU
Qs = F F F
ps QY p§ QY p§ QS

§FyC c HC | FC PgFCJ J J
= ( 2000 )(—9]32+9P +F)+( 2000 )( 0pS +6P +F) (A.2)
2 P2 &3
FCU N N
+< 000 >( 0pS + 0PV + FY) (A.3)
2

Using the expressions for the linearized CPIs ((B.6) (B.7) and (B.22) )) as well as (B.15) we can
write (A.2) as follows:
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Q5 = w(@Q)5BY +w(Q)% By + w(@QK P +w(@Q)% B +w(@)5 B +w(@)5 By (Ad)

Where

QS — o (X Xiéc FC" PEFSTN PV (PR EECN (PEFEC
A P Q) \ p§Qg ) \ PeFe

CFCJ FJJ XJC’ C’FCU FCU
& (ifgég)(pw) (3 ”)( )(;U;U) 9

C 1CJ JJJ
c 5 F. Py Fy
w(@)Y = 0 (;20520 ) (PJFJ) (A.6)
C CcC C CcC
cc ps by Py Fy
wQh = ( QS ) (PF) (A1)
vCy/C ey niele; ey nlele; vey/C CpCJ CpCJ
o) —— (pzc Vg ) (pzc 2 ) (pzc 20) ) (ch V(Q; ) (pzc 2 ) (p2J 2J)
Py Q5 Py Q5 PCF P53 Q5 P5 Q3 P'F

o (pzvovzc) (ngzc U) (ng ?U)
pS QS p§QY ) \ PVFU

(Q)CU — 4 p§F2CU plljFlljU
A AN

(Q)CU — 0 pQCFQCU nggU
e AN

From (A.1) and (A.4) we can write the demand for value added by (C,2) as a function of prices

as follows:

Vs = w(©)$7p8 + w)5 py” + w(v)SEp + w(v)Seps + w)SUpY + w(v)Sy oY (A8)

where
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)
ijC
w(V)5E = ngfw(pgcég)
2 %2
wV)g = w(@)4g’
w(V)g = w@g

Ve = w() Y + w(o) 5y + w©) 1B + w(v)iy 557 + w@) B +w)F Y (A9)
where
el nlelei
py F
w(V)E = (1— ;c;c)
CFOCN ([ pyCve
py F Vy
W)y = 9(;(;;0)( )
C pcc JC
py F' 71X
wV)f = 0 (;C;C) ( 12 ) (A.10)

w(V)%J = w(v)%U (V 12 —0

other expressions for the weighting matrix:

AC _ _9+QP§FCC e 10 py vy pyFyC PO pi XYy psFy ¢ AVJ (A.11)
! PeFC ) 11 p5Qs ) \ pere ) oy ) (pere

Solution of the single sector version of the model:

Final demand:

FIh = —op! + 0P + F" (h, f) € {(C,C), (J,J),(U,U),(C,J),(C,U)} (A.12)

Linearizing the expressions for the CPIs in the three countries((B.2)-(B.3)) we get:
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C CU U puuU
AU p F Ne; pF VU
P’ = (PUFU)p +(PUFU)p (A.13)

P = §° (A.14)
Pl = (%) P+ (%) ° (A.15)
The first order conditions for production are as follows:
I\ —0
R (fﬁ) ;
D

These along with the production function (6.6) and its associated price index can be linearized

as follows:

X7¢ = —op’ +0p° + Q¢ (A.16)
Ve = —op¥C +opS + QY (A.17)
vCy,/C VJyJC
o (P O pX > JC
v = (pCQC ) v +< p°QC )X (A18)
vVCy,C VJyJC
1 = (S )7+ (Do ) 7 (A19)
peQ pcQ

Next, the market clearing conditions (4.8) and (5.14) can be linearlized as follows:

Of — (chCC) poc (pCFCJ> A (pchch> fFeu (A.20)
peQc peQc peQc
JyvJC JrJJ

A P X > JC p F g

Q" = ( - >X + ( F (A.21)
p’/ Q7 p’ Q7

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) )

B Log Linearization:

A note on notation:
o for any variable Y2, 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
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foreign sector, followed by home country and finally foreign country
— vec (Y}) ,vec (Y1) ete are defined accordingly.
e Examples in a 2 by 2 case(m = n = 2)
—wvee (Y7) = (VL Yy Yo, Yo ViR VA28, Yok Yo Y YR YA YR ViR ViR YT aY2222)l
- vec (Yc@ (Y11, Yo, }/’217%275/1173/1275/217%9

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:

)
ol(e,)-1] ol(e,n—1
Raw expression X(£)S = | Dy e (wi§) Vo@D (Xig) olleD
i i ; (e n PiXY Cic
Log linearized expression X(g = Xt ize (m) X
Stacked vector:
(veelX(5)2) = Wixxn vee(XE) (B.1)
nm2Xn2m?2
olh(c,n)
» olh(e,n—1 . oihe -1 oIhie -1
Raw expression x5 = |we VoD () T 4 ()T D (X(f)g) D
Log linearized expression Xq=", (p 2 );;p’c ) Xie
Stacked Vector:
(vec(Xgl)) = Wixx wvec(Xy) (B.2)
nm?2Xn2m?2
o2 (c,l)
A o2(e.)=17 o2(e.)—1
Raw expression Xp=|Xm, (we )1/a (e (x¢e,) 2D
Log linearized expression Xp=x", (qixr ) X¢
Stacked vector:
vec(XlC) = (VI/Q)(AX)'n/anm,2 ’Uec(X.gl) (B3)
1 —teo
. o n i iNl—ol(c,l)] 1=l
Raw expression q(N)s = |2y ipe (W) (pE) (c )}
Log linearized expression 49 (f) = 201 i ( - gl);ic’l ) P’
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Log linearized expression
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Final goods consumption first order conditions:
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Fic = 04 B — P(f)s )+ F(f)s (B.10)
Fee = —0(e)(ps — P)+ F° (B.11)
F(fe = —0(c)(P(f)e— B+ B (B.12)
e = —0%(¢)(PS — P°) + F° (B.13)

We can combine these 4 conditions to write:

ic c

—01(c)pL + (01(c) — 627 (c)) P(f)s + (617 (c) — 62(c)) P + 62(c) P° + F°
—03"()pS + (0" (c) — 0°(c)) P¢ + 0°(c) P° + F°

S

cc

F,
F,

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

T (i # ¢) [(Y1)n2mxnmvec(0; (¢))nmx1] © [(Y2)n2mxnmvec(B)nmx1]

— = Jr(i = ¢) [(V1)n2mxnmvec(03 () nmx1] © [(Y2)n2mxnmvec(pt)nmx1]
Tei £ ) [¥s (vec(B( s — vec(O(e))msr)] © [Viveel PN ]
(Yivee(05" () nmx1 = (Ya)n2mxnvec(6%(¢))nmx1) © (YlveC(Pg)nmm)

[Yavec(0%(¢))nmx1] © [YSU@C(PC)nX1:| + V3¢

vec (F;C)
n?mX1

+ + o+

Where Y1 =1, I, Yo =1, 1, ® [,,,Y3 =1, [, ® 1,,, ® is the element by element multiplication operator
for two vectors and Jp(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.9) and (B.8),

vec (F;ZC) —— = Zpvec(pL)nmx1 + YsF°© (B.14)
n*mX1

where

(ZE) 2 xm = ¢) [(Y1)nzmxnmvec(0h(€))nmx1] © [(Y2)n2mxnm) (B.15)
- —JF( c) [(Yl)nsznme(@ih(0))nmxﬂ ® [(Y2)n2mxnm]
#¢) [Y1 (vec(02(c))nmx1 — vec(@lh(c))nle)] O [YiWrH]
(Yw@C(@ih(C))nle (Y3)n mxn0ec(6”())nmx1) © (YiWirp)
[Yavec(0%(¢))nmx1] @ [YsWarpWirp]

+ o+

Log linearizing Production first order conditions:
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iC
Xsl

ch

sl

*J; (C’ l)ﬁls +

‘/26

c
sl

ic
sl

cc
Xsl

(02 (¢,1)

_U;h(c’l)ﬁg +
—o3(c, l)) ar + a3(c,1)p

(o%(c,1)

e 4
= wi)( P
Dy
-l
l

o Q(f)zl

_ cc(pi)_”
= Wg |\~
qsl

a(f)

(c ps + a

0'

-0 (C7 l)qsl + U

(CHEY)

(U;h(c, 1) — o2

These n?m? equations can be stacked to write

vec (X;lc)
n2m?

where Cl = ]-n 024 Ian,CQ = ]-n ®In ® 1m ®Im,03 = In X ]-n (9 Im ® ]-m

+ o+ o+

—Jx (i #c) [Clvec (O’l(C, l))anXl]
(1) 2 x1]
1)) e x1
—vec (a®(c, l))nle)] ©
Cavec (az(c,l))nmXJ
® [Covec(pl)nmx1] + C2Qf

=c) [Clvec(
(i 75 c) [Cl (vec (ak(
[C’g (vec (
[Clvec (a
[Cgvec (O’

)nle
s (Cv l))nm2X1 -

3(C>l))nmx1]

in all indices that satisfy the condition y and zero elsewhere.

Combining this with (B.2) -

(B.6) we

get:
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—ob(e,Dpl + ot (e, Da(f)y

"(e,Dq(f)a +os

X(f)a
"(e, )qsl + X5

he, 1)ge, + X¢
"o, 1)df + X7

(B.16)
(B.17)
(B.18)
(B.19)
(B.20)

(B.21)

— ot (e,0) a(F)y + (o (e, 1) = o%(c,1) a5
—%(¢, 1) 4 + o* (e, Dpf + Qf
(¢, 1)) 4%

F+Qf

© [Cyvec(py)nmx1]
® [Cgvec(ﬁi)nmxﬂ
— vec (U;h(c, l))anXl)] © [C14(f)%]
[Caq7]
© [C1dy]

Jx(y) is an n?m by 1 vector with ones



vec (X;f) g = ZXvec(f)i)nle + C’g@lc (B.22)

where

Zx = —Jx(i+#c)[Civec(ol(c, l))anXl] © [Cs) (B.23)
Crvec (ai(c,1)), . ,] @ [Cs]

C1 (vee (oi(c,0)), 5y —veEC (ol (e, 0),2x1)] ©C1WxH]

[ c(o?(c, l))nle — vec (O’S(C,l))nle)] O [CoWox pWix p]

[Crvec (ol (c, l))n7rL2X1 — Cyvec (0(c, l))nle] © [C1Wixp]

(Cavee (6%(c.1) ] © 4

+ o+ o+ o+

Next, linearizing the production function we have:

vec (Q?) = (D), xtrm (vec (Vlc>)nmx1 + (D), 5 mm VEC (Xf) (B.24)
vee (pf) = Dyvec (p}°) + Dxvec (Gf) (B.25)

(here D, and Dx are nmXnm diagonal matrices denoting the shares of value added and
pUCVC
e
.We can use (B.5) and (B.6) in (B.25)to obtain the following expression

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

. EXE
and that of Dy is paor

linking price of gross output and price of value added:

vec (pAlC) = (I - DXngpwlxp)il vaec (p?c) (B26)
Log-linearizing the market clearing condition:
the market clearing conditions (4.8) can be linearized as:
R X IS F
Qi = X0y (B.27)
J Z Z Q: gt ; Qi

h=1 =1

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

equations to yield:

vec (@f) = (SF) ymxnzm VEC (F;fc) + (SX),1mxn2m2 VEC (ng) (B.28)

C Derivations of the expressions for GVC-REER and Q-TREER((5.21) and (5.30))

From (B.28) and (B.22) we get

vec (Qf) [[nm — SxCs] = (SxZx + SpZrp) vec (p]) + SpYsvec (FC> (C.1)
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using (B.26) in (C.1)and rearranging we get:

~

vec <Qlc> = []nm — Sxog]il (SXZX + SFZF) (I — DXwQXpwlxp)il vaGC (p?l> (CQ)

+ [Lnm — SXC’Q]fl SrYsvec <F’>

this is equation (5.30) in the main text.

~

Next, starting from the linearized production function vec (Qf) = D,vec (Vf) + Dxvec (ch)
we first use (B.3) and (B.2)to get:

vec (Q?) = D,vec (Vf) + DxWaoxxWixxvec (X;lc) (C.3)

substituting (B.22) in (C.3) and rearranging we get:

vec <Qlc) [[ — DXWQXle)(XcQ] = DUUGC (‘A/}C> + wagxxwlxxzxvec (ﬁlc) (04)

It can be shown that Wox xWixxCy = I and hence [I — DxWoxxWixxZ47Z] = D, so that the

above expression simplifies to:

vec <Qlc> = VecC (‘A/ZC> + D‘_/lDXwQX)(Wlx)(ZX (I — DXWQXlexp)fl vaec (p?c> (C5>

eliminating vec (Qf) from (C.2) and (C.5) we get:

vee (V) = {(Inm —SxC2)7 ' (SpZp +Sx2Zx) - Dy 'DxWaxxWixxZx} (I - DxWaxpWixp) ' Dyvee (5{€) (c.6)

+ (I—8xZ4%6)" " SpYsvee (F°)

It is easy to show the following identities:

([nm - SXCQ>_1 = DélBDQ (07)

(I — DxWoxpWixp) = B’ (C.8)

Substituting (C.7)and (C.8)in (C.6) we get (5.21) in the main text, with:

Wy = [DélBDQ(SFZF + Ssz) — D‘_/lDXwQXlexxzx} B,DV (Cg)

D Proofs of Propositions

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.
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The expression for the weighting matrix is given by:

w = {DélBDQ (SpZr + SxZx) — D;lDXW2XXW1XXZX} 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
21:Z4:1n®InEM2
Zy=1Us=1,®1, =M

Under the constant elasticity assumption, from (B.23) and (B.15) we have:

ZX = U(MQ - Ml) (D3)
Zp = O(MaWpp — M) (D.4)
Taking the partial derivative of (D.1) wrt
ow -1 /
S5 = D' BDQSE(MaWip — My)B'Dy (D.5)

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

Ow by _ .
= i — [DQlBDQSFMlB’DVLj i (D.6)

Simplifying the last term in the above expression gives (5.28) in the main text.

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

Wy = {(I — SxZ4Z6)" " — DJIDXWQXXWU(XZX} (I- DXW2XpW1Xp)_1 Dy (D.7)
where
Zx = 01(ZsWixp — Zs) + 02(Z4ZsWax pPWixp — ZsWixp) + 03(Z4Zs — Z4ZsWaxpWixp)
with
7=1, @I , Zo=1, @ (1, @ 1), Z3 = I, @ Ly, (Za)n2m2xnm? = 1n @ Lnm2, (Z5)n2m2 xnm =
I,1,®1,®1, and Zsg = (I, ® 1,,) ® I,
for m = 1, the different matrices in the above equation simplify as:
Z1=27y=1,Q 1, = My*
Ly ="1s=1,®1, =M

26in this section the matrices M; and M, are as defined in Bems and Johnson (2012) and are
different from the ones define earlier in this paper.
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W2FP = WZXX = W2XP = ]n

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

TopiQ;

Ix = 01(Z4W1XP - Z5) + 02(Z4ZGW2XPW1XP - Z4W1XP) + 03(2426 - Z4ZGW2XPW1XP)
= 01(M2W1XP - M1) + 02(M2W1XP - M2W1XP) + 03(M2 - M2W1XP)
= o1 (MaoWixp — My) + 03(My — MaWixp) (D.8)

Zr = 0(ZWipp — Zs) + 05 (21 ZsWappWipp — Z1Wipp)
= 0, (MyWpgp — M)

substituting all these in the expression for Zy, we get

Wy = —0 (I —SxMy) " Sp(My — MyWep)(I — Q) 'Dy
+ (I = SxM,)™" Sx [o1(MoWixp — My) + o3(Ma — MoWixp)] (I — Q)" Dy
— D;lDXWX [O’l(MQWlXP - Ml) + 03<M2 - M2W1XP)] (I - Q/)ilDV

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))

ij > whst

Wi (D.9)
imfm S wik(1 — sik) )
w s
k
where s/% = flalefeszk and w* = %(sales’ﬂ denotes gross sales from country i to country
n
7)

substituting the expressions for s/* and w® in W% and simplifying we get:

o 1 sales™ sales’
A : D.1
Wi m Tmim ; <Zn salesm> (Zl saleslk> (D-10)

, sales®™ sales™
Timim — 1 : D.11
! Z (Zn salesl’l) (Zz sales”“) ( )

k

where
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From parts 1-3 we know that under (A1),(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)
¢ k

. BJ __ pivvik pivvik
Wlth 1—; - Zk (Pivvi Pk Rk

under the assumption of no intermediates (A3)we have:

o P =pQ =V V=

o sales’t = pivVik = piy/ik

o Y, sales™ =% ptVm = pryr
o 3, sales’t = ¥, poyik = prpk

Substituting these in (D.10) and (D.11)
W = W)

imfm
Finally, using a. = ar = 0 we have
Wil = Wi,

imf

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 6.2
Part 1

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

under the constant elasticity assumption:

ZX - —Z5—|—Z4ZG (D13)
Lrp = —Uoy+ Z143WoppWirp (D14)

Here, without loss of generality we can assume that the elasticity is 1.
(I — SxZ,7¢)' = DélBDQ =\ (D.15)
(I — DxWaxpWixp)™' = B (D.16)
substituting (D.13),(D.14),(D.15) and (D.16) in (D.7)

Wy

[()\(SFZF +SxZx)— D;lDXW2XXW1XXZX] B'Dy

ASpZ1 ZsWarpWippB'Dy + [NSx ZaZ6 = A(SpZ2 + Sx Z5) — Dy DxWaxxWixxZx | B'Dy (D7)
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Using the identities SpZs + SxZs = I and Dy — DxWoxxWixxZx = (I — A) = B!, we can
show that the second term in (D.17) is the identity matrix, so that (D.17) reduces to:

WV - _Inm —|— )\SFZIZ?;WZFPWlFP[Bﬂ/Dv (D18)
- _[nm + MlmM2m

where

My, = ANSpZ1Z3
My, = WQFPWIFP[BZC],DU

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

are given by:

Wi = {(I ~ SYZ1ZY) T (SkZE + Sk ZK) — (D}))‘lD}(Wlxe}(} (I - DXWix,) ' 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 = — I + N SpZy Z;Wipp B D, (D.20)
where
M, = ASLziz) (D.21)

My = W11FP[BC]/D11;

the 2 country level weights are equal iff

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

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

(Ry My ) (Mo Ry) = My M, (D.23)
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mom ipic ci
man)y - 23 (AT

c=1 [=1 s=1

n m m -bjc ci
o, = 3505 (S

c=1 [=1 s=1

(M) = Z(
s = 3 ()

. 'uivi
here v! = (B2 ).
s pLQ%

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

viib“f@ Z ZZ[)ZCFC]VZ, j (D.24)
c=1

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 (6.14) in the main text.

Part 2:

Under (A3), (A4) and 6, = 6, (=1(wlog)) we have,

diag[ ]an [ ]an = I,

dmg[vl]nanm = [Bflnmxnm = Inm

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

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

(D.26)
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E Bootstrap moments of elasticities

Table 19 — Summary of Bootstrap moments Winsorized estimates

Consumption Elasticities Production Elasticities
91 elh 92 01 Ulh 02 03
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 6%, 1.774 is the 15th
percentile of the distribution of medians of the 1435 #' 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 ¢! 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. To estimate all observations it
will take about 60 hours.

F  Description of matrices defined in the main text with examples for the case with
n=m=2
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.

F.1 Matrix (WlXX)

nm2Xn2m?

(WlXX)TLﬂ’LQXanQ = [<W11XX>nm2Xnm2 ) (WfXX)anXan g oey ( {LXX)anXan} (Fl)
(dzag(Wka))mQXmQ OmQXmQ .. OszmZ
(Wi D2z = O xtm2 (diag(Wikx)) e xme - 02 xm2
1X X /nmXnm* —
OmQXmZ Om2Xm2 .. (dlag(Wf?(X))m2Xm2
(F.2)

- - - _— _— —
Wi o) _ P X1 P X1y X1, P X P Xz P Xonm
A P . (e i V- IO (s e ¥ mTml ) 2 ) .
i a1, X7, a5 X7,y A Xim @ X @ X7 5 T Xinm
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Example with n =m = 2

Wil _ _<p%X1111> (p%Xllzl) (p%lell) (péXz%)'
1XxXx ) ) )
L Q%1X111 C]%2X112 Q%1X211 Q%2X212 .
Wiz _ (Mﬂf) (p%X%r?) (p%lef) (p%X%§>
1XxXx ) ) )
L Q%1X121 Q%2X122 Q%1X221 Q%2X222 i
wa o [P (pXE (pXE (paXE
XX L C]%1)(111 ’ Q%2X112 ’ Q%1X211 ’ ‘J%2X212 i
Wz, - (prff) (p?X%) (p%Xif) (p§X§§)
Q%1X121 Q%2X122 7 Q§1X221 ’ Q%QX;%Q
plel
GE) 0 0 0 0 o
piXi3
o () o 0 0 0 0
lel
0 0 B 0 0 0 0
P%X2121>
—__ 0 0 0 <q%2X%2 0 0 0
e 0 0 0 0 B8 o 0
0 0 0 0 0 ”%Xg) 0
‘1%2X122 L ots
ps X
0 0 0 0 0 o (34
0 0 0 0 0 0 0
p%ﬁ)
(q—xr 2021 0 0 0 0 0
X
0 (;12);1122) 0 0 0 0 0
0 0o (%5 0 0 0 0
0 0 o (BE) o 0 0
W12XX = 2222 p2X22
1“*11
0 0 0 o (55) o 0
0 0 0 0 o (BE) o
p2X212
0 0 0 0 0 o (3%
0 0 0 0 0 0 0

Wxx = [W11XX> W12XX]

F.2 Matrices (Waoxx),mxnmz a0d (Woxp), v o (WaxP)mxnmz=Wox X ) nmxnm2)

(WQlXp)mez Ornxm2 0,302
(WQXp) X 2 = Ome2 (W22Xp) mXm?2 Ome2
nmXnm '
O xm? 0,152 (W2nxp) e
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( 2iXp)me2 - ((W2XP)me’ (W2XP)me " ( 217)?;’)me)

. qi:leil qiiQXIiQ qlicm lzcm
W ) :dzag( - . )
( 2XP ) mxm GXi 7 X ¢, X,

Example with n =m = 2

Uik 0
1,1 . qul
(W2Xp)me - 0 ql%Xli2
RS
Lk 0
1,2 o qul
(WQXP)me - 0 q%%X%
X5
‘I%%Xil O
2,1 . qul
(WQXp)me o 0 Q%2X122
a5 X3
qgéxgl 0
2,2 . a7 X5
(W2Xp)me o 0 ngXzzz
953 X3
q%1X111 0 ‘1%1X211 0
1 . qul qul
(WQX) 2 1=t 1 31 171 1yl
P/mXm 0 ‘h%X%Q 0 q2%X212
93 X5 23 X3
q11X121 0 q21X21 0
(Wix,) X e T
2Xp) mXm?2 0 Q1§X%2 0 q2§X%2
q5 X5 75 X3
1
‘111X11 0 ‘121X21 0 0 0 0 0
g Xl gl x]
0 W o @ 0 0 0
(Waxyp) ) 42X wXz 0, 2
P/nmXnm 0 0 0 0 911 X711 0 45, X5 0
q1X1 q%Xl
0 0 0 0 0 qf2X122 0 q22X222
a5 X5 a5 X3
Matrix (Wixp),,m2 xnm
11 21
(WlXp)mZXm (WlXp)mQXm . (WlXp)mZXm
(W12 ) (W22 ) (Wn2 )
1X 2 11X 2 . 1X 2
(WlXP)nm2Xnm — p' m2Xm p' m2Xm ' p' m2Xm
nn
(WlXp)mZXm (WlXp)mQXm ( 1XP)m2Xm
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(leg(p) m2Xm -

Example with n = m

(Wg{'p) mX1 Omx1 Omx1
ij \2
Ole (ng(p) mX1 Ole
Ole Ole (Wllé(I))Z)(l
(Wi " X P DX
1X m 9 RS ; y
Phmx1 qlﬂXlgl qulecz B Xiom

=2

1

e e
Xii qpX

o) = (B

QQ1X1 22X 2

(W12)1(p)1 _ (p%Xfll p%)(12121

X1 12 X1y

vt - (B

921X21 22X 3

(W11)2(p)1 _ ( X1112 X1122
G X7 X

(W11)2(p)2 _ < X2112 X2122

921X1 Q22 22

22 \1 P%X1212 prf%

(WlXp) - ( X2

Xt i X

(le)Q(p)Q _ < X2212 X2222

921X21 Q22 22

6K

W)
)
)
)
W)
)
)
%)



1x11
pll i 0

1
41 X
L g
11 ) — 412 X132
(W1XP 4X2 0 pix1i
ql Xl
Aot
0 R
922X 29
P%Xﬂl 0
X
0
21 — 412 X712
(Wle) = 0 p2X2
ql Xl
3 X
0 x
922 X32
X
Xy
B0
12 ) — 412 X7
(Wixp 0
q2 X2
27
0 B
932 X35
BxE
Xy
B0
22 — 4712 X12
(Wle) - 0 p2X22
q21x2
PR
0 L
932X 32
WXy o BXH
X 41X
P1X33 0 1 X5 0
q%2X112 a2 X1
Py X5 p3X3|
0 q21xl 0 ql Xl
pixfy Pax2]
0 ql Xl 0 ql Xl
Wlxp: 112 227722 2 x22 22722
o 0 Dk 0
My X X5
P1Xi3 0 pI X5 0
472 X1y 412 X1
pxg BXE
0 q 1X2 0 42, X3
932 X52 432 X35
Matrix (Sx),,, xn2m?
1
(SX )mxan Oanm2 .. Oanm2
2
(S ) = O X2 (SX)anm2 . O xnm?
X)pmXn2m2 —
mn
Oanm2 Oanm2 .. (SX)anm2
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S
o}

R
O
— N e N N N NS

21 _
Sy =

2 _
S¥ =

(S_lX)anmz = ((SE%)meQ ) (S:L)?)mxwp RN
(Ségl)le Ole
S| O (i
Ole Ole

) (S-I)?)meQ)

Ole

Ole

(S}gm) 1Xm

i i i
Xkl Xk2 ka

S = L k2 Dk
( Xk)le ( 2 2 Q2>

( 1 1

2 2
Xi
Ql" 9
Xt X33
Q Q3

XPOXP

( Q% ) % )

X3t X%%)
&%,
X X
111 112 0 O
1 1
Xll Xll
O 0 211 212
12 12 2 2
Xll X12 O
Q1 1
X12 X12
O 0 211 212
21 2 2
X X
121 122 O
! ! X21 X21
O 0 21 22
TQ —=
22 X122 2 2
X
121 122 0 O
1 1
0 0 M
THE TP I
Ql 1 1 1
X21 X21 X22 X22
ﬁ 122 0 0 121 Q122 O 0
! ! X21 X21 ! ! X22 X22
0 O _221 222 O 0 221 222
Q; @3 Ry Q3

70

(F.11)

(F.12)

(F.13)



Xll X11 X12 X12
s 00 HH 0 0 HH o
0 0 0 0 0 0 Q_1%1
0 0 0 0 0 0 0 0 0
Matrix (SF)nanQm
(S%)anm Oanm .. Oanm
Om nm 82 .- Om nm
(SF>nan2m X ( F)anm *
Oanm Oanm .- (S?')anm
(Slil?)anm = ((S};l)me ) (S?)me )t (S%L)me)
U0 .0
ij
(Siz-)me _ 0 Sy . 0
o 0 . SZ
ij _ (EY
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H Algebra with Armington aggregators

foc:

price index:

linearized version:
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J REER indices plots

Figure J.1
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