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Abstract

The role of terms-of-trade shocks in driving economic fluctuations is re-
visited through a multisector small open economy (SOE) model, where the
various types of goods can all be consumed and employed as inputs. Under
this assumption, we show that contrary to conventional wisdom, terms-of-
trade shocks may not necessarily trigger an economic boom for the exporting
country, if its export goods are intensively employed or consumed domestically.
We calibrate and estimate the proposed model using data from 15 emerging
countries and find that it performs better than the standard model to explain
the different impacts of terms-of-trade shocks across countries documented by

Schmitt-Grohe and Uribe (2018).
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1 Introduction

Developping economies are known to exhibit high macroeconomic volatility. Semi-
nal papers such as Mendoza, 1991 and Kose, 2002 have led to conventional wisdom
suggesting that terms-of-trade shocks explain a large fraction of economic fluctu-
ations in emerging countries. In a recent paper, Schmitt-Grohé and Uribe, 2018
challenge this prediction. They estimate a country-specific structural vector autore-
gression (SVAR) model based on 38 countries and show that the share of variance
of macroeconomic indicators explained by terms-of-trade shocks represents approxi-
mately 10% on average, and not 30% as is commonly thought. They also perform a
rigorous comparative analysis with a theoretical business cycle model, and find that
once variables are measured in the same units as in the data, theoretical and em-
pirical predictions converge on average. However, at the country-by-country level,
theoretical results tend to over-estimate impulse responses of macroeconomic ag-
gregates. They conclude therefore that it is necessary to understand origins of this
disconnect problem, and discuss some potential avenues.

This disconnect could be partly driven by the fact that a single world price
(terms of trade) may fail to capture the transmission mechanism of world shocks as
advocated by Fernandez, Schmitt-Grohé, and Uribe, 2017. The authors show that
multiple world prices (of commodities) constitute a channel through which world
shocks propagate better. Their results indicate that commodity price shocks explain
a large fraction of business cycle fluctuations. In this case, an improvement of the
empirical model pushes the empirical results closer to the theoretical predictions.
Schmitt-Grohé and Uribe, 2018 argue that another way to resolve this disconnect
could involve modifying the theoretical SOE model to allow for government policy
to isolate fluctuations in terms of trade, which would attenuate their role.

I suggest in this paper a further proposition that consists of generalizing the
theoretical SOE model used by Schmitt-Grohé and Uribe, 2018, in a way to in-
corporate explicitely the input-ouput structure of an economy so as to calibrate it
accurately for each country. The structure of the standard SOE model they use and

its calibration are indeed such that the input-output structure implicitely induced



is the same for each country, with a domestic absorption of the export good rep-
resenting only 5% of total output versus a median of 29% indicated by real data.
In consequence, following a price increase of the export good on world markets (a
terms-of-trade shock of 10 % for example), it is normal that the standard model
tends to over-estimate the economic expansion generated for the exporting country
(2% of growth on impact for each country), given it under-evaluates the negative
effects related to its domestic use in terms of consumption and production. Improv-
ing the standard model as proposed allows to calibrate accurately the structure of
the global demand for each country, and hence, to better account for the dampening
effects of the increase in production and consumption prices following a terms-of-
trade shock. Indeed, unless the degree of substitution between goods is relatively
high in the domestic economy, a price increase of the export good on world markets
discourages also production efforts through higher costs and lower real payoffs.

The alternative structure proposed to extend the standard SOE model is close
those of existing input-output models, like for example Jones, 2011 or Johnson, 2014.
The incoporation of an explicit input-output structure to the SOE model is in fact
technically easier when assuming production functions that include intermediate
goods in addition to capital and labor. This makes the structure different from the
(round about) production system of the standard version of the model where capital
and labor produce intermediate goods first, and where final goods are obtained in a
second step by transforming different types of intermediate goods. Such a structure
implies indeed a complicated calibration and constrained endogenous prices. In
the proposed framework, any good can be used as an intermediate or capital good
to reproduce itself, and can eventually be consumed. The structure of the model
replicates exactly the one of input-output national accounts data, and it is the
calibration which indicates whether a sector good can be viewed as essentially an
intermediate or fixed capital input, or a final consumption good. The price of the
import, export and non-tradable good are left exogenous and estimated using real
data, for instance terms of trade, output, consumption, investment and the trade
balance.

Before evaluating the contribution of the proposed theoretical model, I start with



a discussion of empirical facts regarding the domestic use of export goods, and an
SVAR analysis of the role of terms-of-trade shocks based on 15 emerging countries.
I then follow the same comparision methodology as Schmitt-Grohé and Uribe, 2018
and find that the theoretical results of the proposed model (we will refer to as the
SOE-IO model) confirm on average the moderate effect of terms-of-trade shocks
of approximately 10% obtain with the SVAR model. That is, external shocks on
export prices do not explain a large fraction of output volatility. In some cases, the
dampening effects related to the global demand can also totally offset the positive
effects of the supply side, so that the overall impact on output can even be nil, if
not negative.

Using the estimated SOE-IO model, I also propose to analyse quantitatively
the effects of different kinds of input-output structures within a domestic economy
and to make a comparative analysis across countries. I conclude from this exercise
that it is important to account for the right country-specific economic structure to
understand the propagation of shocks on world prices to the domestic country and
their impact on the dynamics of macroeconomic aggregates.

The remainder of this paper is organized as follows. Section 2 presents empirical
facts regarding country-specific input-output structures and recalls the results of
the SVAR model of Schmitt-Grohé and Uribe, 2018 about the role of terms-of-trade
shocks in economic fluctuations. Section 3 develops a theoretical three-sector SOE
model based on the structure of input-output data tables. Section 4 describes the
calibration and estimation strategy. Section 5 analyzes the results in comparison
with the empirical SVAR model. Section 6 investigates the role of the input-output
structure regarding responses of macroeconomic aggregates to terms-of-trade shocks.
Section 7 presents a sensitivity analysis of results with respect to different degrees

of elasticity of substitution between goods., and section 8 concludes.



2 Empirical facts

2.1 Domestic use of export goods

The input-output structure of an economy matters for the impacts of terms-of-trade
shocks. For example, a commodity exporter should produce more if the international
price of that commodity rises. However, if the exported good is intensively employed
in the domestic country with limited scope for substitution by other products, the
price increase of that good translates into a higher general production and con-
sumption price index (PPI and CPI, respectively), which may consequently dampen
or eventually offset the growth cycle. Hence, in studying the role of terms-of-trade
shocks, it is useful to first highlight, through empirical data, the heterogeneity across
countries in terms of input-output structure, and precisely in terms of domestic use
of export goods. It is also interesting to examine the effects of variations of export
prices on production and consumption price indexes.

In this paper, I consider 15 countries of the 38 studied in Schmitt-Grohé and
Uribe, 2018 for which the appropriate input-output data required to calibrate the
theoretical model in section 3.4 are available; data come from from the World Input
Output Database (Winput-outputD) and the OECD Input-Output Tables. Those
countries are Argentina, Brazil, Colombia, Costa Rica, India, Indonesia, Malaysia,
Mexico, Morocco, Peru, Philippines, South Africa, South Korea, Thailand, and
Turkey. The first task is to define how to classify all sectors of each country within

one of our three categories: the import, export and nontradable sectors. To do so,
M;+X;
PQ; 7

where M; refers to imports and X to exports. Below a certain low degree p*, a

I set up a simple rule based on the degree of openness formalized by p; =

sector is classified into the nontradable good sector, and above this limit, the sign of
net exports is what determines whether the good is importable or exportable. Using
input-output data from 2000, I determine the degree px that allows us to obtain the
same size of the nontradable good sector as Schmitt-Grohé and Uribe, 2018 for each
country, that is 50% of GDP. Nonetheless, I suggest an upper limit for this degree
P*kmaz = 20%, above which it becomes relatively implausible to define a sector as a

nontradable one.



Table 1: Domestic Use of Export goods (%) and Price Index correlations

Sectors Prices Correlations
Country M X N | I C |Global | p(APY,AP,) p(APY AP,)
Argentina 33 55 25|10 25 29 0.082 -0.013
Brazil 20 45 21|18 19 22 0.017 0.071
Colombia 33 57 18 | 11 32 32 0.38 0.36
Costa Rica 10 39 32|68 24 29 NA 0.49
India 28 42 28 |19 34 32 0.25 0.402
Indonesia 29 41 30| 4 28 21 0.46 0.24
South Korea | 22 62 27 | 30 19 32 0.65 0.76
Malaysia 22 66 40|23 35 40 0.012 0.55
Mexico 28 49 25|28 21 21 -0.12 0.33
Morocco 10 42 20| 2 30 24 -0.19 0.37
Peru 12 43 19| 1 20 20 -0.011 0.28
Philippines | 4 43 10|14 3 11 0.31 0.59
South Africa | 39 54 30 | 21 31 36 0.19 0.5
Thailand 31 50 39|26 33 36 0.73 0.75
Turkey 26 55 22| 9 31 27 0.10 0.63
Median 26 49 25|18 28 29 0.14 0.40

Note: The table displays the shares of export goods in total intermediate goods used by each
sector (M,X,N), the shares of export goods in total investment and consumption and a global
share calculated with respect to total output. Data on shares of export goods are obtained by
aggregating Winput-outputD and OECD Input-Output Data from 2000 by sector. Data on export
good prices, PPI and CPI are obtained from Penn World Tables and Trading Economics.

Table 1 presents the proportions of export goods used by each country as to-
tal intermediate consumption, total investment and total consumption. The use of
export goods as intermediate consumption is detailed by sectors M, X, and N, re-
ferring to the import, export and nontradable good sectors, respectively. The total
share is computed as the ratio of export goods absorbed domestically versus total
output. We notice that for 8 countries out of 15, the use and consumption of export
goods represents more than 29% of their total production. The highest shares are
40% for Malaysia and 36% for Thailand. In both countries, a large portion of ex-

port goods consists of products of mass consumption, for instance food, fuel, hotels



and restaurants, nonmetallic materials and plastics, textiles and wood. The lowest
share appears to be 11% for the Philippines. The country hardly consumes any ex-
port goods, which primarily consist of textile products, leather and footwear, wood
products, computer and electronic equipment, manufacturing machinery, R&D and
business activities.

In the last two columns, I represent the correlation of coefficients of growth
rates of export good prices and growth rates of PPI and CPI of each country. In
almost all countries (for which data are available), I notice a significant positive
correlation between variations in export good prices and variations in the PPI and
CPI (medians are 14.4% and 40.2%, respectively). Additionally, as expected, coun-
tries that use intensively export goods as production factors tend to exhibit strong
correlations between production price index and export good prices (for example,
Thailand, Colombia, South Korea and India), and countries that employ small frac-
tions of export goods tend to exhibit low or even negative correlation coefficients
(Turkey, Peru, Morocco, Argentina, and Brazil). On the final demand side, almost
all countries consume a significant share of export goods (the median value is 28%),
which is in accordance with high correlations of export good and consumption price

index variations.

2.2 Empirical analysis of terms of trade shocks

This paper is an attempt to resolve the problem of the disconnect between theoretical
and empirical predictions of Schmitt-Grohé and Uribe, 2018 concerning the effects
of terms-of-trade shocks across countries. Given that my contribution consists in
improving the theoretical model, I recall the results of their empirical SVAR model
to make the same comparisons. The terms-of-trade effect is estimated country by
country based on annual data (from 1980 to 2011) provided by the WDI database.
We recall for instance the specification they present in section 3 of their paper,
which includes the U.S. interest spread, the terms-of-trade variable, the U.S. dollar
real exchange rate, gross domestic product (GDP), the gross fixed capital formation
(investment), consumption, and the trade balance to output ratio. We concentrate

on the 15 countries specified previously for which detailed input-output data is



available (out of 38 in the benchmark study of Schmitt-Grohé and Uribe, 2018).
The terms-of-trade variable is defined as the ratio of the export to the import

price index, denoted respectively P,; and P,;:

P
tot, = =

mt

The real exchange rate included in the SVAR model is defined as:

Us

P
RER, = L
t €t P, )

where ¢; denotes the dollar price in domestic currency, PY® represents the U.S.
consumption price index, and P, is the domestic consumption price index.

All variables are expressed in log deviations from a quadratic trend (the results
are shown by SGU to be robust to HP filtering and first differencing). We note that
the trade balance is divided by this estimated quadratic trend. The SVAR model is
given by:

Aozy = A1y 1 + (1)

where z; denotes the vector of variables:

Ty =

Il
<
<

RER,

We let fot;, 5, ﬁ)t, Ui, Ci, iy, and R/E\Rt respectively denote log deviations of the
terms of trade, the interest spread, the trade balance ratio, real output per capita,
real private consumption per capita, real gross investment per capita, and the real
exchange rate from their respective quadratic trends. The objects Ay and A; are
7-by-7 matrices, and Ag is assumed to be lower triangular, which implies that all
variables do not affect the terms of trade contemporaneously. In line with the

theoretical specification argued by Schmitt-Grohé and Uribe, 2018, I impose the



restriction that all elements of the first two rows of A; be zero, except the first
and second. The variable pu; is a 7-by-1 vector of random variables with mean zero
and variance-covariance matrix . The reduced form of the model is obtained by

premultiplying the system by Aj*:
Ty = Al’t_l + HEt, (2)

where A = A1 Ay, 1= A;'SY2 and ¢, = ¥7V/2p,. By construction, ¢, is a random
vector with mean zero and identity variance-covariance matrix. The resulting system

is supposed to be such that the first two equations take the form:

tOtt ajp Q12 tOtt_l 11 0 €§Ot
= + (3)
S¢ Q21 A22 Sg—1 To1 T22 Ef

The innovations to the terms-of-trade and interest spread equations €/ and € relate

to the interpretation of the terms-of-trade shock and the interest spread shock,
respectively. The system assumes that the terms-of-trade shock affects the interest
spread contemporaneously, whereas spread shocks impact the terms of trade with
one time delay.! The reduced form of the model is then estimated country by country
by OLS (detailed results are presented in the Appendix). We find that the cross-
country median of the estimated autocorrelation coefficient aq; is close to that of the
entire sample of countries in Schmitt-Grohé and Uribe, 2018, with a value of 0.56
(versus 0.52), which confirms that terms-of-trade shocks vanish relatively quickly.
The median standard deviation of 0.078 is also comparable (versus 0.08).

Figure 1 presents the median impulse response functions of the macroeconomic
variables included in the SVAR model following a terms-of-trade shock of 10% (a
value close to the median standard deviation of 0.08). As in the case of the entire
sample of 38 countries, the trade balance increases by 0.5% GDP on impact. In other
words, the results of our sample confirm the Harberger-Laursen-Metzler (HLM)
effect obtained not only by Schmitt-Grohé and Uribe, 2018 but also by Otto, 2003,

who used a sample of 40 developing countries between 1960 and 1996.

Tn their paper, Schmitt-Grohé and Uribe, 2018 also consider the possible alternative assump-
tion that interest spread shocks affect terms of trade contemporaneously. They show that the

results and conclusions are robust to the choice of specification.
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Figure 1: SVAR Impulse response functions following a 10% terms-of-trade shock
Note: Impulse responses are represented as point-by-point medians across countries. The country-

specific impulse responses are presented in appendix with 66% confidence intervals.

The increase in terms-of-trade causes a response of real GDP growth on impact
of 1%, which is higher than that obtained for the 38 countries in Schmitt-Grohé and

Uribe, 2018, for instance, 0.36%. This median response remains sufficiently low to



reject the idea that terms-of-trade shocks play important roles in the business fluctu-
ations of emerging countries. Concerning other responses, our sample confirms that
private consumption contracts on impact before expanding above its equilibrium
path. It also confirms that investment reacts positively, or even contemporaneously
in this case. The real exchange rate appreciates above 2% on impact (versus 1.6%

when considering the 38 countries) and appears to be slightly more persistent.

Table 2: Share of variances explained by terms-of-trade shocks

Country tot s tb y ¢ 1 RER
Argentina 97 5 27 13 12 9 29
Brazil 90 20 51 16 5 31 48
Colombia 98 1 8 19 5 16 14
Costa Rica 88 14 17 2 2 2 1
India 8% 3 4 5 19 1 1
Indonesia 97 8 6 11 10 15 7
Korea 4 13 5 3 3 12 11
Malaysia 9% 2 8 7 4 7 2
Mexico 8 3 9 10 9 7 26
Morocco 97 11 2 1 0 2 5
Peru 99 22 17 24 16 26 19

Philippines 99 10 23 20 22 7 36
South Africa 87T 9 3 3 2 10

Thailand 7319 26 24 25 23 32
Turkey 94 5 3 15 17 31 7
Median 949 8 9 11 9 9 11

Med Abs Dev. 5 5 6 8 6 7 9

As noted by Schmitt-Grohé and Uribe, 2018, responses differ substantially at
the country level. For instance, the observed expansions in output and in the trade
balance are not significant for 7 and 9 countries out of 15, respectively, in view of the

66% confidence interval including zero (please refer to the Appendix). This remark
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applies also to the other variables included in the SVAR model. As a conclusion,
there is no evidence, through the lens of an empirical SVAR model, that terms-of-
trade shocks constitute a major source of business cycles of emerging and resource-
limited countries, as suggested by conventional wisdom. Another way to observe the
moderate effect of terms-of-trade shocks is to examine the Table 2, which presents
the share of variance of macroeconomic variables they explain. We indeed notice
that terms-of-trade shocks explain approximately 10% of the volatility of macro
variables on average. An interesting question is now to determine whether extending
the theoretical model of Schmitt-Grohé and Uribe, 2018 to account for the country-
specific input-output structure can help improve understanding of the different roles

of terms-of-trade shocks across countries.

3 The theoretical model

3.1 The supply side

We consider three sectors indexed by j = m, z, n, with for instance m referring to an
import good sector, x to an export good sector, and n to a nontradable good sector.
Each sector is composed of a large number of identical firms which employ labour
and the goods produced as fixed and intermediate capital goods. This multi-sector
model replicates the empirical structure of input-output tables. The technology in

cach sector exhibits constant returns to scale (CRS) and is defined as:
Qje = Bl K;(X0)*(AeLje) ] Vi(Xy)” (4)

where Qj¢, V;(Xy), K;(X;), and Lj; denote respectively gross production, aggregate
intermediate consumption, aggregate fixed capital, and labor employed by sector
j at time t. The level of aggregate capital and intermediate consumption in each

sector is expressed as a function of quantities of goods produced in the economy

X = (Xont, Xat, Xot). Producers chose V;(X), K;(X;), and Lj; so as to maximize:
Iy = pju@se — upK;(X0) — wi Ly — B Vi(Xy)

where u;; denotes the capital remuneration rate paid by sector j, Pth is the price

index of the intermediate good basket used by sector j, w;; is the wage rate paid,
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and p;; denotes the price of good j at time ¢. The first-order conditions are given

by:

PitQir [K;(Xy), Ljy, Vi(X1)] = uje (5)
P Qi K;(Xy), Ljt, Vi(Xt)] = wjs (6)
Pt Qiv[K;(Xe), Lit, Vi(Xe)] = P (7)

3.2 Households

We recall the period utility function assumed by Schmitt-Grohé and Uribe, 2018.

Households are supposed to maximize:

2. [C(X}) = G(Lyi, L, L) — 1
By 3" gt 1000 = G, Lot L)
t=0

o (®)

where C'(X;) denotes aggregate consumption and where:

L™ L= L™
G(Lmt7 tha Lnt) — Tmt + T_Zt + Tnt

with v, 7, 72, and 7,, > 0. This specification implies limited scope for labor mobility
across sectors in case of different wages (as soon as 7; is significantly greater than
1.) To simplify notations, let C; = C(X}), Kj; = K;(X;), and Vj; = V;(X;). Let
also real investment of sector j be defined as [;; = I;(X;). The sequential budget
constraint faced by the household when maximizing this objective function is defined

as:

_ ; D
PtCCt + Z (PtI] [jt + % (Kjt+1 - Kjt)Q) - ?Tt;ttl - gtDt —|— Z (thKjt + 'Uthth) )
J J

where P denotes the consumption price index, Ptlj is the investment price index
associated to the aggregate investment in fixed capital [ in sector j (expressed in
real terms). The parameters ¢; refer to a capital adjustment cost in each sector.
It is assumed indeed that final goods invested are not equally transformed into
productive capital. The quantity & D, represents the amount of foreign debt due at
time ¢ in domestic currency, & represents the outstanding nominal exchange rate,

and r; denotes the debt interest rate from period ¢t to t+1. I assume that the nominal

12



exchange rate of the small open economy is affected by terms-of-trade shocks and

follows an AR(1) process given by:

log(&) = pelog(§—1) + el 9)

where €°! refers to the terms-of-trade innovation and 7¢, to the standard deviation

of its impact. The laws of motion of capital are defined as?:
Koo = (1= 0)Kj + Iy (10)

The resolution of the household’s program consists in choosing Cy, Lj;, Dyyq,
and K11, (j=m,x,n), so as to maximize the objective function (8) subject to the
sequential budget constraint. The first-order conditions are (the detailed resolution

is described in the Appendix):

UC(Ct7 Lmt7 L:cta Lnt)

PtC = )\t (1]‘)
—ULJ- (Ct, Loty Ly, Lnt) = )\twjt (12)
A&t = B(1+ 1) Eedii1&en (13)

MIPP 4 6 (Kjipr — K1) = BE A1 [wjern + (1= 6) P + ¢5(Kjiya — Kipr)] (14)

3.3 Equilibrium of markets

Equilibrium of commodity markets implies :
I ol Vi 5V
Wi PEC 4> wil P L+ wid BV + NXiy = puQu (15)
J J

for i,5 = m,x,n. The amount N X;; denotes net exports of good 7 at time ¢, and

wg, wz-lt", and ng denote respecively optimal budget shares of final consumption,

2We suppose same functions for the aggregate measure of capital and investment. The assump-
tion of an aggregate investment good can also be found in Fernandez, Gonzalez, and Rodriguez,

2018.
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investment, and interemdiate consumption spent on good i. Letting C(X;), 1(X}),
and V(X;) be given by a CES Argminton aggregator, Armington, 1969), it is well
known that price indexes and optimal shares maximizing C'(X;), I(X), and V(X;)

have the following forms:

c ) 1/(1-o¢) o pC\ ¢
Py = <chpitac> Wit :Cigc( t ) ) (16)

1/(1—0’]A) I Or..
) or. l—oy. . or. P J
P () = () a7)

Dit

and

v oy, 1-ay,\ /A7) : ov. [ P\
B = (Zyijvjpit VJ) wzyt] = Vijvj ( t' ) ’ (18)
p Pit
where (;, k;j, and v;; define positive parameters of the corresponding CES aggrega-
tors, and where o¢, or;, and oy, correspond to degrees of elasticity of substitution
between goods. Having defined equilibrium price indexes and budget shares, the
resolution for the steady-state general equilibrium implies to determine the set of
amounts NX NX* and NX that satisfy equation (38) Vi, j = m,z,n.. For the
sake of simplicity, I let x;; = K, wiltj = wl ,and P’ = P!, ¥j = m,z,n (note in-
deed that information regarding gross fixed capital formation by sector is generally
missing in input-output data.) As well, I propose 0 = o¢ = 07, = ov;, Vj = m,z,n
(to reduce the number of variables estimated next).
Summing equation 38 over each good ¢ and combining the result with the budget
constraint leads to:

€Dy
f;; — &= ;%’(ij — Kji) — ; NXy (19)

which means that indebtment finances net imports and capital adjustment costs.

The trade balance is given by:

gtDt—&-l

TB, = — - &D 20
=~ — 4Dy (20)
The real exchange rate is expressed as:
PC*
RER, = & L (21)
B

14



where PC* corresponds to the foreign consumption price index (for instance the
U.S. consumption price index in the empirical counterpart) . The SVAR specifica-
tion considers that terms-of-trade shocks influence the real-exchange rate, but not
the reverse. Hence, assuming that changes in export good prices of the domestic
country exert no real impacts on this foreign consumption price index, allows simpli-
fication of the measure of the theoretical real exchange rate dynamics (for instance,
RER, = %)

Definition

Assuming an economy of J sectors that are indexed by j and that each produce a
specific good i € J, a competitive equilibrium is a set of J x 16 +9 processes K141,
‘/jta th; At th; [jt; Cit, Wg; Wilt; wxj; Ujt, Wit Py, Py, Ptc, Ptlj; Pth, Dy, 1, St
TB;, RER, and NXj;, satisfying equations (4) to (21), given the initial conditions
Ko, Vjo, and D_;.

We finally define theoretical counterparts of real output, real consumption and real
investment as, respectively, Y, = 1/P, Zj PitYit, I, = 1/P, Zj P!I;, and C, =
/P> i PCC,, where P, = Y i DitYie / Zj p;Yj: defines the theoretical counterpart

of a Paasch production price index (i.e., the price deflator used in the data).

3.4 Price and Interest Premium shocks

The context of a small open economy means that the country has no possibility to
influence world prices or the world interest rate. The economy is supposed to take
export and import prices as given and to adjust to shocks that occur within world
markets. To analyze the macroeconomic dynamics following a terms-of-trade shock,
I propose to recall the estimated system of equation (3), and to implement it within
the theroetical model. Letting P,,; = P,, = 1 Vt, where P,, denotes the steady-state
price of the export good, I can express the theoretical terms of trade as tot; = P,y
and let log deviations from steady-state log(P,;) correspond to tot;.

I also make the plaussible assumption that the price of non-tradable good is

affected by terms-of-trade shocks, through the following rule :

15



10g(Prt) = prlog(Pni—1) + 7€ + o 6%, (22)

assuming the steady-state price P,. is equal to 1. Note that I let the possibility
for terms-of-trade shocks to affect the price of the non-tradable good with one time
delay. Parameters 7" and 77, refer to standard deviations of the terms-of-trade
innovation at time ¢ and ¢ — 1.

The domestic interest rate is given by:

re =1 s+ (PP — 1) (23)

where r* denotes the world interest rate, v, a debt premium sensitivity parameter,
s¢, the theoretical counterpart of the interest spread included in the SVAR model,
and D, represents the aggregate level of external debt per capita that households

assume as exogenous.

4 Calibration Strategy and Estimation

4.1 Standard parameters

The model admitting a more general technological structure than the standard SGU
model is greater in size, with 57 endogenous variables and 46 parameters. Nonethe-
less, because its structure is directly in line with inpu-output data, the character-
ization of the steady state is greatly simplified. All parameters of the model that
appear in equilibrium conditions evaluated at the steady state (36 parameters) are
calibrated, and the remaining (10) parameters, which are o, ¢, ¢; (j=m,x,n), p,, 7",
Tags Pe and 7¢, are estimated by matching impulse response functions of macroe-
conomic variables obtained with the SVAR model. Tables 6 and 4 summarize the
calibration and estimation of all parameters.

The 36 calibrated parameters are oy, Bj, 0;, 8, 8, v, Pr, Pr, Pr, 7, &5, v}

i 0 Yigo

c

70

(r* + s*), and D*, Vi,j € J. For some of them, I simply recall the values
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from Schmitt-Grohé and Uribe, 2018. We let for instance v = 2. As well, I let
ap = = 0.35, o, = 0.25, 7* = 0.07, f = 7475 = 0.9 (with s* = 0.04), and
0 = 0.1. T also deduce the value of D* to obtain a trade balance-to-output ratio of
1%. Ilet 6; be the share of intermediate consumption among total output given by
sector data (presented in section 2.1). Because I assume perfectly divisible goods,
I define the units of output in each sector such that P,, = P,. = P,., = 1. We
let the relative values of B; determine the sizes of sectors and note that absolute
levels of B; are calibrated to approximate the consumption-output ratio. The values
of 7; are set to 1.455 Vj = m,x,n to ensure a Frisch elasticity of laborsupply of
2.2. Input-output parameters k;, v;;, and (; are calibrated to match, respectively,

the observed investment budget shares w’ (supposed as equal for all sectors), the

observed intermediate consumption shares of goods used by each sector wxj , and the

observed final consumption shares of goods defined previously as w$. In each case,
values of the parameters are calibrated under the assumption of steady-state price

indexes normalized to 1. The calibration is indeed simplified with (; = (wg ) e

1/o
_ (., I\ (Vi
ki = (wh) ', and vy = (%‘t .

Y

4.2 Estimation

We propose to estimate the set of parameters

d = [U ¢m ¢x ¢n w Pn " 7Tlr¢ng Pe 7T€]

through the same partial information method as in Schmitt-Grohé and Uribe, 2018.
The method consists of matching the theoretical impulse responses implied by terms-
of-trade shocks, of output, consumptio, investment, and the real-exchange rate to
the empirical responses of the SVAR model. We use the first five years of each
of the impulse response functions weighted by the inverse of the width of the 66%

confidence interval (denoted below by A;;). We set ® as the solution that minimizes:
4
1
Mi — |IRF3°F~19(®) — IRF},
m;. Z Atj‘ K ) Y
=0 j=V,6,1,RER
where [ RF{?OE -1 O(@) and I RF}; respectively denote the impulse response at time ¢

of the variable j following the terms-of-trade shock, obtained through the theoretical
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Table 3: Calibrated parameters

Parameters Description Source Value
5y CRRA SGU (2018) 2

) Depreciation rate SGU (2018) 0.1
4 st Risk-free interest rate + spread ~ SGU (2018) 0.11

Ié] Time Discounting rate SGU (2018) 0.9009
Ol Qi Capital shares (X and M sector) SGU (2018) 0.35

an Capital share (N sector) SGU (2018) 0.25

P Final good prices set 1

D External debt calibrated to target TBY = 1% Table9
0; Intermediate consumption share SGU (2018) 0.5

B; Total Productivity parameters calibrated to target sector shares Table9
Tj Utility parameters SGU (2018) 1.455

G Preference parameter equal to (ob,(;j ) /e Tablel0
Ki Technological parameter equal to (&F,) /e Tablel1
Vij Technological parameter equal to (oﬁ)zvt] ) e Table 12

We let @ refer to the observed budget shares given by input-output data. Values are displayed in
Tables 9 to 12 in the Appendix

SOE-IO and the empirical SVAR model. The weighting factor is defined by the
inverse of A, which represents the width of the 66% confidence intervals of the

variable j at time ¢.

5 Results

Results of the estimation are summarized in table 5 (details are reported in table
13 in the Appendix). The median of capital adjustment costs are close to standard
values in the literature (4 to 8). The debt elasticity parameter is 5.13 and the overall
degree of elasticity of substitution between goods is estimated at 0.75 (the literature
indicates an interval between 0.5 and 1.) Terms-of-trade shocks transmit to the
price of the non tradable good, but effects are not persistent (the AR parameter p,
is estimated at 0.3). Results by countries are displayed in the Appendix. Figure 2

below reports the median of the impulse responses to a 10 percent terms-of-trade
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Table 4: Estimated parameters

Parameters Description Source Value
o CES parameter estimated Tablel3
Debt elasticity parameter estimated Tablel3
?; Capital adjustment costs estimated Tablel3
Pn AR(1) parameter Non-tradable Price estimated Tablel3
Tn Stderr of shock on Non-Tradable Price estimated Tablel3
Tlag Stderr of lagged shock on Non-Tradable Price estimated Tablel3
Pe AR(1) parameter Nom. Exch. rate estimated Tablel3
¢ Stderr of lagged shock on Nom.Exch.rate estimated Tablel3
an VAR coefficient SGU (2018) Table 7
a12 VAR coefficient SGU (2018) Table 7
a91 VAR coefficient SGU (2018) Table 7
as2 VAR coefficient SGU (2018) Table 7
11 VAR coefficient SGU (2018) Table 7
21 VAR coefficient SGU (2018) Table 7
99 VAR coefficient SGU (2018) Table 7

shock of the 15 countries in consideration. The proposed SOE-IO model fits rela-
tively better the empirical SVAR predictions compared to the standard SOE model.
It predicts lower median responses of real output, real consumption and investment
and reproduces the shape of the dynamics of most aggregate variables remarkably

well.

Table 5: Results of Estimation

Om  Px Pn (0 g Pn " 77'17:19 Pe 7t
Median 802 4 4.1 5.13 0.75 0.3 0.03 0.02 0.88 -0.01

Note: The minimization program is solved starting from restricted guess values (and through a

CMAES algorithm).

Figure 3 helps understanding the propagation of terms-of-trade shocks in the
domestic economy by presenting impulse responses of marcoeconomic variables dis-

agregated over sectors and goods. It gives for instance details about theoretical
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impulse responses displayed in Figure 2. An increase of the relative price of ex-
portables generates an expansion of production in the export good sector by at-
tracting more resources through higher real remunerations. In parallel, production
falls in the import good sector and remains relatively constant in the non-tradable
one (second row of the Figure 3). Overall, the response of real aggregate output
is slightly positive. In order to match this response, the price of the non-tradable
good is predicted to increase so as to obtain producers in that sector maintain same
quantities of output. The mechanism described is qualitatively similar to the one
of Schmitt-Grohé and Uribe, 2018, however, variations appear amplified in the pre-
sented model. The higher response of the export good sector (left panel of second
row of Figure 3) is caused by a more important inflow of labor from the import
good sector, that results essentially from the effect of the consumption price index.
The real wage is indeed more impacted in the presented model where export goods
constitute a significant fraction of domestic consumption.

Both theoretical models predict correctly the increase of real investment following
a terms of trade shock that is expected to be persistent (right panel of the third row
in Figure 2). In each case, the export good sector is predicted to attract more capital
resources to the detriment of the import good sector (third row of Figure 3). As
regards real consumption, the presented model does slightly better in reproducing
the shape of the empirical response (left panel of the third row in Figure 2). At
the disagregated level, real consumption of import goods decreases contrary to real
consumption of export and non-tradable goods (fourth row of Figure 3). Such a
result has to do with the degree of elasticity of substitution which is relatively low.
Indeed, as discussed in the last section, the median impulse response of the model
is very close to the perfect complement case; the degree of elasticity of substitution
needs to increase significantly to obtain a real consumption of export and non-
tradable goods decrease to the benefit of relatively cheaper import goods.

This analysis of the quality of fit of the theoretical models to the data, should be
completed by a country-by-country comparison of shares of variances of macroeco-
nomic indicators explained by terms-of-trade shocks. Theoretical shares of variances

are defined as ratios of theoretical variances conditionnal on terms of trade shocks
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Terms of Trade Interest Spread

10

Trade Balance to Output ratio Real Output
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Figure 2: Impulse responses following a 10% terms-of-trade shock
Note: Impulse responses are represented as point-by-point medians across countries. The country-

specific impulse responses are presented in appendix with 66% confidence intervals.

to unconditionnal variances obtained with the SVAR model. Figure 4 displays the
empirical shares of variance of real output against the theoretical ones obtained

with the standard SOE model and the alternative SOE-IO version proposed. Simi-
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Figure 3: Theoretical impulse responses following a 10% terms-of-trade shock for

additionnal variables

Note: Impulse responses are represented as point-by-point medians across countries.

lar figures for real consumption, real investment, the trade balance-to-output ratio
and the real exchange rate are presented in Figure 5. If the points lie on the 45
degree line, theoretical predictions confirm empirical ones for each country. As can
be seen, the presented SOE-IO model tends to confirm most of the different impacts
of terms of trade shocs on real GDP predicted by the SVAR model by ordering each
point around the 45 degree line. It also predicts better the country responses of
real consumption and real investment than the standard model, in view of a more
apparent positive realtionship (first and second row of Figure 5). Concerning the
real exchange rate, results are obtained by matching impulse responses of an AR(1)
process with the data. Some refinements remain however necessary to bring the
model closer to the observed dynamics of the trade-balance-to-output ratio.
Should we conclude that accounting for the country-specific input-output struc-

ture is the main reason of the imrpovement of the quality of fit 7 The answer is
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Figure 4: Comparison of Variances of Real GDP

actually no at this step given the models differ in several respects. To clarify the
contribution of the input-output structure, we propose therefore to perform some

simulation exercises.

6 The role of the input-output structure

6.1 Analysis within a domestic economy

The goal of this section is to quantify the role of the input-output structure. In a
first subsection, the idea is to analyse within a domestic economy how the structure
of the global demand for intermediate, investment and consumption goods affects
the dynamics in response to terms-of-trade shocks. The second subsection addresses
a global comparative analysis over the different countries of the sample.

In the literature using the standard SOE model, the greater the size of the export
good sector, the greater the favorable impact on the domestic country following a
relative price increase of the export good. The role of the input-output structure of
the economy is precisely to amplify or dampens this positive impact (and in a general
manner, the impact of a sector size). Assuming two countries which differ only across
their input-output structure, the one which employs more intensively the goods

getting more expensive after a given shock, with limited possibilities to substitute,
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Figure 5: Comparison of Variances of Real Macro Variables

should obviously experience the lowest economic expansion. Production is indeed
discouraged through both input prices and through the higher consumption price
index which causes to reduce real remunerations. This first subsection quantifies the
effects related to higher prices of capital goods, intermediate goods, and consumption

goods.
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Starting from calibrated and estimated models, we consider 3 alternative input-
output structures for each country. The first one (scenario 1) assumes that each
country uses no export goods as intermediates; i.e., vy; = 0, Vj = m,x,n. The
second one (scenario 2) considers no use of export goods in terms of intermediate
and capital goods; i.e., v,; = 0 and x, = 0, Vj = m,x,n. The last one (scenario
3) considers no use of export goods at all; ie., v,; = 0, kK, = 0, and ¢, = 0,
V7 = m,x,n. In each scenario, it is assumed that the use of non-tradable and
import goods remains proportionnal.

The median impulse responses corresponding to the fitted SOE-IO model and
to each scenario are presented in Figure 6. As expected, the less the export good is
employed within the domestic economy, the larger the resulting expansion from the
relative increase of the export good price (conversely, from scenario 3 to scenario 1,
one obtains the dampening effects of a more intensive use). Excluding the use of
exports as intermediate goods produces a significant positive effect on real output,
which can be understood through equations derived from the producers program.
Indeed, when sectors use export goods as intermediates, the increase of produc-
tion costs resuling from the terms-of-trade shock causes an incentive to reduce the
quantities of intermediate goods, which in turn makes labor less productive. Firms
decrease therefore their use of labor, so that output declines immediately in each
sector. As regards the marginal effect of excluding export goods from capital inputs
(scenario 2), its size appears almost neglible for all macro indicators. This is how-
ever not the case for what concerns the marginal effect of eliminating exports from
the consumption basket (scenario 3). It can indeed be noticed that the consump-
tion price index increases less, since in that case, it is affected by the non-tradable
price only. Note that the increase of the price of the non tradable good should not
necessarily be viewed as a consequence of higher production costs, but also as the

result of the markets equilibrium dynamics.

6.2 A cross-country analysis

In this section, I evaluate whether the heterogeneity in terms of input-output struc-

ture across countries plays an important role in theoretical predictions presented
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Figure 6: Theoretical impulse responses for different levels of use of exports
Note: Impulse responses are represented as point-by-point medians across countries for each sce-
nario; scenario 1 being the one where exports are not employed as intermediates, scenario 2 being
the one where exports are neither used as intermediate nore as capital goods, and scenario 3 being

the one where export goods are not employed at all.

Expressed differently, do the heterogenous reponses across countries dis-

cussed in the previous section depend significantly on the input-output structure

of their economy ? One way to address this question is to consider once again the
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calibrated and estimated models for the 15 countries, and to analyze the effects of
inter-changing their respective input-output structure. Table 6 recalls the median
proportions of export goods used domestically (from Table 1) and presents two al-
ternative scenarios in terms of input-output structure for each country: the first
involves increasing proportions of export goods employed in the production system
and consumed by households up to the same levels as Malaysia (sample maximum),
and the second involves decreasing the proportions down to those of the Philippines

(sample minimum).

Table 6: Domestic Use of Export goods (%)

Sectors
Country M X N | Invest. | Cons.
Median 26 49 25 18 28
Scenario 1 (Malysia) 22 66 40 23 35
Scenario 2 (Philippines) | 4 43 10 14 3

Figure 7 displays median impulse responses of the fitted SOE-IO model and the
two scenarios of the simulation exercise for the enitre sample of countries. If all
countries had an input-output structure comparable to the one of Malaysia, the
growth cycle would be offset by the increase of domestic prices (on impact of a
terms-of-trade shock of 10%), real output drops of -1.6%). The consumption price
index for example increases above 2% (instead of 0.9%). On the opposite, if all
countries had an input-output structure comparable to the one of Philippines, the
predicted mediane growth rate of the sample would be this time around 5% in
real terms. Hence, differences across countries in terms of production and global
demand structures influence considerably the impact of terms-of-trade shocks. The
comparision of theoretical and empirical shares of variance realized by Schmitt-
Grohé and Uribe, 2018 should thus necessarily account for the country specific
input-output structures. Figure 8 confirms this necessity. It shows that shares of
variances can be drastically altered when assuming unconform economic structures.

The important role of the input-output structure can also be confirmed in a
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Figure 7: Theoretical impulse responses for different levels of use of exports
Note: Impulse responses are represented as point-by-point medians across countries for each sce-
nario; scenario 1 assumes the input-output structure of Malaysia in each country, and scenario 2,

the input-output structure of Philippines in each country.

simple way. The median response of output calculated over countries with a rate of
domestic use of exports below the sample median of 29% (see Table 1) reaches a level
of 1.6% on impact of a 10% terms-of-trade shock, whereas the median calculated for

countries above 29% reaches only 0.7% on impact.
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Malaysia and Philippines

7 The role of the elasticity of substitution

This section presents a sensitivity analysis of results with respect to different degrees
of elasticity of substitution between goods. Indeed, if the role of terms-of-trade
shocks in explaining business cycles of an emerging country directly related to the
global supply and demand structure of its economy, then it necessarily depends
also upon the nature of the goods produced, employed as inputs and consumed.
Specifically, the more goods are substitutes, the more a country can benefit from a
price increase on world markets. A value of the degree of elasticity of substitution
approaching zero for example, corresponds to the perfect complement case where
the dampening effect of the input-output channel is maximal. On the opposite, an
extremely high value corresponds to the perfect substitute case where the input-
output structure does not influence the role of terms-of-trade shocks anymore.

The sample median of the degrees of elasticity of substitution has been reported
previously to be 0.75. Departing from the calibrated and estimated models as in
the previous section, I propose to simulate impulse responses for different values of
the degree of elaticity of substitution, everything equal.

Results are displayed in Figure 9. The case of perfect of substitute goods consti-
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Figure 9: Theoretical impulse responses for different levels of use of exports
Note: Impulse responses are represented as point-by-point medians across countries for each sce-
nario; the figure presents results of the model and results of simulations when changing the elasticity

of substitution between goods.

tutes, as expected, the upper-bound limit of the economic expansion generated by a
10% terms-of-trade shock. Real output increases on impact by approximately 11%,
which appears almost two times more than in the case studied previously under the

assumption of no domestic absorption of export goods (scenario 3 in section 6.1).
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Indeed, perfect substitution implies stable price indexes, whereas in the previous
case of no absorption of export goods, the increase of the non-tradable price affects
production and consumption costs. As regards the case of perfect complementarity,
results appear close to median impulse responses of estimated models. The response
of real output reaches 3.2% on impact when the degree of elasticity of substitution
between goods is supposed equal to 15, hence, almost three times the growth impact

obtained through the median response of countries.

8 Conclusion

This article extends the study of Schmitt-Grohé and Uribe, 2018 concerning the
impacts of terms-of-trade shocks on business fluctuations of emerging and resource-
limited countries. Indeed, it appears that theoretical and empirical predictions do
not converge at the country-by-country level. This disconnect problem might be
resolved either by dampening the theoretical effects of terms-of-trade shocks or by
increasing the empirical effects related to shocks on world prices as proposed by
Fernandez, Schmitt-Grohé, and Uribe, 2017. In this paper, I focus on how to mit-
igate the theoretical overprediction of macroeconomic fluctuations in emerging and
resource-limited countries following a price increase of their export goods on world
markets. I study this question through an alternative multisector SOE model which
can be calibrated on real input-output data with precision. This allows to better
account for the structure of the domestic global demand, and to set the right level
of domesic absorption of export goods (29% on average versus a calibration of only
5% in Schmitt-Grohé and Uribe, 2018). Depending indeed on how much a country
uses its own export goods as intermediate, capital or consumption goods (under the
hypothesis of imperfectly substitute goods), the growth effects of a terms-of-trade
shock can either be dampened or amplified through the channel of production costs.

The proposed model appears to resolve the disconnect problem with theoretical
impulse responses and shares of variances closer to the empirical results. It is then
used to evaluate the role of the input-output structure regarding the hetergenous

responses to terms-of-trade shocks across countries. The analysis confirms in several
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ways that accounting for the right specific input-output structure of an economy is
fundamental to understand and measure the domestic impacts of shocks on export
and import prices.

The proposed SOE model confirms the minor impacts of terms-of-trade shocks on
macroeconomic fluctuations of emerging countries predicted by an SVAR model. It
would be interesting to analyze what this SOE model teaches about the conclusions
of Fernandez, Schmitt-Grohé, and Uribe, 2017 concerning the greater impacts of

shocks on commodity prices.
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9 Appendix

A1l.Description of Data Sources
The paper uses the same data as Schmitt-Grohe and Uribe (2018) for the SVAR
model, for instance World Bank’s World Development Indicators (WDI) database.

The raw data from this source consists of the following annual time series.

e Net barter terms of trade index (2000 = 100), TT.PRI,MRCH.XD.WD

GDP per capita in constant local currency units, NY.GDP.PCAP.KN

Gross capital formation (% of GDP), NE.GDL.TOTL.ZS

Imports of goods and service (% of GDP), NE.IMP.GNFS.ZS

Exports of goods and service (% of GDP), NE.EXP.GNFS.ZS

Households consumption expenditure (% of GDP), NE.CON.PETC.ZS

Consumer price index (2010 = 100), FP.CPL.TOTL.

Official exchange rate (LCU per US dollars, period average), PA.NUS.FCRF

Real effective exchange rate index (2005 = 100), PX.REX.REER.

The paper uses also input-output data of year 2000 to calibrate the SOE-IO

model:

e OECD Input-Output Database is used for Argentina, Colombia, Costa-Rica,

Peru, Malaysia, Morocco, The Philippines, Thailand, and South Africa.

e WIOD data for Brazil, India, Indonesia,South Korea, Mexico, and Turkey.
The study of correlations of prices indexes in section 2 uses data from:

e Penn World Tables for the export and consumption price index.

e WDI for the Wholesle price and Trading Economics for the Production price

index
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10 Appendix

A2.The empirical SVAR model: Estimated parameters

Table 7: The joint law of motion of the terms of trade and interest spread:

Parameter estimates of SGU (2018)

Country a1l a12 a21 a22 11 21 22

Argentina 0.3932 0.7545 -0.0204 0.5429 0.0783 0.0033 0.0127
Brazil 0.6094 1.5689 -0.0457 0.4277 0.0802 -0.0014 0.0124
Columbia 0.2898 0.6119 0.0002 0.5269 0.0818 -0.0016 0.0132
Costa Rica 0.5664 1.3821 -0.0457 0.4918 0.0695 -0.0007 0.0126
India 0.6051 1.6957 -0.0170 0.5401 0.0858 0.0004 0.0131
Indonesia 0.5654 -1.0671 0.0220 0.4588 0.1066 0.0002 0.0127
Korea 0.6595 1.2577 -0.0717 0.5465 0.0414 0.0013 0.0126
Malaysia 0.4990 0.6063 -0.0236 0.5327 0.0533 0.0019 0.0130
Mexico 0.7450 -1.6568 0.0106 0.5461 0.0876 -0.0018 0.0131
Morocco 0.4358 -0.5860 -0.0034 0.5293 0.0609 0.0045 0.0125
Peru 0.5444 0.4493 -0.0395 0.4433 0.0842 -0.0030 0.0124
Philippines 0.5452 0.5154 -0.0346 0.4725 0.0832 0.0009 0.0127
South Africa 0.7374 0.9740 -0.0486 0.5276 0.0376 0.0019 0.0128
Thailand 0.6171 1.2616 -0.1072 0.4672 0.0352 -0.0006 0.0120
Turkey 0.3270 0.6590 -0.0523 0.5190 0.0445 -0.0004 0.0130
Median 0.5654 0.6590 -0.0346 0.5269 0.0783 0.0002 0.0127

Med Abs Dev. 0.0664 0.5987  0.0176 0.0192 0.0093 0.0016 0.0003
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A3. The theoretical model:Calibrated and estimated parameters

Table 8: Sector shares by country

Country Pk Sm Su Sn
Argentina 5.9 21 29 49
Brazil 1.9 30 17 53

Colombia 5.7 14 36 51
Costa Rica 15 30 35 35

India 4 19 31 50
Indonesia 15 13 35 51
Korea 8.5 20 30 50
Malaysia 15 31 45 25
Mexico 5.8 19 31 50
Morocco 15 38 21 42
Peru 10 27 26 48

Philippines 14 40 11 49
Sth Africa 14 15 36 50
Thailand 15 22 37 41
Turkey 17 23 26 51
Average 10.8 24.1 30.3 45.9
Std Dev. 51 82 8 7.3

Note: Sector size s,,, Sz, and s, are all expressed in percentage.
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Table 9: Country specific calibrated parameters

Country Dx B, B, B, 0, 0, 0,
Argentina 0.2 165 204 205 53 48 28
Brazil 0.23 202 185 22 58 56 42

Colombia 0.22 1.67 198 215 58 46 35
Costa Rica 0.16 1.87 1.79 187 47 56 31

India 0.16 1.69 191 205 51 52 38
Indonesia 0.06 148 163 1.65 61 52 41
Korea 0.0r 16 175 1.8 59 65 42
Malaysia 0.036 1.59 1.63 150 59 69 50
Mexico 011 16 183 1.72 60 45 28
Morocco 0.19 1.89 1.87 192 47 59 31
Peru 0.16 1.85 1.78 2.06 45 62 37

Philippines  0.17 198 1.5 2.04 55 70 33
Sth Africa 0.15 1.7 182 207 64 60 47
Thailand 0.1 175 177 1.9 61 61 42
Turkey 0.13 1.65 195 198 53 60 47

Average 014 17 19 19 55 57 38
Std Dev. 006 01 01 02 59 79 72
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Table 10: Share of final consumption

Country Wl Ww¢ Wl oy

Argentina 25 25 50 0.87
Brazil 24 20 56 0.85
Colombia 20 30 50 0.9

Costa Rica 35 26 40 0.79

India 14 36 50 0.82
Indonesia 20 23 57 0.58
Korea 18 18 64 0.63
Malaysia 25 34 41 0.51
Mexico 27 20 53 0.72
Morocco 27 30 43 0.82
Peru 22 20 58 0.82

Philippines 45 5 50 0.86
South Africa 13 31 56 0.82
Thailand 17 34 49 0.71
Turkey 26 21 54 0.75
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Table 11: Shares of investment

Country wl

Argentina 26 11 63
Brazil 19 20 61
Colombia 24 12 65
Costa Rica 32 65 3

India 20 19 61
Indonesia 21 3 77
Korea 14 29 57
Malaysia 33 22 44
Mexico 10 27 63
Morocco 48 5 48
Peru 37 1 62

Philippines 35 15 50
South Africa 29 22 48
Thailand 32 25 43
Turkey 31 11 57
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Table 12: Shares of intermediate consumption

Country whm Vm o Y¥m o GVe  GVe Ve gV Ve Ve
Argentina 25 56 19 46 33 21 35 25 40
Brazil 33 48 19 63 19 18 43 21 36
Colombia 25 56 19 46 33 21 27 18 55
Costa Rica 54 38 8 63 11 26 39 30 30
India 25 42 33 56 28 17 30 27 43
Indonesia 16 40 4 39 28 33 30 30 39
Korea 25 63 13 60 22 18 29 26 45
Malaysia 33 66 1 22 67 11 37 39 24
Mexico 33 48 19 57 29 14 39 24 37
Morocco 47 41 2 75 11 14 63 21 17
Peru 29 42 29 66 9 25 34 19 47
Philippines 50 42 8 71 5 24 65 10 25
South Africa 22 54 24 35 38 27 19 31 50
Thailand 26 53 21 61 30 9 34 38 28
Turkey 26 57 17 o1 27 22 25 23 52
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Table 13: Country specific estimates

Country DOm o On P o Pn sk Uy g Pe wé
Argentina 2.12 1.08 2.04 5.13 095 0.06 0.05 0.05 0.54 -0.21
Brazil 802 0.13 795 711 095 0.1 0.09 0.03 0.99 -0.02
Colombia 15.5  2.26 0.1 5 0.5 035 0.02 0.03 0.995 0.01
Costa 10.79 15.65 10.41 0.31 0.25 0.31 -0.05 -0.01 0.975 -0.005
India 4.05  3.98 4 25 0.75 051 0.045 0.03 0.65 0.05
Indonesia 24.1  25.78 25.08 495 0.2 0 0.06 0.02 0.88 0.05
Korea 24.87 25.02 2356 0.25 0.1 0.45 0 0.03 0.85 -0.015
Malaysia 44.78 42 431 15 0.15 0.3 0.07 0 0.5  0.045
Mexico 241 251 2561 10 0.95 0.05 0.03 0.03 0.51 -0.02
Morocco 4.02 1.1 395 4.06 095 0.05 -0.015 -0.015 0.5 -0.02
Peru 0.6 4 0.45 5 095 0.9 0.015 0.015 0.95 0.06
Philippines 4.21 2.1 1.94 10 095 095 -0.01 0.045 0.9 0.05
South Africa 1.95 10 41 202 02 01 003 0.005 099 0.02
Thailand 15.62 14.16 4.5 10 095 099 -0.03 -0.02 0.99 -0.04
Turkey 0.5 0.11 0.1 15 05 0.15 0.03 0 0.71  -0.02
Mediane 8.02 4 4.1 513 0.75 0.3 0.03 0.02 0.88 -0.1

Note: Parameters are computed using the CMA-ES and Csminwel algorithm. Interval bounds

are constrained to [0.01, 50]. Remind also that ccgps = 0¢ = o7 = oy, Vj =m, x,n.

41



AG6. The theoretical model: Resolution
Producers

The production function is given by:

Qjt = Bl K;(Xy)* (A L) 1 Vi (Xy) (24)

where Qji, V;(X:), K;(X;), and L;; denote respectively gross production, aggregate
intermediate consumption, aggregate fixed capital, and labor employed by sector
j at time t. The level of aggregate capital and intermediate consumption in each
sector is expressed as a function of quantities of goods produced in the economy

X = (Xont, X1, Xot). Producers chose V;(X;), K;(X;), and Lj; so as to maximize:

Hjt = pthjt - thKj (Xt) - wthjt - PthV}'(Xt)

where uj; denotes the capital remuneration rate paid by sector j, Pth is the price
index of the intermediate good basket used by sector j, w;; is the wage rate paid,
and pj;; denotes the price of good j at time t. The first-order conditions of the

Producer are given by:

Pt Qi [K;(Xy), L, Vi (Xe)] = uje (25)
Pt Qi [K;(Xe), Lje, Vi(Xi)] = wye (26)
it Qiv[E;(Xy), Liv, Vi(Xy)] = P, (27)

Households

Households maximize the following objective function:

2. [Cy — G(Lmt, Lyp, L) |4 — 1
EOZBt[ = Gl tl_ty 2 (28)
t=0
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where C} is given by:
Cy = (Cmcﬁwt + CxCa/:)t + Cnczt)l/p (29)

and where:

L™ L= L™
mt 4 b + nt

Tm Tx Tn

G(Lmt7 L:Et? Lnt) = (3())

Simplifying notations with Kj;; = K;(X;) and I;; = I;(X;), the sequential budget

constraint is defined as:

. €1 D
PFCy+ Z PtIJIjt + @5 (Kje — Kji) = %;jl — Dy + Z wje K + wieLje, (31)
J J

The law of motion for capital Kj; is given by:

Kjip1 = (1= 0) Ky + I (32)

This equation is to be substituted in the previous sequential budget constraint.
Derivation of first order conditions:

First order conditions with respect to consumption:

UC<Ot) Lmt7 tha Lnt)
Ptc

=\ (33)

where Ug refers to the marginal utility of consumption C;. First order conditions

with respect to labor Lj;:

—ULJ- (Ct, Lints Lty Lut) = Mwj (34)

which means
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wjt

Ti—1 __
First order conditions with respect to external debt:
A& = B(L+ 1) By A& (36)

First order conditions with respect to capital K11, Vj = m, x, n:
NP + ¢5(K e = K0)] = BEAealujers + (1= )Py + 05(Kjesz = Kyea)] (37)

At this step the steady-state equilibruim value of K*, C*, Y* and I* are condi-
tionnal on values of PX and Ptlj . In other words, if index prices are known, then

steady-state values of macro variables can be easily solved for.
Intra-temporal General equilibrium:

During eah period t, the following system of equation holds.

WEPCC+ Y wi PP L+ wid PVie + NXy = puQan (38)
: .

J

for 4,7 = m, z,n. The amount N X;; denotes net exports of good i at time ¢, and w$,
wiItj , and wxj denote respecively optimal budget shares of final consumption, invest-
ment, and interemdiate consumption spent on good i. Letting C(X}), I;(X;), and
V;(X}) be given by a CES Argminton aggregator, Armington, 1969), and assuming

that 1;(X}) is the same Vj:
Cy = (Cmcfnt + GCp + CnCSt)l/p (39)

where C),; is the domestic quantity of consumption of the import good (note that

Cyne is more convenient than C'(X,,;))

I = (kpIb, + Ko I8, + linITth)l/p (40)
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Vit = (U Vi (Xonje)” + Vi Vi(Xje)? + v Vi (Xge)") 7, (41)

Households chose C,,;, Cyy, Cpy which maximize Cy, or equation (39) under the bud-

get constraint:

PmtCmit + P2t Cot + PriCpt = PtCOt (42)
Households chose I,,,;, 1,4, I,; which maximize I; under the budget constraint:
Pttt + Dot Lot + pridrs = P/, (43)

Households chose V;(X,,,t), Vj(Xujt), and V;(X,, ;) which maximize Vjt, Vj = m, z,n

under the budget constraint:

Pt Vi (Xinje) + 0ot Vi (Xuje) + e Vi (Xnje = PthVjt (44)

It will be shown next that maximizing (39), (40), and (41), with respect to (42),
(43), and (44) gives:

c 1 V=) c PEY°
. (Zci”pﬁ‘”) WG = ;’(p ) , (45)
1t

%

. o1 1/(1-0) . PI]- o
P = ( I{ijjpzlt_a) Wi = “f( . ) 5 (46)

Dit

i

and

V. oy, 1/(A=0) 7 PVJ 7
o= (Tuw) e () ()
- it
C

where w, wk, and wxj represent optimal shares of respective budgets PCC;, P,
and PthVjt and where o = 1%/). We can now solve for all steady-state variables and
deduce values of NX/ so that the system of equations 38 is satisfied.
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Derivation of the consumption price index:

Let A; be the lagrange multiplier. The first order condition with respect to Ci;

Vk =m,z,n is:

1/p—1
[C G(LmtathaLnt ( Z Gi lt) %Cit_l = A\Dkt (48)

=m,xr,n

If I let:
gt - At[ct - G(Lmt7 L:Et7 Lm&)]’y

then, I obtain same conditions as those of the standard static optimzation program

of the consumer with a CES utility function. We have:

1/p—1
(Z Cz‘@’i) Crlhy ' = Eepe (49)

Multiplying this condition by c¢x; and summing over k gives:

1/p—1
P po_
( E Czczt) § Ckckt—ft E PrtCrt
i=m,T,n k=m,z,n k=m,x.n

which means:

Ct = ftPtCCt

or,
1

&

We thus need to solve equation (40) for &. We can rewrite this equation as:

= pf

_ 1 _
Cht t= aftpkt(z GCH)! e
We then raise each side to the power prl and multiply by (; to obtain:
R S Tl Z GCf)

Summing now over k gives the consumption price index:

Ptc = <Z Qlippz;g_pp>

p—1
P
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A5. The role of the exchange rate regime
Responses to terms-of-trade shocks should differ according to the exchange rate
regime of a country. Precisely, under a flexible exchange regime, external shocks
should be damped through the equilibrium adjustment mechanism. In other words,
the volatility of macro variables in response to external shocks should be attenuated.
Figue 10 illustrates this phenomenon. Countries with a fixed exchange rate tend to

experience large fluctuations around the equilibrium with a more persisten impact.

Real Output Real Consumption

o
o

2 4 6 8 10 ' 2 4 6 8 10

Real Investment Trade Balance to Output ratio

N
N

o
o

2 4 6 8 10 2 4 6 8 10

Fixed Nominal Exchange rate Flexible Nominal Exchange rate|

Figure 10: SVAR Impulse responses : Role of the exchange rate regime
Note: Impulse responses are represented as point-by-point medians across countries (which are
classified according o their respective exchange rate regime). Fixed exchange rate countries over
the period are Argentina, Malaysia and Thailand. Impulse responses are generated by a 10%

terms-of-trgade shock.
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A7. Country-by-country impulse responses

Figure 11: Impulse Responses of the Models : Argentina
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Figure 12: Impulse Responses of the Models : Brazil
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Note: Dashed lines correspond to the 66% confidence band.
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Figure 13: Impulse Responses of the Models : Colombia
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Figure 14: Impulse Responses of the Models : Costa Rica
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Figure 15: Impulse Responses of the Models : India
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Figure 16: Impulse Responses of the Models : Indonesia
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Figure 17: Impulse Responses of the Models : South Korea
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Figure 18: Impulse Responses of the Models : Malaysia
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Figure 19: Impulse Responses of the Models : Mexico
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Figure 20: Impulse Responses of the Models : Morocco

Note: Dashed lines correspond to the 66% confidence band.
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Figure 21: Impulse Responses of the Models : Peru
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Note: Dashed lines correspond to the 66% confidence band.
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Figure 22: Impulse Responses of the Models : The Philippines
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Figure 23: Impulse Responses of the Models : South Africa
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Figure 24: Impulse Responses of the Models : Thailand
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Figure 25: Impulse Responses of the Models : Turkey
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