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Abstract

We study the role of domestic production networks in the transmission of commodity price shocks in small open
economies. We provide empirical evidence of a strong propagation of commodity price shocks to quantities
produced in domestic sectors that supply intermediate inputs to commodity sectors (upstream propagation) and a
muted propagation to sectors using commodities as intermediate inputs (downstream propagation). We develop a
small open economy production network model to explain these transmission patterns. We show that the domestic
production network is crucial in shaping the propagation of commodity prices. The two key mechanisms that
rationalize the evidence are i) the foreign demand channel and ii) the input-output substitution channel. These two
channels amplify the upstream propagation of commodity price changes, by increasing the demand for non-
commodity inputs, and, at the same time, they mitigate the downstream cost channel by allowing firms to use
relatively cheaper primary inputs in production.

Resumen

Estudiamos el papel de las redes de produccion doméstica en la transmision de choques de precios de los
commodities en economias pequefias economias. Proporcionamos evidencia empirica de una fuerte propagacion de
los precios de los commodities a las cantidades producidas en los sectores nacionales que proveen insumos
intermedios a los sectores productores de commodities (propagacion aguas arriba) y una propagacion nula a
cantidades producidas de los sectores que utilizan commodities como insumos intermedios (propagacion aguas
abajo). Desarrollamos un modelo de economia abierta pequefia con redes productivas domesticas para explicar
estos patrones de transmision. Mostramos que la red de produccion nacional es crucial en la propagacion de los
precios de los commodities. Los dos mecanismos clave que racionalizan las evidencia son i) el canal de la
demanda externa y ii) el canal sustitucion de insumos. Estos dos canales amplifican la propagacion aguas arriba del
precio de los commodities al aumentar la demanda de insumos domésticos y, al mismo tiempo, mitigan el canal de
costos (propagacion aguas abajo) al permitir que las empresas utilicen insumos de produccién que son

relativamente mas baratos.
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1 Introduction

This paper analyzes the propagation of commodity price shocks through domestic production
networks in small open economies on both quantities and prices. We take advantage of two
stylized facts. First, commodity sectors— mining, agriculture, and food sectors—are central
sectors in small open economies, both as suppliers and buyers of intermediate inputs, which
gives them a potential role as a source of supply and demand shocks’ propagation. Second,
commodity price shocks are only mildly correlated across sectors within a country. Therefore,
as commodity prices are exogenous to the economies we analyze, we have an ideal scenario to
study the propagation of sectoral commodity price shocks along the production chain.

We first provide empirical evidence of a strong upstream propagation on quantities—to
sectors providing intermediate inputs to commodity sectors—of commodity price shocks in
a sample of nine small open economies for the period 1995-2009. In a production network
setup where each sector buys intermediate inputs from other sectors, commodity price booms
(busts) generate an increase (decrease) in intermediate input demand. We also show that,
while commodity price shocks increase the price of downstream sectors—i.e., those sectors
buying from the commodity sector to produce their output—they have no real effect on the
output of downstream sectors. Commodity price shocks thus appear to propagate mainly as
a demand-side shock in small open economies.

We then develop a small open economy model featuring a domestic production network
to explain these empirical patterns. Our model features labor and capital that are supplied
inelastically. While capital is specific to the commodity sector, labor is used for all sectors of
the economy and can move cost-free. Both domestic factors and good markets are competitive
and representative firms in each sector display constant returns to scale in production.
Importantly, the commodity sector supplies goods to domestic firms and consumers at
home and abroad and takes production decisions i.e., it uses labor, capital, and domestic
intermediate inputs in production. The commodity price is exogenously determined in
international markets and driven by foreign demand.

Our model highlights four mechanisms in which commodity price shocks propagate through
the domestic production network. The first is the supply-side cost push channel where costs

for non-commodity producers using the commodity as input increase, leading to downstream



propagation. The second is the foreign demand channel where higher commodity exports
increase demand for factors and intermediate inputs in production. The third is the domestic
demand channel where changes in commodity prices affect total available expenditure for
domestic consumers. The fourth is the input-output substitution channel where sectors can
reallocate their demand in response to changes in good prices, depending on the elasticities
of substitution and production network structure.

In the last part of the paper, we use a simplified version of our model to shed some light on
these channels’ qualitative and quantitative importance. In a simple calibration exercise using
Australian sectoral data as a benchmark, we point to the essential role of the demand-side
channels to explain the upstream effect on quantities that we find in the empirical results.
The quantitative exercise can also feature a muted downstream propagation channel on
quantities, in line with the empirical results. In this case, the elasticity of substitution
between intermediates and labor plays a crucial role as it allows industries to rely less on
relatively more expensive intermediates.

Related Literature. This paper contributes to two strands of literature. We relate
to the now extensive literature on the macroeconomic effects of commodity price shocks
(e.g. Corden and Neary, 1982; Mendoza, 1995; Kose, 2002; Drechsel and Tenreyro, 2018;
Benguria et al., 2020; Cao and Dong, 2020; Kohn et al., 2021; Romero, 2022; Gonzélez, 2022).
We contribute to this literature by providing empirical evidence on the role of domestic
production networks in propagating commodity price shocks to non-commodity upstream
sectors. On the theoretical front, we highlight the role of non-unitary production elasticities
in amplifying the upstream propagation and dampening the downstream propagation of
commodity price shocks. Moreover, we show that the well-known wealth effect of commodity
price shocks has an important (upstream) network propagation component.

We also contribute to the literature on production networks and business cycles fluctuations
(Horvath, 1998; Foerster et al., 2011; Acemoglu et al., 2012; Atalay, 2017; Baqaee and Farhi,
2019, 2021; Miranda-Pinto, 2021; vom Lehn and Winberry, 2020; Carvalho et al., 2021).
Different from these studies, we show that commodity price shocks can have important
real effects on output quantities, besides productivity and financial shocks, and are largely
propagated through input-output linkages. In addition, our paper emphasizes the role that

non-unitary elasticity of substitution between inputs plays in matching salient facts of the



transmission of shocks via domestic production networks in line with recent literature (Boehm
et al., 2019; Miranda-Pinto, 2021; Carvalho et al., 2021; Miranda-Pinto and Young, 2022).

2 Stylized Facts

In this section, we present two stylized facts regarding commodity sectors. First, commodity
sectors are central in the domestic production network. Second, commodity price shocks
strongly commove across countries but present a very small correlation across sectors within
countries.

We first define what we mean by commodity sectors. To do so, we combine data on
commodity goods’ exports from Fernadndez et al. (2018) and input-output data from the
WIOD. We use the WIOD data as, unlike the OECD input-output data, it contains sectoral
information on production and prices, separately. For more details on data sources and
definitions please refer to our Appendix A. We match each commodity good to one of the
34 industries in the World Input-Output Database (WIOD). Table B2 in our Appendix B
provides a detailed mapping between goods and sectors in the WIOD data.! The three
commodity sectors in the WIOD are Agriculture, Forestry, and Fishing; Mining and Quarrying;

and Food Products, Beverages, and Tobacco.

Fact 1: Commodity sectors are central sectors in the production network. We
describe the network centrality of commodity sectors using standard centrality measures that
capture how connected the sectors I am connected to and how connected the sectors that are
connected to the sectors that I am connected to, etc. To that end, we analyze commodity

sectors’ customer and supplier centrality following Acemoglu et al. (2016).> We measure the

In our Appendix A we also provide information on the sample of countries we use from the WIOD and
the definition of the variables.

2These definitions are slightly different from the notions of downstreamness and upstreamness highlighted
in the global value chains literature (see Antras and Chor, 2021). Their measure of upstreamness shows
how important other sectors are as buyers to a given sector ¢. In our case, customer centrality comes from
the importance of sector 7 as a buyer to other sectors. This difference is expected because we focus on how
shocks propagate, as in Acemoglu et al. (2016), while Antras and Chor (2021) focuses on the distance of each
sector to final demand and primary factors. Our concept is closer to the Katz-Bonacich centrality used in the
production networks literature. See Carvalho (2014) for an overview, especially footnote 11.



supplier or downstream centrality of a given sector i as
N
Supplier; = Z Ui, (1)
j=1
where ¥;; is an element of the Leontieff-Inverse matrix defined as

U= (I-Q)" :ins
s=0

where I is an identity matrix of size equal to the size of €. An element of 2 is €2;; =
P,M;;/P;Q;. This represents the share of intermediates that sector ¢ supplies to sector j
(P;Mj;) as a fraction of sector j's sales (P;();). This shows the direct importance of producer
J as a supplier to producer 7. An element V;; then records the importance of producer ¢ as a
supplier to producer j after considering both direct and indirect linkages. This intuition is
precisely highlighted by the last equality in the equation above, where W is an infinite sum
of direct and indirect linkages across producers. Therefore, Supplier; adds across all buyers
of good 7 and measures its importance as a supplier to the economy after taking into account
direct and indirect linkages.

We then measure the customer or upstream centrality of a sector ¢ as
N
Customer; = Z Ui, (2)
j=1
where \Tfij is an element of the following matrix
- o
T=I-M)"'=) M
s=0

where I is an identity matrix of size equal to the size of M. An element of M is m;; =
P;M;;/P;Q;. This represents the share of the sector’s j sales that the sector ¢ accounts for.
This shows the direct importance of producer ¢ as a buyer to producer j. An element \Tfij
then records the importance of producer i as a buyer to producer j after considering both
direct and indirect linkages. C'ustomer; adds across all suppliers to sector i and measures

sector 7’s importance as a buyer to the economy after considering direct and indirect linkages.



Figure 1 plots the domestic network structure of Australia in 1995, using input-output
data from the WIOD database. Each node (circle) is a different sector in the economy, and
the node’s size represents how important that sector is in the network based on the network
centralities defined above. Panel (a) shows the network in which each node’s size describes
the customer centrality of the sector—this is, how much output of other sectors a given sector
uses, directly and indirectly—, while in panel (b), the node size is based on each sector’s
supplier centrality—how much of a given sector output is used as input by other sectors,

directly and indirectly.

(a) Customer Centrality (b) Supplier Centrality

Figure 1. Domestic Production Network Australia

Note: This figure shows the domestic production network of Australia (WIOD Input-Output data) for 2011
at the sector level (ISIC rev. 3). An arrow from sector j to sector i represents intermediate inputs flowing
from j o i. Each node (circle) is a different sector in the economy, and the size of the node represents how
important that sector is as a direct and indirect buyer (panel a) and supplier (panel b) of intermediate inputs.
The labels in the nodes are linked to sectors in Table B1 of our Appendix.

We observe in Figure 1 that commodity sectors were central sectors in the domestic
production network of Australia in 1995. In particular, panel (a) shows that the food (3)
sector is one of the sectors with the largest customer centrality. Panel (b) also shows that

mining is one of the most central sectors in its direct and indirect supply of intermediates



inputs.

Table 1. Ranking of Network Centrality of Commodity Sectors in 1995

Customer Centrality Supplier Centrality

Country  Agric. Mining Food Agric. Mining Food

Australia 10 11 3 13 17
Bulgaria 2 8 1 2 13
Brazil 14 25 2 7 14 10
Canada 6 18 3 4 10 15
Denmark 6 33 1 8 17 11
India 9 25 6 3 9 23
Lithuania 1 33 3 2 34 9
Mexico 10 18 1 7 15
Russia 3 6 2 5 3 14

Average 7 20 2 6 11 4

Note: This table presents, for each country and commodity sector, the customer and supplier network
centrality. Source: WIOD Input-Output database, 1995.

To describe the relative importance of commodity sectors in the domestic production
network of small open economies, we report in Table 1 the ranking of the customer and
supplier propagation centrality for the three commodity sectors, with respect to all the other
sectors in the economy (a total of 34 in the WIOD data). The main takeaway from Table 1 is
that for all the countries in our sample, at least one of the commodity sectors (many times 2
of them) is a central customer and/or a central supplier (top-10) in the domestic production

network.

Fact 2: Sectoral commodity price shocks are only mildly correlated across sec-
tors, within a country. We first describe the process of constructing sectoral indexes of

commodity prices.

(i) We use the export data Ferndndez et al. (2018) and calculate, for each country, the
share of each commodity good in its sectoral group, be it agriculture, mining, or food

sectors. Then, we multiply each sector-country weight by the monthly commodity price.
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(ii) The outcome from step (i) is a matrix of country-specific monthly commodity price
index that we deflate using the US Consumer Price Index (CPI).

(iii) We take the average across months within each quarter by year.

To measure the sectoral commodity shock we assume that commodity prices are exogenous
to the commodity exporter. Thus, innovations to commodity prices are simply the log change
of the sectoral commodity price index.

We now investigate the correlation between sectoral commodity price shocks within
countries. As highlighted in Ferndndez et al. (2018), commodity shocks strongly commove
across countries. Indeed, the cross-country correlation between commodity price shocks
in Agriculture and Forestry, Mining and Quarrying, and Foods Products and Beverage
sectors are 0.85, 0.65, and 0.5, respectively. However, as shown in Table 2, our estimated
commodity shocks present a small correlation across sectors within countries. The average
cross-country correlation between shocks to agriculture and mining is 0.57; the average
cross-country correlation between shocks to agriculture and food products is 0.16; and the

average cross-country correlation between shocks to mining and foods products is -0.13.3

Table 2. Average Pairwise Correlation across Commodity Prices

Correlation

Agriculture/Mining 0.57
Agriculture/Food 0.16
Mining/Food -0.13

Note: This table presents the cross-country average of the within-country pairwise correlations among the
log change of sectoral commodity prices.

3 Commodity price shocks via production networks

In this section, we study the network effects of commodity price shocks. Our empirical

specification follows Acemoglu et al. (2016) and Carvalho et al. (2021). In particular, we

3Figure B1 to Figure B3 in our Appendix depict our estimated sectoral commodity price shocks for
countries in our sample. Besides confirming Fact 2 (low within-country correlation across commodity shocks),
these figures show substantial volatility of commodity price shocks over time.



estimate

Yiet = 0t + Qi o + 0cy + GrUpstream;e + ¢poDownstream;e; + V' X1 + €t (3)

where ;. is a measure of sector i’s performance in the country c¢ at time ¢, which can be the
logarithm of sectoral output, value-added, employment, or capital. J; represent year fixed
effects, ;. are country-sector fixed-effects, and d., are a full set of country-time fixed effects.
Upstream; and Downstream;. are our network spillover measures, which we explain in the
next subsection, and vary at the sector-country-year level. X1 is a H x 1 vector of lagged
controls, including the dependent variable and our network spillover measures. Finally, €. is
an error term.

Theoretically, as shown in Acemoglu et al. (2016), supply-side shocks (e.g., productivity
shocks) should mainly propagate to downstream industries through an intermediate input
cost channel. In our case, if the Downstream shock reflects increased production cost from
increased commodity prices, we expect ¢o < 0. On the other hand, an increase in commodity
prices can boost exports and, therefore, increase demand for domestic inputs, implying ¢; > 0.
We include a full set of fixed effects to account for different sources of variation. We first
include a full set of year-fixed effects that account for any common differences across years.
Then, we use a set of country-sector fixed effects, to account for any time-invariant differences
idiosyncratic to each country-pair (a;.). Finally, we add country-time fixed effects to account
for differences between countries over time (d.).

In the next subsection, we define and briefly explain the network spillover measures that
shape the effects of commodity price shocks on non-commodity sectoral output in a small open
economy. These network measures are an application of the strategy in Acemoglu et al. (2016)—
developed to understand the propagation of productivity shocks and government spending
shocks in a closed economy—for the context of a small open economy subject to commodity
price shocks. As we will show in Section 4, commodity price shocks, unlike productivity and

government spending shocks, have a demand-side and a supply-side component.



3.1 Measuring Network Spillovers

We now outline our network spillover measures along the lines of Acemoglu et al. (2016). We
denote a commodity sector by k € IC where K is the set of commodity sectors. We denote
non-commodity sectors by either i or j, where 7,7 = 1,..., N with N the total number of
non-commodity sectors.

The downstream effect of commodity price shocks that is to those buying from the
commodity sector either directly or indirectly through input-output linkages, in sector 7 in

the country c at time ¢ is

Downstream;., = Z (Wike — Lizk) * Drets (4)
kek

where U, stands for the importance of the commodity sector k in supplying intermediate
inputs to sector ¢ both directly and indirectly through the domestic production network
of country ¢, 1,—; is an indicator variable that takes the value of 1 when ¢ = k£ and zero
otherwise. pg. corresponds to the identified commodity price shock for commodity sector k

in the country c at time t¢.
The upstream effect of commodity price shocks, that is from the commodity sectors to

that selling to it, from sector k to sector ¢ in the country ¢ at time ¢ is measured as

Upstreame = Z (Uhie — Lick) * Drets (5)
kek
where Uy stands for the direct and indirect importance of commodity sector k£ as a buyer to
sector 1.

As pointed out in Acemoglu et al. (2016), the production networks literature is usually
ambiguous about what upstream or downstream means. In this paper, we strictly follow their
approach in that upstream or downstream refers to how shocks are propagated throughout
the network structure and not by the sectors’ position. A graphical representation of this
idea is in Figure 2 below, where we plot two sectors k and ¢ where sector k supplies to sector
i. Here, the shock to sector k (the supplier) propagates downstream, while a shock to sector i

(the buyer) propagates upstream.
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Upstream Propagation (V) Downstream Propagation (W)

1
Figure 2. Upstream and Downstream Propagation

Note: This figure shows the propagation of shocks along the production network where we remove all other
nodes and focus on total propagation (both direct and indirect). Downstream propagation from seller k to

buyer i (¥;;) and upstream propagation from buyer 4 to seller k& (U;x). This illustrates the construction of
measures in equations (4) and (5).

3.2 Network propagation

We now present empirical evidence on the transmission mechanism of commodity price shocks
via production networks using the WIOD database. The WIOD database has an important
advantage compared to the OECD database: it reports sectoral quantity and price indexes,
allowing us to better study the channels in which commodity price shocks affect quantities
and prices. Instead, the OECD data only reports nominal data (in US dollars) for sales,
value-added and intermediate input use. To construct the Upstream and Downstream network
effects defined in Equation (4) and Equation (5) we use the input-output structure in 1995.

Table 3 presents the results of estimating Equation (3) using quantity and price indexes
for gross output. All regressions include one lag of the dependent variable. To ease the
interpretation of our coefficients, we standardized our Upstream and Downstream measures
to have a unit standard deviation. We first focus on the effects on sectors selling to the
commodity sector (Upstream;y). Columns (1) to (3) show that real commodity price shocks
positively affect the gross output of non-commodity sectors. In particular, in column (3)—
where we control for a year, country-sector, and country-year fixed effects—a one standard
deviation increase in commodity prices generates a 0.72 percent (2 percent) increase in
the sectoral gross output quantity index, on impact (cumulative). We find no evidence of
downstream (Downstream;.) effects on quantities of commodity price shocks. Columns (4)
to (6) show that, despite the muted downstream effect on quantities, we observe a strong

downstream propagation of commodity prices to the price of non-commodity sectors, with
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Table 3. Network Effects of Commodity Price Shocks on Non-Commodity Sectors

Panel (a): Quantity

Panel (b): Prices

(1) (2) (3)

(4) () (6)

0.0067** 0.0080** 0.0072**
(0.0031) (0.0031) (0.0022)

Upstream;

0.0027 0.0055 0.0058***
(0.0035) (0.0037) (0.0020)

Upstream;.;_1

0.0022 0.0018 -0.0007
(0.0017) (0.0016) (0.0012)

Downstream;;

Downstream;.;_1
(0.0015) (0.0015) (0.0011)

0.0004  0.0067  0.0019
(0.0067) (0.0075) (0.0024)

-0.0171 -0.0008 -0.0003
(0.0137) (0.0070) (0.0018)

0.0104* 0.0099** 0.0082***
(0.0054) (0.0049) (0.0026)

-0.0020 -0.0020 -0.0024** 0.0074*** 0.0090** 0.0115***

(0.0058) (0.0039) (0.0023)

Accumulated Upstream 0.016* 0.021** 0.020"* -0.016  0.0125  0.003
(0.007) (0.007) (0.005) (-0.020) (0.015) (0.006)
Accumulated Downstream  0.002 0.002 -0.004  0.028"  0.029** 0.028***
( 0.004) (0.004) (-0.003) (0.014) (0.012) (0.006)
Observations 3906 3906 3906 3906 3906 3906
Within R? 0.924  0.777 0.766 0.959 0.737 0.694
Year F.E. Yes Yes Yes Yes Yes Yes
Country x Sector F.E. Yes Yes Yes Yes
Country x Year F.E. Yes Yes

Note: This table presents OLS regressions using sectoral log quantity (columns 1 to 3) and log price index
(columns 4 to 6) as the dependent variable. The independent variables also include one lag of the dependent
variable. Double clustered country-year standard errors in parentheses. *, **, and *** denote significance at
the 10%, 5%, and 1% levels, respectively.

no upstream propagation.A one standard deviation increase in commodity prices generates
a 0.82 percent (2.8 percent) increase in the sectoral gross output price index, on impact
(cumulative).

The empirical evidence in this section points to strong upstream propagation of commodity
prices, alongside a muted downstream propagation, on the quantity produced by non-

commodity industries. At the same time, we find a strong increase in the price of industries

12



that are downstream from the commodity sector with no effect on upstream industries. In
the next section, we build a theoretical model of a small open economy with production
networks and a commodity sector that rationalizes the findings we document in this section.
In particular, we ask how can a small open economy model with production networks, in which
the commodity sector is a central supplier and user of intermediate inputs (as documented in
Table 1), rationalize the large upstream propagation and muted downstream propagation of

commodity price shocks.

4 Theory

Setup.

Our model features a representative consumer that consumes N + 1 goods in a static setting.

Each N + 1 sectors produce using constant returns to scale production function. Sectors
up to sector N produce using labor and intermediate inputs. Sector N + 1 produces using
labor, intermediate inputs, and capital. Importantly, sector N 4+ 1 good price is exogenously

given. All factor payments are rebated back to the household.

Notation and Definitions.

We use bold to denote vectors and matrices. For any matrix X, we use X' for its transpose.
We now define some objects that are going to be key for the analysis.

We let €2 to be the input-output matriz of this economy, with typical element
P;M;; .
}J)i—Qi] foralli,7=1,...., N + 1.

This typical element states how much producer ¢ spend on good j, P;M;

Q={Q;} =

j, as a fraction of i’s
sales, P;();. Here P; is the price of good i, (); is the quantity sold of good ¢, and M;; is how
much producer 7 buys of the quantity of good j.

With some abuse of notation, we also define producer’s i expenditure on factor f = {L, K'}
i.e. expenditure on labor and capital, respectively as
WL; _ RK,
PQ; " RQ

Qi =

13



We define W as the Leontieff-Inverse matriz that satisfy

o
v=(I-Q)'= Z Q° with typical element {;;}.

s=0
Notice that this is defined over the N 41 goods and does not incorporate spending on factors.
This matrix captures both the direct and indirect linkages across producers. For instance,
W;; denotes how important producer j as a direct and indirect supplier to producer i.*

On the consumption side, we define the vectors of final domestic consumption, b, as

follows
PC;

b={b}= GDP’

where C; represents home consumption of good 1.
Since there are two factors of production, capital, and labor, we define their shares on
Nominal Gross Domestic Product (GDP) as

WL RK
AL=W7 AK:W, Ap+Ag=1.

where W and R are the wage rate (labor price) and the rental rate (capital price), L is the
equilibrium labor quantity, and K is the capital equilibrium quantity. The last result above
follows from the fact that everything in this economy is produced out of factors, and therefore
total value added (GDP) should equal factor payments.

Finally, we let \; to denote the Domar weight of producer ¢ on total value added i.e.

\ PQ;
' GDP’

In the presence of intermediate goods in production, this is the relevant size statistic of each

producer on total value added.

4There are some regularity conditions that €2 must satisfy to be able to write in this way. We note,
N+1
however that they are seldom satisfied since ) €;; < 1, and so is a sub-stochastic matrix. This implies its
j=1
spectral radii are less than one. Then by the Neumann Series Lemma, the result follows. See Sargent and
Stachurski (2022), pp 12-16, for a more formal discussion on these issues.
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4.1 Representative Consumer.

We assume a representative consumer that owns both factors of production that it supplies
inelastically to producers in the economy. We denote these inelastic supplies as L and K.
It has a utility function defined over the N 4 1 goods, U(C'). We introduce an additional
income source in the budget constraint of the consumer that we label Y, a net transfer to
the rest of the world as in Baqaee and Farhi (2021). The purpose of this is two-fold. First,
it allows the economy to exhibit exports in equilibrium. Second, it will allow us to break
the relationship between expenditure and production side. Later, we will make this object a
function of the commodity price. From the household perspective, though, this is taken as
given.
Taking good and factor prices, (P, W, R), together with Y as given, the representative
consumer solves the following program
N+1
max U(C) st. Y PC;<WL+RK-Y =E, (6)
i=1
where we use E as a short-cut for total expenditure. The solution to this program delivers

consumption schedules that are a function of prices and the additional income source i.e.
C=C(P,W,R)Y).
4.2 Non-Tradable Sectors: 1,2,..., N

Gross output in sector i, @);, is produced according to the following production function

Qi = Z?,E(LZJ {M’Lj N+1)7 (7>

J=1

where Z; is a producer-specific shock, Fj(.) is a constant-returns to scale function. We use a
subscript ¢ to index this production function to allow for the possibility of different production
functions across producers. L; is labor demand of producer ¢ and M;; is intermediate demand
for good j by producer .

Cost-minimization implies that the marginal cost of production, M C; can be written as

P, = MC;(W, P; Z;). (8)
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This implies that the marginal cost is a function of the wage rate, the price of all goods
P = (P, Py, ..., Pyy1) and its own productivity, Z;. Its equality to its good price, P;, then
follows from profit maximization. In a nutshell, this is just another way to write the zero-profit
condition of each producer : = 1,2, ..., N.

To get conditional demands for labor and each intermediate input, we can simply differ-

entiate the marginal cost function

_OMCG()

Lz - Qsz
_OMCG()
Mij - Qz 0PJ .

4.3 Commodity Sector: N + 1

The commodity sector gross output ()n,1 is produced according to the following production

function

Qni1 = Zny1Fnii(Dngn, Ky, {MN+1,J‘}§V=JEI)-

Similar to non-tradable sectors, cost minimization delivers the commodity sector’s marginal

costs, which in equilibrium must coincide with the commodity sector price
Py = MCnit(W, R, Py Zy 1), (9)

which is exogenously given for the small open economy.
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4.4 Equilibrium.
4.4.1 Quantities.

The following conditions characterize the equilibrium in our model

N+1

Qi=Ci+> My Vi=1,.N,
j=1

N+1
PniiQny1 = PnyaCOnia + Z PyiiMijng +Y,
=1
N+1
E = Z Li:
=1
K == KN+1,

The first row shows the market clearing condition in non-tradable goods markets. The
second row shows the aggregate resource constraint in this economy that follows by combining
the consumer’s budget constraint with the non-tradable market clearing conditions. The last
two rows refer to the labor market and capital market clearing respectively.

Multiplying each non-tradable goods market clearing condition by each good price and

dividing by GDP, we arrive at a market clearing condition in terms of observables

N+1

j=1

We can also divide by GDP the aggregate resource constraint to get

N+1 }—/
)\N+1 :bN+1+;Qj’N+1)\j+W for 1 = 1,...,N.

Stacking all these conditions in a vector and inverting the system delivers the following

Y
A= ‘I’T <b+ €N+1w> s

where ey is a unit vector with its N + 1 element equal to one and all the rest equal to zero.

17



Similarly, we can express the factor markets clearing conditions conveniently in terms of

aggregate factor shares as

N+1

Ap=> Qi
=1

Ag = QN1 kAN+1

AL+ A =1.

4.5 Comparative Statics.

In what follows, we consider a perturbation of the commodity price, dlog Py.1, and study
how this affects good and factor prices, (P, W, R) together with quantities produced, Q. In
all our comparative exercises below, we assume that technology and factor supplies are fixed.
Therefore, dlog Z = 0 and dlog K = dlog L = 0.

4.5.1 Prices.

Totally differentiating Equation (8) and Equation (9) and using Shephard’s lemma, yields

that up to a first-order approximation price changes should satisfy

N+1
dlog P; = QirdlogW + Y " Q;;dlog Py — dlog Z; foralli=1,2,..., N,
j=1
N+1
dlog Py = Qi1 rdlogW + Qi gdlog R+ > Qi jdlog Py — dlog Zy s,

j=1
where

WL, WL, _ RK, RK,

Gi=po, T Te T Bo, T TG

foralli=1,2,.... N + 1,

is how much producer ¢ spends on either labor and capital as a fraction of its sales, P;Q);,
which due to the constant returns to scale assumption of the production function equals total
costs, P,Q; = TC;.

The above system of equations is N+1 equations in N+2 unknowns (d log P, dlog W, dlog R).

Up to choosing a numeraire, we can solve for domestic price changes as a function of commod-
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ity price changes. We let the nominal wage W be the numeraire. The following proposition

characterizes these responses as we show in Appendix C.

Proposition 1 (Price Responses to a Commodity Price Change). Consider a perturbation

of the commodity price, dlog Py1. Up to a first-order approximation, changes in good prices

satisfy
dlog P, = —%_dlog Pyi1 = — dlog Py, (10)
N+1,K \IIN-‘r-l,N-i-l
- N+1
where Q; x = > U;;Qx = U, ny1Qy41 x are the network-adjusted usage of capital of
j=1

producer ¢ and W¥;; represents how important is sector j as a supplier, both directly and

indirectly, to sector i.

Proof. See Appendix C. m

This equation states that all prices increase proportionally to their exposure to the
commodity sector. Intuitively, a rise in the commodity sector price raises the marginal cost of
all producers. The relevant exposure to the commodity sector in the presence of intermediate
input linkages is ¥; y41. It measures how important the commodity sector is as a supplier to
sector i after considering both direct and indirect linkages. As with productivity shocks in
the production network literature, commodity price shocks propagate downstream to other

prices in the economy.

4.5.2 Quantities.

To solve for changes in gross output, dlog (Q);, we use the definition of the Domar weight, \;,

and totally differentiate it to get
dlog Q; = dlog \; + dlog GDP — dlog P,. (11)

We already know dlog P;, so we are left to determine changes in nominal GDP, GDP, and
the Domar weights.
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Since labor is the numeraire, we can write changes in nominal GDP as
ApdlogW + Agdlog R = dlogGDP —> Akdlog R = dlog GDP.

Therefore, nominal GDP rises in proportion to changes in the rental rate R. We can then link
changes in nominal GDP to changes in the commodity price shocks by using the zero profit

condition in the commodity sector that links the rental rate with the commodity price shock
dlog Py 11 = Qx 1 xdlog R.
Hence, nominal GDP changes depend on the change in the commodity price as

A
dlog GDP = =% —dlog Py.1. (12)
N+1,K

We are left to determine changes in the Domar weight. Before doing so, we need to
introduce a version of the Input-Output Substitution Operator first introduced in Baqaee and
Farhi (2019) applied directly to our context. In particular, in response to a change in the

commodity price dlog Py 1, producer j substitutes to/away from sector i as

1 N+1N+1 A _
(i, N+1) = = S G+ (0, — D) Wk e (13)
N+LK =1 p=1
1 N+1 '
= > U0 — 1)k,
N+1,K j—

where d;;, = 1, whenever k£ = h, and zero otherwise. Qih is the Allen-Uzawa elasticity of
substitution for producer j between any two pair of inputs (k, k), where k is an intermediate
input and h can be other intermediate inputs or factors, defined as

8logM]k

9] — 810g Ph . 14
kh th ( )

We discuss the intuition for this operator below. At this point, the substitution operator
is helpful because it allows us to write changes in Domar weights in response to a change in

the commodity price compactly, as the following proposition shows.
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Proposition 2 (Changes in Domar Weights.). Up to a first-order approximation, changes in

the Domar weight of sector ¢, dlog \;, following a commodity price shock dlog Py, satisfy

N+1 N+1 N+1

dlog \; 1 dlog K Y dlogY
—_— = Aj®;(i, N +1) bW U0,
dlog Pvr N Z (i, N +1) + Z % Tlog Pyoy Z k ’“N“GDPcuog Prr
dlog GDP (15)
dlog Pyny1

Proof. See Appendix C. m

The last proposition follows by just differentiating the market clearing condition of each
good. To get this result, we impose Cobb-Douglas preferences for domestic consumers. Four
terms govern changes in Domar weights. The first three terms are related to changes in sales
of good i, while the last term is a mechanical effect of an increase in aggregate nominal
value added for given sales of producer i. The first term on the right-hand side represents
substitution that occurs at the level of the firm/sector that is then propagated upstream
to other sectors, i.e., from buyers to suppliers. These complicated substitution patterns
are captured by the input-substitution operator ®;(i, N + 1), which can be thought of as a
measure of expenditure switching. This input-output substitution operator comprises three
steps that occur when a commodity price shock hits the economy that we explain next.

The first step is that following a positive shock to the commodity sector price, the price of
good h increases by (NZ;h i/ Q N1, x.> This initial price change occurs because of downstream
propagation on costs, as we already showed in Proposition 1.

In response to a change in the price of good h, each producer j may substitute away/to-
wards other intermediate goods or to factors of production. If, for example, it substitutes
away /towards to some other intermediate good k, it does so by Qi (Sxn + (62, — 1)), which
represents how much the expenditure share of producer j on k respond to a change in the
price of good h (0€/0log P,). This depends on the direct exposure of producer j to both
k and h, and also on the elasticity of substitution between k and h, a term captured by the
Allen-Uzawa elasticity of substitution, Qih. If goods have a high degree of substitutability,

meaning that Qih > 1, an increase in the price of good h increases the expenditure share of

5When good h is capital (K), this measure is simply 1/ N+1,k as the network-adjusted capital share of
the commodity sector is enough to pin down the rental rate changes in general equilibrium.
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producer j on good k: producer j thus substitute away from producer h to k in such a way
that its expenditure share on k increase. If goods k and h have a low degree of substitutability
(Hih < 1), then producer j cannot reallocate its input demand by that much, which in turn
decreases its expenditure share in good k, i.e., it cannot get away from the price increase in
good h, and it is forced to decrease is expenditure share on good k as a result. This is the
second step.

How does this ultimately affect producer ¢? The third step answers this question by
tying the substitution that each producer j is doing towards/away other producers k in the
economy. The key term in this final step is the element of the Leontief-inverse W, that
represents how important producer ¢ is as a supplier to producer k. This last term shows
the upstream propagation of substitution since it goes from k (buyer) to ¢ (seller). While the
initial shock in this economy was propagated downstream in the network structure, these
different demand substitution patterns propagated upstream in the production network.

The second and third terms in the equation represent how changes in total expenditure,
induced by changes in domestic expenditure dlog £ and dlogY’, propagate upstream to
sector i. Since the logic is the same for both, we explain it here for domestic demand. An
increase in domestic expenditure raises, up to first order, consumption of all goods that the
consumer buys directly. These increases in demand translate into increases in intermediate
input demand by all sectors. In turn, this means that the relevant statistic for exposure to
final changes in demand is not just the direct exposure of sector i to final demand (b;) but
rather a network-adjusted measure, Z;i, that consider the fact that changes in demand for
other sectors also affect sector ¢ via input-output linkages.

The last term, dlog GDP/dlog Py enters with a negative sign and captures the idea
that keeping everything else constant, if total value added in this economy goes up, the
Domar weight of each sector should decline proportionally. This follows by the definition of
the Domar weights.

We are now ready to characterize changes in gross output.

Proposition 3 (Changes in Gross Output, dlog@;). Up to a first-order approximation,
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changes in gross output following a commodity price shock, dlog Py, satisfy

N+1 7 \/ % O
dl ; Aj b GDP A Y v Y Q;
Og QZ — Z J(PJ(Z7 N + 1) _|_ 77, a7 K _ qb N+1yl R ’L,K
dlogPN+1 = )\i )\2' FE QN+1,K E )\i GDP QN+1,K
. Foreign Demand
Input-Output Substitution Domestic Demand Cost Push
(16)
where

k=1

bi—l-\IjNJrl’Z’:)\i, for allz:1,2,,N+1

Proof. See Appendix C. m

Intuitively, changes in the gross output of producer i can be inferred from changes in its
sales and its price. The first three terms on the right-hand side correspond to the change
in sales and represent how consumers, both final and intermediates, of good 7 react to an
exogenous change in the commodity price. We already discussed these terms in a general
way when stating Proposition 2. Here, we impose more structure that allows us to separate
changes in domestic expenditure from changes in net transfers to the rest of the world.

Let us first focus on the domestic demand component. When the commodity price
increases, nominal GDP increases due to higher demand by the commodity sector. This
change in nominal GDP then propagates upstream throughout the network structure affecting
all sectors. In a way, this effect captures a form of the well-known wealth effect: keeping

everything else equal, the economy now has more income to spend. This idea is captured by

GDP _ Ak

7 , which depends on how much

the first term in the domestic demand component f’\—
i QN41,K

of total sales by producer i ended up meeting final domestic demand (b;/;), how important
is nominal GDP in total domestic expenditure at the initial equilibrium (GDP/FE), and the
relative importance of the commodity sector in the economy (A / Q N+L.E = AN+1/YNi1N+1)-
At the same time, the increase in the commodity price increases net transfers to the rest of the
world, Y. Everything else equal, this effectively reduces the domestic economy’s expenditure

on the goods it produces, pushing down domestic demand as a whole. There are many
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possible interpretations for this reduced-form device of net transfers to the rest of the world.
One intuitive explanation is to think of Y as interest rate payments on foreign assets at the
steady state of a dynamic small open economy model. To support exports at a steady state,
the economy is effectively borrowing from the rest of the world. For the current account to
be balanced, exports and interest rate payments on these assets must go hand in hand. By
increasing exports, interest rate payments go up because the economy is now borrowing more
from abroad in the new equilibrium, thus reducing expenditure on domestically produced
goods, a form of expenditure switching towards the foreign economy.® This is why the second
by
X E
dominates is, in the end, a quantitative matter.

term on the domestic demand component ( ) enters with a negative sign. What effect

We label the third term foreign demand since it follows from changes in net transfers to
the rest of the world, which we can think of as exports for intuition purposes. With increases
in the commodity price, everything else equal, the economy would like to export more. The
only sector that can export is the commodity sector in our model. To produce more, the
commodity sector requires domestically produced intermediate inputs, pushing their demand
up and thus increasing gross output in these sectors. How much this channel matters for
each producer, 7, depends on how much it, directly and indirectly, supplies to the commodity
sector Wy ;, highlighting the upstream property of this channel.

The final term, the price of good i, fully characterizes the goods supply side of this market.
Since the marginal cost of sector ¢ pins down the price of good ¢ in general equilibrium,
conditional on factor prices and technology, it encompasses all relevant information on the

supply of good 1.

5 Quantitative exploration

Our theoretical model in the previous section highlighted four channels by which a change in
the commodity price affects the gross output of non-commodity sectors. All these channels

depend on the direct and indirect network linkages between non-commodity sectors and the

6 Another explanation is to interpret Y as imports of final goods. To preserve the trade balance and allow
the possibility of exporting in equilibrium, the increase in exports implies that imports must also rise, but this
deviates demand from domestically produced goods to foreign-produced goods, again a form of expenditure
switching.
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commodity sector. Moreover, these channels are a function of the degree of substitutability
among production inputs and the price elasticity of demand for commodity goods.

In this section, we provide a quantitative illustration of the model. To do so, we must
take a stand on the different production functions of each producer. We assume that each
producer has a nested CES function. They substitute among intermediate inputs with an
elasticity of substitution equal to €, which can potentially be different across producers. They
also substitute between the intermediate input bundle and value-added with an elasticity
of substitution equal to . These production elasticities play a crucial role in our results.
Rather than use one value for each, we will illustrate the importance of different combinations
of o and € in shaping the propagation of commodity price shocks to non-commodity sectors
output. We provide a detailed description of the model structure in Appendix D.

Our goal is to understand the empirical evidence in Section 3, which highlights a strong
positive upstream propagation and a muted downstream propagation of commodity price

shocks on the gross output.

5.1 The Case of Non-Unitary Elasticities in Production

To better understand the role of production elasticities in shaping the output responses to
commodity prices, we re-write the key terms of the input-output substitution operator in
Proposition 3, based on Equation (13), as a function of CES production elasticities as follows

dlog Q; \Term 1 N“)\j N+1n+1 " Y Uy N1
_SOBXE =¥ Qi |55, = 1) (M = 641) = (0 — DM Q| Uppy—NEL ]
Crr or BEED ISl DIDILT (o5 = 1) (9 un) = (05 = D | g L
(17)
where
P.M; WL, P, M-:
Q= 515 Q=520 Q= it
P;Q; PQ; P M,

When the term in Equation (17) is negative, firms in sector j substitute away from sector
h’s intermediates because firms in sector h use commodity goods, now more expensive, as
inputs in production. These effects are mediated by ¥}, y1, which describes the importance

of the commodity sector as a supplier of intermediate inputs to sector h and by %\If;ﬁ which
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is the importance of a given sector k as a buyer to sector ¢ (upstream propagation). All else
equal, this generates a decline in intermediate input demand for good ¢, thus decreasing its
gross output.

On top of the network structure, production elasticities are important in determining the
strength of the input substitutability channel in amplifying or dampening the upstream and
downstream propagation of commodity prices on non-commodity sectors’ output. To analyze
the role of production elasticities, we study the two possible cases for the term in brackets in

Equation (17). When k # h, so dx, = 0, the term in brackets becomes

In this case, when flexibility between intermediates is high and either (i) flexibility between
intermediates and labor is low or (ii) the labor share is small, increases in commodity prices
tend to increase the demand for non-commodity output . When k£ = h, so d, = 1, the term

in brackets becomes
—(€j - 1)(1 - Q]Mh) - (O'j - 1)Q%QJL

In this case, demand for sector i’s output can increase when ¢; and o; are low or when
€j is low but ©;, ~ 0. In both cases, the importance of sector h (the commodity client) as
a supplier to sector j (Q%) is crucial for the quantitative importance of these propagation

channels.

5.2 A Calibrated Example

We calibrate our model to match the Australian production structure in 1995. We calibrate

the input-output parameters Q]‘f and €2;; assuming the economy starts at a symmetric

’ PM M
equilibrium with P; =1 for all j. This way, we have that (27 = P 1\J4j and 1 — Q) = Igj o

equal the observed intermediate input shares. We calibrate the consumption shares b and b*

using observed data on sectoral consumption expenditure in 1995 and exports, respectively.
Finally, we assume that the commodity price is exogenous and log Y = ¢log Py,1, where ¢
is the sensitivity of the transfer to the rest of the world to the change in the commodity price.

We assume that ¢ = 2. In our calibrated example, we treat all sectors as non-tradable sectors,
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except the commodity sector. We calibrate our model using mining as the only commodity
sector to highlight how input-output linkages interact with production elasticities for different
commodity industries.

We first investigate how production elasticities shape the relationship between sectoral
output response to commodity price shocks and each sector’s upstream and downstream
exposure to the commodity sector. Figure 3 plots in the vertical axis the model implied
log change in non-commodities sectoral output from a change in the commodity price. The
horizontal axis in panel (a) shows the upstream distance of each sector to the commodity
sector, while panel (b) shows the downstream distance of each sector to the commodity sector.
Regarding the upstream exposure to commodities, we observe that high substitutability
between inputs (high o or ) can amplify the upstream propagation of commodity prices
(panel (a) of Figure 3). For example, a high € makes the output of two important upstream
sectors to mining, sectors 13 (Machinery, Nec) and 24 (Water Transport), increase even more.
Interestingly, the opposite occurs with sector 8 (Coke, Refined Petroleum, and Nuclear Fuel),
which sees a larger reduction in output when ¢ is large. The reason is that while sector 8
is a relatively important supplier of mining, it is also, by far, the most important client of
mining. Therefore, as we observe in panel (b), for the case of ¢ > 1, sector 8 is the sector with
the largest output decline. The increase in mining price strongly propagates downstream to
sector 8, increasing its marginal cost and reducing its production. Here we can see how the
interaction between production elasticities and network connections to the commodity sector
are crucial in shaping the transmission of commodity price shocks.

In Panel (b) of Figure 3, we observe that production elasticities are very important in
shaping the relationship between downstreamness to commodity and the output response
to an increase in commodity prices. As we discussed above, when intermediate inputs are
highly substitutable (high €), the downstream propagation of commodity prices can be further
amplified. Nevertheless, when firms are flexible in substituting labor and intermediates (high
o), the downstream propagation of commodity prices is completely muted. Intuitively, a
high ¢ allow firms that are downstream to commodities to use more labor which is now
relatively cheaper. Hence, deviating from Cobb-Douglas production technologies is important
to understand the empirical observations on the transmission of commodity prices in small

open economies.
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Figure 3. Sectoral Propagation of a Mining Price Shock: The Role of Elasticities

Note: This figure shows the model-implied relationship between sectors’ Downstream (right-panel) and
Upstream (left-panel) exposure to the mining sector, using Equation (1) and (2), respectively. The vertical
axis measures the output response to an increase in the commodity price based on Proposition 3. The size of
each node indicates the magnitude of the cost-push channel (right panel) and the input-output substitution
channel (left panel). Labels in each node are linked to sectors in Table B1 of our Appendix.

In Figure 4, we study the importance of the foreign demand channel in rationalizing our
Y
GDP’
exports for the small open economy. In this case, we fix production elasticities to be close

evidence. We solve our model for different values of the importance of commodity

to Cobb-Douglas. We observe that low values of % would generate a counterfactual

relationship between the upstreamness and downstreamness of the commodity sector and the

sectoral output effect of commodity prices. In particular, that calibration would generate
Yy

GDP

the evidence of strong upstream propagation and muted downstream propagation.

can rationalize
7

muted upstream and strong downstream propagation. A large value of

"Tables B3 and B4 in Appendix B.1 provide regressions results for different exercises using log output
change as the dependent variable and upstreamness to commodity (Table B3) or downstreamness to commodity
(Table B4) as independent variables.
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Figure 4. Sectoral Propagation of a Mining Price Shock: the Role of the Export Share

Note: This figure shows the model-implied relationship between sectors’ Downstream (right-panel) and
Upstream (left-panel) exposure to the mining sector, using Equation (1) and (2), respectively. The vertical
axis measures the output response to an increase in the commodity price based on Proposition 3. The size of
each node indicates the magnitude of the cost-push channel (right panel) and the input-output substitution
channel (left panel). Labels in each node are linked to sectors in Table B1 of our Appendix.

6 Conclusion

We study how sectoral commodity price shocks propagate through domestic production
networks in small open economies. We provide empirical evidence and a theoretical model
that highlight the role of production elasticities and commodity export intensity in shaping
the propagation of commodity price shocks along the production chain. We first show that
commodity sectors are central sectors, both as sellers and buyers, in the domestic production
network of small open economies. We then show, empirically and theoretically, that the
propagation of sectoral commodity price shocks to non-commodity sectors’ output has an
important production network component. We find that the gross output of non-commodity
upstream sectors, those sectors supplying intermediate inputs to commodity sectors, largely

respond to commodity price shocks. In contrast, we find evidence of muted downstream
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propagation, to those buying intermediate inputs from commodity sectors.

We develop a small open economy model featuring domestic production networks and
characterize the transmission channels of commodity price shocks through production chains.
We highlight three upstream channels (from intermediate input demand, domestic household
income, and foreign demand) and one downstream channel (increased input costs). We show
that the elasticities of substitution between inputs and the importance of commodity exports
on total GDP are crucial in amplifying or dampening the upstream and downstream channels.
In particular, the demand-side effects operate as follows. An increase in commodity price can
increase demand for domestic intermediate inputs (upstream propagation) from changes in
foreign demand or domestic demand (“wealth effect”). The role of production elasticities
works as follows. When sectors present high substitutability between intermediate inputs, a
higher commodity price increases demand for non-commodity intermediates, which generates
an increase in the production of upstream sectors. On the other hand, when sectors present
high substitutability between intermediates and labor, increases in commodity prices have
smaller effects on the marginal costs of sectors downstream of commodities. Thus, there
exists a dampened effect on quantities of industries downstream to commodity sectors. The

All in all, our results highlight the importance of the production network in propagating

commodity price shocks throughout the economy.

30



References

Acemoglu, Daron, Ufuk Akcigit, and William Kerr. 2016. “Networks and the Macroe-
conomy: An Empirical Exploration.” NBER Macroeconomics Annual 30 273-335.
10.1086/685961.

Acemoglu, Daron, Vasco M Carvalho, Asuman Ozdaglar, and Alireza Tahbaz-
Salehi. 2012. “The network origins of aggregate fluctuations.” Econometrica 80 (5):
1977-2016.

Antras, Pol, and Davin Chor. 2021. “Global Value Chains.” Handbook of International

FEconomics 5.

Atalay, Enghin. 2017. “How Important Are Sectoral Shocks?” American Economic Journal:
Macroeconomics 9 (4): 254-80.

Baqaee, David, and Emmanuel Farhi. 2021. “Networks, Barriers, and Trade.” Technical

report, National Bureau of Economic Research.

Baqaee, David Rezza, and Emmanuel Farhi. 2019. “The Macroeconomic Impact of
Microeconomic Shocks: Beyond Hulten’s Theorem.” Econometrica 87 (4): 1155-1203.

Benguria, Felipe, Felipe Saffie, and Sergio Urzua. 2020. “The Transmission of Com-
modity Price Super-Cycles.” Working paper.

Boehm, Christoph E, Aaron Flaaen, and Nitya Pandalai-Nayar. 2019. “Input link-
ages and the transmission of shocks: Firm-level evidence from the 2011 Tohoku earthquake.”
Review of Economics and Statistics 101 (1): 60-75.

Cao, Shutao, and Wei Dong. 2020. “Production Networks and the Propagation of
Commodity Price Shocks.” Bank of Canada Staff Working Paper, 2020-44.

Carvalho, Vasco M. 2014. “From micro to macro via production networks.” Journal of
Economic Perspectives 28 (4): 23-48.

31


http://dx.doi.org/10.1086/685961
http://dx.doi.org/10.1086/685961

Carvalho, Vasco M, Makoto Nirei, Yukiko U Saito, and Alireza Tahbaz-Salehi.
2021. “Supply chain disruptions: Evidence from the great east japan earthquake.” The
Quarterly Journal of Economics 136 (2): 1255-1321.

Corden, W Max, and J Peter Neary. 1982. “Booming sector and de-industrialisation in
a small open economy.” The economic journal 92 (368): 825-848.

Drechsel, Thomas, and Silvana Tenreyro. 2018. “Commodity Booms and Busts in

Emerging Economies.” Journal of International Economics 112 200-218.

Fernandez, Andrés, Andrés Gonzalez, and Diego Rodriguez. 2018. “Sharing a ride on

the commodities roller coaster: Common factors in business cycles of emerging economies.”
Journal of International Economics 111 99-121. https://doi.org/10.1016/j.jinteco.2017.11.
008.

Foerster, Andrew T, Pierre-Daniel G Sarte, and Mark W Watson. 2011. “Sectoral
versus Aggregate Shocks: A Structural Factor Analysis of Industrial Production.” Journal
of Political Economy 119 (1): 1-38.

Gonzalez, Gustavo. 2022. “Commodity price shocks, factor utilization, and productivity
dynamics.” Working Papers, Central Bank of Chile. Number 939.

Horvath, Michael. 1998. “Cyclicality and Sectoral Linkages: Aggregate Fluctuations from
Independent Sectoral Shocks.” Review of Economic Dynamics 1 (4): 781-808.

Kohn, David, Fernando Leibovici, and Hakon Tretvoll. 2021. “Trade in Commodities
and Business Cycle Volatility.” American Economic Journal: Macroeconomics 13 (3):
173-208. 10.1257/mac.20180131.

Kose, M Ayhan. 2002. “Explaining Business Cycles in Small Open Economies: “How Much
Do World Prices Matter?”.” Journal of International Economics 56 (2): 299-327.

vom Lehn, Christian, and Thomas Winberry. 2020. “The Investment network, Sectoral

Comovement, and the Changing US Business Cycle.” The Quarterly Journal of Economics.

32


http://dx.doi.org/https://doi.org/10.1016/j.jinteco.2017.11.008
http://dx.doi.org/https://doi.org/10.1016/j.jinteco.2017.11.008
http://dx.doi.org/10.1257/mac.20180131

Mendoza, Enrique G. 1995. “The Terms of Trade, the Real Exchange Rate, and Economic

Fluctuations.” International Economic Review 101-137.

Miranda-Pinto, Jorge. 2021. “Production Network Structure, Service Share, and Aggregate
Volatility.” Review of Economic Dynamics 39 146-173.

Miranda-Pinto, Jorge, and Eric R. Young. 2022. “Flexibility and Frictions in Mul-

bM

tisector Models.” American Economic Journal: Macroeconomics 14 (3): 450-80.

10.1257 /mac.20190097.

Romero, Damian. 2022. “Domestic Linkages and the Transmission of Commodity Price
Shocks.” Working Papers, Central Bank of Chile. Number 936.

Sargent, Thomas J, and John Stachurski. 2022. “Economic Networks: Theory and
Computation.” arXiv preprint arXiw:2203.11972.

Timmer, Marcel P, Erik Dietzenbacher, Bart Los, Robert Stehrer, and
Gaaitzen J De Vries. 2015. “An illustrated user guide to the world input—output

database: the case of global automotive production.” Review of International Economics
23 (3): 575-605.

33


http://dx.doi.org/10.1257/mac.20190097
http://dx.doi.org/10.1257/mac.20190097

ONLINE APPENDIX

A Data sources and Definitions

Macroeconomic Aggregates

The data for the estimation of commodity price shocks are obtained from the following

sources: Ferndndez et al. (2018) is used for the sectoral commodity price index.

Input-Output Table Database

WIOD Data. Our main database is the World Input-Output database (Timmer et al.,
2015), release 2013. It provides information on intersectoral and cross-country final and
intermediate flows for 40 countries and 35 sectors classified according to the International
Standard Industrial Classification Revision 3 (ISIC Rev. 3). These tables match the 1993
version of the SNA. We use the sectoral data on quantities (gross output, value-added, number
of employees, and capital) and price indexes for the period 1995-2011(2009) in the National
IO tables. The sample of small open economies with data on commodity prices and WIOD
input-output data includes the following countries: Australia, Bulgaria, Brazil, Canada,
Denmark, India, Lithuania, Mexico, and Russia.

This dataset is freely available here https://www.rug.nl/ggdc/valuechain/wiod /wiod-2013-

release.

Commodity Data

To measure sectoral linkages to the commodity sector we use detailed information on each
country’s commodity bundle composition from Fernandez et al. (2018). There is a total of
44 commodities classified according to the Harmonized System (HS) 1992 — 4 digits. We
separate commodities into 3 groups: Agriculture, Hunting, Forestry, and Fishing; Mining

and Quarrying; and Food Products, Beverages, and Tobacco.
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B Additional Tables and Figures

B.1 Tables

Table B1. Sectors in WIOD Database

Sector Number Sector Name

—

=W N

Agriculture, Hunting, Forestry and Fishing
Mining and Quarrying

Food, Beverages, and Tobacco

Textiles and Textile Products

Leather, Leather, and Footwear

Wood and Products of Wood and Cork

Pulp, Paper, Paper, Printing, and Publishing
Coke, Refined Petroleum and Nuclear Fuel
Chemicals and Chemical Products

Rubber and Plastics

Other Non-Metallic Mineral

Basic Metals and Fabricated Metal

Machinery, Nec

Electrical and Optical Equipment

Transport Equipment

Manufacturing, Nec; Recycling

Electricity, Gas and Water Supply

Construction

Sale, Maintenance and Repair of Motor Vehicles and Motorcycles
Wholesale Trade and Commission Trade

Retail Trade

Hotels and Restaurants

Inland Transport

Water Transport

Air Transport

Other Supporting and Auxiliary Transport Activities; Activities of Travel Agencies
Post and Telecommunications

Financial Intermediation

Real Estate Activities

Renting of M&Eq and Other Business Activities
Public Admin and Defence; Compulsory Social Security
Education

Health and Social Work

Other Community, Social and Personal Services
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Table B2. Commodities and WIOD Industries.

Commodity HS Code Industry

Beef 201 Agriculture, hunting, forestry and fishing
Pork 203 Agriculture, hunting, forestry and fishing
Lamb 204 Agriculture, hunting, forestry and fishing
Chicken 207 Agriculture, hunting, forestry and fishing
Fish 301 Agriculture, hunting, forestry and fishing
Fish Meal 304  Agriculture, hunting, forestry and fishing
Shrimp 306  Agriculture, hunting, forestry and fishing
Bananas 803 Agriculture, hunting, forestry and fishing
Coffee 901 Agriculture, hunting, forestry and fishing
Tea 902  Agriculture, hunting, forestry and fishing
Wheat 1001  Agriculture, hunting, forestry and fishing
Barley 1003 Agriculture, hunting, forestry and fishing
Corn 1005  Agriculture, hunting, forestry and fishing
Rice 1006  Agriculture, hunting, forestry and fishing
Soybeans 1201  Agriculture, hunting, forestry and fishing
Groundnuts 1202 Agriculture, hunting, forestry and fishing
‘Wool 1505  Agriculture, hunting, forestry, and fishing
Sugar 1701  Agriculture, hunting, forestry and fishing
Cocoa 1801  Agriculture, hunting, forestry and fishing
Natural Rubber 4001  Agriculture, hunting, forestry, and fishing
Hides 4101  Agriculture, hunting, forestry and fishing
Hard Log 4401  Agriculture, hunting, forestry and fishing
Soft Log 4403  Agriculture, hunting, forestry and fishing
Hard Swan 4407  Agriculture, hunting, forestry and fishing
Soft Swan 4408  Agriculture, hunting, forestry and fishing
Cotton 5201  Agriculture, hunting, forestry and fishing
Iron 2601 Mining and quarrying

Copper 2603 Mining and quarrying

Nickel 2604 Mining and quarrying
Aluminum 2606 Mining and quarrying

Lead 2607 Mining and quarrying

Zinc 2608 Mining and quarrying

Tin 2609 Mining and quarrying

Coal 2701 Mining and quarrying

Crude Oil 2709 Mining and quarrying

NatGas 2711 Mining and quarrying
Uranium 2844 Mining and quarrying

Gold 7108 Mining and quarrying

Soybean Meal 1208 Food products, beverages and tobacco
Soy Oil 1507 Food products, beverages and tobacco
Olive Oil 1509 Food products, beverages and tobacco
Palm Oil 1511 Food products, beverages and tobacco
Sun Oil 1512 Food products, beverages and tobacco
Coconut Oil 1513 Food products, beverages and tobacco
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Table B3. Calibration Exercises: The Role of Upstreamness

Calibration: (o,€, ¢, %)

(0.98, 0.98, 2, 0.18) (2, 0.2, 2, 0.18) (0.2, 2, 2, 0.18) (0.98, 0.98, 2, 0.30) (0.98, 0.98, 2, 0.06)

Upstream 4,26 4.89*** 3.53*** 8.23*** 0.05
(0.7205) (0.4083) (1.2552) (0.7278) (0.7805)
Observations 31 31 31 31 31

Note: This table shows a cross-sectional regression of the form dlog @;/dlog Pyy1 = fo + S1Upstream; +¢;.
The dependent variable is the change in quantities implied by Proposition 3, where Upstream; refers to how
upstream and upstream sector ¢ is from the commodity sector.

Table B4. Calibration Exercises: The Role of Downstreamness

Calibration: (o, €, ¢, G%)

(0.98, 0.98, 2, 0.18) (2, 0.2, 2, 0.18) (0.2, 2, 2, 0.18) (0.98, 0.98, 2, 0.30) (0.98, 0.98, 2, 0.06)

Downstream -0.29 0.12 -0.82%** 0.06 -0.69***
(0.1889) (0.1811) (0.2101) (0.3102) (0.0628)
Observations 31 31 31 31 31

Note: This table shows a cross-sectional regression of the form dlog Q;/dlog Py1 = Bo+ 51 Downstream;+e;.
The dependent variable is the change in quantities implied by Proposition 3, where Downstream, refers to
how downstream sector ¢ is from the commodity sector.
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B.2 Extra Figures

Figure B1. Identified Commodity Price Shock: Agriculture and Forestry

Identified Shock

Note: This figure plots commodity price shock for mining and quarrying for our sample of 9 countries in the
WIOD database. The shocks are estimated at the quarterly level and we convert them to annual by taking
the sum.

Figure B2. Identified Commodity Price Shock: Mining and Quarrying

Identified Shock
L

vear

Note: This figure plots commodity price shock for agriculture and forestry for our sample of 9 countries
in the WIOD database. The shocks are estimated at the quarterly level and we convert them to annual by
taking the sum.
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Figure B3. Identified Commodity Price Shock: Food Products and Beverages

Note: This figure plots commodity price shock for foods sectors for our sample of 9 countries in the WIOD
database. The shocks are estimated at the quarterly level and we convert them to annual by taking the sum.

C Proofs

Proof of Proposition 1. Starting from price changes, we have

N+1
dlog P; = Q;pdlog W + Z Q;dlog P; —dlogZ; foralli=1,2,.... N
j=1
N+1
dlog Pyi1 = Qg1 dlogW + Qg gdlog R + Z Qni1jdlog Py — dlog Zniq
j=1

where we define Q = (0,0, ..., Qvi1,x) is a (N + 1) x 1 vector where its first NV elements
are 0 because non-tradable sectors do not use capital directly.
Using the wage as the numeraire, dlog W = 0, and stacking the system into matrix/vector

form, we have
dlog P = Qdlog P + Qxdlog R — dlog Z
Setting dlog Z = 0 and inverting the system we arrive

dlog P = ¥Qkdlog R = dlog P, = ¥; ny1Qn41 kdlog R for all i = 1,2,.... N +1 (18)

39



Note that we can write the above expression as
dlog P = Qydlog R

where we define the typical element of Qp = {@K} = {V; n+190n11,K }, that represents the
network-adjusted capital share of producer 1.
We now make use of the fact that dlog Py is exogenously given to express changes in

the rental rate, dlog R, as an explicit function of it since

~ 1
legPN+1:QN+17Kd10gR:d10gR: e~ legPN+1
N+1,K

Replacing this expression into Equation (18), we get

Q
dlog P, = —%_dlog Py, (19)
N+1,K

which completes the proof. m
Proof of Proposition 2. Start from the market clearing condition and aggregate resource

constraints in terms of Domar weights and matrix form

Y
A= \IIT (b + EN11 W) (20)

Totally differentiating this expression

Y Y
d\ = A (b +eny GDP) + W' | db+eyn1d (W) (21)

(. J

. . . Vv
Changes in IO matrix given Demand Shares Changes in Demand Shares given IO linkages

We now totally differentiate the definition of the Leontieff-Inverse, ¥, to map its changes to
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changes in the IO matrix, 2

vl = (1-Q")!
viIr-Qh =1
v el =1
AU’ — e’ QT - wTdO" =0
dUT (I — Q7)) = Td0”
doT = vTd0r e’
dUT(b+b*) = ¥TaQ U7 (b + b*)

—_———
=X

dUT (b + b*) = TLANTA

Using this expression into Equation (21)

Y
A\ = BT X + U7 | db+ ey 1d (W) (22)

For a given producer ¢, we have

N+1 N+1 NA+1
d\;, = Z L\ Z QpAjdlog Qjp + Z Wi (bkdlog br + 0k, N 11

k=1 7j=1 k=1

logY —dl
GDP(d og dlog GDP))

(23)

We now focus on the last term on the right-hand side of the above equation. To focus on
the propagation mechanisms from intermediate inputs, we assume that the home consumer
has Cobb-Douglas preferences over goods. This means that consumption of each good k
as a share of total expenditure is constant and independent of quantities and prices. Note,
however, that by is a ratio with respect to the nominal GDP of the home country. As a result,
they may respond to changes in both expenditure and GDP. The Cobb-Douglas preferences
do not imply that these ratios are constant. To be more transparent, write

_— —
T GDp E GDP
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where F represents total expenditure at home.

Log-differentiating the above expression

P
dlog by, = dlog kC

+dlog

GgP =dlog £ —dlogGDP

=0 due to Cobb-Douglas Preferences
Therefore, by will change, provided that there is a difference between changes in expenditure
and changes in nominal GDP. Intuitively, under Cobb-Douglas preferences, expenditure in
good k raises proportionally to changes in total expenditure. This raises the numerator in
dlog E for all good k, while the denominator raises as changes in nominal GDP dlog GDP.
Therefore, if expenditure raises more than nominal GDP, the expenditure share on good k as
a fraction of nominal GDP, dlog by, will raise.

Using these results into Equation (23), we get

N+1 N+1 N+1 *
dhi= Y Wi Y Qupdjdlog Qi + Y Wiy (brdlog by, + G, n 41

k=1 j=1 k=1

N+1 N+1 N+1

dhi= > U > Qpdjdlog Qi + Y Uy, <bk(dlogE dlog GDP) + 6. N11 =+
k=1 j=1 k=1

GIY; (dlogY — dlog GDP))

GDP (dlogY — dlog GDP)>

N+1 N+1 N+1 o N+1

Y Y
dX\; = 9 QjrAjdlog Q Ui (bpdlog E + 6 dl Y Uil b ) dlog GDP
; k 321 ik og gk+; ki(brdlog B+ N+ AD B 0g ; k <k+ mNHLED D ) og

=\
N+1 N+1 N+1

Y
d\; = ; Ui ; QjxAjdlog Qjp + ; Ui <bkdlogE + 5k,N+1GDPd10gY> — X\idlog GDP

Upon rearranging

N+1 N+1 N+1

1 Y _
dlog \i = X ; N ; QA dlog Q. + ; Wi (bpdlog E + O i1 pptlos Y)
— dlogGDP (24)

We are now ready to construct the input-output substitution operator. Write the changes in
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expenditure shares

N+1+F '
dlog Q= dlog Pe+ > (67, — 1)Qdlog Py
h=1
N+1+F '
= Omdlog P+ > (67, — 1)Qdlog Py
h=1
N+1+F ‘
dlog Q= Y (0w + (6], — 1)Q)dlog Py, (25)
h=1

where 0, is the Kronecker delta, equal to 1 if £ = h and zero otherwise. In that expression,

we also define

j Eih
Orn = Q. (26)
J
J J 2
ekh 310g Ph ( 7)

where Equation (26) is the Allen-Uzawa elasticity for producer j between input k£ and h.
Note that input h can be either a factor or an intermediate input, while input £ is always an
intermediate good. Equation (27) represents the constant-output elasticity of input demand
of producer j of good k with respect to a change in the price of good/factor h.

We now use the model’s structure to simplify the above expression. In particular, notice
that we only have one factor, which price is changing: capital. Therefore, F' =1 and we can
write Equation (25) as

N+1
dlog Q= > (ks + (0%, — 1)Qn)dlog Py + (6 — 1)Qxdlog R
h=1
At this point, we can use the result in Proposition 1 that relates changes in prices to changes

in the commodity price and the one that links changes in the price of capital to changes in
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the commodity price as well. We rewrite those below

Q
dlog P, = =% dlog Py (28)
N+1,K
1
d log R== d lOg PN+1 (29)
N+1,K

Plugging these expressions into the above expression, we get

Ry , W (0 —DQg
dlog Q= | D (G + (0, — DQyp) =—— + —EL K ) dlog Pyyy (30)
P Qi1 K Oni1x

We can replace Equation (30) into the first term on the right-hand side of Equation (24),
to get

N+1 N+1 N+1 N+1 N+1 _ ﬁh X« (03‘ — 1)k
Z ™ Z ij)\jdlongk = Z \» Z ij)\j Z ((5kh, + (Hih — 1)9]'}1)~ > + kK J dlogPN+1
k=1 j=1 k=1 j=1 h=1 QNny1,K Q1K
N+1 N+1N+1 < N+1 J
; Q. K (07 — DK
= 0 D0 D0 Grn+ 0, — D)Qn)Vrin = + > QK22 ) dlog Py 41
J=1 k=1 h=1 ON+LK =1 QN1 K

Let’s define the following objects

N+1 N+1

SO G+ (O — D) Vil i

~ 1
D (Vi) Q) = =

1 N+1 A
(V. Qi) = = > W0 — 1)k
QN+1,K k=1

(I)j(i, N + 1) = q)j(qj(:,i)7 ﬁK) + q)j(\p(iﬂl% QK)

Hence, we have

N+1 N+1 N+1
D Wk > Qdidlog Qe = >~ A@;(i, N + 1)dlog Py (31)
k=1 j=1 j=1

where @;(i, N + 1) is a version of the Input-Substitution Operator defined by Baqaee and

Farhi (2019) applied to our small open economy environment. This operator captures how, in
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response to a change in the commodity price, producer j substitutes away/towards producer
1 both directly and indirectly through input-output linkages.

Therefore, changes in the Domar weights can be written as

1 N+1 N+1 Y
dlog \; = x ; A;®;(i, N + 1)dlog Py, k; Uy (bkdlog E + v g pdlos Y)
— dlog GDP, (32)

which completes the proof. m
Proof of Proposition 3. To prove this result, we rearrange the result in Proposition 2 to

get

dlog Q; = dlog \; + dlog GDP — dlog P,

N+1 N+1

Z )\jq)j(i, N + 1)d10g PN+1 + Z \I/kz (bkdlogE + 5k,N+1

j=1 k=1

1
=

Y _
GDPdlogY> — dlog P,

Using Proposition 1, we can rewrite this as

” B N+1 ﬁLK
0g Qi = Z \i (Wi, Vin+n) — = dlog Py

N+1L,K

N+1 g N+1 g -
kz ki =
+ E N, bpdlog E + E y GDP(Sk’NHlegY

We are left to link dlog £ and dlog Y to dlog Py,;. For total expenditure, recall the following

two equations

dlogGDP = =

d log PN+1>
N+1,K

E=GDP-Y.
To proceed, we assume Y is a positive function of the commodity price. In particular,

log}_/ = ¢lOgPN+1.
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Log-differentiating the expression for expenditure and using the above relationships, we

get

DP g _ DP A
dlogE:GleogGDP—EdlogY:<G— K

Y
K 6| dlog Py
Oni1x E

Hence, changes in domestic expenditure satisfies

GDP Ak Y
dlogk = | ——= — —¢ | dlog Pyyq
( E Qunux F >

Replacing the expression for domestic expenditure and net transfers to the rest of the

world as a function of the commodity price shock, we arrive at

N+1 7 Y % 0
dl ; Aj b; {GDP A Y )\ Y Q;
_dlog@;  _ ZJQj(i,N_i_l)_i_i GOP Ak Y, YN _ Yk
d log PN+1 = Ai /\i FE QN—Q—LK E /\i GDP QN—H,K
. Foreign Demand
Input-Output Substitution Domestic Demand Cost Push
(33)
where
N+1

b; = Z Upibr,
=1

bi+\1jN+1,i:/\i7 for allz:1,2,,N—|—1

This completes the proof. m

D Model Structure

We assume that each producer possesses a nested CES structure.
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D.1 Non-Tradable Producers: j =1,2,... N

Each non-tradable producer combines intermediate inputs and labor to produce gross output,

Qi, according to the following production function

1 E 1 Ll o;—1
Qi = Z; (a;ijoj +(1—a;)7 M; ™ )

where Z; is the productivity level, L; is labor demand, M is an intermediate input bundle,
and o; is the elasticity of substitution between labor and the intermediate input bundle. a;
is the share of labor in total sales of producer 7.

The intermediate input bundle combines intermediate inputs from each producer j, such
that

¢
N+l 1 g-1\ 571

_ €5 £j
M; = Z wii M,
k=1

where wjy, is the share of intermediate input 7 on the cost of the intermediate input bundle
and My, is the demand by producer j from producer k. ¢, is the elasticity of substitution
among intermediate inputs by producer j.

Cost minimization implies the following conditional demands, marginal costs, and inter-
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mediate input price index

w7
J

M; = (1—a;) B 7771Q,
J J MC] J J

P v - . O o

MC; = z; (ajwl—“i +(1- aj)(ij)l—oi> =

1
N+1 1=¢;

M 1—¢;
P = E :ijpk
k=1

D.2 Commodity Sector: j = N + 1

The only difference between the commodity sector and the rest of the sectors is that it also
uses capital. Otherwise, the structure is the same. In particular, it produces according to the

following production function

L, £ 1 $ o;—1
Qi =Zj|a’V;” +(1—a;)M"

where the intermediate input bundle is the same as before. This commodity sector also

combines labor and capital according to the following aggregator

J

FR =T
o= (487 va-apit)

Here, K is capital demand, and v; is the elasticity of substitution between labor and capital

for the commodity sector.
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As before, conditional demands, marginal costs, and price indices satisfy

PV — (djwl—ui + (1 o dj)Rl—Vl)l%yi

J

D.3 Allen-Uzawa Elasticities of Substitution

From these conditional demands, we can compute each producer’s Allen-Uzawa elasticities of

substitution between any two pairs of inputs, (k, h), Qih, as follows

My, = P (P MCP 277 Q;

0log My, dlog PM dlog MC;
—" = e O J ) J
dlog P, &30 + (&5 = ) dlog P, 77 Olog P,
dlog Mjy, Py M;p, PpM;p,
= ki [ + o j , j
Tlog By, o0 T (& =) PYM,; 7 TG,
N—— N——
=0 =Qjn
9 = mfgp"k :_5j5kh ( ,_0'~)Q_%+a.
kh th th J J th J
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where 0y, is the Kronecker delta that equal 1 if K = h, and 0, otherwise. h =1,2,.... N +1U
{L, K}. Hence, P, includes both good and factor prices to save on notation.

An object of interest is oy + (Hih — 1)Q;;, because this enters directly in the definition of
the input-output substitution operator. We can write this term compactly using the above

expression for the Allen-Uzawa elasticity of substitution

5kh -+ (Qih — 1)th = (€j — 1) (Q% — 5kh) + (Uj — 1) <th - Q%)
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