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Exchange rates and economic quantities exhibit substantial variation in their correlations across
countries. For exchange rates, these correlations generate factor structures in comovements and
differences in the risk characteristics of international asset prices. That said, the drivers of these
correlations and the relation between those for quantities and those for asset prices are not partic-
ularly well understood. In this paper, we provide an account of these international comovements
based upon the structure of the global trade network.

We begin with the insight that linkages in the global trade network transmit shocks across
countries. These network linkages, along with the correlations of primitive shocks, give rise to
varying degrees of comovements between countries. As a result, comovements in exchange rates
and in economic quantities, specifically consumption growth, can be decomposed into components
that are driven by the network structure and by the correlations of the underlying primitive shocks.
We then show that exchange rate comovements and consumption comovements tend to be driven
by different forces. Exchange rate comovements are better explained by countries’ closeness in the
trade network, while consumption comovements are better explained by correlations of primitive
shocks. To explain this disconnect, we present a multi-country model with segmented financial
markets that generates the observed empirical patterns. Our results provide new evidence on the
drivers of international asset price correlations and shed light on the nature of the frictions which
are important in international financial markets.

The international finance literature has been focusing on the disconnect between consump-
tion growth and exchange rate movements for a given country-pair. In particular, Backus and
Smith (1993) document that countries’ consumption growth differences and their exchange rate
movements are only weakly correlated in the data—many textbook models would predict a per-
fect correlation. In contrast, our results present a disconnect between cross-sectional variations
in exchange rate correlations vis-a-vis cross-sectional variations in consumption or productivity
correlations. Furthermore, because our measure of trade network closeness is constructed only
using trade data, our findings also demonstrate a rare link between quantities—the structure of the

trade network—and international asset prices. While consumption or productivity correlations do



not explain large fractions of the cross-sectional variations in asset price correlations, the trade
network structure, as summarized by trade network closeness, is able to do so.

To document the drivers of correlations in exchange rates and consumption growth, we con-
struct a number of measures of closeness based on the trade data. Our closeness measures capture
the similarity between a pair of countries’ trade linkages. Consider the U.S. and Germany for ex-
ample. They can be close in the trade network because they trade a lot directly with each other, or
because they both trade a lot with common trade partners like China. Our full closeness measure
is simply the dot product between the vector of the bilateral trade shares of the U.S. with respect to
all countries and the vector of the bilateral trade shares of Germany with respect to all countries.
We decompose this full closeness measure into a direct component and an indirect component.
The direct component measures bilateral connections between the U.S. and Germany while the
indirect component measures their trade connections to other countries, which, for example, is in-
creasing if they both trade more with China. We measure trade network closeness for trade in both
intermediate goods and final consumption goods.

With these measures of trade network closeness, we document a number of facts about the
drivers of international comovements. First, we show that trade network closeness has a much
stronger explanatory power for exchange rate comovements, while correlations of total factor
productivity (TFP) shocks drive international consumption growth comovements. These results
provide evidence of a new form of disconnect between economic fundamentals and asset prices.
Specifically, when accounting for exchange rate correlations, the regression R? is around 25% for
trade network closeness and around 10% for TFP correlations. In contrast, when accounting for
consumption correlations, the R? is around 7% for trade network closeness and around 28% for
TFP correlations. We also demonstrate that the differences in R? are significant using a bootstrap
exercise, further strengthening the evidence on the disconnect which we uncover.

Second, both components of trade network closeness explain exchange rate correlations. Specif-
ically, we find that both the direct component, capturing bilateral trade connections, and the indi-

rect component, capturing trade with shared third countries, are important explanatory variables



for countries’ exchange rate correlations. We also show that both trade network closeness in con-
sumption goods and intermediate goods are able to explain exchange rate correlations.

Third, we show that our measures of trade network closeness remain significant for explaining
exchange rate correlations even when controlling for bilateral trade intensity' and bilateral dis-
tance, which is often a key driver of international comovements in (usually two-country) models.
This result highlights the importance of understanding full structure of the trade network as mea-
sured by the direct and indirect components. The latter indirect components can only be understood
in the context of models and empirical measures with more than two countries.

Fourth, we exploit the panel dimension of our data by measuring trade network closeness
using non-overlapping time periods. We show that changes in trade network closeness are related
to changes in exchange rate correlations, providing further evidence on the relation between trade
network closeness and exchange rate correlations. By exploiting the time-series variation, we are
also able to control for country-pair and time fixed effects. The country-pair fixed effects rule out
any time invariant bilateral characteristics—such as distance—which might drive both exchange
rate correlations and trade network closeness.

Having documented the close relation between trade network closeness and exchange rate cor-
relations, along with the disconnect between the drivers of exchange rate correlations and con-
sumption correlations, we next present a model to explain our findings. Our model contains
multiple countries which are populated by a group of active households and a group of inactive
households. Each country produces a distinct tradable good which is used by all other countries
for production of their own goods, as well as for final consumption. This interdependent produc-
tion and consumption structure gives rise to the international trade network and to heterogeneity
across countries. Each country’s output is exposed to a productivity shock which is specific to that
country and is potentially correlated with other countries’ productivity shocks. We consider these
productivity shocks to be supply shocks.

While active households in each country have access to complete financial markets, inactive

IBilateral trade intensity is constructed as total pair-wise trade divided by total pair-wise GDP.



households do not. Instead, the inactive households receive a transfer from the active households.
The size of this transfer is determined by a country-specific transfer shock. Using this transfer, the
inactive households purchase their consumption bundles. We show in the paper that this transfer
shock can be interpreted as a demand shock which impacts the total demand for a good. Market
clearing for each country’s good states that the output of that good equals the sum of total us-
age for production, total usage for active households’ consumption, and total demand for inactive
households’ consumption. When inactive households consume more of a good due to larger trans-
fer shocks, the good’s quantity available to active households declines and affects their marginal
utilities.

Exchange rates are determined by the relative marginal utilities of active household’s across
countries, which are themselves driven by the active households’ consumption. In contrast, aggre-
gate consumption is determined by the consumption of active and inactive households. This differ-
ence between aggregate and active household consumption is what allows the model to generate
the disconnect between the cross-sectional drivers of exchange rate and consumption correlations,
which we discuss shortly.

Comovements in exchange rates and consumption arise in two ways. First, even when the
primitive shocks are uncorrelated, the trade network will propagate both productivity (supply) and
transfer (demand) shocks across countries. Productivity shocks propagate through the network by
impacting the output of a particular good and therefore the output of other goods that use that good
for production. Transfer shocks propagate through the network by impacting the market clearing
for a particular good and, in equilibrium, shifting the allocations between active and inactive house-
holds within and across countries. Second, comovements in asset prices and consumption can also
arise if the productivity and transfer shocks are correlated across countries. As a result, consump-
tion and asset prices are determined by the interaction between the structure of the global trade
network, the correlations of productivity shocks, and the correlations of transfer shocks. Countries
have more correlated economic quantities and asset prices if they have more correlated primitive

shocks and if they are closer in the trade network.



Consistent with our empirical findings, our model shows that the dot product of countries’
consumption and intermediate goods trade shares is a key predictor of international comovements.
Futhermore, the model predicts that a specific combination of consumption and intermediate shares
should predict international asset price correlations, which we verify in the data. Finally, the
model predicts that a country’s average closeness relative to other countries in the trade network
determines the variance of its exchange rate, which we also confirm in the data.

To understand the source of the disconnect between the drivers of exchange rate correlations
and consumption correlations, we calibrate and estimate our model. We begin by disciplining
the heterogeneity across countries by directly using the observed trade network and correlations
of productivity shocks. We next estimate the remaining model parameters using both standard
exchange rate moments from the literature and the additional moments found in our paper. Using
a parsimonious specification for the unobserved model parameters, the estimated model is able to
match the disconnect which we observe in the data. With the calibrated model we are then able to
study a number of model variants which illuminate the mechanism which drives our disconnect.

In particular, we show that the market segmentation in our model plays a key role of disentan-
gling the aggregate consumption and exchange rate dynamics. Not only does it resolve the Backus
and Smith (1993) puzzle in the time series for a country pair, it also generates the disconnect be-
tween international comovements that we document in this paper. On the one hand, supply shocks
determine the overall resources of the active and inactive households combined in each country,
which are closely related to the country-level consumption growth. On the other hand, the trade
network propagates both supply and demand shocks to determine the active households’ marginal
utilities, which are closely related to the exchange rate behavior.

Given the importance of trade network closeness for exchange rate correlations, in the final
section of the paper, we study how comovement that arises from the structure of the global trade
network is related to currency factors such as carry and dollar (Lustig, Roussanov and Verdelhan,
2011, 2014; Richmond, 2019; Verdelhan, 2018). Given that network closeness explains a substan-

tial fraction of correlations in exchange rates, we investigate if the common factors in exchange



rates also manifest themselves as common factors implied by our trade network closeness mea-
sure. To do so, we extract the principal components from the covariance matrix implied by trade
network closeness. We then show that: (1) countries’ loadings on these principal components are
closely related to their loadings on the common exchange rate factors, and (2) the common factors
embedded in these principal components are also closely correlated with the common exchange
rate factors. These findings show the structure of the global trade network helps to explain the
origin of common factors in exchange rate.

Overall, our findings provide a trade-based account for the origins of exchange rate correla-
tions, consumption correlations, and common factors in currency markets. Furthermore, by show-
ing that the disconnect between the cross-sectional drivers of quantity and asset price correlations
can be explained by a segmented-market model, we provide new evidence on the types of frictions

that are important in international financial markets.

Related Literature Our paper contributes to the literature on exchange rate determination. Some
recent work includes Gabaix and Maggiori (2015) which highlights the role of capital flows in im-
perfect financial markets, Farhi and Gabaix (2015) which highlights the role of rare disasters,
Colacito and Croce (2011) which highlights the role of long-run risk, Maggiori (2017) which
highlights the role of asymmetric financial development, and Itskhoki and Mukhin (2019) which
highlights the role of noise traders and risk-averse intermediaries. Pavlova and Rigobon (2007)
study the role of demand shocks in a two-country model. We contribute to this literature by show-
ing how exchange rate behavior is related to the structure of the global trade network and that
segmented markets within a country can explain the novel disconnect in comovements which we
uncover.

Our paper relates to the literature in international finance on comovements and common fac-
tors. Lustig, Roussanov and Verdelhan (2011) and Verdelhan (2018) show that exchange rate
movements are driven by a few common factors. Lustig and Richmond (2019) show that the ex-

change rate factor structure is related to bilateral measures of physical, cultural, and institutional



distance. Hassan et al. (2021) study how trade deals affect the factor structure in exchange rates
and present a model of international trade to explain their findings. This literature also studies how
currency risk premia relates to economic fundamentals. In particular, Hassan (2013) studies the
effect of country size, Ready, Roussanov and Ward (2017) the effect trade composition between
final and commodity goods, Corte, Riddiough and Sarno (2016) studies the effect of external im-
balances, and Jiang (2018) studies the relation to government fiscal conditions. Korsaye, Trojani
and Vedolin (2020) provide a model-free estimation of exchange rate factors. Hassan et al. (2021)
study how trade agreements impact changes in currency risk and present a model to explain these
findings.

Our paper is closest to Richmond (2019), which shows how countries’ trade network central-
ities, a measure of their overall positions in the global trade network, are related to their currency
risk premia and to their exposure to a global factor in consumption growth. In comparison, our
paper documents a quantitative disconnect between the drivers of exchange rate comovements and
the drivers of consumption comovements. This disconnect points to a role for market segmenta-
tion in explaining international correlations. Both papers highlight the structure of the global trade
network as an important source of global comovements. Using our model, we demonstrate how
segmentation interacts with the global trade network to generate the measured differences in the
drivers of comovements in asset prices and quantities.

Our model builds on earlier segmented-market models of exchange rate determination (Al-
varez, Atkeson and Kehoe, 2002, 2009) by considering a multi-country setting with both consump-
tion and production linkages. Our specific setup of segmented markets is most closely related to
that of Hassan (2013). Lustig and Verdelhan (2019) show that incompleteness in international
financial markets is unlikely to explain key puzzles in exchange rates. Our paper contributes to
this literature by studying how segmented markets interacts with the structure of global trade to
generate comovements across countries.

Our full model is a segmented markets version of classic international business cycle models

(Backus, Kehoe and Kydland, 1992; Colacito et al., 2018). Our model is also related to network



and granularity models such as Long Jr and Plosser (1983); Gabaix (2011); Foerster, Sarte and
Watson (2011); Acemoglu et al. (2012); Chaney (2014); Acemoglu, Akcigit and Kerr (2016);
Bagaee and Farhi (2017, 2018), as well as to the literature that connects asset pricing with input-
output linkages across firms such as Herskovic et al. (2016); Herskovic (2018); Gofman, Segal and
Wu (2018). We adapt the network model to an international context, and show that international
comovements align with predictions from a network model with segmented markets. In a related
paper, Huo, Levchenko and Pandalai-Nayar (2018) build a production model with a trade network,
and show how the distribution of international GDP comovements would change if technology and
non-technology shocks are turned off. In comparison, our work proposes a trade-based closeness
measure and studies how it explains bilateral business cycle and exchange rate correlations.

Our work is also related to the literature in international macroeconomics on the comove-
ments in international business cycles. Gregory and Head (1999); Kose, Otrok and Whiteman
(2003); Imbs (2004); Calderon, Chong and Stein (2007); Burstein, Kurz and Tesar (2008); Rose
and Spiegel (2009) find trade, specialization, and financial integration are relevant for determining
comovements in in international business cycles. Bayoumi and Eichengreen (1998); Devereux and
Lane (2003) show that trade links and common economic shocks also affect bilateral exchange
rate volatility. Stockman and Tesar (1990); Tesar (1993) study comovements in two-country inter-
national business cycle models and highlight the role of correlated shocks. Forbes and Rigobon
(2002); Bekaert, Hodrick and Zhang (2009) study comovements in international equity returns. Lu
and Luo (2019) study how monetary policy affects comovements. Our work structurally relates
these comovements to the input-output linkages in the international trade network.

Moreover, the literature on optimal currency areas since Friedman (1953) and Mundell (1961)
suggests that countries with correlated business cycles should form currency unions. This is be-
cause, on net, countries with more correlated business cycles benefit more from lower transaction
costs in international trade. Frankel and Rose (1998) show that countries that trade more tend to
have more correlated business cycles. Our paper provides a network-based explanation for the re-

lationship between trade and business cycle correlations and connects these findings to asset prices



and factor structures in exchange rates.

1 Reduced-Form Evidence on International Correlations

Our goal is to understand the fundamental sources of comovements in asset prices and quantities
across countries. These comovements can arise due to correlated shocks or due to propagation of
these shocks through international trade linkages. Countries that have closer trade linkages or more
correlated shocks could potentially have higher comovements in quantities and asset prices. To this
end, we begin by documenting how cross-country correlations of asset prices and quantities are
related to various components of the international trade network and to cross-country correlations
of productivity shocks.

We first provide details of the data which we use. Next, we define various measures of trade
network closeness. Finally, we show how the measures of trade network closeness and productivity

shocks correlations are related to correlations in asset prices and quantities.

1.1 Data Sources

We construct our trade data using global input output tables from two sources. We start with data
from Johnson and Noguera (2012) which covers 40 countries from 1974 to 2009. We extend the
sample through 2014 using the World Input Output Tables from World Input-Output Database
(Timmer et al. (2015)). The combined input output tables contain data on imports of intermediate
and consumption goods and a measure of gross output in dollars. We use annual consumption data
from the World Bank’s World Development Indicators (WDI) to construct consumption growth in
local currency units. Data on Total Factor Productivity (TFP) are from annual the Penn World Table
(Feenstra, Inklaar and Timmer, 2015). We construct TFP correlations using log TFP growth and
consumption correlations using log consumption growth in local currency units. Data on aggregate
trade (for calculation of bilateral trade intensity) and distance is from CEPII.

Spot exchange rate data are monthly from Global Financial Data from January 1974 to Decem-



ber 2014. Following Verdelhan (2018) and Lustig and Richmond (2019), we define the currency
base factor of country ¢ as the average log exchange rate change with respect to all foreign coun-

tries:
_ 1
Aey = Nerijt, (D
J

where e;;; 1s the log exchange rate in units of currency j per unit of currency ¢ at time ¢. This
currency base factor measures the average appreciation of exchange rate in country ¢ relative to all
other countries. A positive value means an appreciation of country 7’s currency relative to other
currencies. For example, if the base country ¢ is the U.S., then the base factor is effectively the
movement in the equal-weighted dollar index.

Our combined dataset runs from 1974 to 2014. We consider two samples of countries when
presenting results. Our primary sample contains 19 developed countries: Australia, Austria, Bel-
gium, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, United Kingdom, and United States. For robustness, in the
Appendix we study a second sample which additionally includes 10 emerging countries: Brazil,

China, Greece, Hungary, India, Indonesia, Mexico, Poland, South Korea, and Turkey.

1.2 Measuring Trade Network Closeness

We are interested in measuring countries’ closeness in the global trade network. Broadly speaking,
countries are closer in the global trade network if they share a more similar set of trade linkages,
either bilaterally or with other countries. We also distinguish between closeness in trade in inter-
mediate and consumption goods.

We first measure countries’ import shares using data from the World Input-Output Tables
(WIOT). By employing WIOT data, we are also able to distinguish imports for intermediate usage
from imports for final consumption. For two countries ¢ and j at time ¢, we define w;j; as the

dollar-value of imports of intermediate goods from country 7 by country 7 relative to the dollar-
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value gross output of country . We define v;;; as the dollar-value imports of final consumption
goods from country j by country ¢ relative to the dollar-value of gross consumption by country
. We refer to the matrix WW; with elements w;;; as the production weight matrix and the matrix
Vi with elements v;;; as the consumption weight matrix. Each row of these matrices contains the
import shares in production and consumption goods for each country ¢ at time ¢.

For all measures of closeness we study two time windows: full-sample and rolling window.
For our primary results we construct closeness measures using averages of the 1V, and V; matrices
over the full sample from 1974 to 2014. We label these time-invariant matrices as 1" and V' with
elements w;; and v;;, and use them to explain the comovements of asset prices and quantities over
our full sample window. We also construct time-varying measures of closeness to examine how
they align with the time-series variation in the comovements of asset prices and quantities. To do
so, we compute 10-year rolling averages of IW; and V; and use these as inputs to measure time-
varying closeness. For exposition in the following, we use the time-invariant matrices to describe
the construction of our closeness measures.

Using the matrices of bilateral trade weights, we construct measures of trade network closeness
for each country pair. Our measures of trade network closeness between two countries ¢ and j
are based upon the dot product between components of their vectors of bilateral trade shares in
consumption and intermediate goods. We define full consumption (denoted with V') closeness

between countries ¢ and 7 as:

N
CV_Full(i,j) — {V . V/}ij = Zvikvﬂf'
k=1

Countries have higher consumption closeness when they have more similar profiles of consumption
trade shares. This definition of closeness is motivated by cosine similarity. We use just the dot
product rather scaling by the norms of the vectors so that we can decompose the closeness measure
into bilateral and network components. As a result, the matrix of the full consumption closeness

values is given by V' - V’, with each element being the closeness between a pair of countries.
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We decompose our measure of closeness into two components which we refer to as bilateral

and network closeness. Bilateral consumption closeness is defined as:

CV*Bilateral(i’j) = V)i + ViV
This bilateral component of the full closeness measure captures the closeness of countries due to
the direct trades in consumption goods between the country pair. The second component of the

full closeness measure, which we refer to as network consumption closeness, is given by:

CV—Network@',j) — § Vik V-
ki, j

Network consumption closeness captures the similarity of the two countries’ consumption shares
due to their common linkages to other countries. For example, if two countries trade more with
each other, they will have higher bilateral closeness. In comparison, if they both trade more with
a third country, they will have higher network closeness. By construction, full consumption close-

ness is equal to the sum of bilateral and network closeness:
CV_FUZl(i,j) — CV—Bilater(zl(i’j) + CV—Network(i’j)‘

We similarly define the measures of trade closeness in intermediate (denoted with 1) goods:

_ .. N _Bi .o _ .o
CW Fu”(Z7j) — Zk:l Wi Wik, CW leateral(z’]> = wywj; + wijw;j, and CW Network:(z’]> —
>k i j Wirw;k. These production closeness measures simply replace the matrix V' in the above

expressions with the production weight matrix WW.

1.3 International Comovements in the Cross-Section

We now turn to studying the relation between our measures of trade network closeness, correla-
tions of productivity growth, and international comovements of quantities and of exchange rates.

Specifically, we run regressions of the correlations of consumption growth and correlations of cur-

12



rency base factors, which we refer to as exchange rate correlations, on various bilateral explanatory

variables:

corr (Aey, Aejy) = a+ f'ag;+ e, 2)

COTT’(AE“, Aéjt) = o+ Bll’ij + €ij- (3)

The bilateral explanatory variables z;; include measures of trade network closeness, productivity
(TFP) growth correlations, bilateral trade intensity, and distance. We standardize each of these
variables to simplify the interpretation of the coefficients. For all bilateral regressions we only
select the set of unique country pairs. That is, our sample contains the pair (4, j), but does not
include (7,14), (i,7), and (j, j). For the main paper we focus on the sample of 19 developed countries
and present results for the developed and emerging sample in the Appendix.

We first focus on the explanatory power of trade network closeness versus the explanatory
power of TFP correlations. In particular, we find that exchange rate correlations tend to be ex-
plained by trade network closeness while consumption correlations tend to be explained by TFP
correlations. Table (1) presents regressions of exchange rate correlations (top panel) and consump-
tion correlations (bottom panel) on measures of trade network closeness and TFP correlations.
Beginning with the top panel, models 1-6 all use trade network closeness and show that countries
which have higher trade network closeness have higher currency base factor correlations. The R-
squared in models 1-6 range from 18% to 31%. Model 7 shows that countries which have a higher
TFP correlation do tend to have higher exchange rate base factor correlations, but the R-squared
of 11% in this regression is substantially lower than models 1-6. These patterns in explanatory
power for trade network closeness and TFP correlations reverse when studying consumption cor-
relations in the bottom panel. When explaining consumption correlations, the R-squared with trade
network closeness ranges from 6—9% for models 1-6, while the R-squared for the model with TFP
correlations is 28%.

To further demonstrate that exchange rate correlations tend to be explained by trade network

13



closeness while consumption correlations tend to be explained by TFP correlations, we study the
boostrapped distribution of the R-squareds in the previous regressions. For each iteration of the
bootstrap, we randomly sample the years of data with replacement in order to build a bootstrapped
sample of the same length as our original data. For this resampled data we compute our trade net-
work closeness measures, TFP correlations, exchange rate correlations, and consumption growth
correlations. We then compute the regression’s R-squareds at each iteration and repeat this 10,000
times. This approach preserves the cross-sectional correlations induced by the network or particu-
lar shock realizations within a given year.

We present the bootstrapped distribution of the R-squareds in Figure (1). The top panel
presents the R-squared for exchange rate correlations and the bottom panel for consumption cor-
relations. We include the R-squared from models 3 (V' — Full), 6 (W — Full), and 7 (TFP
Correlation) in Table (1). The top panel shows that when explaining exchange rate correlations the
R-squared for the trade network closeness models is signifcantly higher than the TFP correlation
model: the 95% confidence interval for the difference in R-squared between using V' — F'ull close-
ness and TFP correlations is .058 to .224 (.031 to .201 for W — F'ull minus TFP correlations).
In contrast, the bottom panel shows that when explaining consumption correlations the R-squared
for TFP correlation mode is signifcantly higher than the the trade network closeness models: the
95% confidence interval for the difference between using TFP correlations and V' — F'ull close-
ness for consumption corrlations is .044 to .327 (.036 to .317 for TFP correlation R-squared minus
W — Full R-squared).

Both the bilateral and the network closeness measures matter for explaining exchange rate
correlations. Returning to the first panel of Table (1), model 1 shows that bilateral consumption
closeness explains a substantial share of exchange rate correlations. In model 2, we add network
consumption closeness and show that both the bilateral and the network measures explain ex-
change rate correlations. The bottom row presents the p-value of a likelihood-ratio test between
the nested models 1 and 2 and shows that including consumption network closeness significantly

increases the goodness-of-fit. Model 3 presents a univariate regression with full consumption net-
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work closeness, which is also significant. Given that full network closeness is the sum of bilateral
and network closeness, the difference in the R-squared in model 2 versus 3 arises due to allow-
ing different loadings on network closeness in model 2. Models 4-6 replicate models 1-3, but
use production network closeness instead. The marginal explanatory power of production network
closeness is somewhat higher than that of the consumption network closeness, though these mea-
sures are themselves highly correlated. Overall, these results demonstrate that the structure of the

trade network matters for exchange rate correlations over and above direct bilateral trade linkages.

Adding Controls. We next consider the explanatory power of our trade network closeness mea-
sures for exchange rate correlations when controlling for other variables. We first introduce bilat-
eral trade intensity as an alternative measure of trade linkages. Bilateral trade intensity (BTI) is
calculated as total bilateral trade between a pair of countries divided by the sum of their GDPs. BTI
therefore combines trade in consumption and production goods into one measure and also uses a
different functional form than our trade network closeness measures. The results are presented in
Table (2). Model 1 shows that BTT itself explains a similar amount of exchange rate correlations
to our network closeness measures. Models 2 and 3 introduce bilateral and network consumption
closeness and show that our measures of network closeness remain significant when controlling
for BTI. Model 4 shows that full consumption network closeness also is a significant determinant
of exchange rate correlations when controlling for BTI. Finally, models 4—7 show that production
based closeness measures also remain significant when controlling for BTI. Overall, we conclude
that our measures of trade network closeness are key determinants of exchange rate correlations,
even controlling for BTI. Furthermore, we prefer our measures of network closeness as they allow
us to cleanly separate bilateral and network connections as well as consumption from production
closeness.

We also introduce bilateral log distance as a control in Table (3). Models 1-3 explain ex-
change rate correlations and models 4—6 explain consumption correlations. Models 1 and 2 show

that while distance is a significant determinant for exchange rate correlations, our measures of
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consumption and production network closeness remain significant in multivariate specifications.
Model 3 shows how distance affects exchange rate correlations controlling for TFP correlations,
which are insignificant in this specification. Interestingly, models 4-6 show that distance does
not explain consumption correlations and that TFP correlations (model 6) still remain the most

powerful explanatory variable for consumption correlations.

Explaining Time-Series Variation in Correlations. Our previous results demonstrate the re-
lation of cross-country correlations of exchange rates and consumption growth to trade network
closeness and TFP correlations over the full-sample from 1974 to 2014. While these correlations
do have a stable component, there also exists time-series variation in the correlations. We now
study whether the time-series variation in correlations is related to the time-series variations in
trade network closeness and TFP correlations.

Consistent with our prior findings, we find that the time-series variation in our measures of
trade network closeness also explains the time-series variation in exchange rate correlations, while
the time-series variation in TFP correlations explains the time-series variation in consumption cor-
relations. To show this, we estimate regressions using conditional exchange rate and consumption

correlations:

corry (A€, A€jr) = 6y + 0 + B'wije + €4ijt, 4)

COTTt(AEit, AEjt) = 6@' + 6t -+ 5/[57;]',5 + 57;]',5. (5)

These regressions include year fixed effects, d;, and country-pair fixed effects, d;;.> By including
country-pair fixed effects, we also control for bilateral time-invariant characteristics, such as dis-
tance. The results are presented in Table (4). Models 1 and 2 show that the time-series variation
in both consumption and production closeness explain time-series variation in exchange rate cor-

relations. Model 3 shows that the time-series variation in TFP correlations do not appear to be

2We compute all inputs in these regressions using 10-year non-overlapping windows. Specifically, we use data from
1975—1984, 1985—1994, 1995—2004, and 2005—2014 to calculate FX, consumption, and TFP correlations along
with our measures of trade network closeness.
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significantly related to changes in exchange rate correlations. Models 4-6 show that the opposite
is true for consumption correlations—changes in TFP correlations explain changes in consumption

correlations, while changes in trade network closeness have insignificant explanatory power.’

Developed and Emerging Sample. We also study a larger sample of developed and emerging
countries and find similar results to our developed sample. We present these results in Appendix B.
In Table (A1) we study the unconditional relation among these variables and find similar results:
(1) trade network closeness tends to explain exchange rate correlations while TFP correlations tend
to explain consumption correlations and (2) network closeness explains exchange rate correlations
over and above bilateral closeness for both consumption and production based measures. Table
(A2) presents results including gravity controls and shows thats our measures of trade network
closeness remain significant. Finally, Table (A3) provides evidence that time-series variation in
trade network closeness explains time-series variation in exchange rate correlations, while time-

series variation TFP correlations explains time-series variation in consumption correlations.

2 A Network Model of International Comovements

To explain the empirical findings in the previous section, we now present a general equilibrium
model of international trade and asset prices. The model allows us to shine light on a number of
the findings. First, we show how the structure of the global trade network interacts with primi-
tive shocks to give rise to international comovements in asset prices and quantities. Second, we
demonstrate why both bilateral and network closeness measures are important for understanding
these comovements. Finally, we explain the source of the disconnect between what explains ex-
change rate correlations and consumption correlations.

We start with a general model, and then consider special cases that generate tractable results to

30ur findings here relate to the work of Gavazzoni and Santacreu (2020), who study how innovation diffuses across
countries through trade as well as through common increases in productivity. Interpreted broadly, our findings here
suggest that common changes in productivity (TFP) across countries tends to affect their consumption comovements.
On the other hand, changes in trade that may occur due to innovation diffusion appear to affect asset prices.
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further develop intuition for a number of our empirical findings. Then, in Section (3), we calibrate

the model to quantitatively match the empirical patterns we uncovered in Section (1).

2.1 Model Set-Up

Time is discrete and infinite, indexed by ¢ = {1, 2, ...}. There is no storage technology that allows
agents to transfer goods across periods. There are N countries, each popluated by a unit mass of
households and indexed by i € {1, ..., N}. Each household is one of two types: active (with share
1)) and inactive (with share 1 — ).

There are two types of goods: intermediate and final consumption goods. Each country has a
distinct intermediate good which is used for production of other intermediate goods. Production
of intermediate goods is undertaken by the active households in each country. Consumption goods
are assembled as a basket of intermediate goods. We first turn to the production of intermediate

goods.

Active Households: Intermediate Goods and Production. Active households in each country
produce a distinct intermediate tradable good using labor and tradable intermediate goods from
different countries. Each active household in country ¢ has an identical Cobb-Douglas production

function of the form

N
Xi = AgL (H X}ﬁj) :
j=1

where A;; is the productivity level, L;; is the labor input, and X, ;; is the quantity of the intermediate
goods produced by country j that are used as production inputs in country ¢. The parameter 6;
measures the contribution of country ¢’s labor, and the parameters w;; measure the contribution of

each country j’s input. We assume that

N
91' -+ Zwij =1 and Gi,wij > 0,

Jj=1
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so that the production function has constant returns to scale. We collect the intermediate goods
production paramters w;; into a matrix W.

Notably, we do not model any exogenous endowment processes. The quantity of intermediate
goods produced by each country is endogenously determined by the labor input, the quantity of

intermediate good inputs, and the level of productivity.

Active Households: Final Consumption Goods and Preferences. Active households in coun-
try 7 assemble their final consumption good from different countries’ intermediate goods. Let C';
denote the active households’ quantity of the final consumption good, which is derived from a

Cobb-Douglas production function:
N
Ca = []Cii. (6)
j=1

where Cj;, is the quantity of the intermediate goods produced by country j used as the production

inputs by 7. The parameters satisfy

N

ZUU = 1and Vij > 0.

J=1

We collect the final goods’ production paramters v;; into a matrix V. Along with the intermediate
goods’ production weights 11/, the matrix 1V will be a key source of international comovements in
the model.

The active households have log preferences over their aggregate consumption, and discount

future utility at rate 3. The utility function is

S exp(—Bt) log Ci.

t=1

The active households also have access to complete financial markets, where they can trade

contingent claims with the active households in any country.
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Inactive Households. Within each country, inactive households have identical preferences to
the active households. We denote quantities chosen by the inactive households with hats. Inactive
households final consumption is denoted by at, which is also aggregated over their consumption
of each country’s intermediate good: él-t = H C’th

In contrast to the active households, who can produce intermediate goods and have access to
complete financial markets, we assume that the inactive households do not produce and cannot
trade any financial assets. Instead, they receive a stochastic transfer p; e from the active house-
holds, where p;; is the price index of a unit of the final consumption bundle in country ¢ at time
t in a common numeraire, and p; is the size of the transfer shock. They can use this transfer to

purchase any intermediate goods.*

Inactive households maximize their utility subject to the intra-period budget constraint:
piCi < puel.

Market Clearing. We study the competitive equilibrium defined in the usual fashion: All house-
holds maximize their utilities taking prices as given and market clearing conditions for each good
and labor are satisfied. Since the share of active households is 0 < ¢ < 1, the aggregate output
of country 4’s intermediate good is ©X;. Adding across production inputs and active and inactive
households’ consumption demand, the market clearing condition for country 7’s intermediate good

is

N
(Chi+ X5) + (1 =) Y Chi.

Jj=1

Mz

v,

<.
Il
—

On the left-hand side, we have the total output of country 7’s intermediate good by active house-
holds. On the right-hand side, we have the demand for this good from each country’s active and

inactive households. Note that the households import this intermediate good not only for producing

4Hassan (2013) motivates this set-up by assuming the inactive households cede their claims to the active households
in exchange for a nominal bond with a stochastic real payoff, effectively becoming hand-to-mouth.
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their own intermediate good, but also for producing their final consumption good.
Let ¢; denote the market price of intermediate good ¢ in a common numeraire. For notational
convenience, we use D; to denote the demand for country ¢’s intermediate good from the inactive

households in all countries, which is given by

1 N
D, = g (— — 1) ZCji- @)
(G =

With this definition, the market clearing condition can be written as

N

GXi = ¢ (Cji+X;)+ D ®)

J=1

This equation describes the market for country 7’s intermediate good from the perspective of active
households. The left-hand side denotes the value of the total supply of this good in the common
numeraire, and the right-hand side denotes the value of the production- and consumption-based
demand for this good from the active households, plus the demand from the inactive households,
D;. The term D, therefore takes a certain amount of the good away from what is available to
the active households and will in equilibrium increase the price of this good. As a result, we can
think about the stochastic variable D; as a demand shock to country ’s intermediate goods. We
emphasize that this demand shock originates from the consumption of inactve households that is
funded by the transfers ;.

Labor supply is fixed. The market clearing condition for country ¢’s labor is
Ly = L

Primitive Shocks. There are two sources of exogenous shocks in the model: supply shocks that
affect productivity and demand shocks that affect the resource constraint. We assume the log

productivity level, a;;, and the log transfer shock, j;;, in each country follow a random walk with
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a normal innovation:

S
Qit+1 = Qi T €541,

_ 1%
Mit+1 = it + €41

where £, ; denotes a normal supply shock and ¢/, denotes a normal transfer shock in country
1. For the convenience of presentation, we also express the law of motion for the demand from

inactive households, D;;, as
D
Di1 = Dy+eipq,

where /7, is determined by the inactive households’ consumption via Eq. (7), which is in turn
driven by the transfers exp(u) whose shocks are log-normal.’ All of the shocks are i.i.d. across

time, but they can be correlated across countries.

2.2 Trade Network and Shock Transmission

We next characterize the equilibrium of the model and show how the structure of global production
transmits shocks across countries. We use lower case letters to represent the logs of their uppercase
counterparts. A variable with its country subscript omitted is a vector. For example, ¢; is the vector
where each element is ¢; = log C';;. A capitalized parameter with two country indices omitted is a
matrix. For example, W is the matrix with each element being w;;.

Since the active households have access to the complete markets, their competitive equilibrium
can be characterized by the solution to a social planner’s problem. Within period ¢, the social

planner’s Lagrangian is

N N N N
=1 ]

j=1 j=1 j=1

2

SThe demand shock ) 11 cannot be unbounded in our setting. In the next section, we provide a parameterization
where we constrain the size of the shock to ensure that markets clear.
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where J\; is the Pareto weight that the social planner assigns to country ¢. This Pareto weight is
determined by the initial level of wealth held by each country’s active households.
A key variable that emerges from the model is a function of trade network parameters for

intermediate usages, W, and consumption, V. We define the network profile matrix as:

H = VI-w)"

Solving the planner’s Lagrangian, we derive the the following lemma to characterize the real quan-

tities in equilibrium.

Lemma 1 (Equilibrium Consumption). In equilibrium, the vector of each country’s active house-

holds’ log consumption is

¢ = K°+ H(a—0log(H'\+ (I —W')"'D)), 9)

for some vector of constants k°.

This lemma shows that the structure of the global trade network, summarized by the network
profile matrix H = V(I —W)~!, plays an important role in transmitting both the supply shocks (a)
and the demand shocks (D). The network profile matrix combines the production trade network W
and the consumption trade network V. The term (I — W)~! is commonly known as the Leontief
inverse, which summarizes the transmission of the productivity shocks. Notice that (I — W)~ =
I+ W 4+ W?2?4+ W3+ ..., where W reflects the transmission from the exporting country to the
importing country, and W* for k& > 1 reflects the transmission of shocks due to higher order
linkages.

Taking a first-order approximation, we can express the active households’ log consumption

growth as a linear function of the supply shocks £° and the demand shocks £”:

0
H'\

At ~ H (55 - (I — W’)_lsD) : (10
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where 1 is a diagonal matrix whose element (7, 1) is

20 This expression shows that each

country’s active household consumption growth is driven by a combination of demand and supply
shocks of, potentially, all other countries globally. The specific combination of shocks that a
country is exposed to is primarily determined by the structure of global trade linkages summarized

by the network profile matrix /. This common exposure to country-level shocks that arises due to

trade linkages gives rise to international comovements, which we study in the next section.

2.3 Characterizing Consumption and FX Comovements

We are interested in characterizing international comovements in consumption growth and ex-
change rates. Let Var|z] denote the variance-covariance matrix for a vector of stochastic variables

z. We define a general measure of closeness between two countries ¢ and j as

C(i,j) = {H-Var {55—;)\(1—1/1/’)_15[)} -H’} , (11)

ij
which measures the pairwise similarity of the shocks which drive countries’ quantities. Indeed,

this measure is directly related the covariance of active household’s consumption growth (Equation

(10)), as shown by the following proposition:

Proposition 1 (Active Households’ Consumption Growth). Closer countries have more correlated

active household consumption growth:
cov (AGy, ACj) = C(i,7).

This proposition shows that the covariance of active household consumption growth across
countries depends on two components: (1) the factor structure of the supply shocks (¢%) and de-
mand shocks (¢”) through the middle variance-covariance matrix in Equation (11); and (2) the
structure of the trade network (/) that propagates demand and supply shocks. In the following

section, we present a number of special cases to understand how the various components of close-
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ness drive international comovements.

Now that we have characterized the correlations of active households’ consumption growth,
we can also characterize exchange rate comovements. We define the bilateral log real exchange
rate between countries 7 and j, e;;;, as the log price of country j’s consumption bundle per unit
of country 7’s consumption bundle. An increase in e;;; implies an appreciation of country 7’s real
exchange rate relative to country j’s. Since markets are complete for the active households, the
bilateral exchange rate movement is determined by the difference in the growth rates of marginal
utilities of the active households in the two countries, which is driven by the active households’

consumption growth differential:
Aeijt = AEjt — A@t.

We define each country’s currency base factor, Ae;, as the equal-weighted average log real

exchange rate change against all countries, including itself:

1N
Aey, = N;Aeijt-

This is the model equivalent of Equation (1). With these definitions, we obtain the following

proposition which relates closeness to the behavior of exchange rates:

Proposition 2 (Exchange Rate Movements). (a) Closer countries have more correlated currency

base factors and less volatile bilateral real exchange rate movements:

cov (Aey, Aej) = C(i,7) — C(i) — C(j) + K°,

Uar(Aeijt) = —2C(Z,j>+C(Z,Z)+C(],j),

where K° is a constant:



and C(i) is the average closeness between country i and all countries:

(b) The variance of country i’s currency base factor is
var (Aey) = —2C(i) +C(i,1) + K°.

Fixing its closeness to itself C(i, 1), the country’s currency base factor is less volatile if it has

a higher average closeness.

Propositions 1 and 2 show that our closeness measure, C, is a key driver of exchange rate and
active household consumption growth correlations. A key empirical finding in Section (1.3) was
that exchange rate correlations tend to be explained by measures of trade network closeness, while
consumption correlations tend to be explained by supply (TFP) shock correlations. The key to
explaining this disconnect theoretically turns out to be the market segmentation due to the presence
of inactive households. More precisely, the aggregate consumption in a country can be expressed

as the population-weighted average of the consumption of active and inactive households:

O = Ot (1-4)C.

The inactive households in our model allow us to disentangle aggregate consumption correla-
tions across countries from exchange rate correlations. To the see impact of inactive households on
exchange rates and consumption we consider a positive transfer shock y;; in country ¢. This shock
transfers resources from country ¢’s active households to its inactive households.

First, consider the impact of this transfer shocks on the real exchange rate. With home bias
in consumption, consumption of active households in country 7 will still be disproportionally af-
fected by this shock, even though risks are perfectly shared among active households. This decline

in active households’ consumption raises their marginal utility and the price of that country’s con-
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sumption bundle, leading to a real appreciation of country ¢’s currency.

Second, consider the impact of this transfer shock on this country’s aggregate consumption.
While the transfer shock lowers active household’s consumption, it increases inactive household’s
consumption. Since the active and inactive households in this country have the same preferences
and therefore pick the same consumption basket, if we fix the terms of trade, the transfer shock
will not affect the aggregate consumption level in the country. This can be thought of as the first-
order effect. Of course, the terms of trade do move in response to transfer shocks and generate
second-order effects. On balance, the equilibrium effect of a given transfer shock on the aggregate
consumption level in country ¢ depends on the size of the shock as well as a number of model
parameters. That said, a given transfer shock does not necessarily give rise to a strong association
between the exchange rate movement and the aggregate consumption growth.

In Section (3), we calibrate the model to precisely show how the model generates the discon-
nect between the drivers of exchange rate and consumption correlations. Before turning to the
calibration, we next present special cases from the model to explain a number of our empirical

findings.

2.4 Revisiting the Empirical Findings Through the Lens of Model

Our model provides a clear interpretation of our empirical findings in Section (1). We first note that
the parameters in the production matrix W and the consumption matrix V' have a direct mapping
to the trade shares which we use to construct closeness in Section (3). Lemma 2 in Appendix A.2.2
provides the detail. As a result, we can interpret our model-based closeness measures as the theo-
retical counterparts to our empirical closeness measures.

Propositions 1 and 2 show that the correlation structure in the active households’ consumption
and hence exchange rate movements are related to the closeness measure in Equation (11), which

was defined as,

Cli,j) = {H~Var {55— ;A([—W’)‘laﬂ -H’}

ij
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In this closeness measure, the correlation structure in the productivity shocks £° interacts non-
linearly with the network linkages, summarized by the network profile matrix /, and the correla-
tion structure in the demand shocks, . To isolate their respective contributions to the correlation

structure in exchange rates, we define the model’s trade-based full closeness measure as:

cH=Full(G 3y = {HH"}; = {V(I - W)WV (I - W)}, (12)

which we refer to as network closeness. This is a special case of the general closeness mea-
sure when supply and demand shocks in each country are jointly i.i.d. with unit variance, i.e.,
Var [e9 — Hi,/\([ — W’)~eP] = I. In this case, closeness is determined solely by the dot product
between the vector representing country ¢’s network profile, /;, and the vector representing coun-
try 7’s network profile, H;. This closeness measure summarizes two countries’ similarity in their
trade linkages in both intermediate goods and final consumption goods. In particular, this similar-
ity is high if these two countries both have large quantities of bilateral trade with third countries £,
i.e., Hy,, H;;, > 0. In other words, two countries’ closeness is not just determined by their bilateral
trade, but also by who they share as common trade partners.

We can obtain the model-based counterparts to our empirical measures of closeness from Sec-

CHfFull

tion (1) by studying special cases of the closeness. First, assuming that production has

complete home bias towards home intermediate goods (i.e., W = (1 — 6)I) and substituting in

Equation (12), we obtain the analog to full consumption closeness:

CV*Full — (1 _ 9)2‘/‘/'/

Next, if the final consumption has perfect home bias towards home goods (i.e., V = I), we obtain

the analog to full production closeness:

CW—Full — WW/
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Our empirical findings in Section (1) showed that consumption closeness, CV 4!

, and pro-
duction closeness, "V —Full poth capture significant variations in exchange rate correlations. Our
model implies that the network closeness, Cf =" aggregates information from the trade linkages
for both final consumption and intermediate goods. To test the relation between the model-implied
measure of trade network closeness and international correlations, we construct the empirical ana-

log to C=F“ll We then regress currency base factor correlations and consumption correlations on

this closeness measure:
Ae.. Ae A_aggregate A_aggregate _ CH—Full S
corr(A€;, A€j) or corr(AT;; , Ac )=a+p (i,7) + €ij-

We report the results of these regressions in columns (1) and (3) of Table (5). For comparison,
we include the regressions on TFP correlations in columns (2) and (4), as in Table (1). This is
also a special case of the closeness measure if there are no demand shocks (i.e., eP = 0) and the
countries do not trade with each other (i.e., V = [ and W = (1 — 0)I). Consistent with our
empirical results in Section (1), trade network linkages explain more variation in exchange rate
correlations, while TFP correlations explain more variation in consumption correlations. Further-
more, our model-based measure of trade network closeness has similar explanatory power to the

reduced form measures of trade network closeness which we studied in Section (1).

Implications for FX Variance. Beyond implications for bilateral correlations, our model also
has implications for the variance of each country’s currency base factor. Each country’s currency
base factor variance describes its volatility with respect to the average of foreign currencies. It is
economically meaningful as it measures the systematic variation of a currency from the perspective
of residents of each country (Lustig and Richmond, 2019).

Proposition 2(b) shows that currency base factor variances are proportional to each country’s
average closeness. As further validation of our model, we study how the observed currency base
factor variances relate to average closeness computed from the model-implied trade network close-

ness measure. In particular, using our H-full closeness matrix we compute —2C (i) + C(i, i), which
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is the model implied currency base factor variance for a given closeness measure.

In Figure (2) we plot currency base factor variances in the data versus this model implied mea-
sure. We standardize both the model implied and empirical measure, so that we do not have to
take a stand on the volatility of the shocks in the model implied measure. As the figure illustrates,
average network closeness explains actual currency base factor variances in a way that is consistent
with Proposition 2(b). This suggests that the variance of a country’s currency base factor is closely
related to where a country is positioned in the global trade network relative to others. This pattern
is not obvious when we consider standard currency risk factors. For example, both Japan and Aus-
tralia have high base factor variances, yet the Japanese Yen is a funding currency in the carry trade
whereas the Australian Dollar is an investment currency. Our measure of network closeness, on
the other hand, correctly predicts both currencies have high base factor variances. This result re-
lates currency base factor variances to the underlying structure of the global trade network, further
reinforcing the importance of the structure of the global trade network for explaining international

asset price behavior.

3 Model Estimation

Having shown how our model generates the relation between trade network closeness and interna-
tional comovements, we now turn to understanding further properties of our model. Our goal is
to show that our model can reproduce a number of key moments in the data, taking the observed
heterogeneity in the trade network and TFP correlations into account. In particular, we first dis-
cipline the model parameters using the observed network of trade linkages and other observable
moments. Then, we estimate the remaining unobservable parameters of the model to match key
moments in international markets. Finally, by shutting down different channels in the estimated
model, we show the key mechanisms through which the model generates the disconnect between

the drivers of exchange rate and consumption comovements.
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3.1 Calibration Choices

We calibrate and estimate the model on our sample of 19 developed countries. We start by dis-
ciplining the model’s trade network to match the network observed in the data. Using Lemma 2
in Section (A.2.2), we derive a simple mapping from the observed trade quantities to the network
parameters. Lemma 2 shows that the production matrix W, the consumption matrix V', and the
labor share 6 can be directly mapped to observed input shares of intermediate and final consump-
tion goods and the shares of value-added.® We compute the implied W, V, and 6 from the yearly
WIOT data and take averages over time as in Section (1).

We assume that the supply shocks and the transfer shocks are normally distributed. We use
the observed variance-covariance matrix of log TFP growth from the Penn World Tables to dis-
cipline the distribution of the supply shocks. We impose a simple and parsimonious structure by
considering a stationary economy in which the expected TFP level, the expected transfer level, and
the share of inactive households are constant and identical across countries. Then, without loss of
generality, we normalize the expected TFP level to 1 and estimate values for the expected level of

transfer shocks and the share of inactive households in the next subsection.

3.2 [Estimation Procedure

The remaining parameters of the model are the level of the transfer shocks (), the share of active
households (¢), and the variance-covariance matrix of the transfer shocks. We assume that this

variance-covariance matrix is governed by two parameters:

_ o S nw
Hit — [ = K1&5; + Koy

The first parameter 1 describes the loading of each country’s transfer shock on its own productivity

shock. If k; > 0, then, each country’s transfer shock is positively correlated with its supply shock.

As specified by Lemma 2, we use gross import shares when measuring the components of W and V, where the
shares are relative to total imports. To focus on heterogeneity that arises due to the structure of the trade network, we
normalize W and 6 so that §; is equal across countries.
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The second parameter ko describes transfer shocks’ idiosyncratic volatilities. The innovations €f;
are i.i.d. across periods and across countries. Since ko is identical across countries, each country’s
transfer shock has the same level of idiosyncratic volatility.

In this way, taking the observed trade network and TFP shock correlations as given, we use 4
parameters ({i, 1, k1, and k3) to describe this model. To estimate these parameters, we minimize
the sum of the squared errors of 8 moments, whose empirical values are reported in Column (1)
of Table (6)(a). First, to target exchange rate behavior, we include the average volatility of cur-
rency base factors’ and their average pair-wise correlation. In our sample, the average volatility,
std(Ae;), is about 6% per annum, and the average pairwise correlation between currency base
factors, corr(Ae;, Aej;), is —0.03.

Second, to target consumption behavior and its relation to exchange rates, we include the aver-
age pairwise correlation of each country’s log consumption growth, and the average Backus-Smith
correlation (Backus and Smith, 1993). The Backus-Smith correlation is defined as the correlation
between the bilateral log exchange rate movement and the relative log consumption growth differ-
ential between the U.S. and each foreign country. In our sample, the average pairwise consumption

correlation, corr(Ag; , 1s about 0.3, and the average Backus-Smith correlation,

E{;ggregate7 AE?tggregate)
corr(Ae;jt, AE?fgregate — Aéftgg"eg“te), is —0.15.

Lastly, to target the new cross-sectional patterns uncovered in our paper, we include the four
R-squareds values from the regressions of exchange rate correlations and consumption correlations
on network closeness and TFP correlations in Table (5)

We search for parameters that minimize the sum of squared errors of these moments. As
algebraic solutions of these moments are not available, we use a Monte-Carlo method whereby
we sample the productivity and transfer shock distribution for 10,000 points and solve the model

at each point for a given parameter set. We then compute the model-implied moments from this

distribution.
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3.3 Estimation Results

Column (2) in Table (6)(b) reports the estimated parameter values for our baseline model. The
steady-state size of transfer shocks from active households to inactive households is exp(ji) =
0.38, and the inactive households account for 1 — 1) = 16% of the population. This is a non-
trivial amount of transfer, since the steady-state size of production per active household is 0.28 on
average.

Moreover, the transfer shocks have a positive loading on productivity shocks, i.e., k1 > 0,
which means that the demand shock in a country tends to be high when the supply shock is high
in the same country. According to Eq. (10), this positive correlation suggests that the demand and
supply shocks tend offset each other in their effects on the active households’ consumption growth
and hence on exchange rates. The demand shocks also have a non-trivial orthogonal component,
i.e., ko = 4%. In comparison, the standard deviation of the productivity shocks is only 2% on
average.

Column (2) in Table (6)(a) reports the simulated moments from this baseline model. The
model closely matches the average volatility of currency base factors, the average consumption
growth correlation, and the average Backus-Smith coefficient. One untargeted moment that our
model does not match as well is the volatility of consumption growth, which is 4.7% in the model
and about 2% in the data. The log preferences in our model require volatile consumption to match
the exchange rate volatility. It is possible to lower consumption volatility by considering a CRRA
preference with a higher risk aversion, but doing so sacrifices the tractability of the model.

Importantly, the model also matches the new empirical findings in this paper. TFP correlations
have a higher explanatory power for consumption correlations, while network closeness has a
higher explanatory power for exchange rate correlations. Specifically, for explaining consumption
correlations, TFP correlations have an R? of 25% in the model and a similar R? of 27% in the data,
while network closeness only has an R? of 1% in the model and a similar R? of 7% in the data.
For explaining exchange rate correlations, TFP correlations have an R? of 16% in the model and a

similar R? of 11% in the data, while network closeness only has an R? of 42% in the model and
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an R? of 25% in the data.

Overall, these results suggest that, even with a simple specification of parameters and tak-
ing the observed structure of the trade network and TFP correlations into account, our model can
generate the relevant patterns of exchange rate movements in relation to consumption growth, pro-
ductivity correlations, and trade linkages. In the baseline model, we replicate the empirical result
that network closeness is closely related to exchange rate correlations, whereas TFP correlations

are closely related to consumption correlations.

3.4 Inspecting the Mechanism

We now turn to inspecting the mechanism through which our model generates the disconnect in the
determinants of exchange rate and consumption correlations. Specifically, we consider alternative
models by varying parameter values and comparing the equilibrium exchange rate and consump-
tion behaviors in these models with our baseline model. We consider three alternatives: (1) a
model variant with complete markets; (2) a model variant in which each country’s demand and
supply shocks are independent; and (3) a model variant with uncorrelated supply shocks across
countries. Each of these variants shines light on the determinants of the drivers of exchange rate

and consumption correlations.

Model Variant 1: Complete Markets. First, we consider a complete-market variant of the
model by setting the share of inactive households (1 — ) to O for all countries. We keep other
parameter values the same, including the parameters governing production and the trade network.

Column (3) in Table (6)(a) reports the simulated moments from this complete-market model.
In this specification, since there is no transfer from the active households to the inactive house-
holds, the demand shocks are completely muted. As a result, the equilibrium exchange rate has a
much lower volatility of 3%, since it is entirely driven by the supply shocks and the network prop-
agation. Moreover, this model gives rise to the classic Backus-Smith puzzle, generating a positive

and perfect correlation between exchange rate movements and consumption growth differentials.
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Lastly, in the absence of market segmentation, TFP correlations explain a large portion of both cur-
rency (70%) and consumption correlations (98%), whereas network closeness explains very little
of either (10% of currency correlations and 8% of consumption correlations).

This complete-markets variant sheds light on how market segmentation disconnects the drivers
of consumption growth and exchange rate correlations. Without the transfer (demand) shocks
within a country, consumption growth and exchange rate correlations are tightly interconnected.
As discussed in Section (2.3), the inactive households and their demand shocks disentangle the
aggregate consumption growth from the exchange rate, which is driven by the active households’
consumption growth. This mechanism allows us to not only untie the comovement between the
consumption growth and the exchange rate movement in each country’s time series, which resolves
the Backus-Smith puzzle, but also disconnect the cross-country correlation structures in consump-
tion growth and exchange rates from the cross-country correlation structure in the TFP shocks.

Furthermore, by Eq. (10), reproduced below,

AE ~ H (ES — H/)\(I — W/)lgD) )

the trade linkages, as summarized by the H matrix, propagate both the supply (TFP) shocks &°
and the demand shocks €. The presence of the demand shock propagation also increases the
importance of the trade network for explaining exchange rate correlations, which is absent in this

model without inactive households and demand shocks.

Model Variant 2: Independent Demand and Supply Shocks. Next, we set the parameter x; =

0, so that the transfer shock that represents demand fluctuations in each country, reproduced below,
— o S nw
Hit — [0 = K1Ey 1 Ra€y,

is uncorrelated with the supply-side TFP shock (&%) in the same country. We keep other parameter

values the same.

35



Column (4) in Table (6)(a) reports the simulated moments from this model variant. Again,
inspection of Eq. (10) shines light on the model’s mechanism. In particular, a positive supply (TFP)
shock (%) in a country raises its active households’ consumption, which lowers their marginal
utility and depreciates the local currency. By contrast, a positive demand shock (¢?) in a country
lowers its active households’ consumption, which raises their marginal utility and appreciates the
local currency. In the baseline model, the demand shocks load positively on the supply shocks
(i.e., k1 > 0), which partially offsets the variations in the exchange rate movements induced by
the supply and demand shocks. When we remove this positive loading, the shocks are magnified,
resulting in a higher exchange rate volatility of 9%.

In this model variant, TFP correlations explain more variation in exchange rate correlations
(29% versus 16% in the data) and less variation in consumption correlations (0% versus 25% in
the data). To understand this result, we note that the demand shocks determine how much con-
sumption inactive households receive. If x; > 0, then, when a country experiences a positive
supply (TFP) shock, its output and active household consumption increases. Since the demand
shock is positively correlated with the supply shock, it implies a higher transfer to the country’s
inactive households, whose consumption also rises. In this way, the country-level aggregate con-
sumption loads positively on the TFP shock. In comparison, if x; = 0, then, the inactive house-
hold’s consumption only loads on the independent demand shocks, weakening the loading of the
country-level aggregate consumption on the TFP shock and leading to a weaker relation between

supply shock correlations and consumption growth correlations.

Model Variant 3: Uncorrelated Supply/Productivity Shocks. Lastly, we shut down the con-
tribution of the supply shock correlations to international comovements by setting the productivity
shocks to be uncorrelated: {Var[e?]};; = 0 for all i # j. We keep other parameters the same,
including the variances of the productivity shocks.

Column (5) in Table (6)(a) reports the simulated moments from this model variant. As ex-

pected, now the TFP correlations are O for all country pairs, and they do not explain any variations
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in bilateral consumption and exchange rate correlations. In comparison, as network closeness
(CH-Fully captures how the demand and supply shocks are propagated to determine the active
households’ consumption, it remains a strong predictor of the bilateral exchange rate correlations.
We also find that, in this model variant, the trade network’s explanatory power for the cross-country
correlations of the aggregate consumption remains low, because the inactive households’ consump-
tion is directly driven by the transfer shocks with relatively small propagation through the trade
network. To see this, notice that the inactive households’ aggregate consumption is directly de-
termined by the transfer shocks via a-t = el so that the effects of the trade network are only
second-order through goods’ prices. Given that the inactive households’ consumption account for
a large fraction of the aggregate consumption, the trade network’s explanatory power for the cross-
country correlations of the aggregate consumption remains quite low for all the model variants we
consider.

In summary, these model variants help us understand the roles played by the model’s key in-
gredients. First, the market segmentation introduced by the presence of inactive households allows
us to disentangle the aggregate consumption in each country from the exchange rate behavior.
This mechanism resolves both the Backus and Smith (1993) puzzle and the disconnect between
international consumption and exchange rate comovements that we document in this paper. Sec-
ond, the demand shock in a country is positively correlated with the supply shock in the same
country, which partially offsets their effects on the exchange rate volatility. At the same time, the
idiosyncratic volatility in the demand shock is propagated through the trade network to determine
the active households’ consumption, which magnifies the contribution of the trade network to the
international correlations in exchange rates. Finally, the supply shocks remain a key determinant of
aggregate consumption as well as international correlations in aggregate consumption growth. In
contrast, the trade network plays a quantitatively smaller role in explaining the aggregate consump-
tion correlation, since the demand shocks directly affect the inactive households’ consumption and

only minimally propagate through the trade network.
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4 Implications for International Factor Structures

The previous sections establish a link between the structure of the trade network and exchange rate
correlations across countries. A salient fact about exchange rate correlations is that a large fraction
of these correlations can be explained by a small number of common factors (Lustig, Roussanov
and Verdelhan, 2011; Verdelhan, 2018). To investigate the origin of this factor structure, we next
investigate if it is related to our network closeness measure. We find that the same factor structure
that is present in the trade network also relates to the common factors found in exchange rates. In
doing so, we provide an economic interpretation of the origin of the common factors in exchange
rates.

We begin by presenting a simple 4-country specification of our model which illustrates how the
trade network can give rise to common factors. We then show emprically that the factor structure
embedded in the global trade network is related to the the factor structure which drives standard

currency risk factors.

4.1 A Simple Example of a Common Global Factor

Since it is not possible to analytically characterize the factor structure embedded in trade network
for arbitrary networks V' and W, we illustrate how factor structures arise in a special case. In the
next subsection, we build on the intuition of this subsection to test the implications in the data. In

this example, we assume the home bias in consumption tends to 1 in the limit:
Vi = 1,

and that the combined supply and demand shocks are i.i.d. across countries, V ar [55 — %(I — Wil } =

Varle] = I. These simplifying assumptions allow us to focus on the production trade network .

38



We consider the following 4-country production network:

W =(1-0)

Y4 0 0 1-— ’74_

In this network, the first country is the central country and exports to all other countries. Other
countries, which we refer to as peripheral, do not export. The labor share is fixed at 1 — 6 for all
countries, but each peripheral country has a different import share from country 1 given by s, 73,
and 4.

Then, the consumption growth of households of each country can be characterized as having

a factor structure. By Lemma 1,

my 00 0| e
(2)
_ _ Mo1 Ma2 0 0 €141
ACiy = ([ - W) 1€t+1 = @ |
masq 0 ms3s3 0 €t+1
_m41 0 0 m44_ _6&?1_

where the m’s are functions of ¢ and the +’s. They satisfy mqy; > m;; > 0 and m; > 0 for
t = 2,3,4. This formula shows that the central country’s productivity shock 5821 becomes the
common factor in the cross-section of countries. All other (peripheral) countries’ consumption
load on this common factor, and have no further pairwise comovements beyond that induced by
their exposure to the common factor. The shocks 5&)1, aﬁi)l, and ggi)l are idiosyncratic in the sense

that only one country is exposed to each of them.

39



The bilateral exchange rate changes also load on these shocks:

(1) (2)
A6172’t+1 = (m21 — m11)€t+1 + m226t+17
_ (1) (3)
A61,3,t+1 = (m31 - m11)6t+1 + mgse; s,
_ (1) (3) (2)
A62737t+1 = (m31 — m21)€t+1 + m335t+1 — m225t+1,

and the central country’s shock 575_131 becomes the common factor in the cross-section of exchange
rates, even for the bilateral pair between countries 2 and 3 that does not involve the central country.
Since the loadings (ma; — ma1), (ms3; —ma1), and (ms3; — Moy ) can be different depending on the
values of the 7’s, these currencies have different loadings on the common factor.

This expression demonstrates how our general equilibrium model produces exchange rate dy-
namics like those found in factor models of exchange rates such as Lustig, Roussanov and Verdel-
han (2011). In these factor models, the exchange rate change between two countries can be ex-

pressed as
Aeijerr = (0" =) fort + My — My

where f;, represents one or multiple common factors and 7} 41 and 7]{ 41 represent idiosyncratic
shocks. In particular, our example offers a mechanism that generates the common factor f;
through network propagation of independent shocks across countries. This example could also
be generalized to allow for multiple factors once we impose a richer dependence structure in the
consumption and production networks.

Furthermore, the currency base factors can be expressed as the sum of the loading on the

common factor 5&)1, the average of peripheral countries’ consumption shocks, and, for peripheral
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countries, an idiosyncratic component:

2 3 4
_ my1 + Mao1 + M3 + My (1) m2251(e+)1 + m3351(t+)1 + m445§+)1
A€y = — My | €44 + )
4 4
4
Ae mi1 + Mma1 + M3 + My (1) m22€f31 + m335§i)1 + m4451(t+)1 2)
Cot+1 = 1 —Ma1 | €4y T+ 1 — M22Ey -

The currency base factors offer a simple way to compare different currencies’ strengths and
volatilities. In particular, when the common factor 6831 is negative, the central country’s base
factor Ae; .41 experiences the greatest appreciation, and a peripheral country ¢’s base factor Ae;; ¢
appreciates more if its exposure m;; is higher. A peripheral country ¢’s base factor is more volatile
if its exposure to the common factor m;; is more different from the average exposure (1mq; +mo; +
ms1 + myy)/4 and if its loading m,; on its own idiosyncratic shock is higher.

This example demonstrates how common factors in exchange rates can arise through the struc-
ture of the trade network. While this example is intentionally stylized to provide analytical solu-
tions, the intuition is more general. In particular, the structure of the network can give rise to
common factors when countries tend to be exposed to similar sets of shocks. In our general model
with dense input-output linkages in W and V, there are no truly idiosyncratic shocks, but some
shocks are more important for the variation of quantities and asset prices. Therefore, we next ap-
ply principal component analysis to extract the common factors embedded in the structure of the

trade network which contribute to a large proportion of the variation. We then relate these common

factors to the factor structure of exchange rate movements.

4.2 The Trade Network Origins of Common Currency Factors

Proposition 2 shows that the closeness matrix explains exchange rate comovements. A direct impli-
cation is that the prinicipal components of this matrix capture common comovements in exchange
rates. Accordingly, to study the common exchange rate factors, we apply an eigenvector decom-
position to the closeness matrix. We show that the common variations embedded in our network

closeness measure are closely related to common currency risk factors such as dollar and carry
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(Lustig, Roussanov and Verdelhan, 2011; Verdelhan, 2018).

Specifically, for any covariance matrix C, we can apply the eigenvalue decomposition:
C = U©AQU(ECY,

where U(C) is an orthogonal matrix, and A(C) = diag(A;(C), ..., An(C)) is diagonal. The scalars
Ak (C) are the eigenvalues of the matrix C. The matrix U(C) contains the corresponding eigen-
vectors. We order these eigenvectors Uy (C) in descending order by their associated eigenvalues
Ak(C). The eigenvalue decomposition is equivalent to applying a principal component analysis,
which extracts the common variations in the shocks that underlie the covariance matrix C. For
example, the first eigenvector U;(C) contains the loadings of each shock in constructing the first
principal component, and \;/ fozl A 1s the fraction of variance explained by the first principal
component.

To study the common factors which are embedded in the structure of the global trade network,
we note that our measures of closeness are themselves covariance matrices. Indeed, Proposition 1
and equation (11) show that closeness is the covariance matrix of active households consump-
tion growh. Therefore, we apply this eigenvalue decomposition to our model’s network closeness
matrix in (12).

This eigenvalue decomposition allows us to study the relation between the common factors
implied by closeness and common currency factors studied in the literature. To do so, we first note
that the change in the value of a currency portfolio can be expressed as a linear combination of
currency base factors’, because the currency base factors themselves are simply linear combina-
tions of log exchange rate movements. For example, the dollar factor is closely related to the U.S.
dollar’s base factor, and the carry factor (Lustig, Roussanov and Verdelhan, 2011, 2014) is closely
related to the high-interest-rate currencies’ base factors minus the low-interest-rate currencies’ base

factors.

"This follows directly from application of triangular arbitrage on log exchange rate changes. For useful discussions
of the spanning properties of currency base factors see Appendix A of Lustig and Richmond (2019) and Aloosh and
Bekaert (2019).
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To study the relation between factor loadings in the trade network and in currencies, we run

the following cross-sectional regressions:

Bi = a+711U1i(C) + 12Us,(C) + v3Us,4(C) + &5, (13)

where [3; is the loading of country i’s currency base factor on the dollar, carry (HML), and uncon-
ditional carry (UHML) factors, and Uy, ; for £ = 1,2, 3 are country 4’s loadings in the principal
components of network closeness closeness. The purpose of these regressions is to see whether a
linear combination of the loadings on the common factors in network closeness is able to explain
a currency’s loading on the common factors in exchange rates.

Table (7) reports the results. We focus on the R? in these regressions since there is no a
priori reason that specific principal components extracted from network closeness would explain
currency factor loadings. The R? tells us how much of the cross-sectional variation in currency
factor loadings is explained by common factor loadings in the global trade network. We see that for
all three currency factors, the R?’s are high, ranging from 30-58%. This suggests that countries’
loadings on the common factors embedded in the trade network are similar to their currencies’
loadings on the common risk factors that drive exchange rates. This relation is especially strong
for risk factors which tend to represent unconditional exposures such as dollar and unconditional
carry. Overall, these findings suggest that the structure of the international trade network may help
to explain the origins of common factors in exchange rate markets.

We can also study the time-series relation between closeness-based factors and standard cur-
rency factors. We construct the closeness-based currency factors as linear combinations of the
currency base factors with weights from the eigenvalue decomposition: Uy, ;(C)' A€, for each PC
indexed by £ = 1,2, 3. We then run a time series regression of the currency factors on these three

closeness factors:

factory = a + 71 (Upi(C) Aepy1) + 72(Uz,i(C) ACiir) + v3(Usi(C) A€yyr) + &, (14)
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The results of running these regressions are in Table (8). We find that the closeness-based factors
covary substantially with the currency factors, especially for dollar and unconditional carry. These
findings echo the regressions in Table (7) and show that the factor structure that is embedded in the

global trade network is closely related to the factor structure which is observed in exchange rates.

5 Conclusion

In this paper, we show that exchange rate comovements tend to be explained by the structure of
the global trade network while consumption correlations tend to be explained by TFP correlations.
Motivated by these findings, we present a multi-country model with segmented markets which
replicates our new empirical findings. Furthermore, we show that the structure of the trade network
generates common factors in exchange rates, as found in the data. These results provide new
evidence on the key drivers of international asset price correlations and shed light on the types of

frictions which are important in international financial markets.
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Table 1: Explaining Correlations of FX and Consumption

Base Factor Correlations

(1) 2 3 4) %) (6) )
V Bilateral 0.158*** 0.111%**
(0.022) (0.028)
V Network 0.074**
(0.028)
V Full 0.162***
(0.022)
W Bilateral 0.140*** 0.145%**
(0.023) (0.021)
W Network 0.117***
(0.021)
W Full 0.152%**
(0.023)
TFP Correlation 0.111***
(0.024)
Observations 171 171 171 171 171 171 171
R? 0.229 0.258 0.240 0.180 0.305 0.213 0.113
LR-Test (p-value) 0.01 <.001
Consumption Correlations
(H (2 (3 4) Q) ©) (N
V Bilateral 0.049*** 0.041**
(0.015) (0.020)
V Network 0.013
(0.020)
V Full 0.050***
(0.015)
W Bilateral 0.051*** 0.052%**
(0.015) (0.015)
W Network 0.033**
(0.015)
W Full 0.054***
(0.015)
TFP Correlation 0.106***
(0.013)
Observations 171 171 171 171 171 171 171
R? 0.059 0.062 0.061 0.064 0.091 0.072 0.275
LR-Test (p-value) 0.515 0.024

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations. Bilateral re-
gressions include the set of unique country pairs for 19 developed countries. Consumption growth is annual in local
currency units. Currency base factors are the average appreciation of a currency vs all other currencies. The closeness
measures are defined in Section 1.2. The sample is from 1974 to 2014.
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Table 2: Explaining Correlations of FX and Consumption including Bilateral

Trade Intensity

FX Base Factor Correlations

9] 2 3) “4) &) (6) @)
Bilateral Trade Intensity ~ 0.150***  0.095***  0.117***  0.091***  0.115***  0.134***  0.102***
(0.020) (0.028) (0.021) (0.027) (0.027) (0.020) (0.027)
V Bilateral 0.086***
(0.030)
V Network 0.096***
(0.023)
V Full 0.094***
(0.029)
W Bilateral 0.058**
(0.029)
W Network 0.077***
(0.022)
W Full 0.077**
(0.030)
Observations 171 171 171 171 171 171 171
R? 0.244 0.280 0.317 0.288 0.262 0.296 0.273

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations, including bilateral
trade intensity as a control. Bilateral regressions include the set of unique country pairs for 19 developed countries.
Consumption growth is annual in local currency units. Currency base factors are the average appreciation of a currency
vs all other currencies. The closeness measures are defined in Section 1.2. The sample is from 1974 to 2014.
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Table 3: Explaining Correlations of FX and Consumption including Distance

Base Factor Correlations

Consumption Correlations

(H 2 3 4 S (6)
Log Distance -0.163*** -0.170*** -0.191*** -0.021 -0.018 0.006
(0.022) (0.023) (0.022) (0.017) (0.017) (0.015)
V Full 0.083*** 0.040**
(0.022) (0.017)
W Full 0.070*** 0.046***
(0.023) (0.017)
TFP Correlation 0.030 0.108***
(0.022) (0.015)
Observations 171 171 171 171 171 171
R? 0.422 0.407 0.381 0.069 0.078 0.276

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations, including distance
as a control. Bilateral regressions include the set of unique country pairs for 19 developed countries. Consumption
growth is annual in local currency units. Currency base factors are the average appreciation of a currency vs all other
currencies. The closeness measures are defined in Section 1.2. The sample is from 1974 to 2014.
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Table 4: Explaining Correlations of FX and Consumption Time Series

FX Correlations Consumption Correlations
(D 2 (3) “4) (5 (6)
V Full 0.374*** -0.040
(0.058) (0.066)
W Full 0.285*** 0.019
(0.084) (0.056)
TFP Correlation 0.008 0.157***
(0.011) (0.018)
Observations 414 414 414 684 684 684
Within R? 0.151 0.097 0.002 0.001 0.000 0.134
Country-Pair fixed effects v v v v v v
Year fixed effects v v v v v v

Note: Panel regressions of time-series of currency base factor correlations (Equation (4)) and bilateral consumption
growth correlations (Equation (5)) on the time-series of trade network closeness measures and total factor productivity
(TFP) correlations. All input values are computed using 10-year non-overlapping windows. Observations are for 4
non-overlapping windows of data for the set of unique country pairs among 19 developed countries. Regressions
include country-pair and time fixed effects. Consumption growth is annual in local currency units. Currency base
factors are the average appreciation of a currency vs all other currencies. The closeness measures are defined in
Section 1.2. The sample is from 1974 to 2014.

Table S: Explaining Correlations of FX and Consumption Using Model Implied
Closeness (Developed)

Base Factor Correlations Consumption Correlations
(1) 2 3) “
H Full 0.159*** 0.052***
(0.022) (0.015)
TFP Correlation 0.111%** 0.106***
(0.024) (0.013)
Observations 171 171 171 171
R? 0.233 0.113 0.066 0.275

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations. Trade network
closeness (H Full) is computed as in Equation (12). Bilateral regressions include the set of unique country pairs for
19 developed countries. Consumption growth is annual in local currency units. Currency base factors are the average
appreciation of a currency vs all other currencies. The closeness measures are defined in Section 1.2. The sample is
from 1974 to 2014.
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Table 6: Model Estimation

Panel (a) Moments

ey 2 3) “ (%)
Data Baseline Complete-Market Independent Demand Uncorrelated Supply
Average Base Factor Volatility 0.06 0.06 0.03 0.09 0.06
Average Base Factor Correlation -0.03 -0.05 -0.05 -0.05 -0.05
Average Consumption Growth Correlation 0.28 0.18 0.28 0.33 0.03
Average Backus-Smith Coefficient -0.15 -0.12 1.00 -0.32 -0.05
R? of Currency Correlation on TFP Correlations 0.11 0.16 0.70 0.29 0.00
R? of Consumption Correlation on TFP Correlations 0.27 0.25 0.98 0.00 0.00
R? of Currency Correlation on Network Closeness 0.25 0.42 0.10 0.36 0.40
R? of Consumption Correlation on Network Closeness 0.07 0.01 0.08 0.13 0.05
Panel (b) Parameter Values
ey (@) 3) “ &)
Symbol Baseline Model Complete-Market Independent Demand Uncorrelated Supply
Log Transfer Shock Size i -0.97 -0.97 -0.97 -0.97
Share of Active Households P 0.84 1.00 0.84 0.84
Demand Shocks’ Loadings on Productivity Shocks K1 1.41 1.41 0.00 1.41
Demand Shocks’ Loadings on Idiosyncratic Shocks Ko 0.04 0.04 0.04 0.04

Note: Model calibration and estimation table. Panel (a) presents moments from the data and 5 model variants. Panel (b) presents parameters from the 5 model
variants. Model parameters and estimation are detailed in Section (3).



Table 7: Cross-Sectional Regressions of Currency Factor Loadings on Closeness-
Based Principal Component Loadings

Dollar Carry (HML) Unconditional Carry
(UHML)
(D (2) (3)
Closeness PC 1 0.895 0.579** 2.398***
(0.616) 0.241) (0.674)
Closeness PC 2 -0.662 1.070** 3.419**
(0.984) (0.386) (1.258)
Closeness PC 3 -1.044** -0.131 -0.388
(0.450) (0.176) (0.536)
Observations 29 29 18
R? 0.325 0.301 0.577

Note: Regression Equation (13) of actual loadings of currency base factors on the dollar, carry (HML), and uncon-
ditional carry (UHML) factors on their loadings on the first three principal components implied by trade network
closeness. Actual loadings are estimated from regressions of currency i’s base factor Ae; on the dollar, carry, and
unconditional carry factors. Data are from 19 developed countries from 1974 to 2014.

Table 8: Time-Series Regressions of Currency Factors on Closeness-Based Com-
mon Factors

Dollar Carry (HML) Unconditional Carry
(UHML)
(1) 2 3)
Closeness PC 1 0.306*** 0.276*** 0.550***
(0.033) (0.051) (0.047)
Closeness PC 2 -0.081 0.582*** 0.988***
(0.051) (0.078) (0.105)
Closeness PC 3 -0.123*** -0.055 0.049
(0.022) (0.034) (0.039)
Observations 398 398 180
R? 0.416 0.156 0.646

Note: Regression Equation (14) of dollar, carry (HML), and unconditional carry (UHML) currency factors on trade
network closeness based factors. Trade network closeness based factors are constructed as linear combinations of

currency base factors where the weights are from principal components of trade network closeness. Data are from 19
developed countries from 1974 to 2014.
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Figure 1: Bootstrap distribution of R-squared
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Note: Density plot of distribution of R-squared from regressions of base factor correlations (Equation (2)) and bilat-
eral consumption growth correlations (Equation (3)) on trade network closeness measures and total factor productivity
(TFP) correlations. Bilateral regressions include the set of unique country pairs for 19 developed countries. Consump-
tion growth is annual in local currency units. Currency base factors are the average appreciation of a currency vs all
other currencies. The closeness measures are defined in Section 1.2. The sample is from 1974 to 2014.
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Figure 2: Base Factor Variance versus Implied from Network

°
AUS

2 JPN

Base Factor Variance

-2 -1 0 1 2
Network Predicted Base Factor Variance

Note: Plot of actual currency base factor variances versus those implied by network closeness. Currency base factors
are the average appreciation of each currency against all other currencies in the sample. The closeness measures are
defined in Section 1.2. The sample is 19 developed countries from 1974 to 2014.
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A Proof Appendix

Whenever possible, we omit time subscripts because there is no storage technology and therefore

the model can be solved period by period.

A.1 Inactive Households

Inactive households maximize their utility subject to the intra-period budget constraint:

N
piC; = Z%’Cij < pett

j=1

(AL)

Households take prices as given. To afford one unit of final consumption, the within-period

optimization is

N N
max  log (H C’ZJ> — Xi (Z 4;Ci; — pie’”) .
=1 =1

C»;j
The first-order conditions imply
Cij = vij/(Xig))
Using C; = Hj\le (j;;] and Z;VZI qjé’ij = p;eti, we obtain

N
1

:H vij/q;)"
Ci =1

A vij /4 .

chV:1 (vik/ qr.) v+

and hence the price index of the inactive households’ consumption bundle in country 7 is

N N v
S0
i—1 1]

J
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Given prices, the solution for the inactive households’ consumption is:

~ Vii =
Cy = —nCi
4;
which implies
4;Cij _ Yy
@Cix  Vik

A.2 Active Households
A.2.1 Lemmal

The social planner’s Lagrangian is
N N
2N

=1

N N

j=1 j=1 Jj=1

which implies the following first-order conditions:

W.I.L. Cjii )\jvjicjzl = ©;
W.I.t. X]'Z'I QDijwjinzl = ¥;

W.T.t. Ll . @1710[/;1 = Xi
Substitute into the market clearing condition:

0iX;—D; = Z ()‘jvji + %‘Yjwji) :

N
Jj=1

(Cii + Xj5) — Di) + xi(Li —

(AT)

L;) (A3)

(A9)
(A10)

(A11)

(A12)

Define I'; = ¢; X;. It can be interpreted as the value of country ¢’s total output, because, as

will be shown in Lemma 2, the Lagrangian multiplier (; can be interpreted as the price of country
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’s intermediate goods in a common numeraire. The market clearing condition becomes

N
FZ’ — Dl = Z ()\jvji + Fjwji) (A13)
Jj=1
r-D = VA+WT (Al14)
I = I-W)'(V'X+D)=HXN+(I-W)"'D. (A15)

Then, the log production is

N —_—
~ iXi
j=1 i
N T
j=1 il
T = kK+a+(1—0)logl' + W(z —logT) (A18)
= (I-W) Y k" +a—0logT) +log (A19)

x N :
where k% = 00; + ) j—1 Wij logw;; is a vector of constants.

Define H = V(I — W)~!. The log consumption of active households is

N
_ AiVij—
fo= Y ul ( = X]) (A20)
7=1
N
¢ = Y wvylog(\uvy) + VE—VliegT (A21)
j=1
N
= Z v;;log (ANvij) + H(K" +a —flogT) (A22)
7j=1
= K+ H(a—0log(H'X+ (I —W')'D)) (A23)

Let L = (I — W’)~!. Since

O{log(H'AX+ LD)};  Olog({H'A\}i + LiD) 1
oD B oD {H M} + LiDL (A24)
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we can apply a first-order approximation at D = 0, and obtain

— 1
log(T' + LD)}; =~ log{H'\}; + ——LD A25
{log(I' + LD)} og{H'A}; + T, (A25)
We define % as a diagonal matrix whose element (7, 7) is ﬁ Then,
¢ = kK+Hl|a- 4 (I-W""'D (A26)
H'\

We can also characterize the intermediate goods’ log prices by

logy = logl' == (A27)
= (I-W) Y=k —a+0logl) (A28)
= ([-W) Y =~K"—a+0log(T+ (I —W')"'D)) (A29)

If the Leontief inverse (I — W)~! is approximately diagonal, holding demand shock constant, a
higher productivity a; means a lower good price ;. Holding productivity shock constant, a positive

demand shock D; means a higher good price ;.

A.2.2 Lemma 2

Here we derive a simple mapping from the observed trade quantities to the network parameters.
This will allow us to map observed trade flows in the data to the underlying model parameters.
Let g;; denote the price of the tradable good in country j in a common numeraire. Then, g;; X;j; is
the total value of inputs of intermediate goods from country j used in country ¢’s production, and

¢;:Cijq 1s the total value of inputs of consumption goods from country j consumed in country i.

Lemma 2 (Input-Output Network). (a) Input shares of intermediate goods reflect matrix W :

@it Xijt Wy

et X ikt Wik
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(b) Input shares of final consumption goods reflect matrix V' :

thcijt . thcijt _ Yij

WwtCike  quCipe Vik

(c) The share of value-added, defined as the total output minus the input cost as a fraction of
total output, reflects the labor share 0;:

v N
Qi Xit — Zj:l 5t Xijt

— = 0.
qir X it

Proof of lemma 2. We return from the social planner’s solution to the competitive equilibrium.

The optimization of country ¢’s active households is
N
=1

> exp(—pt) Y vijlog Cije. (A30)
t=1 j=

Since the active households have access to the complete markets, they can pick any consump-

tion path that satisfies the infinite-horizon budget constraint:

00 N 0 N
Wo + Z GirAuLy (H th]) - Z <Z t(Cije + Xijt) +Pit€“”> = 0, (A3D
t=1

j=1 t=1 \j=1

where W, is the initial transfer that is consistent with the Pareto weights \;. The Lagrangian is

> ooy exp(—Bt) Yoo, vijlog Cije + (A32)
M; (Wo + Zzl QitAithZ <H5V:1 X;j?) — Zzl (Zj\le th(Cijt + Xijt) +pit€““>> HA33)
>oioi Ni(Li — Liz) (A34)
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The FOC’s w.r.t. C;j; and X are

exp(—pt)vy; = M;q;iCiji (A35)

Qityitwij = ¢t Xijt (A36)
Comparing with Eq. (A9) and Eq. (A10), reproduced below (switching ¢ and j subscripts),

)\ﬂ/z‘j = SOthijt (A37)

Spityitwij = SDthijt (A38)

we obtain ¢;; /i = ¢t/ ;e = exp(—pFt)¢ for some constant €. Since g;; can be denoted in any
numeraire, without loss of generality, we can set the constant £ = 1, so that good ¢ at time ¢ has a
time-0 state price of ¢;; = exp(—[5t)pi.

Lemma 2(a) and 2(b) directly follow from Eq. (A9) and Eq. (A10).

Lemma 2(c) follows from 6; + > j Wij = 1, which implies

Gt Xt (1 — 0;) = g Xt Z wi; = Z qjt Xijt- (A39)
J J

A.2.3 Lemma3

Let p;; denote the price of country ¢’s consumption basket. The household maximizes

N N
Pit (H 0;’;;‘) — > a:Cije (A40)
j=1 J=1
The zero-profit condition implies

N N
1 qi:Cy; i Cis
2]71 qjt“ije — exp(—Bt) 2371 witLij (A41)

be = 7, .
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Then, the log real exchange rate between countries ¢ and 7 is

eijp = log ? (A42)
jt
N
&
— log M (A43)
Zkzl e jkt
N
Aiv;
L (A44)
2 k=1 AjUjk
Then the change in the currency base factor is
| N
Ay = N Z ACjy1 — ACipy1. (A45)

j=1
A.2.4 Proposition 1 and 2

The covariance of consumption growth follows directly from Lemma 1:
cov(AT, ACjy) = C(1, ).

The moments of exchange rates follow from the covariance of consumption growth. In partic-

ular, the covariance between the changes in currency base factors is

N N
1 1
COU(AEit+1, Aéjt+1> = COov <N kgl AEkt+1 — AEit—l—l; N kgl AEktH — AEjt—l—l) (A46)

= C(i,§) — C(i) — C(j) + K°. (A47)

A.3 Equilibrium Solution

We can simplify the equation system into 3N equations and 3N unknowns. The unknowns are
the intermediate goods’ prices ¢;, active households’ consumption C; and production X;. The

equations are the market clearing equations, the definitions of production, and the definitions of
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final consumption, with other variables substituted out.

N N N Vjk o
vXipr = wamevﬁH(f—Z) (WO + (1 - ¥)exp(pyy))  (Ad8)
j=1 j=1 k=1 N

N
X! = AL [Jomwi/e;)" (A49)
j=1
N
Ci = [Jwi/e)” (A50)
7=1

The first equation follows from

N N
Yo X; = Z Vo X jwj; +Z< WCi + pi(1— ) C; ) (A51)
=1 =1
JN ]N N 'Ujk_ N vk
= > (e Xuw) + Y (v ZH< 0j+<1—¢)vﬁ1'[(i’“) a&sm
j=1 j=1 ko1 \Uik i1 \ Uik

I
WE
=
5
2
&
g
WE
=
=

VR
|§
v
N
<
D)

+
=

|
=
=
N—

>

@)

N

i=1 j=1 k=1

<
Il

which follows from
- N o\ 7 2
R ~ & ~
0iCyi = vp;Cj = vj H (—> j (A54)

The second equation follows from

N
X, = AL (HX“’”> (A55)
7=1
= AL [[(ei/ e Xiws;) ) (A56)
j=1
0 1% o
Xi = AL i H Sol/gpjwlj Y (A57)
7j=1
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The third equation follows from
N N
Ci = Iy =110wi/en (AS8)
j=1

j=1

and \; = 1.

We solve this equation system numerically.
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B Empirical Appendix
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Table Al: Explaining Correlations of FX and Consumption (Developed and

Emerging)
Base Factor Correlations
(D 2 3 “4) (5 (6) @)
V Bilateral 0.148*** 0.083***
(0.014) (0.017)
V Network 0.103***
(0.017)
V Full 0.154%**
(0.014)
W Bilateral 0.127*** 0.123***
(0.014) (0.013)
W Network 0.112%**
(0.013)
W Full 0.139***
(0.014)
TFP Correlation 0.125***
(0.014)
Observations 406 406 406 406 406 406 406
R? 0.222 0.288 0.240 0.163 0.289 0.198 0.159
LR-Test (p-value) <.001 <.001
Consumption Correlations
(L ) 3 “4) &) (6) (7
V Bilateral 0.060*** 0.025*
(0.012) (0.015)
V Network 0.056***
(0.015)
V Full 0.064***
(0.012)
W Bilateral 0.053*** 0.051***
(0.012) (0.012)
W Network 0.047***
(0.012)
W Full 0.058***
(0.012)
TFP Correlation 0.131***
(0.010)
Observations 406 406 406 406 406 406 406
R? 0.062 0.095 0.069 0.047 0.086 0.058 0.295
LR-Test (p-value) <.001 <.001

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations. Bilateral regres-
sions include the set of unique country pairs for 29 developed and emerging countries. Consumption growth is annual
in local currency units. Currency base factors are the average appreciation of a currency vs all other currencies. The
closeness measures are defined in Section 1.2. The sampl@ from 1974 to 2014.



Table A2: Explaining Correlations of FX and Consumption including Distance
(Developed and Emerging)

Base Factor Correlations Consumption Correlations
(D 2 3) 4 ©) (6)
Log Distance -0.150*** -0.159*** -0.161*** -0.042*** -0.045*** -0.020**
(0.012) (0.012) (0.011) (0.012) (0.012) (0.009)
V Full 0.065*** 0.039***
(0.013) (0.013)
W Full 0.047*** 0.032**
(0.014) (0.013)
TFP Correlation 0.058*** 0.123***
(0.012) (0.01D)
Observations 406 406 406 406 406 406
R2 0.459 0.444 0.457 0.098 0.092 0.303

Note: Regressions of currency base factor correlations (Equation (2)) and bilateral consumption growth correlations
(Equation (3)) on trade network closeness measures and total factor productivity (TFP) correlations, including distance
as a control. Bilateral regressions include the set of unique country pairs for 29 developed and emerging countries.
Consumption growth is annual in local currency units. Currency base factors are the average appreciation of a currency
vs all other currencies. The closeness measures are defined in Section 1.2. The sample is from 1974 to 2014.
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Table A3: Explaining Correlations of FX and Consumption Time Series (Devel-

oped and Emerging)
FX Correlations Consumption Correlations
ey @) 3) “) &) (6)
V Full 0.107** 0.059
(0.047) (0.048)
W Full 0.101** 0.080*
(0.041) (0.042)
TFP Correlation -0.002 0.198***
(0.008) (0.014)
Observations 1,136 1,136 1,136 1,357 1,357 1,357
Within R? 0.018 0.024 0.000 0.002 0.005 0.208
Country-Pair fixed effects v v v v v v
Year fixed effects v v v v v v

Note: Panel regressions of time-series of currency base factor correlations (Equation (4)) and bilateral consumption
growth correlations (Equation (5)) on the time-series of trade network closeness measures and total factor productivity
(TFP) correlations. All input values are computed using 10-year non-overlapping windows. Observations are for 4
non-overlapping windows of data for the set of unique country pairs among 29 developed and emerging countries. Re-
gressions include country-pair and time fixed effects. Consumption growth is annual in local currency units. Currency
base factors are the average appreciation of a currency vs all other currencies. The closeness measures are defined in
Section 1.2. The sample is from 1974 to 2014.
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