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Abstract

We document a positive link between U.S. innovation, dollar appreciation, and foreign capital
inflows. To explain these patterns, we develop a general equilibrium model in which innovation-
driven productivity gains accrue disproportionately to entrepreneurs. The calibrated version of
the model replicates the joint dynamics of the dollar, equity returns, inequality, consumption
and output growth, highlighting a new channel between innovation, exchange rates, and global
capital flows. In our model, foreign investors invest in U.S. technology stocks to share the gains
of U.S. innovation; the dollar appreciates not because it is a safe asset but as a claim on U.S.

innovation.
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Over the recent decades, many significant innovations have originated in the U.S. Importantly,
periods of significant technological breakthroughs in the U.S.—such as the rise of personal computers
in the 1980s, the emergence of internet companies around 2000, and recent advancements in artificial
intelligence and large language models—have coincided with periods of a strong dollar and foreign
inflows into U.S. technology stocks.! This positive relation between U.S. innovation and the exchange
rate is puzzling through the lens of the standard model with complete markets: higher levels of
U.S. innovation lead to a consumption boom in the U.S., lower marginal utility, and therefore to a
depreciation of the real exchange rate.

In this paper, we argue that stronger U.S. innovation leads to appreciation of the U.S. dollar
because the gains from innovation are not fully spanned by traded assets. In our model, investors can
trade existing domestic and foreign stocks and bonds without friction; however, what is missing are
claims to future innovation rents. A significant fraction of these gains accrues to new entrepreneurs
and other workers that are central to the production of innovation. As a result, an increase in U.S.
innovation raises the U.S. share of global wealth and induces foreign investors to buy existing U.S.
assets—specifically, U.S. growth stocks—to obtain partial exposure to future innovation rents.

We begin by documenting a set of new stylized facts regarding the empirical relations between
real dollar appreciation and U.S. innovation—measured using the approach of Kogan, Papanikolaou,
Seru, and Stoffman (2017). Focusing on the post-Bretton Woods era, we document a robust positive
correlation between the level of U.S. innovation and the dollar: a one-standard-deviation rise in
innovation is associated with approximately a 2 to 4 percent appreciation in the real exchange
rate. Furthermore, our measure of innovation strongly correlates with U.S. productivity growth, as
captured by utilization-adjusted total factor productivity (TFP) from Fernald (2014).

We next present evidence consistent with imperfect international sharing of innovation shocks.
Specifically, we show that higher U.S. innovation is associated with an increase in the relative wealth
of U.S. households compared to the rest of the world, as well as rising income inequality within the
U.S. From the perspective of complete markets, this positive correlation between U.S. innovation
and U.S. relative wealth presents a puzzle: if high innovation in the U.S. represents favorable states
for U.S. households, the complete markets model would imply a reduction in the U.S. share of global
wealth, leading to a depreciation of the real exchange rate and a reduction in U.S. relative wealth.

Additionally, we show that innovation shocks coincide with significant foreign capital inflows at

'During the internet boom, foreign purchases of U.S. equities reached record levels, exceeding $60 billion in 2000:Q1
alone. Over the same quarter the dollar appreciated 5.4 percent against the euro and foreign investors were net
sellers of U.S. Treasury securities. The generative-AI boom displays a similar pattern: inflows into technology equity
funds reached $18.6 billion in 2024:Q1, the third-largest quarterly inflow on record, while the real broad dollar index
rose 2.2 percent between December 2023 and April 2024. Purchases in 2000:Q1 exceeded half of the previous year’s
record annual total; the Federal Reserve’s real broad dollar index rose from 113.5 to 116.0. Sources: Federal Reserve
Monetary Policy Report (July 2000), BEA U.S. International Transactions (June 2000), FRBNY Treasury and Federal
Reserve Foreign Exchange Operations reports, Reuters/BofA (April 2024), and Federal Reserve H.10. More broadly,
foreign investors held $16.9 trillion of U.S. equities as of June 2024—roughly twice their Treasury holdings—and, as
we show using TIC benchmark holdings, their U.S. equity portfolios tilt toward technology and information industries
relative to a market-capitalization benchmark.



both aggregate and firm levels. Aggregate measures reveal a clear positive correlation between U.S.
innovation and inflows of foreign direct investment and portfolio equity to the U.S. At the level
of inflows to individual firms, we find that U.S. companies that innovate more relative to their
peers—measured by the grant of valuable or significant new patents—subsequently attract greater
foreign institutional ownership.

We next rationalize these patterns in a quantitative structural model. To clarify the economic
mechanism, we start with a minimal set of ingredients: a two-country endowment economy with log
utility and home-bias in consumption. In addition to standard aggregate endowment shocks, each
country experiences displacement shocks designed to capture key aspects of creative destruction.
To keep the exposition simple, we model the process of creative destruction in reduced form
following Garleanu, Panageas, Papanikolaou, and Yu (2016): economic growth arises partly from
new, innovative projects that potentially displace incumbents. We show how our reduced form
assumptions can be micro-founded using a more elaborate quality ladder model in the style of
Aghion and Howitt (1992) in which creative destruction has an aggregate (systematic) component.
Crucially, markets are incomplete: new projects are not owned by existing shareholders but rather
randomly allocated to a small subset of agents. Households cannot trade away their future claims
to these potential innovations. In brief, innovation shocks increase the relative profitability of new
firms and redistribute wealth from incumbent owners to new entrepreneurs.

In our model, increases in the rate of U.S. innovation lead to an increase in the U.S. share of
global wealth and an increase in U.S. output and consumption growth. Importantly, despite the
increase in consumption, the average marginal utility for U.S. households also increases because most
U.S. households are left behind while a few prosper—a mechanism similar to Kogan, Papanikolaou,
and Stoffman (2020). As a result, the real exchange rate appreciates. Overall, the model is consistent
with the joint dynamics of exchange rates, wealth shares, output and consumption growth, income
inequality, and stock returns. Importantly, the model generates a novel mechanism for holding
dollars: investing in the shares of U.S. innovative firms. Consistent with this prediction, we show
that U.S. innovation is associated with an increase in foreign capital inflows at both the aggregate
and firm levels.

Our theoretical model has a number of implications that are consistent with the data. First, it
sheds new light on the Backus and Smith (1993) puzzle, specifically the weak correlation between
exchange rates and relative consumption and output growth. In our model, bilateral exchange rate
growth depends not only on the relative consumption growth between home and foreign countries
but also crucially on shifts in their relative wealth. Increases in innovation in the home country
lead to real exchange rate appreciation and increased value of domestic assets and the country’s
aggregate wealth. This prediction is consistent with the findings of Dahlquist, Heyerdahl-Larsen,
Pavlova, and Pénasse (2025): increases in a country’s relative wealth coincide systematically with
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correlation between exchange rate movements and standard macroeconomic fundamentals turns
negative and statistically significant—precisely as standard complete-market logic would suggest.

Second, a positive innovation shock in the model leads to an increase in income inequality, a
prediction that is consistent with the evidence in Aghion, Akcigit, Bergeaud, Blundell, and Hémous
(2019). As a result, our model implies a positive correlation between exchange rates and changes
in relative income inequality between the home and foreign country. This prediction is consistent
with the findings in Kocherlakota and Pistaferri (2008). Replicating their analysis in our sample of
eleven countries covering the post-Bretton Woods era, we find a positive and economically significant
correlation between changes in bilateral exchange rates and changes in relative income inequality.
For instance, focusing on the coefficients from the pooled regression, a one-standard-deviation
increase in income inequality in a foreign country relative to the United States is associated with a
1.7 log point appreciation of its currency relative to the U.S. dollar.

Third, the model suggests a direct proxy for the displacement shock that follows the logic in
Garleanu et al. (2016). In particular, the difference between the aggregate market capitalization
growth and the returns from holding the market portfolio is related to the realizations of the
displacement shock in the model. This gap emerges because market investors must continuously
liquidate existing positions to finance purchases of shares in new, entering firms, ensuring the portfolio
remains self-financing. More broadly, this gap also reflects equity issuance by incumbent firms—
either to fund new projects or to compensate innovators with equity grants—which effectively dilutes
the claims of existing shareholders and reallocates ownership. Consequently, as new firms enter the
market, returns on the market portfolio consistently lag behind aggregate market capitalization
growth. Using this insight, we construct an empirical displacement shock measure for the U.S. and
find that it is positively correlated with the appreciation of the real U.S. dollar. Notably, periods
characterized by significant innovation and the entry of new firms (projects) systematically coincide
with real dollar appreciation.

After presenting our simple model, we then explore the ability of our mechanism to quantitatively
account for these empirical patterns. To this end, we introduce some additional elements: we
allow for recursive preferences over relative consumption and relax the assumption of extreme
inequality—a positive measure of households receives new projects and some of these projects accrue
to incumbent firms. Hence, investors in existing firms can now appropriate a fraction of the gains
from innovation. In addition, we allow for the distribution of the displacement shock to vary over
time. Though these modifications are not needed to qualitatively explain the key patterns in the
data, they help the model deliver realistic quantitative predictions.

Our model successfully replicates the joint dynamics of innovation, exchange rates, consumption
growth, and capital flows, while generating low and relatively smooth risk-free rates. Importantly,
our model quantitatively reproduces the three key ‘anomalies’ in the exchange rate literature:
the volatility puzzle of Brandt, Cochrane, and Santa-Clara (2006), the Backus and Smith (1993)



correlation puzzle, and the violation of the uncovered interest rate parity (UIP). The key to
replicating the failure of the UIP is the time-varying distribution of the displacement shock. To
ensure that the magnitudes of displacement shocks are realistic, we discipline the distribution of the
displacement shock using the moments of income inequality in the data.

Last, we explore the implications of our model for the joint dynamics of exchange rates and
stock returns. In the extended model, a fraction of the gains from innovation accrue to stock market
investors. Introducing some degree of ex-ante firm heterogeneity—some firms are more likely to
innovate than other firms, and hence have higher valuations—leads to new testable implications.
Specifically, an appreciation of the home currency is associated with higher stock returns for these
high-growth firms relative to low-growth firms in the home country, and most importantly, higher
relative returns of high-growth firms relative to low-growth firms in the foreign country (a difference
in differences). We conclude our analysis by verifying that this implication is consistent with the
data.

Our work contributes to several strands of the literature. First, it relates to a large literature
on exchange rates and imperfect international risk sharing. Earlier work emphasizes segmented
asset markets and limited asset spanning (Alvarez, Atkeson, and Kehoe, 2002, 2007, 2009), while
Corsetti, Dedola, and Leduc (2008) show that incomplete markets can substantially alter the
transmission of productivity shocks to the real exchange rate and the terms of trade. Recent work
shows that shocks that act as wedges in the international risk-sharing condition can account for
a number of exchange rate facts (Itskhoki and Mukhin, 2021; Kekre and Lenel, 2024a,b). Our
mechanism is closest in spirit to this literature, but the source of the wedge is different. We study an
environment in which the missing claims are those to future innovative firms. Relative to Corsetti
et al. (2008), the key incompleteness in our model is not a generally limited set of internationally
traded assets, but the absence of a small set of claims tied to future innovation rents. Relative to
Itskhoki and Mukhin (2021) and Kekre and Lenel (2024a), the wedge is not driven by exogenous
financial shocks or segmentation between domestic and foreign investors; it arises endogenously
from within-country redistribution associated with innovation. Because the missing claims are tied
to new productive units, the model also yields implications for relative wealth, inequality, foreign
ownership of innovative firms, and stock-market-based measures of displacement. In addition, our
work is complementary to recent evidence that dollar appreciation forecasts future U.S. productivity
growth (Chahrour, Cormun, De Leo, Guerrén-Quintana, and Valchev, 2024). We do not view that
moment as unique to our mechanism. Rather, our contribution is to connect it to direct measures of
innovation, relative wealth, inequality, and capital flows, and to offer a model that organizes these
facts jointly.

On some level, our mechanism is related to the Balassa (1964); Samuelson (1964) effect. The
traditional Balassa—Samuelson logic posits that productivity gains in the tradable sector lead to

real exchange rate appreciation, as higher wages in the tradable goods sector spill over to the



non-tradable sector, which leads to an increase in the price of non-tradable goods and hence the real
exchange rates. Subsequent work also pointed out that workers experiencing a positive wealth shock
due to higher wages will also increase their demand for non-tradable goods, which also leads to an
increase in the price of non-tradables and the real exchange rate (see Froot and Rogoff, 1995, for a
review). Our mechanism is related in that a positive productivity shock generates a positive wealth
effect and an increase in the price of non-tradable goods. However, there are some differences: the
increase in wealth is not broad-based but is rather concentrated on a few households. Thus, even
though technological innovation leads to an increase in consumption and wealth, it also leads to an
increase in within-country inequality. Average marginal utility rises due to a Constantinides and
Duffie (1996) effect, which leads to exchange rate appreciation due to the absence of arbitrage and
complete international financial markets.

Our model also speaks to the recent literature that emphasizes the importance of financial shocks
for exchange rate dynamics (Gabaix and Maggiori, 2015; Itskhoki and Mukhin, 2021; Kekre and
Lenel, 2024b,a). In these models, capital flow shocks, intermediation frictions, or preferred-habitat
demand affect exchange rates under imperfect risk sharing. Our contribution is to emphasize a
different source of capital flows: foreign investors buy claims on innovative U.S. firms to share in
the gains from future innovation. This mechanism implies a positive correlation between capital
inflows and currency appreciation and generates cross-sectional predictions for growth and value
portfolios across countries. Closest to our work is Kekre and Lenel (2024a), who model financial
market shocks as discount rate shocks, and show that the relation between exchange-rate levels and
short- and long-horizon yield differentials is informative about the importance of these shocks. Even
though our model does not feature discount rate shocks, it delivers the same prediction. In both
the data and our model, stronger-dollar states are associated with higher U.S. yields relative to
foreign yields.

Our work also relates to the literature on uncovered interest parity (Fama, 1984; Backus,
Foresi, and Telmer, 2001; Verdelhan, 2010; Martin, 2011; Hassan, 2013; Colacito and Croce, 2013;
Ready, Roussanov, and Ward, 2017; Colacito, Croce, Gavazzoni, and Ready, 2018; Richmond,
2019; Wiriadinata, 2021; Jiang, Krishnamurthy, and Lustig, 2023). Jiang et al. (2023) show that
resolving classical exchange-rate puzzles is challenging when investors can frictionlessly trade home-
and foreign-currency risk-free bonds. Even though investors in our model can trade bonds freely,
our model does reproduce the failure of the uncovered interest parity. The reason is that our
model features a disconnect between the stochastic discount factor and aggregate consumption:
U.S. innovation booms not only increase aggregate consumption but also raise (average) marginal
utility, leading to a stronger dollar. Thus, the same innovation-driven redistribution shock that
helps account for exchange rates, relative wealth, and capital flows also generates a weak relation
between exchange rates and interest rate differentials.

Our mechanism builds on work linking innovation and creative destruction to inequality and



asset prices (Papanikolaou, 2011; Garleanu et al., 2016; Kogan et al., 2020; Huang, Kogan, and
Papanikolaou, 2023). In a closed economy, these papers show that growth shocks whose gains are
not widely shared can raise the stochastic discount factor. Kogan et al. (2020) build a general
equilibrium model with capital embodied technology shocks in which benefits of innovation are
distributed asymmetrically across the economy. They show that the resulting displacement risk
can lead to increased demand for insurance (an increase in the stochastic discount factor) and can
help rationalize certain cross-sectional features of asset returns. Géarleanu et al. (2016) embed a
reduced-form of this mechanism in a standard endowment model and study its implications for
the equity risk premium. We embed this force in a two-country setting and study its implications
for exchange rates, relative wealth, and international capital flows. The model is also related to
open-economy environments with firm entry and technology adoption; here our focus is on the
international risk-sharing consequences of claims to future entrants not being traded ex ante. Related
to this paper, Huang et al. (2023) examine this mechanism in a multi-region model of a monetary
union and study its implications for regional inflation dynamics.

Finally, our paper contributes to the literature on the special role of dollar assets in international
markets (Gourinchas and Rey, 2007a,b; Gourinchas, Rey, and Govillot, 2010; Atkeson, Heathcote,
and Perri, 2025; Dahlquist et al., 2025; Sauzet, 2025; Jiang, Krishnamurthy, and Lustig, 2021; Jiang,
Krishnamurthy, Lustig, and Sun, 2024). Existing work emphasizes the U.S. role as a global insurer,
convenience yields, and fiscal capacity. We add a distinct motive for holding dollars: exposure to

U.S. innovation.

1 Dollar Exchange Rates and U.S. Innovation

We begin by documenting a set of stylized facts regarding the joint dynamics of U.S. innovation,
the real exchange rate, capital flows, and the distribution of income and wealth. Below, we briefly

discuss the sources of main variables in our analysis. Appendix A contains additional details.

1.1 Data Sources

Our sample consists of a combination of G-10 currency countries and G-7 countries. Specifically, it
includes Australia, Canada, Germany, Japan, Norway, New Zealand, Sweden, Switzerland, United
Kingdom, France, Italy and the United States. We take the domestic country to be the United
States and define the exchange rate as the units of foreign currency per dollar. The sample period
covers the post-Bretton Woods era (1974 to 2022).

We obtain end-of-year nominal exchange rates from the IMF. The real exchange rate is calculated
by adjusting nominal exchange rates by the relative CPI index of the corresponding country. We
calculate the growth of the real dollar index as the trade-weighted average of the log growth rates

of the real dollar exchange rates against the currencies in our sample. The level of the dollar index



is obtained by accumulating these growth rates over the past years.

We obtain data on consumption, GDP, and net exports from the World Development Indicators
published by the World Bank. We use household final consumption expenditure for consumption
series, and the difference between the indices of exports of goods and services and imports of goods
and services as our net export series. Both consumption and GDP are real. We measure income
inequality using the top 1% income share and obtain data on the top income share from the World
Inequality Database. The World Inequality Database also provides each country’s total net wealth
(code = mnweal) in local currency. To convert each country’s wealth into U.S. dollars, we divide
the total net wealth by the corresponding exchange rate.

We measure the annual U.S. innovation level as the log of the ratio of the total economic value
of patents (Kogan et al., 2017) each year to the total stock market capitalization at the end of the
year.? Data on aggregate foreign direct investment and portfolio equity flows are obtained from
the World Bank. The interest rate data come from Global Financial Data. Real interest rates are
constructed using three-month T-bill yields from the Global Financial Data, adjusting for realized
inflation using annual changes in CPI. Data on equity index returns (MSCI series) are obtained
from Datastream. Data on foreign holdings of U.S. securities by industry is from the Treasury

International Capital (TIC) annual survey. Appendix A provides additional details.

1.2 Innovation and the U.S. Dollar

We begin by documenting a positive correlation between U.S. innovation and contemporaneous

growth of the real dollar exchange rate. We estimate the following specification
Alog egLSlD =a+ fInnoysi+1 + ¢l + €141 (1)

The dependent variable is the growth in the (log) dollar index level from ¢ to ¢t + 1. The independent
variable is the U.S. innovation at year ¢ 4+ 1. Depending on the specification, we include the lagged
dollar index level, lagged U.S. innovation, or both as control variables. We also control for lagged U.S.
output growth. Standard errors are calculated using the Newey—West procedure, with a bandwidth
of one year.

Table 1 reports the estimates from (1). We see an economically and statistically significant
positive correlation between the level of U.S. innovation and the growth of the U.S. dollar index.
This suggests that technological booms coincide with a stronger dollar, contrary to what standard
models predict under complete risk-sharing. A one-standard-deviation increase in U.S. innovation is
associated with approximately 2 to 4 log points of exchange rate appreciation at the annual level.

This positive correlation between the U.S. dollar index and U.S. innovation is robust to alternative

>The patent values in Kogan et al. (2017) are market-based estimates of the private value accruing to patenting
firms, inferred from stock-market reactions to patent grants. We normalize total patent value by aggregate U.S.
stock-market capitalization to obtain an innovation-intensity measure.



specifications. Specifically, Appendix Table A.2 shows that our results remain qualitatively similar
when using the equal-weighted dollar index. In addition, we define annual U.S. innovation as the log
of the ratio of the total real economic value of patents (Kogan et al., 2017) to the total number of
patents. Appendix Table A.3 presents the results, showing that this alternative measure is positively
correlated with the growth of the real dollar index.

Last, we also examine the correlation between U.S. innovation and the U.S. dollar in a panel

regression,
Alogepii1 = a+ BInnoysiy1 + cZi + €pgy1- (2)

Compared with (1), the dependent variable is now the growth in the bilateral exchange rate e
between the foreign country F' and the U.S. The advantage of doing so is that now we can include
several country-level controls that can account for the variation in bilateral exchange rates. The
control variables Z; include the lagged innovation level, lagged growth of output ratio, and the
lagged exchange rate level. We include country fixed effects, with standard errors computed using
the Driscoll and Kraay (1998) methodology to account for heteroskedasticity, serial correlation, and
cross-sectional dependence due to the fact that all the bilateral exchange rates are against the U.S.
dollar.

We report the estimates from equation (2) in the last column of Table 1. Examining the
estimated coefficient 3, we note that its point estimate is similar in magnitude to the response of the
U.S. dollar index: a one-standard-deviation increase in the dollar value of innovation is associated
with a 4.6 log-point appreciation of the dollar in the same period. Last, Appendix Table A.5 reports
results separately for individual countries. Even though the standard errors are larger due to the
smaller number of observations, the point estimates are positive in all country-level regressions.

As a robustness check, we also construct a non-market-based innovation measure using forward
patent citations, a widely used proxy for technological importance (Hall, Jaffe, and Trajtenberg,
2005). For each patent, we count forward citations over a common five-year window. To account for
differences in citation intensity across patent-grant cohorts, we subtract from each patent’s citation
score the median score among patents granted in the same year. We then identify high-citation
patents using the pooled 80th-percentile threshold of the adjusted citation score and aggregate
their annual number per million U.S. residents. Appendix Table A.1 shows that a one-standard-
deviation citation-based innovation shock is associated with approximately 1.9 to 2.6 log points of
real dollar appreciation in the time-series specifications and 2.1 log points in the panel specification.
These results show that our findings are robust to measuring U.S. innovation using an alternative,
non-market-based citation measure.

Overall, we show that the level of innovation in the U.S. is strongly associated with appreciation
in the U.S. dollar over short horizons. These results are largely in line with the recent literature

emphasizing the importance of news about TFP shocks as a key driver of exchange rates (Nam



and Wang, 2015; Chahrour et al., 2024). In particular, Chahrour et al. (2024) argue, using a
vector autoregression, that news shocks about future TFP are the dominant driver of exchange
rates. Given that our innovation measure is positively correlated with future TFP growth (Kogan
et al., 2017), our results are highly complementary to Chahrour et al. (2024). More specifically,
Kogan et al. (2017) show that the measure of innovation that we use is positively correlated with
future productivity and output growth in the U.S. For completeness, we replicate their results in
Appendix Figure A.1. In terms of magnitudes, a one-standard-deviation increase in U.S. innovation

is associated with an annual growth of 0.3 to 0.4 log points in U.S. TFP.

1.3 Innovation, Income and Wealth

Next, we provide evidence consistent with incomplete markets. We show that when the U.S.
innovation rate rises, the gains are not fully shared internationally or within the U.S. We find that
a rise in U.S. innovation is associated with an increase in the U.S. wealth share. At the same time,
top income inequality within the U.S. also increases. Both patterns indicate that innovation benefits
are concentrated rather than broadly shared.

First, we examine the response of countries’ relative wealth to innovation shocks. To this end,
we re-estimate equation (2), but now use the change in the wealth ratio between the U.S. and
foreign countries as the dependent variable. As before, estimating this relation in a panel allows us
to partial out global fluctuations in wealth that are unrelated to innovation. As our baseline, we
measure country wealth using the World Inequality Database, which provides each country’s total
net wealth in local currency. To convert each country’s wealth into U.S. dollars, we divide the total
net wealth by the corresponding exchange rate. Columns (1) to (2) of Table 2 present the results.

Examining Table 2, we see that increases in innovation are associated with an increase in
U.S. wealth relative to foreign countries. A one-standard-deviation increase in U.S. innovation
is associated with a 3 log point increase in the share of U.S. wealth relative to foreign countries.
Overall, we see that an increase in U.S. innovation is associated with an increase in the U.S. relative
wealth share. Put differently, the gains from U.S. innovation accrue disproportionately more to U.S.
rather than foreign households. Note that in complete markets, where innovation shocks are shared
perfectly, U.S. innovation would instead be associated with a decline in the U.S. relative wealth
share. By contrast, the fact that we observe gains accruing disproportionately to U.S. households is
consistent with incomplete markets—that is, imperfect risk sharing across foreign and U.S. investors.
See Appendix Figure A.4 for the impulse responses of exchange rates and relative wealth in complete
markets.

Second, we examine the extent to which U.S. innovation is associated with reallocation of
wealth within a country. Given the difficulty of measuring wealth inequality across countries, we
focus on income inequality instead. We examine the response of country-level income inequality to

U.S. innovation. Specifically, we re-estimate equation (2), but now replace the dependent variable



with the growth in income inequality in the United States relative to foreign countries. As before,
estimating this relation using a panel specification allows us to partial out common movements in
inequality across countries. Columns (3) and (4) of Table 2 report our estimates. We see that an
increase in the rate of innovation in the United States is also associated with an increase in income
inequality, which again indicates imperfect risk sharing, but now within rather than simply across

countries.

1.4 Industry Composition of Foreign Equity Holdings

So far, we have shown that increases in U.S. innovation are associated with an appreciation of the
dollar and an increase in the relative share of wealth of U.S. households. If that is the case, we
might expect that foreign investors would want to increase their exposure to U.S. technology stocks
in order to appropriate some of the benefits of innovation.

Here, we show that foreign holdings of U.S. equities are indeed tilted toward technology-related
sectors. To do so, we use the TIC annual tables on foreign portfolio holdings of U.S. securities,
which report foreign holdings of U.S. equities by industry. For each year, we compare the TIC
industry distribution to a market-capitalization benchmark constructed from the CRSP/Compustat
merged sample. The benchmark assigns each U.S. public firm to the same industry classification
system used in the TIC table for that year and weights firms by market capitalization.

For industry j in year ¢, let

TIC cCM
WTIC _ ;i WCOM M;y 3)
Js - TIC> Js - CcCM>
2 ke Hiy 2keg, M
TIC . . . . . CCM - URT .
where ;' is foreign TIC equity holdings in industry j, M3~ is the CCM market capitalization

assigned to the same industry, and J; is the set of industries. In the main NAICS specification, J;
excludes Government (NAICS 92), Other financial activities (NAICS 5222-5239), Insurance carriers
and related activities (NAICS 524), and Funds, trusts, and other financial vehicles (NAICS 525) from
both TIC and CCM. We exclude these categories to focus on operating corporate sectors: foreign
investors hold substantial positions through investment companies and funds, and the other-financial
categories include investment managers and holding-company-like financial firms, so including them
would mix direct exposure to operating industries with exposure through financial intermediaries.
We combine the Information-related NAICS rows into a single Information sector, NAICS 511-519.

We focus on the relative-share gap between actual foreign holdings relative to the holdings
corresponding to the market portfolio,

TIC CCM_ (4)

A]7t = wjvt J:t

A positive value of A;; means that foreign investors are overweight in industry j relative to the U.S.
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public-equity market portfolio.

Figure 2 reports this relative-share gap for the NAICS period, 2015-2022, using the TIC Main
Table. Examining the figure, we see that foreigners consistently overweight stocks in the Information
sector relative to the CCM market-cap benchmark. In addition, foreigners also overweight firms in
Computer and Electronic Manufacturing, and also some service industries. Appendix Figure A.2
reports the corresponding shares for each sector.

In sum, foreign investors’ U.S. equity holdings are not simply proportional to the U.S. market

portfolio; they are tilted toward technology-related sectors—potentially reflecting foreign investors

demand for exposure to U.S. innovation.

1.5 Innovation and Capital Flows

In a world where countries share the benefits of U.S. innovation, the arrival of innovation shocks in
the U.S. should translate into capital flows from the U.S. to the rest of the world. By contrast, in a
world where innovation shocks are imperfectly shared, we would expect to see a capital inflow from
the rest of the world to the U.S. as U.S. firms become more innovative.

We first examine the relationship between U.S. innovation, U.S. foreign direct investment (FDI)
inflows, and U.S. portfolio equity inflows at the aggregate level. Panel A of Figure 1 shows the trends
in U.S. innovation intensity and FDI inflows over time. The correlation between U.S. innovation
and FDI inflows is approximately equal to 31 percent. U.S. innovation experienced a significant
boom around 2000, driven by advancements in internet technology, and this period was associated
with a large increase in FDI inflows. Panel B plots the relationship between U.S. innovation and
aggregate portfolio equity flows. We observe a significant positive correlation between the two time
series (approximately 30 percent). Moreover, periods of higher innovation intensity are associated
with increased portfolio equity inflows.

A key advantage of our innovation measure is its granularity: we can observe the value of
innovation performed by a given firm in a given year. This granularity allows for a sharper test of
our hypothesis: does foreign capital flow into innovative firms? To explore this, we next shift our
focus to portfolio equity flows at the firm level using measures of firm innovation based on patents.
We use three approaches to adjust for patent quality. First, we adjust the number of patents based
on their number of forward citations. Second, we adjust patents for their economic value, according
to Kogan et al. (2017). Breakthrough patents are defined as being in the top 20% based on citations
or economic value in each year. Lastly, we consider an alternative definition of patent importance
based on Kelly, Papanikolaou, Seru, and Taddy (2021), where we define breakthrough patents as
those that are in the top 20% of the distribution in terms of their impact and novelty.

We then examine how foreign institutional capital responds to firm-level innovation shocks,

AForeignInstOwn, ;1 = a + Blog(inno)is +v Xt + €41, (5)
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where the dependent variable is the change in foreign institutional ownership for firm 7 between
t and t 4+ 1, obtained from the FactSet LionShares database. The main independent variable is
the (log) number of important patents granted to firm ¢ in the previous year ¢, according to three
innovation measures to capture patent quality. When inno is equal to zero, we replace log(inno) by
zero and add a dummy equal to one if inno is equal to 0, thereby preventing the removal of the
observation from the data. The vector of controls X;; includes foreign institutional ownership at
time t, along with firm and year fixed effects. We also estimate a specification where we add the
firm’s sales (log) and size at time ¢ as additional controls. The sample covers 2000-2017, allowing
patents a five-year window for citation accumulation.

Table 3 presents the estimated coefficient 8 from equation (5). Examining the table, we see
that foreign institutional ownership increases after firm innovation increases based on all three
of our measures. In terms of magnitude, a one-standard-deviation increase in quality-adjusted
patent grants is associated with approximately a 0.2 percentage point increase in the ownership of
foreign institutional investors—which is quantitatively meaningful given that the average foreign
institutional ownership in our sample is approximately equal to 3 percent. Moreover, these estimates
remain robust after controlling for firm size and revenue (Columns 4 to 6 of Table 3), as well as for
foreign institutions’ time-varying preferences for specific sectors (Columns 7 to 9 of Table 3). These
findings are consistent with the notion that technological innovations attract international equity
capital flows. The heightened demand for U.S. stocks, which embody frontier technology, drives up

the demand for dollars.

2 Model

So far, we document that periods of higher U.S. innovation are accompanied by real dollar ap-
preciation and net capital inflows, together with a higher U.S. wealth share and greater income
inequality. The joint behavior of capital flows, relative wealth, and inequality strongly suggests that
an incomplete market for innovation shocks is a key ingredient. That is, it appears to be the case
that households, either in the home or foreign country, cannot purchase Arrow-Debreu securities
whose payoff is contingent on the realization of innovation shocks. If households cannot commit
ex-ante to sharing the gains from innovation with others, then the arrival of innovation shocks will
coincide with wealth reallocation, both within but also across countries, consistent with our findings
in the previous section.

Why would innovation shocks lead to a dollar appreciation? To fix ideas, consider first a closed
economy. If innovation shocks are imperfectly shared across households within the innovative
country, then there is a wedge between the average marginal utility of individual households, and
the marginal utility of a representative agent that consumes the aggregate endowment (Kogan
et al., 2020; Garleanu et al., 2016). Thus, it is possible that higher innovation not only increases

aggregate consumption but also leads to higher average marginal utility across households. Since the
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absence of arbitrage implies that the real exchange rate is related to the ratio of marginal utilities
across countries, this mechanism could rationalize why innovation shocks in the U.S. lead to an
appreciation of the dollar.

In what follows, we embed this mechanism in a two-country model that introduces a minimal
departure from the standard models. Households in both the foreign and home country can trade
goods and can invest in stocks and bonds issued by firms in either country. The only market
incompleteness is that the gains from innovation are imperfectly shared: part of the benefits
of innovation accrue to new firms, which are randomly allocated to a small fraction of existing
households in the economy. Once these new firms enter the market, other households (domestic
or foreign) purchase shares as part of holding a diversified portfolio. To simplify the exposition,
we start with a simple endowment economy model that provides analytic expressions. Section 2.5
provides explicit microfoundations for our key assumptions. Section 3 embeds our mechanism in a

more general model that can be calibrated to quantitatively fit the data.

2.1 Setup

The economy consists of two countries, home (H) and foreign (F'), and two goods, Yz and Yr

produced by each country. Time is discrete and is indexed by ¢.

Production

There is a continuum of firms in each country that produce output. Firms in each respective country
only produce the local good. That is, the firms in the home country only produce the Yy good,
while foreign firms only produce the Yr good. There is an expanding measure of firms in each
country, indexed by (i, s, ¢) where s denotes the date at which the firm is created, i € [0, 1] denotes
the index of the firm within its cohort in each country, and ¢ € {H, F'} denotes the country.

A firm characterized by (i, s, ¢) produces a flow of output yzg at time ¢, according to
Yis = ags Yoy (6)

Here, aig € [0, 1] denotes the fraction of aggregate output accruing to a firm i located in country c.

By construction, these shares add to one

Z(/ af;‘;dz'):L ce{H,F} (7)
= \Ji€[0,1] ’

ERS

The model has an element of creative destruction, in which new productive units displace
existing ones. We model this in reduced form, following Géarleanu et al. (2016), but provide an
explicit microfoundation in Appendix B.2. Each period a new set of firms arrives exogenously in

each country. These new firms, indexed by ¢ € [0, 1], are heterogeneous in their productivity. The
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productivity of a newly arriving firm ¢ in country ¢ € {H, F'} satisfies

o = (1) arfe ®
where utH , uf are random, non-negative, shocks in home and foreign countries, affecting all firms
in each country at time ¢{. The components Li’H, Lf;’F denote cross-sectional measures and their
increments dLi’H, dLi’F are random, non-negative, idiosyncratic productivity components, which
are determined at time ¢ and satisfy fz‘e[o 1] dLi’H =1 and fie[o 1] dLi’F = 1. It follows that the total

output produced by the cohort of firms born at time ¢ is equal to

i = (1 —e ) Y., 9
/z‘e[O,l] Yt ( ) Jt (9)

Examining (9), we see that the innovation shocks uf reallocate revenue from incumbents to new
entrants. Hence, we will also term them displacement shocks throughout the paper. Collectively,
ug

the fraction of output produced by existing firms in country c is e~ %t . Specifically, the output share

of an incumbent firm created at a time s < ¢ in country ¢ € {H, F'} is given by

t
a5 — ai€ exp (— 5 u:;) (10)

n=s+1

Aggregate output in each country evolves according to
AlogYe i1 = p+efiy +0ug,. (11)

Note that output in each country c¢ is driven by two country-specific shocks, € and u. The first
shock, e, affects the output (and dividends) of all firms symmetrically. The second shock, u, is the
innovation, or displacement, shock discussed above, which reallocates market share from incumbents
to new firms. We allow this shock to affect aggregate output and parameterize its impact by
d € (0,1). Importantly, equation (11) can be explicitly derived from a relatively standard quality

ladder model of endogenous growth. We provide such a microfoundation in Section 2.5 below.

Households

Each country is populated by a unit measure of agents, indexed by (i,c¢) where i € [0,1] and
c € {H, F} denotes their country. At time zero, households are equally endowed with all firms in
existence at that time. Households have access to the financial market and maximize their expected
utility of consumption

o

Uy =E¢ Y B og(Cy,). (12)

s=t
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Household consumption Cf is an aggregate of the two goods produced by the home country and
the foreign country. Importantly, households exhibit ‘home bias’, that is, they tilt their consumption
basket to the domestically produced good. That is, the consumption basket of each household living
in country ¢ € {H, F'} at date t is given by

« —Q —Q « : 1
Clf = (wH )" O = @R EE) wih ac (1) (0

Here, 29, , and 2, denote the consumption of the home and foreign good by country ¢ € {H, F} at
date t. The parameter o € (%, 1) captures the degree of home bias in household preferences.

To ensure that wealth distribution within each country is stationary, we assume that households
have finite lives: at each date t, a mass & of agents, chosen randomly, die, and a mass of £ of new
agents are born, so that the population remains constant. As in Blanchard (1985), households can
hedge their mortality risk using a competitive annuity market that operates within each country.
Households are risk averse, hence they all purchase annuities. The annuity issuer collects the wealth
of deceased households é€W and distributes the proceeds to the surviving population and the newly
born agents in the same country.

Last, we normalize the price of the home consumption basket (the numeraire) to one; hence,
p%,t p}ﬁ_ta =1 (14)
where py, ; and py; are the price of the home and foreign goods, respectively.

Creative Destruction and New Firms

Fach period, households innovate with some probability. Successful innovation leads to the creation
of new firms. The key feature of the model is that households cannot share this risk ex-ante, that is,
they cannot sell claims against their future endowment of these new firms, as in Kogan et al. (2020).
As a result, a shock to the relative profitability of new firms u leads to the redistribution of wealth
from the owners of existing firms to the new entrepreneurs.

In particular, at time zero, agents are equally endowed with all the firms in existence at that
time. From that point onward, agent (i,c) where i € [0,1] and ¢ € {H, F'} receives firm (i,¢,c) at
time ¢, i.e., a new firm with productivity proportional to aif To simplify the exposition, we first
focus on the limiting case in which firm creation generates extreme inequality—as in Garleanu et al.
(2016). Specifically, we assume that only a measure-zero set of firms manages to produce non-zero

profits; by contrast, the vast majority of new firms are worthless.® Consequently, when making

3More formally, we assume that, for every ¢, the distribution of idiosyncratic productivity dL,Z;’C consists exclusively
of point masses. That is, we assume that L{ is a discrete measure on [0, 1], so that it is an increasing, right-continuous,
left-limits process that is constant on [0, 1] except on a countable set, where it is discontinuous. Both the magnitudes
of the jumps of L, and the locations of the points of discontinuity are random. This assumption ensures that only a
set of measure zero of consumers obtains the profitable new firms.
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consumption and saving decisions, households attach zero probability to the event that they receive

a profitable firm.*

Financial Markets

Households can trade a complete set of securities contingent on the realization of aggregate shocks.
That is, they can trade equity claims on existing firms and risk-less, zero-net-supply bonds in either
country. Effectively, consumers can trade a full set of contingent claims on the realizations of the
displacement shocks (u®’,u") and the neutral shocks (¢¥,ef") that drive output growth.
Importantly, however, a key market is missing: consumers cannot enter contracts that are
contingent on the realized value of their future endowments of new firms. This market incompleteness
is a key part of the mechanism, as it introduces a wedge between aggregate consumption growth

and the marginal utility of the average investor.

2.2 Equilibrium

Our definition of equilibrium is standard. An equilibrium is a set of price processes, consumption
choices, and asset allocations such that (a) consumers maximize expected utility over consumption
and asset choices subject to their dynamic budget constraint, (b) all asset and goods markets clear.

Markets are incomplete, hence households’ marginal utilities are not equalized across states. To
solve for the competitive equilibrium, we construct a representative agent whose preferences are a

weighted average of household utilities in each country

H .F
{‘rc,t7‘rc,t}

max Z B (log CH + \log C’f) (15)
t
This representative agent maximizes her utility subject to the resource constraints,
xgt + xf:t =Yy, (S {H7 F}7 (16)

along with the consumption aggregator in (13).

Importantly, the Pareto-Negishi weight )\; is not a constant but depends on the state of the
economy. In particular, )\; is the time-varying ratio of marginal utilities of either good in the two
countries at time t. It is equal to the wealth ratio between the two countries, and it varies over time

as a result of market incompleteness

_ Wy = wCdi (17)

At - Txr c,t
Why ' i€[0,1],¢

4More precisely, what matters for household portfolio decisions is the probability of obtaining a new firm times the
marginal utility of consumption in that state. Not only is the probability of receiving a new firm equal to zero, but
also is the marginal utility of wealth (and consumption) since each firm is extremely valuable.
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where W.; is the total wealth of households in country ¢ € {H, F'}.5
In equilibrium, the ratio of wealth A\; between the foreign and the home country affects both
real allocations and the terms of trade. For example, the relative price of the foreign good Yz in

units of the domestic good Yy is equal to

pre Yar 1—a+ak
ph,t YFﬂg o+ (]. — Oé))\t7

(18)
and depends not only on aggregate quantities Y. ;, but also on the countries’ relative wealth ;.

2.3 Displacement Risk and the SDF

The presence of displacement risk introduces a wedge between aggregate consumption growth and
the stochastic discount factor. To understand why this is the case, note that, because of incomplete
markets, the marginal utility of the ‘representative’ household is determined not only by aggregate
consumption, but also by the realization of the displacement shock.

To see this, consider the following simplified version of the model, in which a) households have
extreme home bias preferences a = 1 (or equivalently, the single-country version of the model) and
b) the value of all new firms is equally and randomly allocated to a measure 7 of the population. In
this case, we can divide all households at each point in time into two groups, those that receive
profitable new firms and those that do not. Agents have a constant consumption-to-wealth ratio,
hence their consumption process is directly linked to the dividends of the firms they own. Hence,

the equilibrium stochastic discount factor can be written as

—1 c c —1
¢ Y, ¢ et 4 1 — e et
t+1 c,t+1 u
— 1— 41 . 19
77 B(K¢> (1-m)e +W< - ) (19)

Recall that we have assumed that income inequality is extreme, that is, Li is comprised of point

masses or equivalently m — 0. In this case, the expression for the SDF simplifies to

1 _ 3 Yein1 _1e“f+1 (20)
MY You '

Examining equation (20), we see that incomplete markets introduce a wedge between our
stochastic discount factor and the one arising in a standard, Lucas-tree endowment economy. This

additional term, given by e%t+! adjusts for the fact that not all households experience the same

growth rate in consumption; a set of measure zero experiences a dramatic increase as they receive

®Here, we note that even though households in both countries are heterogeneous in their wealth, consumption-wealth
ratios are equalized within each country which facilitates aggregation. Hence, the representative consumer in each
country solves the same optimization problem. That said, it is important to emphasize that even though we construct
the preferences of each representative household as a function of the country-level consumption variables C# and CF,
no household actually consumes that amount. Given our assumption, the effect of market incompleteness collapses into
a scaling factor A’—and without loss of generality we have normalized A = 1. See Appendix B.1 for more details.
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new firms. Since marginal utility is a convex function of consumption, an increase in the dispersion
of consumption growth raises the level of the stochastic discount factor, as in Constantinides and
Duffie (1996).
Given the above, the dynamics of the stochastic discount factor in each country are given by
H F
M, 1 M, C0f 1

= and = ,
MH CH . bris1 MF CE . bria

(21)

where b1 and bpy11 are the wealth shares of the people in the home and foreign country who

did not receive profitable firms at ¢ + 1,

J i, H wy f i\ F w)

y 2, p— y kB p—

i€[0,1],a11y 4y =0 EHL €010y 1,01, =0 "t

b = d b

Ht+1 = ) an Fi+1 = v (22)
fie[o,l] W1 fiG[O,l] W1

The difference between (21) and equation (20) above is due to the fact that households own both
domestic as well as foreign stocks, which implies that by ;1 depends on both the domestic as well
as the foreign displacement shocks u’ and uf. That said, the relationship between b and u depends
on the state of the economy, specifically, the relative wealth of the two countries, as captured by A.
For instance, when \ is high, country F is richer than country H. In this case, a small u’ shock
will likely lead to a larger change in by ;41 than would be the case if country H were richer than
F—since the new trees created in country H constitute a large share of wealth relative to the wealth
of H households.

2.4 Exchange Rates

We next characterize the behavior of the real exchange rate in the model. Because financial markets
are integrated between the two countries, the absence of arbitrage implies that the exchange rate

growth is equal to the ratio of the two countries’ stochastic discount factors,

H H
Ct+1 Mt+1/Mt

= . (23)
€t M /M
The change in the exchange rate (in logs) can be written as
Alogers1 = Alog CfL | — Alog O + Alog Wi 411 — Alog Wi
—Alogkpfl (24)

= Alog C’Srl — Alog Cﬁl +logbri+1 —log b t41-

Equation (24) summarizes the main result in this paper. Given that households have log utility, if
markets were complete, the ratio of home to foreign wealth in equation (17) would be a constant.

In that case, bilateral exchange rate movements are purely determined by movements in the relative
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consumption growth between the home and foreign country. More generally in the case where
the coeflicient of relative risk aversion was different from one, the ratio of wealth could vary over
time, but its movements would still be determined by movements in relative consumption growth
(either in the short run or in the long run). As a result, these models imply that exchange rates
are counter-cyclical: an economic boom in the home country (an increase in Yy, and thus, due to
home-bias, CtH ) leads to a decline in e, that is, a depreciation of the home currency relative to the
foreign currency.

By contrast, in our model, there is an additional factor in play that arises due to market
incompleteness: displacement risk, which is captured by bg ;41 and bpy1 defined in equation (22).
To obtain some intuition for this result, we can approximate the evolution of \; in equation (17)

around its long-run mean using a first-order Taylor expansion,

A b
log ( ;\:1> = Alog (I‘;Zl:rll) = log <bI;:11> ~uby —uf . (25)

See Appendix B.1 for more details on the derivation of (25).

Examining (25), we see that a positive realization of u}’ 1 implies that a measure-zero set of
households in the foreign country receive claims to new firms. Since there are no securities whose
payoff is contingent on which household receives claims to these new firms, these households are not
able to share the benefits ex-ante with the other households in either the home or foreign country.
As a result, the relative wealth of the foreign country A;;q rises.

Overall, the log growth rate of the exchange rate can be approximated as

~ ALF H H F
Alogesir = Acyy — Ay + Uiy — Uy

~ (20— 1)(2a — 1= 8)(ufhy —ufq) + (1= 2a)(efh ) — ). (26)
In what follows, we will assume that,
0 < 2a—1. (27)

Consistent with the discussion so far, a positive displacement shock u{il will lead to an appreciation
of the exchange rate, while a positive ‘neutral’ shock a{il will cause the exchange rate to depreciate.
Since country output and consumption depend on both shocks, exchange rates in the model can be
either positively or negatively correlated with consumption or output growth.

Our model can generate pro-cyclical exchange rates. To see this, consider the log growth in the

relative country output,

AlogYp 41 — AlogYrii1 =0 (Uﬂ1 - Ufﬂ) tef —ely (28)
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which is increasing in both ufil and Eﬁ_l. Similarly, the growth in relative consumption can be

written as
Acthy — Acfy =~ (5(2a —1)+4a(1 - a)) (ully —uf) + 2a—1)(eft —eflh) (29)

We see that the aggregate consumption growth in the home country is positively correlated with
the displacement shock in that country, u{il. See Appendix B.1 for more details on the derivation.

In brief, we see that the presence of the displacement shock u induces a positive correlation
between exchange rates and the growth in aggregate consumption, output, and productivity. By
contrast, the presence of the neutral shock € tends to make exchange rates counter-cyclical, just like
the standard models in the literature. As a result, the unconditional correlation (disconnect) between
exchange rates, country output and consumption depends on model parameters, for instance, the

relative variance of the two aggregate shocks.

2.5 A Microfoundation Based on a Model of Creative Destruction

Here, we provide a microfoundation for the process of creative destruction in the model in the
previous section based on Aghion and Howitt (1992). Firms compete on a fixed set of product lines.
Innovation by new entrants takes the form of quality improvements across different product lines.
The displacement shock u drives the measure of varieties that experience innovation. The parameter
d is related to the size of the productivity improvement from each innovation. To conserve space,
we briefly detail the outline of the model. Appendix B.2 contains all details.

Output in country ¢ € {H, F'} is produced as a CES aggregate of a continuum of varieties

indexed by j,
1 o1 \T
Voo = Zoo ([ s @) 051, (30)

where

Alog Zepr1 = p+ €44 (31)

is an exogenous productivity shock, and z.+(j) denotes the quantity of variety j produced at time
t, and o is the elasticity of substitution across varieties. Intermediate goods are produced using a

linear technology with land as the only input:

mC,t(j) = AC,t(j) ZC,t(j)’ (32)

where A.;(j) denotes the productivity of the leading producer in variety j and . ;(j) is the land

input used in production. Land is in fixed supply,

[ =1 (33)
0
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Claims on land are traded in international markets, and both foreign and domestic households can
own these claims.

At the beginning of each period ¢, a displacement (innovation) shock u{ is realized in each
country. This displacement shock raises the probability that each product line is challenged by a

new entrant,

Mey =1 —e ", (34)

If an entrant arrives at line j, the entrant has a productivity advantage: it can produce in variety

j with productivity e‘sAc,t_l(j), where 6 > 0 and Ac¢—1(j) is the productivity of the incumbent

firm. New entrants and incumbents compete under Bertrand competition. As a result, the entrant
undercuts the incumbent and takes over the product line.

The assumptions above yield the key equations in the model above. First, note that, each period

t, a fraction m.; of incumbents are displaced and replaced by new entrants. In each displaced

line, the old firm’s profits fall to zero, and the entrant captures the full profit stream. Thus, the

total fraction of output that is produced by new firms at time ¢ is equal to m. ;Y. , which yields

equation (9) above. Second, aggregate output in country c is given by

1 ) )
AlOg ch,t—s—l =u+ Engl + 71 log |:e_ut+1 + (1 _ e_ut+1) 65(071)}
O' J—
N+ Efp T 0 Uiy,

which yields equation (11).

In brief, the setup illustrates how the innovation shock u§,; can both increase aggregate output
by ¢ and displace incumbent firms by reallocating profits from existing firms to new entrants. This
setup captures the key intuition of Aghion and Howitt (1992), that economic growth takes place
through a process of creative destruction. Here, note that, for simplicity, we have assumed that all
innovation takes place by new entrants. This assumption is not crucial for the qualitative predictions
of the model. As we do later in Section 3, we could also allow incumbent firms to innovate. This
would imply that a fraction of the output m. ;Y. accrues to incumbent firms, with the remainder to
new entrants. As long as new entrants appropriate some of the benefits of innovation, and crucially,
households cannot buy claims today to future new firms, the main qualitative predictions of our

setup remain.

2.6 Testable Predictions

Our model has predictions that are directly testable in the data. We explore these next.

Exchange rates and relative consumption growth

Our model has direct implications for the Backus and Smith (1993) puzzle. Equation (24) suggests

that the bilateral exchange rate should be a function not only of relative consumption growth
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between the two countries but also of relative wealth. Once we control for relative wealth fluctuations,
we should observe a negative correlation between relative consumption growth and exchange-rate
growth, as predicted by risk sharing.

To explore this implication in the data, we estimate the following specification for the bilateral

exchange rate between foreign country F' and the U.S.:

Alogepit1 = b1 (9usi+1 — gri+1) + B2 (Rusu+1 — Reis1) + V' Zpy + episa. (36)

Here, g.t+1 denotes consumption or output growth in country ¢, and R ;41 denotes the change
in the log of country ¢’s nominal wealth, expressed in U.S. dollars. Expressing national wealth in
a common currency provides the empirical counterpart to the common-numeraire relative-wealth
object in equation (24). Because the model is real, it does not decompose changes in this object into
those arising from nominal exchange-rate translation and those arising from changes in local-currency
wealth. The vector of controls Zp; includes lagged dependent and independent variables: the lagged
level of the exchange rate, the lagged level of relative consumption or output, and the lagged level
of relative wealth.

Panel A of Table 4 reports the estimated coefficients 81 and S from equation (36). The estimated
slope coefficient 39 is positive in both the individual-country regressions and the panel regression.
A positive estimate of S5 implies that an increase in a country’s relative wealth is associated with
an appreciation of its currency. More importantly, after controlling for changes in a country’s
relative wealth, the coefficient 81 on relative consumption growth is both negative and statistically
significant, consistent with theory. Focusing on the panel regression, a one-standard-deviation
increase in the consumption growth differential is associated with a 2-log-point depreciation of the
foreign currency against the dollar. In the individual-country regressions, the correlation is negative
in 10 of the 11 countries in the sample. Panel B of Table 4 shows that the estimates for output
are similar. The estimated coefficient (5 is always positive. In the panel regression, the estimate
of 1 on relative output growth is -0.017, with a Driscoll-Kraay standard error of 0.004 (Driscoll
and Kraay, 1998). When estimating (36) separately for each country, we again find that all point
estimates of 81 on relative output growth are negative.

The fact that the estimated coefficient £o is positive and statistically significant aligns with the
findings of Dahlquist et al. (2025), who document that a country’s currency appreciation typically
increases the dollar value of its domestic assets and, consequently, its relative wealth. Importantly,
a country’s wealth denominated in local currency does not adjust enough to offset the nominal
exchange-rate movement. Consequently, fluctuations in the nominal exchange rate lead to significant
changes in a country’s wealth measured in dollars. This relationship is reflected in the high R-squared
values from estimating (36), which range from 78 to 97 percent. Naturally, this raises the question
of whether these high R-squared values simply reflect the low sensitivity of local-currency wealth to

nominal exchange rates. That may indeed be possible; however, a high correlation between nominal
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exchange rates and wealth ratios would not necessarily imply a negative estimate of ;. ©

In brief, after modifying the Backus—Smith specification, we show that, after conditioning on
these imperfectly shared wealth fluctuations, there is a (re)connection between exchange rate and
macroeconomic fundamentals. That is, the ratio of marginal utilities (the real exchange rate)
appreciates when the relative fundamentals are weaker. This result complements recent work by
Aguiar, Itskhoki, and Mukhin (2025), which shows that risk-sharing across countries is better
than implied by the Backus—Smith correlation when analyzed through consumption allocation and
trade shares, as these are less influenced by financial market imperfections. Unlike Aguiar et al.
(2025), who use trade shares to circumvent imperfectly shared shocks and test risk-sharing through
quantities, our method accounts for these imperfectly shared shocks by conditioning on relative

wealth across countries.

A measure of displacement based on the value of new projects

Here, we construct a proxy for the displacement shock that follows directly from our theoretical
model. Similar to Garleanu et al. (2016), the displacement shock in our model is related to the
difference between the aggregate market capitalization growth and the returns from holding the
market portfolio. To see this, consider the value of existing firms in each country (the stock market)
in country ¢ € {H, F'},

My,

Mivy (Sg+le—u%+1)] = Doy (14 pd5), (37)

Sf=Dci+E; e

where pdf is the price-dividend ratio in country c, and
Dc,t = Pec,t Yc,t (38)

is total dividends (the value of output) in country c.
Given the above, the log return, in local currency and excluding dividends, of holding the market

portfolio of country c is

D dy c
re,, = log ( ct+1 POy eutH) “log (Pc,t+1>

D, df c
,t p t p ,t (39)
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Equation (39) highlights an important feature of our model: the distinction between aggregate

SAppendix Table A.9 confirms this distinction. Replacing common-currency wealth growth with nominal exchange-
rate growth, or entering nominal exchange-rate growth and local-currency wealth growth separately, yields an
economically small and statistically insignificant consumption coefficient. Thus, the currency-translation component
alone does not generate the negative estimate of 51 in Table 4. At the same time, because the negative coefficient
is not preserved when the two components enter separately, we interpret Table 4 as evidence on the composite
common-numeraire wealth object specified by the model.
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dividend growth p.¢Y.; and the growth of dividends accruing to incumbent firms (the market
portfolio). The reason for this distinction is that aggregate dividends do not constitute the gains from
holding the stock market: investing in the stock market at time ¢ only generates pc 41 Ye 141 e Ui
dividends at ¢t + 1. A positive displacement shock increases aggregate dividends by introducing
new firms, but also dilutes the shares of the existing firms. On the other hand, following a positive
displacement shock the price-dividend ratio also decreases. As a result, a positive displacement
shock leads to a decline in the stock market returns of incumbents.

Equation (39) provides guidance on how to estimate the realizations of the displacement shock
u from the difference between the aggregate market capitalization growth and the returns from
holding the market portfolio. In particular, the difference between the growth in the aggregate

market capitalization S.; and the return of the market portfolio rf,; can be written as

D¢ ty1 pdi iy Degr1pdiy e
log | —=— —log | /=== g7 %1 | =qf 40
g ( Doy pds g Doy pde t+1 (40)

The difference between the growth of aggregate market capitalization and the returns on the market
portfolio in (40) is equal to the innovation or displacement shock. This difference arises because
an investor holding the market portfolio must pay to acquire new firms entering the market. To
maintain the self-financing nature of the strategy, the investor must continually liquidate some of the
shares she holds to purchase shares of new firms. Since new firms enter the market each period, the
growth of the market portfolio falls short of the growth of the aggregate market capitalization. Here,
we should emphasize that the displacement gap also reflects dilution arising from equity issuances
by incumbent firms. These issuances introduce new claims on future cash flows, diluting incumbent
shareholders. This channel is particularly relevant in innovative sectors where firms reward key
employees and innovators with equity grants.”

We next use this result to construct a direct proxy for the displacement shock in the data. Each
month, we calculate the value of a portfolio that holds the entire market, excluding all dividend
payments but adjusted for stock splits (CRSP item RETX). We then compare this with the aggregate
market capitalization at the end of each month. The log difference between the two values is due to
newly issued shares, and can be interpreted as the realization of the displacement shock u for that
month. We aggregate all monthly displacement shocks over a year to obtain the annual displacement

series.®

"In addition to new firm entry, displacement can also result from internal innovation within incumbent firms.
When employees initiate new projects, the future cash flows generated are typically not contractible ex ante. As a
result, compensation and ownership claims are resolved ex post—often through equity-based instruments which lead
to effective dilution of existing shareholders.

8Here, there are two issues that are related to timing that need to be discussed. First, it is possible that the actual
displacement occurs when the new firms are created, rather than when the firms are listed in the stock market. If
that is the case, then the displacement shock that we are measuring is likely to be a moving average of the true
displacement shocks in the past. In this case, it would make sense to include as controls lags of the displacement
series. That said, given that shares become liquid only after the IPO, it is also possible that the reallocation in wealth
is realized then. However, these wealth effects may be delayed if there are lock-up periods post IPO. Similar delays
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Figure 3 plots the displacement shock against the growth of the real U.S. dollar index. We
observe that the correlation between the displacement shocks and the U.S. dollar index is positive
and approximately equal to 37 percent. Notably, during periods of significant innovation, many new
firms emerge, and these periods coincide with times when the dollar appreciates in real terms.

Using this direct proxy for the displacement shock, we revisit our motivating evidence in
Sections 1.2 and 1.3. As we see in Tables 5 and 6 we obtain qualitatively and quantitatively
similar estimates to those in Tables 1 to 2. In particular, a one-standard-deviation increase in our
displacement measure leads to a 2.9 to 3.7 percentage point appreciation in the dollar, a 4.9 to 5.5
percentage point increase in the relative wealth of the U.S., and a 1.6 to 1.8 percentage point increase
in income inequality in the U.S. compared to the rest of the world. Appendix Table A.4 shows
that the estimated coefficients on our displacement shock in bilateral exchange-rate regressions are
uniformly positive across all individual countries, and, in most cases, statistically different from

zZero.

Exchange rates and the growth of top incomes

Our notion of the displacement shock u captures the idea that the benefits of economic growth are
not shared equally. In the model, innovation shocks induce a wealth reallocation between diversified
owners of existing firms and the entrepreneurs who create new firms. While these entrepreneurs
represent a very small fraction of the population, they appropriate a significant share of the newly
created value. Consequently, fluctuations in the displacement shock u manifest as fluctuations in
income inequality.

To empirically test the model’s mechanism, we map the model-implied displacement shock to an
observable proxy: the income share of the top 1%. We conceptualize the top 1% income share as
being driven primarily by the realized gains of successful entrepreneurs. Specifically, the total value

accruing to new firms in country c is given by:

gt =S (1—e7). (41)
Since the measure of entrepreneurs is small, this concentrated injection of wealth [ ce’;‘t disproportion-
ately swells the right tail of the income distribution. In contrast, the losses from displacement are
diffused across the broader population of diversified investors. Therefore, a positive realization of
the displacement shock w—which increases I g’t‘t—raises the top 1% income share.

This mapping implies that the joint dynamics of income inequality and exchange rates can serve
as a validation of our mechanism. Recall equation (24), which shows that the exchange rate is

driven by relative consumption growth and the wealth share of incumbent agents (bg,bp). Since

may also arise from other forms of new equity issuance, such as employee stock grants, which often come with vesting
schedules or resale restrictions. Thus, to account for the possibility of a lock-up period, we lag the annual displacement
series by one year.
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these wealth shares are driven by u, and u simultaneously drives top income inequality, we should
observe a tight link between the two.

To explore this idea further, we estimate the following specification,

Xit1,r =B | log 9USs 0g OF +cZpt+epti- (42)
t t

Here, the dependent variable AX;; r is equal to the growth in the bilateral exchange rate between
the U.S. and country F. The independent variable 6 is the level of income inequality in country c
at time t. As our baseline case, we measure 6 using the income share of the top 1%. We control for
the level of the exchange rate and the level of inequality at time ¢.

Table 7 presents the estimated coefficients from the panel regression (42), along with country-by-
country estimates. Focusing on estimates of 8 from the panel specification in the first column, we
see that the estimated coefficient [ is positive and both economically and statistically significant. In
particular, increases in income inequality in the foreign country are associated with an appreciation
of its currency relative to the U.S. The magnitudes are not small: a one-standard-deviation increase
in income inequality in the foreign country is associated with a 1.7 log point appreciation of its
currency relative to the U.S. dollar. Examining the country-level regressions, we observe a consistent

pattern: the estimated coefficients § are generally positive, though not always statistically significant.

3 Quantitative Implications

So far, we have presented a stylized model that allows us to highlight the key mechanism in the
paper. Though transparent, the model is not rich enough to quantitatively capture all the interesting
aspects of the data. Here, we introduce several additional features that allow for a full quantitative

exploration of the mechanism.

3.1 Modifications to the Baseline Model

To conserve space, we only highlight the differences with the simpler model in the previous section.
Appendix B.3 contains all details and derivations.

We make two changes relative to the previous setup. First, we modify household preferences.
Agents have non-time separable preferences; in addition, they care about not only their own absolute
level of consumption but also their consumption relative to an index. In particular, households’

continuation utility at time ¢ is of the Epstein—Zin form,

1
1_E 1,l

= =g F 48 (& e )T | (43)

The parameters v and 1 measure the relative risk aversion (RRA) and the elasticity of intertemporal
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substitution (EIS), respectively. The coefficient 3 is the effective time-preference parameter, which
also incorporates the probability of death, that is, 3 = (1 — &) where £ is the probability of death
and f is the households’ subjective time discount factor.

In equation (43), we allow for preferences over relative consumption: C’ft refers to a composite
good that depends both on the households’ own consumption C’ic,t and on its level relative to the

aggregate level Cf of consumption in their country,

1-h
N c¢
h it
f— c _ . 44
7,t ( z,t) <C7§C> ( )

Here, Cf, is the agent i’s own consumption bundle in country ¢ € {H, F'}-—defined in (13)—which

is comprised of both home and foreign goods. The parameter h denotes the strength of the relative
preference effect. When h = 1, these preferences specialize to the standard Epstein—Zin preferences.
In general, for h € [0, 1] agents place a weight h on their own consumption and a weight 1 — h on
their consumption relative to average consumption in country ¢ € {H, F'}.

Second, we relax the assumption of extreme inequality, by assuming that the measure of
population that receives the value of new firms is non-negligible, that is, # > 0. To facilitate
aggregation, we assume that a measure 7 of households is selected by an idiosyncratic innovation
lottery that is independent of aggregate shocks and pre-shock wealth. Conditional on selection,
the value of new firms accruing to innovators is in proportion to households’ pre-shock wealth.
With a continuum of households, this timing implies that selected households receive a common
proportional payoff multiple. Though this modification makes the model significantly less tractable,
it helps the model match the observed patterns of inequality in the data.

Given our assumptions, the stochastic discount factor in country c is now given by

_ —hyp 1- ey
Mtc-‘rl _ B Cc7t+1 v E 1 UC,t-f’—yl o (45)
- = 1| T
Mtc Cc,t ‘ Et[Ucl,tﬁﬂ

where the cross-sectional wealth reallocation generates the displacement wedge

s

. 1— (1= m)begr) " _
bC,t+1 =T < ( ) 7t—i_l> + (1 - 7T) bc’?+1, (46)

where b ;41 is given by equation (22).

As before, exchange rates are determined by the absence of arbitrage (23). The exchange rate
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between the home and foreign country is now given by

h
Alogesr1 = (w +1- h) (A log Ct}jrl — Alog C’ﬁrl)

+ (log(i)mt-y-l) - IOg(BEH‘l)) (47)
1- 1-
1~ AU ] Ee[Upria]

Examining equation (47), we note the similarities with the log utility case—equation (24) in the
baseline model. Specifically, exchange rate dynamics are still driven by relative consumption growth
in the two countries, as well as the relative degree of displacement in the current period given by
equation (46). The key difference with the baseline case with log utility is that the shocks to the
future distribution of these variables also matter for exchange rate dynamics, which are reflected in
households’ continuation utilities Up ;41 and Upg41.

Last, we relax the assumption that new projects are allocated only to new firms: we now allow
a fraction 1 —n > 0 of new projects to be allocated to incumbent firms. Allowing 1 < 1 weakens
the degree of market incompleteness—markets would be complete in the case n = 0. Importantly,
the allocation of new projects among incumbent firms is not uniform—we assume heterogeneity in
investment opportunities across firms. In particular, we allow for two types of firms: high-growth
(growth) firms, that is, firms that can receive these new projects, and low-growth (i.e. value) firms,
that is, firms that do not receive new projects and derive their value only from assets in place.
Growth firms command higher valuation multiples in equilibrium than value firms; we denote them
by H, and value firms by L. Firms can transition between the two types, H and L, according to

the following transition probability matrix:

1 —ps Ps

Y = (48)
qs 1—gqs

Given (48), there is a constant fraction of high- and low-growth firms in each region. Note that

these transition probabilities do not influence aggregate quantities in the model.

3.2 Calibration

In this section, we describe how we calibrate the model to the data. Given the degree of non-linearity
in our model, solution methods that are based on log-linearizations around the steady state are
not necessarily reliable. As such, we solve for the global solution of the model by discretizing the
state-space and using a combination of value and policy function iteration. See Appendix B.4 for a

brief description of our numerical procedure.
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Aggregate Shocks

First, we make distributional assumptions about the shocks driving aggregate dynamics. We allow
for the displacement shocks in each country to be correlated, possibly due to technology spillovers.
That is, the effective displacement shock uf in each country is a weighted average of each country’s
idiosyncratic displacement shock u,

H _H _F
U1 = Pu Uiy + (1—pu) Ugy1 (49)

F _F _
Uiy = pu gy + (1= pu) Uy

Thus, py is the own-country loading and 1— p,, is the cross-country spillover loading. We parameterize
the distribution of the idiosyncratic displacement shocks in each country u§,c € {H, F'} as a Markov
chain with three states [uj, u2,us] and transition matrix 7'. To reduce the number of parameters, we
make simplifying restrictions on the dynamics of u shocks. Specifically, we assume that the matrix

T is parameterized by two parameters p and q,

p? 2p(1—p) (1—-p)?
T=|p(l—q) pg+(1-p(1—q ql-p) |- (50)
(1—q)? 2¢(1—q) 7

The transition matrix (50) allows for asymmetric dynamics between low- and high-displacement
states. The parameters g and p control the persistence of the displacement shock u when it takes
high and low values, respectively. This structure reduces the number of free parameters while
allowing for state-dependence in the degree of persistence.

We parameterize the process for u to allow for shifts in both current and future realizations of
innovation u. As a result, we calibrate the model so that the transition from u; to us corresponds
to the early stage of technological progress: that is, even though the benefits have yet to materialize
(ug = 1) the transition from u; to ug corresponds to news about the arrival of future technologies,
as it increases the probability that the technology improves in the future (the arrival of the state
u3 > ug =~ up). Last, we assume that the neutral shocks are i.i.d. and jointly normally distributed
[e", ef] with standard deviation o.. We allow for the correlation p. between the neutral shocks in

each country to be positive.

Parameter Choice

The model has a total of 19 parameters. We choose the probability of household death £ = 1/40,
which corresponds to an average working life of 40 years. To conserve space, we briefly describe the
calibration procedure here. The model is solved and simulated at an annual frequency. Appendix B.5
contains all details.

To calibrate the model, we choose a set of target moments, reported in the first column of
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Table 8. Our list of calibration targets includes a combination of first and second moments of
aggregate quantities, asset prices and exchange rates. In addition, we also target the comovement of
key variables that are informative about the relative importance of the two shocks in the model.
Specifically, the relative importance of the neutral and the displacement shocks is important for the
cyclicality of exchange rates and relative wealth ratios. Thus, we target the degree of comovement
between wealth changes and consumption, and output. We also target the correlation between dollar
index growth and our model-implied proxy for displacement shocks in Section 2.6 and presented in
Table 5 and 6. To account for leverage, we consider the stock market as a levered claim on domestic
consumption by a factor of three.

Table 9 reports our choice of parameters. In terms of preference parameters, the calibration
requires a moderate level of relative risk aversion (6.2) and an elasticity of intertemporal substitution
(1.6). The coefficient of relative risk aversion + is identified from the mean and volatility of stock
returns, as well as the volatility of the risk-free rate. Similarly, the EIS affects the volatility of
interest rates and hence is primarily identified by the volatility of excess returns. In line with most
equilibrium models of exchange rates (for instance, Colacito and Croce, 2013), the model requires a
very high level of home bias (0.989) in order to generate volatile exchange rates. In addition, the
preference weight on relative consumption is moderately high (0.806), which is in line with Kogan
et al. (2020). This parameter is identified by the volatility of the exchange rate and the correlation
between wealth and consumption growth. As h falls, households place a higher emphasis on relative
consumption, thereby increasing the significance of the displacement shock. The subjective discount
factor 8 is mainly identified by the mean of the risk-free rate.

In terms of the parameters of technology shocks, the mean p = 0.010 and volatility o, = 0.016 of
the neutral shock are identified by the first two moments of consumption and output growth. The
distribution of the displacement shock u is primarily identified by the volatility of exchange rate;
the stock market (since the spread between u; and ug affects the volatility of the SDF in the model);
and the correlation of u with wealth changes and exchange rates growth. The two parameters
governing the correlation between the home/foreign shocks (pe and p,) are primarily identified
by the correlation of home and foreign consumption growth, output, and the stock market. The
persistence of the displacement shock u is primarily identified by the equity premium and volatility
of stock returns, since the u shock is a key driver of stock returns. In addition, its level of skewness
helps the model replicate the failure of the UIP in the data. The parameter n, which affects the
division of surplus between shareholders and innovators, is calibrated at 0.714. This implies that
approximately 30% of the value generated from new investment opportunities in the economy accrues
to the owners of publicly traded securities. Last, the parameter driving the productivity impact
of displacement shocks to aggregate output d is primarily identified by the correlation between
wealth and output, and the volatility of exchange rates, since it determines the joint dynamics of

the SDF and output growth. We calibrate firms’ transition probabilities ps; and ¢, using U.S. data.
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Specifically, each year, we sort U.S. firms into growth and value categories based on the median
book-to-market breakpoint. Then we estimate the transition probability over the sample period,
which yields ps = 0.267 and ¢s, = 0.224.

3.3 Model Fit

Table 8 shows that the baseline model fits data reasonably well. Most of the empirical moments are
close to their model counterparts and fall within the 5th to 95th intervals from simulations. Our
model reproduces the realistic patterns of both aggregate consumption and output growth. On the
asset pricing side, the model generates realistic levels of equity risk premium and volatility of the
stock market. The volatility of the realized interest rate in the data is higher than in the simulated
data, but this may be largely driven by the high inflation around the 1980s.

On the international side, our model successfully replicates the three key anomalies in the
literature: the volatility puzzle of Brandt et al. (2006), the Backus—Smith correlation puzzle, and the
violation of the UIP. Moreover, the model generates a positive correlation between wealth changes
and consumption. This is because the u shock is not only positively correlated with the aggregate
consumption and output but also associated with significant changes in relative wealth due to
imperfect risk sharing. That is, our model can replicate the pattern in the data where shocks that
drive up wealth ratios are positive supply shocks. The key to the replication of the UIP anomaly is
the time-varying volatility—more precisely, the time-varying distribution of the effective size of the
u-shock—that endogenously arises in the equilibrium. Despite the fact that consumption, output
and the stock market are highly correlated, the exchange rate in our model is as volatile as in the
data due to a high level of home-bias. Finally, net exports in our model are counter-cyclical, as in
the data.

In addition, the replication of international puzzles does not require an unrealistic magnitude of
displacement shocks. Targeting the moments of income inequality helps impose some discipline in
the calibration of the displacement shocks. As Table 8 shows, the model reproduces the empirical
slope linking exchange-rate growth and inequality growth. Furthermore, our model reproduces
the estimated coefficients of the bivariate regression of exchange rate growth on wealth changes,
consumption, and output in Table 4. That is, the model can quantitatively replicate the observed
joint dynamics between exchange rates, wealth, and consumption or output growth.

Appendix Table A.8 reports constrained recalibrations in which the degree of home-bias, «,
is fixed at 0.95 and 0.90 while all other parameters are re-calibrated using the same procedure.
Lowering home bias substantially reduces exchange-rate volatility, suggesting that home bias is
important for matching the magnitude of exchange rate volatility. However, the implications of the
innovation-risk-sharing mechanism remain robust: displacement shocks are positively correlated with
dollar appreciation, and the model-implied Backus—Smith correlations and UIP slope coefficients

are consistent with the data.
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4 Model Mechanisms

Here, we focus on the key mechanisms in the model and their implications for the data.

4.1 The Backus—Smith Puzzle

Figure 4 presents the response of key model quantities to the two shocks in the model. Panels A
and B show responses to the displacement shock u: Panel A corresponds to an early-stage transition
u1 — u9, and Panel B corresponds to a mature-stage transition us — ug. Panel C shows the
response to the neutral shock e.

The first two columns of Figure 4 show the response of the exchange rate and consumption
growth. A positive ¢ shock in the home country leads to a depreciation of the currency and an
increase in consumption growth. This is the standard shock in most models and the reason why
exchange rates are counter-cyclical. By contrast, a positive u shock leads to an appreciation of the
exchange rate as well as an increase in consumption growth.

The next two columns of Figure 4 illustrate why the exchange rate appreciates in response
to a positive v shock. Columns three and four of Figure 4 illustrate how the last two terms of
equation (47) respond to the shocks in the model. We see that an increase in the level of displacement
in the home country ug leads to a decline in the wealth share of the owners of incumbent firms
in the home country by. In addition, we see that this increase in uy leads to a decline in the
continuation utility of households in the home country Uy. Both of these forces lead the home
currency to appreciate, since they both lead to an increase in the level of the stochastic discount
factor (the equivalent of marginal utility in the log utility case) as we see in equation (45).

This figure illustrates why the model is able to generate a positive correlation between countries’
differences in consumption growth, and exchange rate growth, resolving the Backus—Smith anomaly.
The displacement shocks produce a positive comovement between consumption and exchange rate,
while neutral shocks generate a negative correlation between the two variables. To resolve the
Backus—Smith puzzle, the impact of the displacement shock on this correlation must be larger than
that of the neutral shock. This magnitude depends on the calibration of its displacement effect §
and households’ preference h over relative consumption, as well as the relative magnitudes of the

two shocks.

4.2 Productivity Shocks and Exchange Rates

Our model delivers a positive correlation between exchange rates and future productivity growth,
consistent with the evidence in Chahrour et al. (2024). In particular, Chahrour et al. (2024) revisit
the exchange rate disconnect puzzle using a vector autoregression to argue that news about future
U.S. productivity drives exchange rate movements. They show that shocks to expectations about

future U.S. productivity explain a large fraction of the variation in both exchange rates and real
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macroeconomic quantities, though at different horizons. Despite both focusing on medium-to-long-
term productivity growth, these authors argue that two-country models with long-run productivity
shocks (for instance, Colacito and Croce, 2013) are at odds with their findings.

By contrast, our model is consistent with the evidence in Chahrour et al. (2024). The reason
is that the displacement shock u generates a positive correlation between the exchange rate and
subsequent growth in consumption and output, as we saw in Panel A and B of Figure 4. To the
extent that the displacement shock is persistent, an increase in the displacement shock can also
increase the likelihood of future displacement shocks, which will be reflected in increases in future
output and productivity. Put differently, the displacement shock u in the model is also a driver of
future productivity growth. To see this, we replicate the VAR analysis in Chahrour et al. (2024) in
simulated data from the model.”

Figure 5 shows that our model is quantitatively consistent with these facts. In particular, we
plot the median impulse response across all simulations (black line) along with the empirical impulse
response and 90 percent confidence intervals from Chahrour et al. (2024). Examining the figure,
we see that, in both the model and the data, the main FX shock identified by the VAR is strongly

positively related to subsequent productivity and consumption growth.

4.3 The Forward Premium Anomaly

The uncovered interest rate parity (UIP) states that the expected change in exchange rates should
be equal to the interest rate differential between two countries, and that the currency with a lower
interest rate tends to appreciate. Therefore, the regression coefficient of future exchange-rate growth
on the interest-rate differential should be equal to one. Empirically, the coefficient is much smaller
than one and even negative, which is referred to as the forward premium puzzle (Fama, 1984).
We next show that the downward bias in UIP regressions is an endogenous equilibrium outcome
in our model, thanks to the time-varying distribution of innovation shocks. In particular, we
estimate the standard UIP regression in simulated data.' Figure 6 displays the distribution of UIP
coefficients. Examining the figure, we observe that UIP is largely violated in the model: the sample
average of the UIP coeflicient closely aligns with its counterpart in the data. To illustrate why UIP
fails in our model, Figure 7 shows the responses of home and foreign interest rate differentials, the
exchange rate, and the difference in volatility of the log-SDF. Panels A and B report responses to

displacement shocks u, while the lower panel reports the response to the neutral shock e.

9Specifically, we consider a vector of variables that includes the real exchange rate, home consumption, foreign
consumption, home TFP, and interest rate differentials between the home and foreign countries. We estimate the
VAR with one lag. Following Chahrour et al. (2024), we apply the methodology in Uhlig (2004) to extract the “main
exchange rate” (main FX) shock, which accounts for the largest share of variation in the real exchange rate. We then
calculate the impulse response functions of the real exchange rate, consumption, and productivity (i.e. output) based
on the model’s simulation. Specifically, we simulate the model for 100 periods, estimate the impulse response, and
repeat the process 10,000 times.

10We initialize the model at the symmetric steady state and it is simulated for 150 periods, repeated 10,000 times.
We use the last 50 periods for each simulated sample to perform the UIP regression.
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In the first column of Figure 7, we see that following a positive displacement shock u to the
home country, the home interest rate falls relative to the foreign country. If UIP were to hold,
this would imply an appreciation of the home currency in the future—which is indicated by the
dotted red line in the second column. However, we see in the second column of the figure that the
home currency depreciates in the near future in response to the shock. The reason why this pattern
occurs in the model is due to time variation in the higher order moments of consumption growth in
equilibrium. Specifically, the third column of Figure 7 shows that after the transitions u; — ug and
ug — u3, the conditional volatility of the domestic log-SDF is higher than that of the foreign SDF
in the subsequent periods. This greater volatility, which leads to an increase in the market price of
risk, causes the interest rate in the home country to decline.!!

Replicating the failure of UIP has been a major focus of the literature. Indeed, models with habit
preferences or long run risk can also reproduce the failure of the UIP (Verdelhan, 2010; Colacito
and Croce, 2013). However, recent work has criticized these models on two grounds. First, Hassan,
Mertens, and Wang (2024) argue that the difference in currency returns should arise mostly from
interest rate differentials, as exchange rates are notoriously difficult to predict empirically Meese and
Rogoff (1983). They point out that the inverse relationship between the mean and higher moments
of log-SDFs in the international finance literature is inconsistent with the observed unpredictability
of exchange rates. Second, Chahrour et al. (2024) argue that shocks to the expectation of future
TFP changes are actually associated with exchange rate appreciation, rather than depreciation as
implied by models with long run risk.

Our model is robust to both of these criticisms. First, in our model, exchange rates are essentially
unpredictable based on interest rate differentials: a regression of exchange rate growth on interest
rate differentials has a median R? of 0.02 across model simulations, which is in line with empirical
estimates (Fama, 1984; Lustig, Stathopoulos, and Verdelhan, 2019). The reason why exchange rate
movements are not predictable, even though the conditional moments of the stochastic discount
factor vary over time, is that the distribution of log-SDFs is highly skewed. In particular, our
parameterization of the displacement shock u implies that the states u; and ug differ mainly in
their expectations of future innovation shocks, which could reflect early-stage learning during a
technological revolution. As a result, even though the two states have different mean values of
log-SDFs, exchange rate growth is still almost unpredictable in our model because these shocks are
infrequent. Second, as we saw in Figure 5, our model is in fact able to quantitatively reproduce the
positive relation between exchange rates and future TFP growth documented by Chahrour et al.
(2024).

"This mechanism is consistent with prior empirical evidence on the relation between declining real interest rates
and rising risk premia across various markets (see, for example Fama and French, 1989; Bekaert, Engstrom, and Xing,
2009).
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Connection to financial shocks. We now place our mechanism in the context of recent work
by Itskhoki and Mukhin (2021) and Kekre and Lenel (2024a) that emphasize the importance of
financial shocks as a driver of exchange rate fluctuations. In addition to the Backus—Smith and UIP
moments discussed above, Kekre and Lenel (2024a) highlight that the contemporaneous relation
between the level of the exchange rate and short- and long-horizon yield differentials is informative
about the distinction between persistent demand shocks and intermediation shocks. Table 11 reports
the corresponding moments in the data and in simulated data from our model.

Examining the table, we see that the coefficients are negative at both horizons in the data and
in the model, so our mechanism is consistent with the shocks in Kekre and Lenel (2024a). That is,
states with a strong dollar are also states with relatively high home yields. The reason is that a
positive displacement shock raises the home share of world wealth and appreciates the currency
because the gains from innovation are not broadly shared. On impact, the short rate can fall because
the price of risk rises, as in Figure 7. But over a longer horizon, a high exchange rate also implies
lower future home marginal utility, which raises home yields relative to foreign yields in levels. This
combination delivers the positive correlation between yield differential and exchange rate in our
model. Table 11 therefore suggests that innovation-driven redistribution can provide a structural

interpretation of the exchange-rate/yield pattern documented by Kekre and Lenel (2024a).

4.4 Trade and Financial Flows

Our framework delivers implications for output growth and international financial flows. In

equilibrium, net exports in each country are a simple function of As:

NXH  pntYue — Praip, — DraTiy, ) 1

YH,t B ph,tYH,t T m’ (51)
NXtF _ PriYrEL — pf,ta:ﬁt - ph,t:rﬁ,t 1 At

Yre priYry a 1—a+al

Examining equation (51), we see that fluctuations in \; drive fluctuations in trade flows.

To see how these quantities respond to the shocks in the model, Figure 8 plots impulse responses
for the relative wealth share log(Wp+/Wr,:), output growth and trade surplus (net export scaled by
output). Panels A and B of Figure 8 show the responses to the displacement shocks (u; — ug and
ug — ug, respectively) in the home country, while Panel C shows the response to the neutral shock
€. The first two columns show that a positive displacement shock in the home country increases its
relative wealth while its output grows relative to the foreign country.

The third column of Figure 8 shows that the dynamics of the international flows are mostly
driven by the displacement shocks. Specifically, the third column shows that following a positive
displacement shock in the home country, net exports to the foreign country decline as the country

becomes richer, domestic households want to consume more, and therefore imports rise. Overall,
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the home country exports less of domestic goods and imports more of the foreign goods.

The increase in the trade deficit is mirrored by capital inflows. Each period, foreign and domestic
investors who hold the market portfolio need to acquire the new firms that enter the market in order
to remain diversified. When the home country receives a larger displacement shock than the foreign
country, there are more new firms in the home country than in the foreign country. Households
receiving these new firms (entrepreneurs) sell their shares to other households (domestic and foreign).
The net result is that foreign demand for home assets increases relative to home demand for foreign
assets, and therefore the home country experiences net capital inflows as its wealth increases.

Overall, the model is able to reproduce the positive correlation between exchange rate appreciation
and capital inflows (Hau and Rey, 2006). As we contrast the top and bottom panels of Figure 8, we
see that this pattern arises purely due to the innovation shock in the model. The neutral productivity
shock simply leads to an increase in output but no changes in the country’s trade balance.

The model’s predictions about capital flows are consistent with the evidence in Section 1.5. Recall
that, at the aggregate level, there is a strong correlation between U.S. foreign direct investment
inflows and U.S. innovation intensity (Figure 1). At the firm level, in Table 3 we saw that firms which
innovate attract foreign capital inflows to these firms, leading to an increase in foreign ownership.
These firm-level results are consistent with the model.

The model also implies a link between innovation, inequality, and external balances. Displacement
shocks raise inequality, and under incomplete markets this mechanism generates current account
deterioration. We examine this prediction in the data using measures of current account balances
from the World Economic Outlook database. Figure A.3 shows that countries experiencing larger
increases in current account deficits also exhibit greater increases in inequality. The magnitudes are
economically meaningful: a one percentage point rise in the top 1 percent income share is associated

with a 1.7 percentage point deterioration in the current-account-to-GDP ratio.

4.5 Stock Returns

Next, we explore the implications of our model for the relation between the stock market and
exchange rates. Importantly, in addition to the aggregate stock market, we focus on the heterogeneity
in responses between firms that are currently in the high-growth state H (growth firms) and firms
in the low-growth state L (value firms). We compute the differences in stock returns between
these firms and compute the returns to a growth-minus-value (GMV) portfolio. Since growth firms
receive new projects while value firms do not, the GMV portfolio is highly exposed to the country’s
displacement shock.

The first two columns of Figure 9 plot the impulse responses of GMV portfolio (cumulative)
returns and aggregate stock market returns in both countries. The top panel (Panel A) shows the
responses to an early-stage displacement shock (a transition from wuj to usg), while the middle panel

(Panel B) displays responses to a mature-stage shock (a transition from wus to ug). The bottom
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panel (Panel C) shows the response to the neutral shock in the model. The last two columns plot
the responses of the risk premia of these portfolios to the structural shocks.

In Panel A of Figure 9, we see that when the home economy enters the early stage of a technological
shock, the GMV return rises on impact but exhibits lower average returns in subsequent periods.
The reason for this is that, when the state transitions from uq to wue, the realized innovation remains
unchanged—only the probability of future displacement increases. Therefore, investors, anticipating
future displacement shocks, buy growth stocks as a hedge, which lowers their required rate of return
relative to value stocks. In addition, since the stock market is primarily composed of the value
of incumbent firms, it declines in anticipation of a future technological revolution. As the last
two columns confirm, the transition from wu; to us essentially represents an increase in the price
of hedging displacement risk. The resulting price increase in growth stocks in response to future
technological improvements—absent any realized innovation—echoes earlier work on stock price
responses to technological revolutions (Greenwood and Jovanovic, 1999; Pastor and Veronesi, 2009).

In Panel B of Figure 9, we see that in the mature stage—when the economy moves from wusy to us,
returns on the GMV portfolio rise on impact, since growth firms primarily benefit from the increase
in the innovation shock relative to value firms. By contrast, the stock market further declines in
response to the displacement shock as incumbents are displaced by new firms. These predictions
are in stark contrast to the lack of significant responses of these stock returns to the neutral shock
in Panel C.

Overall, the model suggests that, within a country, growth stocks appreciate relative to value
firms upon the realization of a displacement shock. This behavior resembles a ‘fear of missing
out’ motive for holding growth stocks: investors buy growth stocks not because they expect higher
returns, but because these stocks appreciate more in states where large displacement shocks occur
and marginal utilities are high. This prediction is similar to Papanikolaou (2011); Garleanu et al.
(2016); Kogan et al. (2020) in a single country context. However, in our multi-country model, this
mechanism has a testable implication: returns of a country’s growth firms should be more highly
correlated with its exchange rate than the returns of the country’s value firms.

To test this model’s prediction across countries, we next estimate
Alogef, = ar + f1GM Vi1 + o Xt + €41 (52)

The dependent variable in (52) is the exchange rate of country F' with respect to the reference
currency (U.S. dollar). The key independent variable GMV is equal to minus the high-minus-low
book to market portfolio in country F', obtained from Ken French’s data library. To isolate the
cross-sectional relation between exchange rates and GMV returns and remove the influence of the
U.S. dollar as the base currency, we include time fixed effects a; in the specification. Depending on
the specification, we also include controls for lagged real exchange rates, output and consumption

growth.
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Table 10 presents the results from estimating (52). We see that there is a strong correlation
between a country’s GMV returns and its currency appreciation. The magnitudes are economically
meaningful: a one-standard-deviation increase in GMV portfolio returns is associated with an
appreciation of the country’s currency by approximately 0.8 log points. This prediction is both
qualitatively and quantitatively consistent with the predictions of our model in Figure 9. That is,
the median estimate of 31 from estimating equation (52) in 10,000 simulations implies that a one-
standard-deviation increase in GMV portfolio returns leads to a 1.2 percentage point appreciation

of the exchange rate in our model.

4.6 Portfolio Exposures

To understand the changes in portfolio exposures, we run state-by-state regressions of the home—

foreign return differential on the GMV and MKT portfolio return differentials:
AH A GMV [ pH,GMV F.GMV MKT ( pH,MKT FMKT
Ry — Ry =a+p (R — Rl ) +6 (R — R ) +e

We simulate 10,000 samples starting from the symmetric steady state with A = 1, initializing
the home state at up, uo, or ug, while drawing the foreign state from the stationary distribution.
Table A.7 reports the estimated regression coefficients.

BEMV indicates that home

The estimated 3°MV are positive in all three states. A positive
households, relative to foreign households, have higher exposure to GMVy — GMVFE, consistent
with the notion that local households hedge local displacement shocks. Moreover, the monotonic

BEMV implies that as the home state moves from u; to us and us, the foreign portfolio’s

decline in
exposure to GMVy — GMVF increases relative to that of the home portfolio.

For comparison, SMET is negative and remains stable across states, which is consistent with the
interpretation that a positive shock to the market portfolio represents a good state in which the

home country’s relative wealth declines as risk-sharing shifts resources toward the foreign country.

5 Conclusion

In sum, our evidence suggests that U.S. innovation is an important driver of dollar dynamics.
Periods of major innovative activity coincide with real dollar appreciation, and once wealth effects
are accounted for, exchange rates line up more closely with fundamentals such as consumption and
output growth. Wealth fluctuations, in turn, appear tied to technology shocks, and foreign capital
flows toward innovative U.S. firms.

A small modification of the standard endowment model—introducing displacement shocks that
reallocate output across agents—goes a long way toward matching these patterns. The model

captures the joint behavior of exchange rates, consumption growth, trade flows, and returns. It
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reproduces the familiar puzzles of volatility, Backus—-Smith correlations, and UIP, while delivering
testable implications supported by the data.

Naturally, the model is stripped down. It leaves out many forces that also shape exchange
rates. But the results suggest that a relatively simple mechanism, centered on the distributional
consequences of technology shocks, may account for much of what we see in the data. Future work
can ask how richer frictions, institutions, and asset markets amplify or dampen this mechanism,

and how far innovation shocks can go in explaining the broader dynamics of global capital flows.
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Figures and Tables

Table 1: Dollar Index growth and U.S. Innovation

Ti ies Estimat
ime Series Estimate Panel Estimate

Growth in Real Dollar (Trade-Weighted Dollar Index)
(1) (2) (3) (4) (5)

U.S. Innovation (KPSS/MKT)  0.019**  0.020**  0.027*  0.030** 0.046**

(0.009)  (0.009)  (0.015)  (0.012) (0.018)
Lagged dollar index Y Y Y Y
Lagged output growth Y Y Y Y
Lagged innovation Y Y Y
Observations 49 49 49 49 467
R2 0.136 0.136 0.098 0.076 0.158

Notes: The table reports regression results of the growth of log dollar index on U.S. innovation:
Alog eijle = o+ filnnous,i+1 + f2 Xt + €e41

The sample period is 1974-2022. U.S. innovation is measured by the log of the ratio of the total value of patents
each year (Kogan et al. (2017)) to the total market value. The dollar index is computed as a trade-weighted
average real value of the U.S. dollar against the group of currencies in our sample. Control variables X; include
lagged innovation, lagged output growth and lagged dollar index level at . Both series are in logs. The last
column presents estimates from the following panel regression:

Alog eijf'l’f = a+ filnnoust+1 + ﬂthUS’f + Et41

where XtU 57 accounts for the lagged exchange rate level, lagged innovation, and the lagged growth of the out-
put ratio between the U.S. and each foreign country. The sample consists of Australia, Canada, Switzerland,
Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Independent variables
are standardized to unit standard deviation using unconditional moments. Standard errors in columns (1)—(4)
are Newey—West with one lag. Column (5) includes country fixed effects, and standard errors are Driscoll and
Kraay (1998). *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 2: U.S. Innovation and Imperfect Risk Sharing

Relative Wealth (U.S. vs F) Relative Inequality (U.S. vs F)

Growth
(1) (2) 3) (4)

U.S. Innovation (KPSS/MKT) 0.028* 0.035** 0.011* 0.013**

(0.015) (0.015) (0.006) (0.006)
Lagged innovation Y Y Y Y
Lagged output growth Y Y Y Y
Lagged wealth/inequality ratio Y Y
Observations 412 412 486 486
R2 0.033 0.106 0.029 0.106

Notes: Columns 1-2 of this table report regression results of the growth of wealth ratio on U.S. innovation:
Alog (Wffrsl/Wtﬂl) = a+ filnnoys,t1 + P2 Xt + eeq1

The sample period is 1974-2022. The dependent variable is the growth of wealth ratio of the U.S. to a foreign
country. U.S. innovation is measured as the logarithm of the ratio of patent value (KPSS) to total market
capitalization. The unbalanced panel consists of Australia, Canada, Switzerland, Germany, France, United
Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Control variable X; includes lagged innovation,
lagged wealth ratio, and the lagged growth of the output ratio between the U.S. and each foreign country.
Independent variables are standardized to unit standard deviation using unconditional moments. Columns 3-4
report regression results where the dependent variable is replaced with the relative inequality growth, defined as
the difference in log top 1 percent income share between the U.S. and foreign countries. The panel regressions
include country fixed effects, and standard errors are reported in parentheses using the Driscoll and Kraay (1998)
method. Data on income inequality and wealth are from World Inequality Database. *p < 0.10, **p < 0.05,
% < 0.01.

44



Table 3: Innovation and Foreign Institutional Ownership in the U.S.

A Foreign Inst. Own. (1) (2) (3) (4) (5) (6) (7) (8) 9)

Firm Innovation 0.182%%%  0.221%%%  0.192%*% 0.138%* 0.190%%* 0.170%* 0.159%* 0.210%%% 0.186%*
(0.061)  (0.045)  (0.067) (0.062)  (0.049)  (0.071) (0.065)  (0.056)  (0.066)

Innovation Measure: KPSS Cites KPST KPSS Cites KPST KPSS Cites KPST

Firm Controls No No No YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES No No No

Industry x Year No No No No No No YES YES YES
Observations 67986 67986 67986 65761 65761 65761 64723 64723 64723
Adj R2 0.788 0.787 0.787 0.795 0.794 0.794 0.796 0.796 0.796
Within R2 0.386 0.384 0.384 0.399 0.398 0.398 0.368 0.367 0.367

Notes: This table reports regression coefficients (times 100) from:
AForeignInstOwn, ,, = a + Blog(innoi,:) + v Xi¢ + €i,t41.

The dependent variable is the change in foreign institutional ownership for firm ¢ between ¢ and ¢ + 1. The foreign institutional ownership data
are from FactSet LionShares database. The independent variable is the (log) number of important patents granted to firm ¢ in the last year ¢.
Important patents are defined as those in the top 20% of the distribution in terms of three different innovation measures: market value of
patents (Kogan et al., 2017), forward citations (Hall et al., 2005), and patent importance (Kelly et al., 2021). When inno is equal to zero, we
replace log(inno) with zero and add a dummy equal to one if inno is equal to 0, thereby preventing the removal of the observation from the
data. The vector of controls X;,; includes foreign institutional ownership at time ¢, ForeignInstOwn, ,, firm and year fixed effects. In columns
(4)-(6), we add firm size and sales (log) at t as additional controls. In columns (7)-(9), we replace year fixed effects with industry x year fixed
effects. Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors in parentheses are
clustered at the 4-digit SIC industry and year level. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 4: Exchange Rate Growth, Wealth Growth and Consumption and Output Growth

Panel A. Real Exchange Rate Growth, Consumption Growth and Wealth Changes
Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Wealth change 0.107%%%  0.103%%%  0.099%¥*  0.108%F*  0.131FFF  0.106%%%  0.116%%%  0.094%FF  0.101%FF  0.102%%%  0.081%FFF  (,114%%*
(0.004)  (0.007)  (0.009)  (0.010)  (0.009)  (0.006)  (0.008)  (0.010)  (0.006)  (0.007)  (0.015)  (0.007)

Consumption growth -0.020%%*  -0.009  -0.015%  -0.025%* -0.024**  -0.005  -0.027%**  -0.001  -0.031***  -0.012  0.005  -0.022**
(0.004)  (0.007)  (0.008)  (0.010)  (0.009)  (0.008)  (0.008)  (0.009)  (0.008)  (0.008)  (0.022)  (0.008)

Observations 420 49 49 31 25 25 49 25 49 42 27 49
R2 0.839 0.859 0.779 0.867 0.950 0.961 0.871 0.893 0.879 0.867 0.843 0.882

Panel B. Real Exchange Rate Growth, Output Growth and Wealth Changes
Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Wealth change 0.103%F*F  0.103%FF  0.096¥¥*  0.106¥*¥* 0.120%¥* 0.105%%* 0.110%%* 0.095%%* 0.100%** 0.099%** 0.106*** 0.106%**
(0.004)  (0.007)  (0.008)  (0.010)  (0.008)  (0.006)  (0.008)  (0.011)  (0.007)  (0.007)  (0.014)  (0.007)

GDP growth 0.017FF  _0.012%  -0.016%  -0.043*** -0.020**  -0.008  -0.016*  -0.001  -0.027***  -0.012  -0.043*  -0.008
(0.004)  (0.006)  (0.008)  (0.014)  (0.007)  (0.006)  (0.008)  (0.010)  (0.007)  (0.011)  (0.023)  (0.008)

Observations 420 49 49 31 25 25 49 25 49 42 27 49
R2 0.832 0.865 0.810 0.865 0.950 0.965 0.851 0.878 0.875 0.860 0.862 0.856

Notes: Panel A of the table reports regression results of the growth of log exchange rate on log wealth ratio and log consumption growth ratio:
A lOg eyl = o+ ﬂlA lOg’ Wf,+1 =+ ﬂzA lOg Ci+1 + ’YXz + €41

where the vector of controls X; includes lagged relative levels of exchange rates, consumption and relative wealth. The sample period is 1974-2022. The unbalanced panel consists of Australia,
Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Independent variables are standardized to unit standard deviation using unconditional
moments. In individual country regressions, standard errors (in parentheses) are obtained using Newey—West with one period lag. The panel regressions include country fixed effects, and we
report Driscoll and Kraay (1998) standard errors in parentheses. Panel B repeats the analysis, replacing consumption with the country’s GDP. Data on wealth are from the World Inequality
Database. Exchange rate, consumption and GDP data are from the World Bank and the IMF. *p < 0.10, **p < 0.05, ***p < 0.01.



Table 5: Model-implied Displacement shock and U.S. Dollar

Time Series Estimate Panel Estimate
Growth in Real Dollar
(1) (2) (3) (4) (5)

Lagged U.S. displacement — 0.029*%**  0.029*** (.035%** (.033*** 0.037**

(0.007) (0.006) (0.011) (0.010) (0.015)
Lagged Dollar Index Y Y Y Y
Lagged Output growth Y Y Y Y
Lagged Displacement Y Y Y
Observations 49 49 49 49 467
R2 0.226 0.226 0.175 0.236 0.239

Note: The table reports regression results of the growth of log dollar index on U.S. displacement:
Alog egle = a + B Displacementy; g , + B2 Xt + €141

The sample period is 1974-2022. Here, Displacement refers to the model-implied displacement shock, which
is related to the difference between the aggregate market capitalization growth and the returns from holding
the market portfolio. See Section 2.6 for more details. The dollar index is computed as a trade-weighted
average real value of the U.S. dollar against the group of currencies in our sample. Control variable X,
includes lagged displacement, lagged output growth and lagged dollar index level at ¢. Both series are in logs.
The last column presents estimates from the following panel regression:

Alog egfl’f = a + B Displacementy g , + B X5 e

where XtU 5 accounts for the lagged exchange rate level, lagged displacement, and the lagged growth of
the output ratio between the U.S. and each foreign country. The sample consists of Australia, Canada,
Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Indepen-
dent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in columns (1)—(4) are Newey—West with one lag. Column (5) includes country fixed effects, and standard
errors are Driscoll and Kraay (1998). *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 6: Model-implied Displacement Shock and Imperfect Risk Sharing

U.S. relative wealth Rel. Inequality
Growth

(1) (2) (3) (4)
Displacement 0.049*** 0.055*#* 0.018** 0.016**

(0.014) (0.013) (0.008) (0.007)

Lagged Displacement Y Y Y Y
Lagged output growth Y Y Y Y
Lagged wealth/inequality ratio Y Y
Observations 412 412 486 486
R2 0.118 0.215 0.069 0.139

Note: Columns 1-2 of this table report regression results of the growth of wealth ratio on U.S. displacement:
Alog (thﬁ/Wthrl) = a+ B Displacementy g , + B2 Xt + €t41

The sample period is 1974-2022. The dependent variable is the growth of wealth ratio of the U.S. to a foreign
country. U.S. displacement is measured as described in section 2.6. The unbalanced panel consists of Australia,
Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden.
Control variable X; includes lagged displacement, lagged wealth or inequality ratio, and the lagged growth of
the output ratio between the U.S. and each foreign country. Independent variables are standardized to unit
standard deviation using unconditional moments. Columns 3-4 report regression results where the dependent
variable is replaced with the relative inequality growth. The panel regressions include country fixed effects,
and standard errors are reported in parentheses using the Driscoll and Kraay (1998) method. Data on income
inequality and wealth are from World Inequality Database. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 7: Inequality Growth and Exchange Rates

Exchange Rate and Inequality Growth
Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Inequality growth 0.017%%* 0.065%** -0.007 0.015  0.058  0.027 0.037** 0.093** 0.023 -0.004 0.008  0.014
(0.005)  (0.021)  (0.017) (0.023) (0.064) (0.029) (0.017) (0.038) (0.022) (0.013) (0.012) (0.019)

Observations 418 49 49 42 18 25 42 18 42 42 49 42
R2 0.124 0.412 0.138 0.189 0.202 0.176 0.302 0.385 0.080 0.094 0.161 0.114

Note: This table reports regression results of the growth of log exchange rate on log income inequality growth ratio.
Alog €41 = a0+ 5A log It+1 + ’th + Et41

where Alog I;11 is the growth of the ratio of top 1% income share between ¢ and t + 1. The sample period is 1974-2022. Control vector X; includes lagged inequality
level and lagged exchange rate. The unbalanced panel consists of Australia, Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway, New
Zealand and Sweden. Independent variables are standardized to unit standard deviation using unconditional moments. In individual country regressions, standard
errors (in parentheses) are obtained using Newey—West with one period lag. The panel regressions include country fixed effects, and we report Driscoll and Kraay
(1998) standard errors in parentheses. Exchange-rate data are from the IMF; income-inequality data are from the World Inequality Database. *p < 0.10, **p < 0.05,

“*p < 0.01.



Table 8: Moments Used in Model Calibration

Model
Data

Median 5% 95%
A. Aggregate Quantities
Consumption growth, mean 0.015 0.013 0.003 0.021
Consumption growth, volatility 0.022 0.019 0.016 0.060
Output growth, mean 0.015 0.013 0.008 0.020
Output growth, volatility 0.021 0.018 0.016 0.023
B. Asset Prices
Risk-free rate, mean 0.016 0.021 -0.034 0.030
Risk-free rate, volatility 0.033 0.012 0.004 0.061
FExcess stock returns, mean 0.037 0.058 0.023 0.237
Excess stock returns, volatility 0.252  0.193 0.093 0.520
Exchange rate, volatility 0.115 0.074 0.032 0.221
C. Comovement of Key Variables
i. Univariate Regression Slopes
Consumption growth and wealth growth 0.008 0.010 0.001  0.094
Output growth and wealth growth 0.005 0.003 -0.004 0.008
Exchange rate growth and inequality growth 0.017 0.040 -0.012 0.125

U.S. displacement shocks and U.S. wealth ratio growth 0.063 0.035 -0.107 0.162

ii. Bivariate Regression Slopes

Exchange rate and

—relative consumption growth -0.020 -0.016 -0.066 -0.006
—relative wealth growth 0.107 0.085 0.033 0.275
Exchange rate and
—relative output growth -0.016 -0.012 -0.020 -0.003
—relative wealth growth 0.103 0.076  0.032 0.219
iii. Pairwise Correlations
Consumption growth (H and F) 0.454 0.746  0.163  0.902
Output growth (H and F) 0.596 0.829 0.693 0.934
Stock returns (H and F) 0.598 0.156 -0.334 0.611
Trade surplus growth and consumption growth -0.299 -0.170 -0.935 0.303
D. Other
Uncovered interest parity slope -0.372  -0.167 -4.656 1.906

Dollar index growth and U.S. displacement (correlation) 0.371  0.347 -0.666 0.743

Note: This table reports both empirical moments, computed using the G-7 and G-10 dataset—which includes
Australia, Canada, Switzerland, Germany, France, the United Kingdom, Italy, Japan, Norway, New Zealand,
and Sweden—and simulated moments from the model. See Appendix B.5 for details on the construction of the
moments. The sample period is 1974-2022. The model is calibrated at an annual frequency using the parameters
in Table 9.
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Table 9: Calibrated Parameter Values

Description Symbol Value
Preferences:
Home bias o 0.989
Preference for own consumption h 0.194
Subjective discount rate I5} 0.975
Risk aversion 5 6.232
Elasticity of intertemporal substitution P 1.634
Endowments:
Displacement shock productivity 0 0.211
Measure of project receivers s 0.097
Mean of output growth I 0.010
Displacement shock low and middle state U] = U9 0.001
Displacement shock high state Uus 0.222
Persistence of displacement shock

— persistence in low state P 0.938

— persistence in high state q 0.836
Volatility of neutral shock Oe¢ 0.016
Technology spillover Pu 0.729
Correlation of neutral shock Pe 0.863
Fraction of projects accruing to inventors n 0.714

Note: This table reports the calibrated parameters of the model. See the main text and the Appendix
B.5 for details on the calibration.
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Table 10: Real Exchange Rates and GMV Portfolio Returns

Panel Estimates

Growth in real exchange rates

i (1) (2) (3)
GMYV return -0.008** -0.008** -0.008**

(0.003) (0.003) (0.003)

Time Fixed Effects Y Y Y
Lagged real exchange rates Y Y Y
Lagged output growth Y Y
Lagged consumption growth Y
Observations 430 430 430
R2 0.602 0.603 0.605

This table reports regression results for the growth of real exchange rates on GMV return differentials,
where the exchange rate is measured as units of foreign currency per U.S. dollar, so a decline corresponds
to an appreciation of country F’s currency:

Alogef, = ai + 1 GMVii1 + B2 Xt + €041

The sample period is 1974-2022. The independent variable is the return of growth minus value stocks
(GMYV) in country F. The international GMV returns (the negative of HML returns) data are from
the Ken French website. Depending on the specification, the vector of controls X; includes lagged real
exchange rates and lagged output or consumption growth. a; denotes time fixed effects. Independent
variables are standardized to have unit standard deviation using unconditional moments. Standard errors
(in parentheses) are clustered at the country level. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 11: Exchange-rate moments and yield differential

Value Sign prediction
Moment Empirical Model IM KL
loge; on rt(l)* — r,gl) -1.773 -1.368 + —
log e; on r§40)* — r§40) -3.510 -18.862 + -

Notes: This table reports a selected set of reduced-form exchange-rate moments in the data and in the model,
together with the sign predictions from Itskhoki and Mukhin (2021) (IM) and Kekre and Lenel (2024a) (KL).
Here, e; denotes the real exchange rate, defined as units of foreign currency per U.S. dollar, so that an increase in
e; corresponds to a dollar appreciation. Two rows report the contemporaneous relation between the level of the
exchange rate and short- and long-horizon interest-rate differentials, which are the moments for distinguishing
between the IM and KL mechanisms. Empirical moments are computed using the annual real-data counterpart
in our sample, and model moments are computed from simulated data using the same definitions.
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Figure 1: U.S. Innovation and Portfolio Flows

Panel A. FDI Inflows
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Note: This figure plots the U.S. innovation index and foreign direct investment inflows (in Panel A) and portfolio equity
inflows (in Panel B) in the U.S. The U.S. innovation is measured as the log of the ratio of the total value of patents each year
(Kogan et al. (2017)) to the total market value of the stock market. The aggregate FDI inflows and portfolio equity inflows are
obtained from the World Bank. See Appendix A for details.
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Figure 2:
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This figure reports the relative-share gap between foreign TIC equity holdings and the CRSP/Compustat

TtIc — thCM), in percentage

points. Shares are computed using the TIC Main Table, focusing on operating corporate sectors by excluding funds and
financial-services categories that mainly capture investment vehicles. The Information sector combines NAICS 511-519.
Positive values indicate that foreign investors are overweight in the industry relative to the U.S. public-equity market
portfolio. Appendix A provides additional information.
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Figure 3: Model-implied displacement shock and growth in the real dollar index
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Note: This figure plots the growth of the real dollar index (red) and the alternative U.S. displacement series (blue) constructed
in Section 2.6 that is based on the difference between the aggregate market capitalization growth and the returns from holding
the market portfolio. The red line represents growth in the trade-weighted real dollar index.
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Figure 4: The Backus—Smith Correlation
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B. Response to Displacement Shock (u : ug — ug)
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Note: This figure plots the impulse response of the difference between the home and foreign countries’ variables in response to a shock to the home country. The model is calibrated
to an annual frequency using the parameters in Table 9. We construct the impulse responses by introducing an additional one-standard deviation shock at time ¢t = 1 without
altering the realization of future shocks. The impulse responses are computed at the symmetric steady state and reported as the mean across simulations. In the top and middle
panels we plot the response of model quantities to a shift in @, which drives both the domestic and foreign level of displacement—see equation (49). The last column plots the

vi=o vi=v
continuation utility [ log - [;Il't_t{l 1~ log - [5’1@”1 ]) as in (47). The bottom panel plots the impulse response to a unit standard deviation domestic neutral shock . Each
tIYH 1 tY p 41

period on the x-axis corresponds to one year.
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Figure 5: Model vs Data: U.S. Dollar and future TFP growth
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Note: The figure plots the model-implied impulse response to the ‘FX shock’ from Chahrour et al. (2024). In particular, we replicate their VAR analysis in simulated data from the
model. The first figure plots the extracted ‘FX shock’, the second figure plots the response of productivity (output) in the U.S. and the third figure plots the response of U.S.
consumption. The black line plots the median impulse response in simulated data. The blue line represents the impulse responses to the main exchange rate shock in the data along

with 90% confidence intervals. The original data in Chahrour et al. (2024) are at quarterly frequency, which we convert to annual frequency to match the model’s timing. All
parameters are calibrated to the values reported in Table 9.



Figure 6: Model vs Data: UIP Regression Slopes

2000 - +—tH = UlIPslope=1

—— Model =-0.2
1750 - —— Data =-0.4
1500 -

Frequency
= =
o N
o Ul
o o
|

750 -

500 -

250 -

-15 -10 -5 0 5 10
Regression Slope

Note: This figure shows the histogram of UIP regression slopes from individual simulations. The model is calibrated to an
annual frequency using the parameters in Table 9. The calibrated model is simulated 10,000 times, each spanning 150 periods,
with UIP regressions performed using the last 50 years of each simulation. The black line represents the mean of the estimated
UIP coefficients across all simulations, while the blue line represents the estimate from the data.
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Figure 7: The Forward Premium Puzzle (UIP)

A. Response to Displacement Shock: Early Stage (u : ug — ug)

Interest Rate Differential (ry — rp) Exchange Rate (e) Vol of SDF (H relative to F)
0.01 - 0.08 -
0.04 -
0.005 ~ 0.06
....................................................... 0.02 -
Wy 0.04 — x /\_\
O |
—0.005 - 0.02
—0.02 -
_0~01 - | | | 0 - | | | 0 O | | | |
0 5 10 15 0 5 10 15 0 5 10 15

B. Response to Displacement Shock: Mature Stage (u : ug — u3)
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Note: This figure summarizes the intuition behind the failure of the UIP in the model. The first column plots the interest-rate differential, the second column plots the exchange
rate, and the third column plots the difference in the conditional future volatility of the stochastic discount factor (SDF). The red dotted line in the middle column shows the path
that would obtain if Uncovered Interest Parity (UIP) were to hold. The model is calibrated to an annual frequency using the parameters in Table 9. See notes to Figure 4 for further
details on the computation of these impulse responses.
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Figure 8: Output and Trade Flows
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B. Response to Displacement Shock: Mature Stage (u : us — u3)
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C. Response to Neutral Shock (¢)
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Note: This figure plots the impulse response of variables to a shock to the home country (u in Panel A and B, and ¢ in Panel C), for both the home country (the blue line) and the
foreign country (the red line). The model is calibrated to an annual frequency using the parameters in Table 9. See notes to Figure 4 for further details on the computation of these
impulse responses.
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Figure 9: Stock Returns

A. Response to Displacement Shock, Early Stage (u : u1 — us)
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B. Response to Displacement Shock, Mature Stage (u : ug — ug)
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C. Response to Neutral Shock (¢)
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® Home Foreign
Note: This figure plots the impulse response of stock returns in both the home country (the blue linge) and the foreign country (the red line). The first column plots the cumulative
return to the growth-minus-value portfolio and the second column plots the cumulative return to the market portfolio. Columns three and four plot their respective risk premia,
defined as the covariance with the stochastic discount factor. The model is calibrated to an annual frequency using the parameters in Table 9. See notes to Figure 4 for further
details on the computation of these impulse responses.



Appendix

A Data Appendix

Data on consumption, GDP and net exports come from the World Bank. We use households’
final consumption expenditure as the consumption series, and the difference between the indices
of exports of goods and services and imports of goods and services as our net export series. Both
consumption and GDP are real. We use end-of-period exchange rate data from the International
Financial Statistics (IMF). The sample period is 1974-2022.

Inflation rates are calculated using the Consumer Price Index (CPI) from the World Bank. The
real exchange rates are calculated by adjusting nominal exchange rates by the relative CPI index of
the corresponding country.

Real interest rates are constructed using three-month T-bill yields from the Global Financial
Data, adjusted for realized inflation using annual changes in CPI. The interest-rate series for New
Zealand and Switzerland start in 1978 and 1980, respectively. For the rest, the sample period is
1974-2022.

Data on equity index returns (MSCI series) are obtained from Datastream. Equity-return data
for New Zealand start in 1980. Data on the top 1% (0.1%) income share and each country’s total
wealth are from the World Inequality Database. To calculate each country’s wealth in dollars, we
divide the total wealth (data code = mnweal) from the World Inequality Database, denominated in
local currency, by the corresponding nominal exchange rate.

The current account data are from the World Economic Outlook Database, spanning from
1980-2022. Data on foreign direct investment net inflows (as a percentage of GDP) and portfolio
equity investment net inflows are obtained from the World Development Indicators (World Bank)!2.
We divide portfolio equity net inflows by the corresponding year’s GDP to measure equity inflows.
The foreign institutional ownership is from the FactSet LionShares database. Patent data are from
Kogan et al. (2017). U.S. firm fundamentals are from Compustat.

The TIC inputs come from the annual Treasury International Capital (TIC) survey reports on
foreign holdings of U.S. securities. For the broad industry comparison in the main text, we use the
report’s Main Table, corresponding to Exhibit 11 in the annual survey reports; earlier years are
harmonized from the downloaded TIC appendix files.

We construct an industry-level measure of foreign portfolio tilts using annual TIC tables on
foreign portfolio holdings of U.S. securities. For each year, we use the TIC equity holdings by
industry and compare them to a CRSP/Compustat market-capitalization benchmark. The main
figure uses the TIC Main Table.

For the CCM benchmark, market capitalization is measured using Compustat mkvalt when
available and otherwise as price times shares outstanding, |prcc_f| x csho. We keep one firm-year

observation per firm and fiscal year, choosing the observation whose datadate is closest to June 30.

12Data are from the World Development Indicators. Data code for foreign direct investment is
BX.KLT.DINV.WD.GD.ZS; Data code for portfolio equity net inflows is BX.PEF. TOTL.CD.WD.
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We then assign each CCM firm-year to the TIC industry buckets used in the corresponding TIC
table.

The industry assignment follows the TIC classification system for that year. The TIC tables use
GICS through 2014 and NAICS from 2015 onward. For NAICS years, we assign firms to TIC buckets
using NAICS prefixes and ranges. For GICS years, we use Compustat GICS sector, group, industry,
and subindustry fields. After assigning firms to TIC buckets, we compute market-capitalization
shares within the same retained industry set used for the TIC shares.

In the main NAICS specification, the retained industry set excludes Government (NAICS 92),
Other financial activities (NAICS 5222-5239), Insurance carriers and related activities (NAICS
524), and Funds, trusts, and other financial vehicles (NAICS 525) from both TIC and CCM. This
restriction removes government and financial-intermediation categories that are not the operating
corporate sectors of interest. It also avoids treating investments through funds, investment companies,
investment managers, or holding-company-like financial firms as direct exposure to the underlying
operating industries.

For each retained industry j and year t, we compute the TIC equity share w?/¢ and the CCM

Jit
market-capitalization share w]CtC M " The main figure reports the relative-share gap

Aje = wTIC 0o, (A1)
reported in percentage points as 100A;;. The appendix reports the underlying TIC and CCM
shares on the original percentage scale.

For the 2015-2022 NAICS period, we combine the Information rows into NAICS 511-519. In
the TIC tables this combines the Information-related rows available under the relevant NAICS
version, including publishing, software, broadcasting, telecommunications, and related information
rows. For the 2008-2014 GICS-coded period, we also report an appendix check that combines GICS
Information Technology and GICS Telecommunication Services. Because the GICS top-level rows
do not separately identify funds, investment companies, and other financial intermediaries in the
same way as the NAICS tables, the GICS retained set excludes GICS Financials, code 4000.

B Model Appendix

Here, we discuss the derivation of the model.

B.1 Simplified Model
The representative agent in each country

First, we show that within a country, finding optimal solutions for heterogeneous agents is equivalent
to finding an optimal solution for a representative agent.
In each country, even though agents are heterogeneous in their wealth, because of homothetic

preferences consumption-wealth ratios are equalized.
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Consider the home country, for example, we define the representative agent as

H i, H
UH — / U, !
1€[0,1]

where U; ; and w® are the utility and wealth share of household i. That is, the representative
agent takes the country-level endowment and the wealth distribution as given and maximizes the
wealth-weighted utility.

Because all agents within a country are solving the same optimization problem up to their wealth,
so is the wealth-weighted representative agent. Put differently, the representative agent behaves the
same way as the individual agent, but scaled up to a wealth that is equal to the country’s aggregate
wealth. Thus, solving for the equilibrium solutions for heterogeneous agents within a country is
equivalent to finding the optimal solution for the representative agent.

Denote Cf as the country-level aggregate consumption, the utility of the representative agent

can be written as
vl = \'u(cl)

where U(z) is the utility function for an individual household — U(x) = log(x) in this case. That is,
the utility of the representative agent is proportional to a fictitious agent who consumes country-level
aggregate consumption. The time-varying scaling factor A reflects the change of wealth distribution
wi’c within the country. If the market is complete, the wealth distribution is invariant and )\f{ would
be a constant.

Now the equilibrium allocation problem reduces to a problem with two (representative) agents

and incomplete markets.

Aggregation with log preference

The H’s representative agent’s utility can be written as

o0

UH = Z Bt log CH

s=t

With incomplete markets, the usual construction of a planner’s utility as a weighted sum, with
constant weights, of individual representative utility function is not possible. Instead, we are going
to employ a fictitious planner with stochastic weights.

This fictitious representative agent maximizes his utility subject to the resource constraints:
max S8 (1o G + M log CF )
{zll 2l af  2h 1t=0,12,.7
s.t. fﬂg,t + xg,t =Yu,
H F
Tpy+Tpy = Yr,

H H H \1—
Gy = ($H,t)a($F,t)1 “
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CtF = (xg,t)l_a(l"llg,t)a

where we have normalized the weight on the Home representative agent to be equal to one and
assigned the weight A; to the foreign representative agent. \; is the marginal-utility ratio between

the two countries.

Allocations

For concreteness, we focus our exposition on the Home consumer. First, at each ¢, we derive the

consumer’s demands for Yz and Yr goods, keeping overall consumption expenditure Cy fixed.

max alogz, 4+ (1 — a)logzf, (A.2)
{xﬁ}t,wgt} ' 7
s.t. ph7tl’g7t + pmxﬁt =Cy (A.3)

We obtain the following demands

xgjt = , :rﬁt =7 - (A4)
Dht Pyt

The indirect utility function defined as Ug(Ch,ppt,pre) is then given by

U (Cr,pnt pfi) = 10g(Cr) + F(pnyt,pst) (A.5)

Function F' depends only on variables that are exogenous from the viewpoint of the consumer and
therefore, because of the separability, it drops out of the portfolio choice.

Hence, the optimization problem of the consumer is equivalent to the single-good consumption-
investment problem, with consumption expenditure Cy; replacing the consumption. Importantly, it
implies that the prices of individual goods pj ¢, pr: do not pose a risk that the consumer desires to
hedge.

With log preference, consumers have a constant consumption-to-wealth ratio. Thus, the Pareto
weight A is equal to the consumption expenditure ratio, which in turn is equal to the wealth ratio

between two countries \; = Igvvi tt Substituting the demand functions in the budget constraints, we

s

get the allocations.

(0}

xg,t = m Yu (A.6)
xﬁ,t = CM Yh (A7)
TRt T —1a_+aa/\t ot (A.8)
QUII::,t =1 z)_t o Yri. (A.9)
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SDFs and Asset Prices

SDF. Let Of,; denote the set of old/incumbent agents in country ¢ who do not receive profitable
ideas at time ¢ + 1, and let N, ; denote the set of new inventors who receive profitable ideas at

time ¢t + 1. In what follows, we will focus our exposition on the Home consumer. By definition,

i H N\ 1 i H\ ~1
MfL k[ e _ fie@fil dCii A1l

7 =0 i H =5 i H (A.10)
Mt Ct’ j:LEOH dC’t7

t4+1

where the first equation follows from the consumer’s Euler equation and the second equation follows
from the probability of receiving a profitable firm being zero. As a result, households’ anticipated
consumption growth coincides with the consumption growth of the cohort Ogl. Market clearing

implies:

H _
ct,- |
icOH

t+1

dct-H +/ dohH A1l
t+1 e t+1 ( )
Note that 1, NI X Licar = 0 almost surely, so

/i on dci = cH (A.12)

t+1

Combining (A.10)-(A.12) along with the allocation rules (A.6)-(A.9) we have that

-« a— _ i, Hy\ 1
M, —3 (YH¢+1> <YF¢+1> ! ( a+(1—a)X ) « ( al+1—« )a_l (1 B fie/\/tﬁl dC?H)

MH Y. Yry a+ (1= a1 alp1+1 -« Jicpo ] dcpli
(A.13)

Note that with log preference, consumption bundles are proportional to consumption expenditure,

which in turn is proportional to wealth. Therefore the last term can be written as

fieogl Wiy fieogl dc; fz’e/\/gil acitt
bt = o e (A.14)
fi€[071] Wit fie[0,1] dCy'y fie[O,l] dCyly

Substituting back we obtain (21). Similarly, we can derive the SDF for foreign consumers.

ML, 3 Y41 ot Vo) 1 N ( a+ (1—a) )a_l ( ali+1—-a )_a
MF Y Yr brt+1 A1 N+ (1 —a)Aiin alt1 +1 -«

(A.15)
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Asset Prices. Let us first focus on the stock market in Home country. The SDF can be used to price

the risky stocks by no arbitrage:

T MH —ye H
S{t = pnaYue+Ee | Y gpnsYmse Sm=entn (A.16)
s=t+1 Mt

Note that M/ is the SDF using consumption bundles of the home country; if we define ¢ as the

SDF using local goods of home country, then we have
MtH Phit = CtH
Note that the first-order condition of Yg-good for consumers gives:
¢ =t (A.17)
CH s
where cﬁs is the total consumption of Yz goods by the households who have not received any

profitable firms between ¢ + 1 and s, which has a probability of one. Therefore,

H (07
CH,s = mYH,stH bu,s (A.18)

Substituting (A.17) and (A.18) into (A.16), we have

T Hf—i—l% (a + (1 - a))‘s) et H
St = pnaYuaBe | Y B LH(iJmL I—a)h) Dot | Vi (A.19)
s=t+1 bt t

The derivation for the foreign country’s stock market is similar.

The Change of Wealth Distribution

In B.1 we show that the optimization of consumer is equivalent to the single-good consumption-
investment problem, with consumption expenditure C replacing the consumption. Moreover, the
consumers do not hedge the prices of individual goods p, ¢, Dy ;-

This implies that the consumers in home and foreign are solving the same portfolio-choice
problem. As a result, their optimal portfolios and wealth growth are the same across different states.
Hence, the wealth ratio at t 4+ 1 is given by

fie[o,l} wifl Jicor wzltfl + fieNtﬂl wzltfl

Aty1 = = 7 (A.20)

f 7, f i H +f i,
i€[0,1] Wi+1 icol W1 T JienH | W1

Note that the total value of profitable firms at ¢ + 1 is related to the displacement shocks ugl, uf:rl.
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From 9 it follows that the total value of new firms is:

[ Wit = Sfa(1 = ) (A.21)

t+1

/eNF wt+1 =Sl —e ut“) (A.22)

t+1

And the total value of old firms is

H _—ull F _—ul
/EOF wt+1 +/ of wt+1 = t+16 t+1 4 St+1e t+1 (A23)

t+1 t+1

Because the consumers in home and foreign hold the same portfolio, the wealth ratio for the

households that do not receive new firms are the same at ¢ and ¢ + 1. Hence,

; F
Jicio wy ﬁeoil wy
A = H — I : oH (A.24)
1

fie[o,u Wy €Ol wy’

Combining (A.20)-(A.24) we obtain

—ul F —uf —uF
At+1 1+)\t (S TieMe 4 Sf e e )+ 80 (1 — e M)

(A.25)
A fEom (5t+1€ ueh Sﬁrle_ufﬂ) +SH (1 — e v

Approximate solution

We now derive the approximate analytical solutions near the long-term steady state. That is, when
At = 1 and when u/? |, uf}; are small.
By symmetry, when A; = 1 the price-dividend ratio of the stock markets are the same. Let us

denote this ratio as Cpq, i.e.,

SH sk
: = : = Cpa (A.26)
Ph,tYH,t =1 pf,tYF,t =1

Using the price ratio relation given by (18), we can rewrite (A.25) as

1 (emuhypgH 4 1-ataden —u 1 d—atadsr  gF (1 _ o—uf]
At+1 I (6 t+1pdt+1 + at(I—a)hit1 € t+1pdt+1> + At a+(1- a))\t+1pdt+1(1 e ert)

= — — — H
At (e ut+1pd£r1 4 ;rgfime ut+1pdt+1) +(1—e ”Hl)pdﬁl

(A.27)

1
1+t

where pdf,, is the price-dividend ratio of the stock market in country ¢ € {H,F} at ¢t + 1.
To further simplify, we use the fact that ufl,,uf, | are small so that pdf,, ~ Cpq for ¢ € {H, F}.
Denote the total wealth of the stock market as W = Wx + Wr, we make the following observation:

W =St +5H, (A.28)
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St+1 ~ 1_a+aAt+1

~ A.29
St—i—l o+ (1 — a))\t+1 ( )
The second equation is because pdf, ; ~ Cpq. It follows that
o+ (1 —Oé))\t+1 = I 1 —Oé+05)\t+1 =
Sit1 = w, Si1=—-""W A.30
t+1 1 +)\t+1 9 t+1 1+)\t+1 ( )

The dynamics of wealth distribution can thus be written as

Mer 1w (7R (1= a)hn) + (1 - a+ adg)e ™) + (1 —at a1 - )

M (e (1= @) + (1 o+ adig)e ) + (o + (1- a)d)(1— e )

(A.31)
Denote the common terms in both the numerator and denominator as
B = (e (a+ (1= a)Ar) + (1 — @+ akr)e ") (A.32)
Some algebra gives
At1 1+,\t vl e_uf“) (A.33)
Mo mnBtate tﬂ—etﬂ%ﬂl—@&ﬂu—eﬂ&> |

To progress further, we use the result from B.1 that consumers in both countries have the same
portfolios and therefore the same wealth growth. At ¢+ 1, the wealth of households in both countries

who do not receive profitable firms is

/eOH wH_ + / wt+1 (e_“gH (a+(1—a)y1)+ (1 —a+ a)\tJrl)e_ufH) (A.34)
t+1

t+1

A.35
1+ )\t+1 ( )

Because consumers hold the same portfolio, we have

i, H i, H
fzeOtHH wt+1 _ Jiepo, g wi = )\l (A.36)
t

fzeOtFH wt+1 fie[o,l] wy

Therefore

i, H 1 — H1 F 1
= ' 1- 1- uh) A.
/60511 Werl T Ty, (e o+ (1= a)hg1) + (1 —a+ ok e i ) e W (A37)

On the other hand, by definition

i, H
w w? —I—/ w’ A.38
it = [, i [, wilh (A3

t+1 t+1
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so that

/ Wil _/ Wil / Wil
i1 = 1~ £l
ot T Jigoy) Y Jienp, T

1 - o o+ (1 —a)hgr =
— W — (1 — e %+t 1%.% A.39
14+ A4t (1-e ) T+ A1 ( )

Substituting (A.37) and (A.39) into (A.33), after some algebra we get

A1 1— o+ ae —i—(l—a)(l—e‘“ﬁrl)/\%

_ (A.40)
At 1— o+ ae " + (1 —a) (1 — e_“gl)
Using the fact that e ~ 1+ z and A\ = 1, we have
1— o+ ae " 4+ (I—-a)(1l— efufﬂ))\i
Alog A\11 = log - o
I —a+ae 1+ (1 — )\ (1 — e “t1)
~uby —ufy (A.41)

To get the approximate expression for log growth of consumption ratio, substituting (A.6)-(A.9)

into (13), we have

1—a+ Od)\t_H
Acl | — Ack | = (20 —1) |Alogy; — Alogy, Al — Alog A\
cip1 — Aciyy = (2a— 1) |Alog Yi 111 08 Ypu1 + Alog — A=) 0g A\t y1

(A.42)

Note that A\ry1 ~ 1+ Alog A\tr1, so we have

1—a+ a)\t+1
Al ~ (2a — 1)Alog \ A.43
Oga+(1—a)>\t+1 (2 )JAlog Apt1 ( )
Substituting back, we get

Achy — Acfy = [6(2a — 1) +4a(l — )] (ufly —ufyy) + (2o — 1) (efly —efi1), (A.44)

which is (29). The derivation for log growth of output ratio is straightforward from definitions.

B.2 A micro-foundation for the displacement shock

We consider a continuum of varieties indexed by j € [0,1] in each country ¢ € {H, F'}. Each variety
is produced by a monopolist who faces CES (constant elasticity of substitution) demand and sets
its price accordingly. The final good in sector c at time ¢, denoted by Y. ;, is aggregated from these

varieties as:

1 o—1 ﬁ
Yoi = Zos ( [ et dj) Lo, (A.45)
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where
Alog Ze 41 = i+ €744 (A.46)

and z+(j) denotes the quantity of variety j consumed at time ¢, and o is the elasticity of substitution
across varieties.

Intermediate goods are produced using a linear technology with land as the only input:

-T/'C,t(j) = Ac,t(j) lc,t(j)y (A47)

where A.¢(j) denotes productivity and l.;(j) is the land input. Given the rental rate of land Ry,

cost minimization implies:

i) = 0 MC) = (A48)

Each intermediate variety is demanded by final-good producers who aggregate across varieties
using a CES aggregator. This implies that the monopolist producing variety j faces the isoelastic

demand curve:

Tet(f) = <ppt(‘7)> - Yer, (A.49)

where P.; is the CES price index and o > 1 is the elasticity of substitution across varieties.
Given this demand and marginal cost MC.+(j) = R¢/Ac+(j), the monopolist sets its price as a

constant markup over marginal cost:

(A.50)

And price index is

1 =
Pc,t—</0 pcﬂg(j)l"dj) ) (A.51)

Displacement via Entry and Bertrand Competition

At the beginning of period ¢+1, a displacement (or innovation) shock wu, ;41 is realized. This shock

raises the probability that each product line is challenged by a new entrant,

Megr1 = 1 — e Vo1, 0 <megsr < 1. (A.52)

If an entrant arrives at line j, it competes with the incumbent under Bertrand pricing. The
entrant operates with a productivity advantage: it can produce with productivity 65Ac7t(j), where
0 > 0. As a result, the entrant undercuts the incumbent and takes over the product line. The

productivity in line j at time ¢ + 1 is therefore:

6 . . 1

e’ A, , with probability m 411,
(7) p Y Me,t+1 (A53)

Ac(4),  otherwise.

Ac,t+1 (]) = {

72



A fraction m, ;41 of incumbents are therefore displaced and replaced by more productive entrants.
In each displaced line, the old firm’s profits fall to zero, and the entrant captures the full profit

stream.

Aggregate Productivity and Displacement

The final good at t + 1 is a CES aggregator over varieties. Using the demand structure, the sectoral

price index at ¢ + 1 becomes:

; : e
P.it1 = p— 1Rt+1 (/0 Aci1(9) dj) . (A.54)

Define the effective productivity aggregator:

1
~ 1 o—1
Ac,t = (/0 Ac,t(j)aldj> . (A55)

Using the updating rule in (A.53), and noting that displacement occurs independently across product
lines, we obtain:
AT = (U= mep) AT+ mepn O VAT

= [(1 — Megg1) + mc,t+1€5(0_1)] jg;l’

SO

_1
Actr1 = Acy [(1 — Mepy1) + mc,t—&-le&(a_l)} . (A.56)

Taking logs,

Alog Acsi1 = log [e*“al +(1— e*“§+1)e‘5(0_1)} . (A.57)

oc—1

Since output is proportional to Zlc,t and Z.;, we obtain:

AlogYei41 = p+eiyq + log {67“%1 +(1- 67“§+1)e‘5(‘7—1)} : (A.58)

o—1
For small u.¢41 and a small quality step 6(c — 1), we have:

e Uil o ] — U§+1> 65(071) ~1+ 6(0- _ 1)’ (A59)

SO
A log Y;37t+1 ~ U + 51(5‘:—‘,—1 + 5U§+1 (A60)

Summary. This setup captures how an exogenous displacement shock u, ;41 can simultaneously
(i) raise aggregate productivity by ¢ for a subset m, 41 of product lines, and (ii) reallocate profits

from incumbents to new entrants.

e Creative destruction: The fraction m, ;41 of varieties that is displaced each period embodies
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Schumpeterian creative destruction. Newer, more productive firms replace old incumbents in

exactly those lines.

e Reallocation: Ownership of that fraction of product lines switches to new entrants. Old

incumbents lose the revenue from those lines; new entrepreneurs gain it.

e Unspanned risk: If households cannot buy ex ante claims on “who will be the successful

innovator,” this yields incomplete markets and idiosyncratic risk over who gains or loses in

each period’s displacement.

B.3 Full Model

With Epstein—Zin preference, we can construct the representative agent because the aggregation

property only depends on the homotheticity of the preference. So in this case, the representative

agent constructed above behaves the same as an individual agent in a country but scaled up to the

country-level wealth.

Dynamics of the Consumption Ratio

Denote Wy = W(étc, Uf,1) as the utility of the representative agent of country c. Denote the partial

derivatives with respect to composite consumption and continuation utility as Wy, W3, we have

oWy owgacs

o= o = W (G
aCs — ace oCs !
owe .
oug,,

The intertemporal marginal rate of substitution of representative agent of country c is

owe  owe c e ~ h=1
age, - Utriac _ Wa Wi (Cip
tt+1 — ow ¢ - we C_vc
90 ¢ 1t t

(A.61)

International trade of Yy good implies that the marginal utilities of good Yy for t = 1,2,... in each

possible state is

t—1 t—1
— o, = _ — i 1l—-a-=
(Hw;fj>wgcng @yt — (et Cfot<HW{j>
j=0 xH,t xH,t j=0

Define the date-t Pareto weights as

t—1

Af = A§ ( II Wz%) Wi, Cr(Cp)
§=0

_ h—1 =
ch Cc Cc
= Af—ﬂ/VQC,t—WVC ot < —t ) L — AY_y My pexp(Act)
1t

c e
-1 thl t—1
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Since the economy starts with a symmetric setup, AL = Af. We can rewrite (A.62) as

« 11—«
Af T ~— _.F Af

T Loy

F
Denote \; = Z\—tH as the ratio of Pareto weights. The optimality condition can be written as
t
F
Ty,
A= ——F—— (A.63)
(1- O‘)$g,t

Similar to the log case, note that with Cobb—Douglas preference over different goods, households’
consumption expenditure share for each good is fixed. That is, foreign households spend 1 — « on
Yi-good and home households spend « on Yz-good. Therefore, (A.63) shows that A is the ratio of

consumption expenditures between foreign and home, A\; = gf; tt Under Epstein—Zin preferences,

this expenditure ratio is distinct from the wealth ratio. Also, we have that
]\415€5+1‘3Acﬂl

H Act
tir1€

A1 = M (A.64)

Allocations and Exchange Rate

Similar to the log case, since the ratio of consumption expenditures is \; = C; ”;, we have
o _ oCuy g _ (1—a)Cuy
THt = ’ Tpy = )
Dht Dft
ro_ (1—o)Cry F _ oCry
xH,t - ) xF,t -
Dh,t Drt

Substituting these demands into the resource constraints, we get the allocations (A.6), (A.7), (A.8),

(A.9). Given these allocations, we can calculate the consumption bundles:

We can also compute the price of consumption bundles in home and foreign countries:

H H
o PrtTH T DitTEy

D (A.67)
! Cu
oh + zh
f': ph,t H,t_ pf,t Fit (A68)
Cr
Note that the relative price of good Yr in terms of good Yy is
Yy 1— A
pp = St - Z At Ak (A.69)

- Yri a4+ (1 —a)X
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By definition, the exchange rate is the ratio of prices of consumption bundles:

A Cpy 1
E, = pLF e i (A.70)
2 CHJ At
The exchange rate growth is
Eii M Crep1/Cry (A.71)

B M1 Cri1/Chy

Note that (A.64) and (A.71) show that in our model exchange rate growth is equal to the growth of

SDF, as the model has integrated financial markets.

SDF

Let us focus on the home country. The derivation for foreign country is similar. Since preferences
are homothetic, consumption is proportional to wealth. To calculate the SDF of the representative
agent, we need to consider two groups of population: the population that receives the new firms in
the current period (with measure 7, denote as N); and the population that does not receive the new
firms in the current period (with measure 1 — 7, denote as O).

To this end, first note that b; ;1 is the fraction of wealth accounted for by the cohort that does
not receive profitable projects from period ¢ to ¢t + 1 in country ¢. The wealth shares of these two

groups within the home country are

bHﬂg(l — 7('), bH7t7T + 1-— bH,t

The consumption growth and relative consumption growth for group O are Cgl bri+1 and by gy1.

bap1m+1-bpp1 Copn
s Cy

. Therefore, the growth in the composite consumption for two groups {O, N} is (we

The consumption growth and relative consumption growth for group N are and

br,t+17m+1—=bp 141
™

omit the country index H from now on)

N _ h _
Civ1\ [ Crrbir b b _ Cly b
~ - = ( t+1) - C_’h t+1
o

Cy Cy t

. _ h

Cit1 _ Ct_+1 bipim+1— by (bt+177 +1 b1 yi=h
Ot N Ct ™ ™

_ Crprpbam +1— b
= (G
t v

Similarly, we can derive the growth in continuation utility for these two groups. Since the
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consumption-to-utility ratios are equalized across the two groups, we have

1—v
() .
Et(Ut1+17) B ( b1 > (A.72)

U}V_t'jrl T\ bepamt+1l—biq
Et(Ut-H )

The growth of the SDF of these two groups can be written as (Mg 441 = MJ\T“ € {O,N})

/=y

Mogrer = Mot _ (Ci+1)5i(ct_+1)h,1 UO 4+l o
7 MO,t Ct Ct Et(Ut+1 )

A 1A 1—y 1/&7;7
My ti11= M1 _ (thl)z_va(cﬁl)h_l 7UNH1
” My c, c, E(US)

Note that the time ¢ + 1 state used to define the intertemporal marginal rates of substitution

above includes the investor type, N or O, which is idiosyncratic and becomes known only at time ¢+ 1.

Because the innovator type is drawn independently of aggregate shocks and pre-shock wealth, and

because conditional project payoffs are allocated within the selected group in proportion to agents’

pre-shock wealth, the equilibrium SDF in this economy (which prices claims contingent on aggregate
states) can be expressed as the conditional expectation of an individual inter-temporal marginal
rate of substitution conditional on the aggregate state at time ¢ + 1. Hence the population-weighted
cross-sectional average of investors’ inter-temporal marginal rates of substitution is a stochastic

discount factor. That is,

M1 = Mjl\zl =1 =m)Mo 41+ TMpN 41
- — L th— _1 R
:ﬁ<ct_+1> (W (bt+177+1_bt+1) v UNt+1 —i—(l—w)b_i U0t+1
Ci T Et[UtH ] ! Et[UtJrl ]

Combining with (A.72), we have (45).

Wealth ratio

First, note that the marginal utility of consumption of the representative agent in each country is

oU -

L N e i
50 (1-p)U»C »C

&=

Using homogeneity, we can compute the aggregate wealth of the representative household in the

home country, in units of the local consumption bundle:
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Similarly we can derive the wealth for foreign country,

1 1 (T
, S 1—1/1 AL/ A1—h Fi ~
Wr = 1 Ft ey o = -3 <0F7t> Cr (A.73)

Note that the wealth measures above are calculated in the units of local consumption bundles,

so the ratio of two countries’ wealth should be adjusted by the price of their respective consumption
bundles

R Ups \ 171/%
w w 5
P ZEPE_ | L A (A.74)
Wu Wy pH Ht
CH.t

The second equation comes from the fact that A\ = % (Recall (A.63)).

Asset Prices

Similar to the log case, for the stock market we have

SH = pp Y, + B

Mgrl H —ufl
Wst+1 (1 —(1—e ut“)??)

pd — B, M, ph,t+1YH,t+1(
MtH Ph,tYH,t

—uH
L+pdii)(1—(1—e f+1)n)1
F

Mt+1 F —uf
MF Sty (1 —(1-e t“)??)

ME Yr _uF
pdf = E, [ BP O (L paf)(1 - (1 “t+l>n>]
t > )

Sf =priYre + E¢

When 1 < 1, new projects are allocated not only to the inventors but also to the existing firms.
Assume there are two types of firms: those that can receive these new projects and those that
cannot. The former type trades at a higher valuation multiple in equilibrium, and we denote such
firms by H—“growth”. We denote the type that cannot receive projects as L—“value”. Firms can

transition between these two states according to the following transition probability:
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¥ = [1—193 Ps ] (A.75)

Suppose that the fraction of new projects that go to H type is w, so the L type gets 1 — w of the
total 1 —n projects. In our case, w = 1 and value firms do not receive projects. Among all the firms,
a fraction of my is the H type, and the remaining fraction 1 — myg is the L type. In the steady

state, we have

mH(l _ps) +QS(1 _mH) =mHg
psmyg+ (1 —q)(1 —mpy)=1—mpg

Solving the system, we obtain:

ds Ds
= , 1—my= . A.76
Ps +gs Ps +gs ( )

mmy

Assets in Place and Growth Opportunities Assets in place and growth opportunities,

expressed as a multiple of dividends, satisfy

Y, c
pdaps = Et<M§t+1]MLYC’tH(1 + PdCAP,tH)e_ut“)v (A.77)
Deit¥et
Pepi1Yerr1 [(1—e “it1)(1—1n) g
Tt = Et( fi1 < YC [ (I +pdiyy) +e 1 [(1—ps)G g +pSG%,t+1H)’
DetXet my
(A.78)
Det+1Yetrl _ye
GcL,t = Et( tc,t+1 %e it [QstT{,t-s-l +(1 - qS)GcL,t-H])- (A.79)
DetXet
Trade and Capital Flows
Net exports as a fraction of total output are
NXP  pniYie — prati, — Praviy, - 1 (A.80)
Y PhtYH a+(1—-a)) '
NXtF _ DiiYF —pf,tiﬁf;,t - ph,txﬂt 1 At (A.81)
Yry PriYFt 1—a+ak .
The net international investment position scaled by country’s wealth is
A wH _gH
= (A.82)
Wi Wi
A wEF - sF
L= —t 1 (A.83)
Wi Wi
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B.4 Numerical Procedure

Here, we briefly describe the numerical procedure for solving the model.

The equilibrium is obtained by jointly solving the set of non-linear equations that describe the
equilibrium conditions: (11), (13), (18), (22), (37), (A.6), (A.7), (A.8), (A.9), (A.74), (45). We put

all the equations here, as below:

On the aggregate level, we have

dlogYp; =+ 0um: +emy
dlogYpy = p+ dup; +ery

For each country’s allocation we have (A.6)-(A.9).

(0}

H
S S—
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— Ty,
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11—«
H
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TRt l—a+al Fit
Oé)\t
x?t

- 1—a+ak Bt

(A.84)
(A.85)
(A.86)

(A.87)

The displacement effect, where wy11 = Wpyi1/Wh 41 denotes the wealth ratio implied by (A.74)

rather than the expenditure ratio A¢4q:

(14 pdp 1)1 —e ittty

Prat1YF 41 1
1 +de’t+1 + (1 +de’t+1)ph,t+1YH,t+l) 1+wig1

(1+pdpi1)(1 — e “Fet)p
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(1 +de’t+1) Dft+1YF 41 + (1 + de’H'l)) 14wt

where the dividend ratio is

pf,tYF,t N 1—a+ a)\t
ph,tYH,t o+ (1 — a))\t

Post-Dividend price-dividend ratios are given by

M phy1 i H
dH — E t-‘rl 5 + ) + 1 + dH 1 _ 1 _ e*’u,t+1
pay t [MtH PriYirs ( p t+1)( ( )n)

ME S priv1Yeie
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Aggregate consumption is given by
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Cf = (zp)' ™ (xiry)® (A.93)

The two SDFs are given by (45),

. —hypo1 1- e
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We use the cross—sectional average as the aggregate SDF. After applying (A.72), write U }Vjt =

71—y [ begr1mH1—bc 141
Uecit1 (% " and UOct+1 = U} t+1bc ++1, where the common scale U, t+1 is pinned

down by the continuation-utility recursion and is shared by the N and O terms. With this notation:

1/9—y

—hip 1 _ rrl—y 1—
M v 1- v U 7
My _ g ct+1 . (bc,t+17r + bc,t+1> -l ) X ct+1
M, C'qt T ’ Et[U t+1]

C

and the wealth ratio is given by (A.74) and the lambda ratio by (A.64).

B.5 Calibration Details

The model has a total of 19 parameters. We choose the probability of household death £ = 1/40,
which corresponds to an average working life of 40 years; the mortality /annuity mechanism keeps the
within-country wealth distribution stationary and enters aggregate pricing through survival-adjusted
discounting, while the annuity redistribution is within country and does not change aggregate
country wealth. We calibrate firms’ transition probabilities ps and g5 using U.S. data. Specifically,
each year, we sort U.S. firms into growth and value categories based on the median book-to-market
breakpoint. Then we estimate the transition probability over the sample period, which yields
ps = 0.267, g5 = 0.224.

We put two restrictions on the dynamics of u shocks to reduce the number of parameters. First,
we assume that uq = ue. Hence, a transition from wu; to ue only affects the future distribution of u
(as the transition probabilities change) rather than the current level of displacement. Second, we

assume that the matrix 7" corresponds to transition matrix of a discretized AR(1) process, so that
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it could be parameterized by only two parameters—the corresponding autocorrelation parameter p

and q. Specifically, we assume that the transition matrix has the following form

p? 2p(1 - p) (1-p)?
T=|p(l-q) pe+(1-p)(1-q) q(1-p) (A.96)
(1—q)? 2q(1 - q) q°

Here, p? is the probability of staying in the lowest state once already there and ¢ is the probability
of staying in the highest state once there. We estimate the remaining parameters of the model using
a simulated minimum distance method Lee and Ingram (1991). Specifically, given a vector X of

target statistics in the data, we obtain parameter estimates by

S ! S

b = argmin (X — % ;E(@) W<X -3 Z&(@) (A.97)
where X;(p) is the vector of statistics computed in one simulation of the model. Our choice of
weighting matrix W = diag(X X’) "'y penalizes proportional deviations of the model statistics
from their empirical counterparts. Iy is a diagonal matrix that adjusts for the relative importance
of the statistics in our calibration. We apply a factor of 10 to the equity risk premium, the volatility
of exchange rate and the UIP slope. The remaining elements on the diagonal of Iy are normalized
to one.

We use different weights on the diagonal of Iy to reflect the relative importance of the following
moments: equity risk premium, the volatility of exchange rate and the UIP slope. We do this
because the magnitudes of these moments are relatively well documented in the literature, and also
speak directly to the model’s mechanism.

Our calibration targets are reported in the first column of Table 8. They include a combination
of first and second moments of aggregate quantities, asset prices and exchange rates. They are

defined as follows:

1. Consumption, output and net exports. Output is gross domestic product. Consumption
is households and NPISHs final consumption expenditure (private consumption). Net exports

are exports of goods and services minus imports of goods and services.

2. Standard deviation of aggregate quantities. We first calculate the standard deviation

for each U.S.-foreign country pair, and then we take the average and use that as our target.

3. Bilateral correlations between aggregate quantities. Similar to the standard deviation,
we first calculate the correlation for each U.S.-foreign country pair, and then we take the

average and use that as our target.

4. Real exchange rate. Inflation rates are calculated using the Consumer Price Index (CPI)
from the World Bank. The real exchange rates are calculated by adjusting nominal exchange

rates by the relative CPI index of the corresponding country.
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5. Risk-free rate and stock market returns. Risk-free rate is constructed using the three-
month T-bill yield, adjusted for realized inflation using annual changes in CPI. Stock market

returns are obtained using MSCI indexes from Datastream.

6. UIP coefficient. For each U.S.-foreign country pair, we regress the exchange rate growth

from t to t + 1 on the interest rate differentials at ¢:

Aeys,Fii+1 = aF + Burp,p(ree — Tust) + €Fg

Then we take an average of the estimated Sy;pr across all countries F' in our sample.

7. Inequality, wealth and the coefficients in regression. Income inequality and wealth data
are from the World Inequality Database; the top 1% income share includes capital income. We
use the estimated coefficients of the panel regression with country fixed effects, as in Table 4
and Table 7. In these regressions, independent variables are standardized using unconditional

moments.

8. Dollar and U.S. displacement. The correlation between the trade-weighted dollar index

and the proxy for U.S. displacement as described in section 2.6.

9. U.S. displacement and wealth ratios. The correlation between the proxy for U.S.

displacement and the growth of wealth ratios.

10. Coefficients of bi-variate regressions. The regression slopes that correspond to the

bi-variate regression in Table 4.

In addition to these standard international moments in the literature, we also target a set of
correlations. The neutral shock and displacement shock have different implications for the cyclicality
of the exchange rates. Thus, the set of correlation between exchange rates and consumption, output
and stock market, together with the set of bilateral correlations, are informative about the relative
magnitude of these two shocks. We also target the estimated coefficients of regressions (42).

We simulate the model at annual frequency. For each simulation, we first simulate 100 years of
data as burn-in, to remove the samples’ dependencies on the initial condition. Then, we simulate
the data for 50 years — the same length as our empirical sample. The simulation starts with the
symmetric steady state where the displacement shocks are at the middle state and A = 1. In each
iteration we simulate 10,000 samples, and simulate pseudo-random variables using the same seed in
each iteration.

Solving each iteration of the model is costly, and thus computing the minimum (A.97) using
standard methods is infeasible. We therefore use the Radial Basis Function (RBF) algorithm in
Bjorkman and Holmstrém (2000). The Bjorkman and Holmstrom (2000) algorithm first fits a
response surface to data by evaluating the objective function at a few points. Then, it searches for a
minimum by balancing between local and global search in an iterative fashion. We use a commercial

implementation of the RBF algorithm that is available through the TOMLAB optimization package.
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Appendix Tables and Figures

Figure A.1: Innovation and Total Factor Productivity

0.8

0.6

TFP Growth

-0.2

Year

Note: This figure plots the coefficients 85 (for s = 1,2,3,4,5) from the following specification, AA; t4+s = a + s Innoiy1 +
Be Xt + et4+s. U.S. innovation is measured as the log of the ratio of the total value of patents each year from Kogan et al. (2017)
to the total market value. TFP growth is based on annual utilization-adjusted U.S. TFP from Fernald (2014). Vector of controls
includes the lagged level of TFP and lagged level of innovation.
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Figure A.2: Foreign equity holdings and market-cap benchmark shares, 2015-2022

2015 2016
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Notes: This figure reports the TIC share of foreign equity holdings and the corresponding CRSP/Compustat
market-capitalization share for each retained industry. Shares are computed using the TIC Main Table, focusing
on operating corporate sectors by excluding funds and financial-services categories that mainly capture investment
vehicles. The Information sector combines NAICS 511-519. Appendix A provides additional details.
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Figure A.3: Cross-country Differences in Inequality Growth and Current Account Changes
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Note: This figure plots the changes in top 1% income share and current account balance (%) from 1980-2022. Income inequality

data are from the World Inequality Database, and the current account balance data are from the World Economic Outlook
Database.
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Figure A.4: Complete Market Counterfactual: Relative Wealth, Output Growth and Exchange Rates

A. Response to Displacement Shock: Early Stage (u : u; — us)
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B. Response to Displacement Shock: Mature Stage (u : us — us3)

Relative Wealth, log (Wg /W) Output Growth, (AlogY) Exchange Rate Growth (Ae)
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C. Response to Neutral Shock (¢)

Relative Wealth, log (Wx/Wr) Output Growth, (AlogY) Exchange Rate Growth (Ae)
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Note: This figure plots the impulse response of variables to a shock to the home country (v in Panel A and B, and ¢ in Panel C), for both the home country (the blue line) and the
foreign country (the red line). The model is constructed as the complete-markets counterfactual: it is calibrated at an annual frequency with the parameters in Table 9, imposing
that new projects are distributed to the entire population (7 = 1) to ensure perfect risk-sharing of u shocks. See notes to Figure 4 for further details on the computation of these

impulse responses.



Table A.1: Dollar Index Growth and Citation-Based U.S. Innovation

. Time Series Estimate .
Growth in Real Dollar (Trade-Weighted Dollar Index) Panel Estimate

(1) (2) 3) (4) ()

U.S. Innovation (citation-based)  0.023**  0.019*  0.026**  0.021* 0.021%**
(0.009)  (0.009) (0.011)  (0.011) (0.010)
Lagged dollar index Y Y Y
Lagged output growth Y Y Y Y Y
Lagged innovation Y Y Y Y Y
Lagged patent grants per capita Y Y Y
Observations 44 44 44 44 427
R2 0.104 0.185 0.114 0.198 0.191

Notes: The table reports regression results of one-year growth in the real dollar on a non-market U.S. innova-
tion measure based on patent citations:

Alog egle = a+ [ Citelnnous,t+1 + B2 Xt + €t41.
The dollar index in columns (1)—(4) is the trade-weighted average real value of the U.S. dollar against the group of
currencies in our sample. For each patent, we count forward citations over a fixed five-year horizon and subtract
the issue-year median of log(1 4 C), where C is the forward-citation count. We classify patents at or above the
80th-percentile threshold of this cohort-adjusted score as high-citation patents and aggregate their annual number
per million U.S. residents. We take logs and scale the innovation variable to unit standard deviation. The control
vector X; includes lagged output growth and lagged innovation. Columns (3)—(5) additionally control for lagged
log patent grants per million residents. The last column presents estimates from the following panel regression:

Alog egfl’f = ay + p1 CiteInnoys,i+1 + BthUS’f + eszrsl’f,

where XtU 5 accounts for the lagged bilateral real exchange-rate level, lagged innovation, lagged patent grants
per capita, and lagged growth of the output ratio between the U.S. and each foreign country. The panel consists
of Australia, Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand,
and Sweden. The sample requires a five-year forward-citation window. Standard errors in columns (1)—(4) are
Newey—West with one lag. Column (5) includes country fixed effects, and reports Driscoll and Kraay (1998)
standard errors. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.2: Dollar Index growth and U.S. Innovation

Ti ies Estimat
ime Series Estimate Panel Estimate

Growth in Real Dollar (EW Dollar Index)
(1) (2) (3) (4) (5)

U.S. Innovation (KPSS/MKT)  0.026**  0.026**  0.036**  0.039** 0.046**

(0.011)  (0.012)  (0.017)  (0.015) (0.018)
Lagged dollar index Y Y Y Y
Lagged output growth Y Y Y Y
Lagged innovation Y Y Y
Observations 49 49 49 49 467
R2 0.175 0.175 0.098 0.198 0.226

Notes: The table reports regression results of the growth of log dollar index on U.S. innovation:
AlogelSP = a+ Bilnnous,is1 + B2 Xt + €641

The sample period is 1974-2022. U.S. innovation is measured by the log of the ratio of the total value of patents
each year (Kogan et al. (2017)) to the total market value. The dollar index is computed as an equal-weighted
average real value of the U.S. dollar against the group of currencies in our sample. Control variables X; include
lagged innovation, lagged output growth and lagged dollar index level at . Both series are in logs. The last
column presents estimates from the following panel regression:

Alog ei]f'l’f = a+ Bilnnous,i1 + B X5 + e

where XtU 57 accounts for the lagged exchange rate level, lagged innovation, and the lagged growth of the out-
put ratio between the U.S. and each foreign country. The sample consists of Australia, Canada, Switzerland,
Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Independent variables
are standardized to unit standard deviation using unconditional moments. Standard errors in columns (1)—(4)
are Newey—West with one lag. Column (5) includes country fixed effects, and standard errors are Driscoll and
Kraay (1998). *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.3: Dollar Index Growth and U.S. Innovation

Dependent Variable = Trade-Weighted Dollar Index Growth

1-Year 1-Year 1-Year 3-Year 3-Year 3-Year

KPSS(avg) 0.020*  0.015 0.015  0.042*%*F  0.059***  0.063***
(0.010) (0.020) (0.019) (0.018)  (0.015) (0.027)
Lagged Dollar Index  YES NO YES YES NO YES
Lagged Innovation NO YES YES NO YES YES
Observations 49 49 49 47 47 47
R2 0.141 0.029 0.143 0.422 0.158 0.461

Notes: The table reports regression results of the growth of log dollar index on U.S. innovation:
Alog egtsfs =a+ filnnous,t,it+s + B2 Xt + €ets

The sample period is 1974-2022. U.S. innovation is measured as the log of the ratio of the average real
value of patents each year (Kogan et al. (2017)). The dollar index is computed as a trade-weighted
average real value of the U.S. dollar against the group of currencies in our sample. Control variables
X include lagged innovation and lagged dollar index level at t. Both series are in logs. The sample
consists of Australia, Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway,
New Zealand and Sweden. Independent variables are standardized to unit standard deviation using
unconditional moments. Standard errors (in parentheses) are obtained using Newey—West with one-
or three-period lags. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.4: Exchange Rate Growth and U.S. Displacement

Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Lagged U.S. displacement  0.039%%* 0.047¥% 0.030%* 0.029%*  0.038  0.051* 0.034% 0.042  0.031  0.050%%* 0.057%¥* 0.063***
(0.011)  (0.017)  (0.011) (0.017) (0.028) (0.026) (0.018) (0.026) (0.021) (0.016)  (0.019)  (0.019)

Observations 467 49 49 49 25 25 49 25 49 49 49 49
R2 0.194 0.297 0.248 0.286 0.250 0.297 0.222 0.262 0.105 0.237 0.278 0.230

Notes: The table reports regression results of the growth of log exchange rate on displacement shocks:

Aloget1 = o+ fiDisplacementyyg , + B2 Xt + 141

The sample period is 1974-2022. U.S. displacement is measured as described in section 2.6. The unbalanced panel consists of Australia, Canada, Switzerland, Germany, France,
United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. The vector of controls X; includes lagged displacement and lagged exchange rate at t. Independent variables are
standardized to unit standard deviation using unconditional moments. In individual country regressions, standard errors (in parentheses) are obtained using Newey—West with one

period lag. The panel regressions include country fixed effects, and we report Driscoll and Kraay (1998) standard errors in parentheses. Exchange rate, consumption and GDP data
are from the World Bank and the IMF. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.5: Exchange Rate Growth and U.S. Innovation

Dependent Variable = FX Growth

AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE
KPSS/MKT 0.046** 0.041***  0.012 0.019 0.003 0.030 0.012 0.002  0.045** 0.057** 0.051**
(0.022) (0.014)  (0.022) (0.039) (0.038) (0.023) (0.034) (0.026) (0.020) (0.023) (0.025)
Observations 49 49 49 25 25 49 25 49 49 49 49
R-squared 0.277 0.274 0.207 0.225 0.227 0.220 0.266 0.109 0.161 0.221 0.134

Notes: The table reports regression results of the growth of log dollar exchange rate on U.S. innovation:

logeit+1 —loger = a+ filnnous,i+1 + B2 Xt + €441

The sample period is 1974-2022. U.S. innovation is measured as the log of the ratio of the total value of patents each year (Kogan et al. (2017))
to the total market value. X; accounts for lagged exchange rate, lagged U.S. innovation, and the lagged growth of the output ratio between the
U.S. and each foreign country. The sample consists of Australia, Canada, Switzerland, Germany, France, United Kingdom, Italy, Japan, Norway,
New Zealand and Sweden. Independent variables are standardized to unit standard deviation using unconditional moments. In individual country

regressions, standard errors (in parentheses) are obtained using Newey—West with one period lag. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.6: Inequality Growth and Exchange Rates

Panel A. Exchange rate and inequality growth
Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Inequality growth 0.019%** 0.056*** -0.010  0.023  0.049  0.043 0.039** 0.097** 0.025 -0.002 0.013  0.010
(0.005)  (0.017) (0.017) (0.025) (0.062) (0.028) (0.017) (0.040) (0.023) (0.014) (0.013) (0.017)

Observations 418 49 49 42 18 25 42 18 42 42 49 42
R2 0.131 0.399 0.132 0.203 0.188 0.233 0.303 0.405 0.084 0.093 0.152 0.122

Panel B. Wealth change and inequality growth
Panel AUS CAN CHE DEU FRA GBR ITA JPN NOR NZL SWE

Inequality growth 0.022%%% 0.064*** -0.013  0.016  0.035 0.070%* 0.037*  0.069  0.045%* 0.002 0.019  0.003
(0.006)  (0.018)  (0.019) (0.027) (0.057) (0.030) (0.019) (0.046) (0.025) (0.015) (0.020) (0.020)

Observations 396 49 49 42 18 25 42 18 42 42 27 42
R2 0.107 0.416 0.124 0.108 0.164 0.355 0.142 0.331 0.198 0.154 0.122 0.112

Notes: Panel A of the table reports regression results of the growth of log exchange rate on log income inequality growth ratio.
lOg €t+1 — IOg et =« —+ BA lOg It+1 + ’YXt + Et+1

where Alog I;41 is the growth of the ratio of top 0.1% income share. The sample period is 1974-2022. The unbalanced panel consists of Australia, Canada, Switzerland,
Germany, France, United Kingdom, Italy, Japan, Norway, New Zealand and Sweden. Independent variables are standardized to unit standard deviation using
unconditional moments. In individual country regressions, standard errors (in parentheses) are obtained using Newey—West with one period lag. The panel regressions
include country fixed effects, and we report Driscoll and Kraay (1998) standard errors in parentheses. Panel B repeats the analysis with the dependent variable equal
to the growth of wealth ratios. Data on income inequality and wealth are from the World Inequality Database. Exchange-rate data are from the IMF. *p < 0.10,
**p < 0.05, **p < 0.01.
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Table A.7: Portfolio Risk Exposures — Home Relative to Foreign

Estimated Beta GMVy; —~GMVpy MKTy; — MKTrp;

tut = Ul 0.037 -0.421
Ut = U2 0.031 -0.414
UH: = U3 0.006 -0.394

Notes: The table uses 10,000 one-period simulations starting from the
symmetric steady state A\ = 1. The table reports the regression coefficients
of:

~H ~F _ v pH,p F.p
R — Ry =a+ E B (Rt,t+1 - Rt,t+1) + €41
pe{MKT,GMV}

The dependent variable is the return differential between home and foreign
households excluding the new projects. Independent variables are portfolio
return differentials on MKT and GMYV in the two countries. In the first,
second, and third rows, the home state is initialized at ug,: = w1, ung, =
ug, and um ¢ = us, respectively. In all cases, the foreign state up is drawn
from the stationary distribution.



Table A.8: Constrained Calibrations with Lower Home Bias

Moment / parameter Data Constrained recalibration

a=0.95 a=0.90

Panel A. Moments

i. Aggregate quantities

Consumption growth, mean 0.015 0.013 0.011
Consumption growth, volatility 0.022 0.021 0.033
Output growth, mean 0.015 0.013 0.011
Output growth, volatility 0.021 0.019 0.034
ii. Asset prices and exchange rates

Risk-free rate, mean 0.016 0.026 0.016
Risk-free rate, volatility 0.033 0.009 0.013
Excess stock returns, mean 0.037 0.045 0.037
Excess stock returns, volatility 0.252 0.169 0.152
Exchange rate, volatility 0.115 0.058 0.040
iii. Univariate regression slopes

Consumption growth and wealth growth 0.008 0.023 0.016
Output growth and wealth growth 0.005 0.003 -0.003
Exchange rate growth and inequality growth 0.017 0.036 0.017
U.S. displacement shocks and U.S. wealth ratio growth 0.053 0.040 0.035

iv. Bivariate regression slopes
Exchange rate and

—relative consumption growth -0.020 -0.027 -0.030
—relative wealth growth 0.107 0.083 0.045
Exchange rate and
—relative output growth -0.016 -0.012 -0.026
—relative wealth growth 0.103 0.061 0.029
v. Pairwise correlations
Consumption growth, home and foreign 0.454 0.485 0.590
Output growth, home and foreign 0.596 0.821 0.529
Stock returns, home and foreign 0.598 -0.116 0.394
Trade surplus growth and consumption growth -0.299 -0.354 -0.192
vi. Other moments
Uncovered interest parity slope -0.372 -0.418 -0.357
Dollar index growth and U.S. displacement, correlation 0.371 0.375 0.426

Panel B. Parameter values

i. Preferences

Home bias, « - 0.950 0.900
Preference for own consumption, h — 0.198 0.203
Subjective discount factor, 8 - 0.974 0.978
Risk aversion, - 6.100 5.500
Elasticity of intertemporal substitution, ¥ - 1.603 1.412
ii. Endowments and shock processes

Displacement shock productivity, § - 0.223 0.187
Measure of project receivers, 7 - 0.080 0.111
Mean of output growth, p — 0.010 0.008
Displacement shock low and middle state, u; = u2 — 0.001 0.002
Displacement shock high state, us - 0.222 0.261
Persistence in low state, p - 0.938 0.901
Persistence in high state, ¢ - 0.828 0.676
Volatility of neutral shock, o - 0.017 0.033
Technology spillover Own-country displacement loading, p., - 0.746 0.659
Correlation of neutral shocks, pe - 0.861 0.507
Fraction of projects accruing to inventors, n - 0.684 0.837

Notes: This table reports constrained recalibrations of the quantitative model in which the home-bias pa-
rameter « is fixed at 0.95 or 0.90. In each constrained recalibration, the remaining internally calibrated
parameters are recalibrated using the same simulated minimum distance procedure as in the baseline calibra-
tion. Panel A reports data moments and median simulated moments. Panel B reports the corresponding
parameter values. The baseline calibration is not repeated here.
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Table A.9: Exchange-Rate Growth, Wealth Growth, and Consumption Growth

Dependent variable: Real exchange-rate growth

(1) 2 3) 4) ) (6)

Relative wealth ($) growth 0.100%** 0.107%**
(0.004) (0.004)
Relative wealth (LCU) growth 0.101 -0.013
(0.121) (0.036)
Nominal exchange-rate growth 0.112%FF (. 112%** 0.112%%*
(0.002)  (0.001) (0.002)
Relative consumption growth -0.001 -0.019%**  -0.001

(0.002)  (0.004)  (0.002)

Observations 420 420 420 420 420 420

Notes: The table reports panel regressions of bilateral real exchange-rate growth on alternative components of the
common-currency relative-wealth measure. Columns (1)—(3) separately include dollar-denominated relative wealth
growth, local-currency relative wealth growth, and nominal exchange-rate growth. Column (4) adds relative consump-
tion growth to nominal exchange-rate growth; column (5) adds relative consumption growth to dollar-denominated
relative wealth growth; and column (6) jointly includes nominal exchange-rate growth, local-currency relative wealth
growth, and relative consumption growth. All specifications include country fixed effects, the lagged level of the real
exchange rate, and the lagged level of each included explanatory variable. Dollar-denominated relative wealth growth,
nominal exchange-rate growth, and relative consumption growth are standardized to unit standard deviation using
unconditional moments; local-currency relative wealth growth is reported in log-difference units. The sample period is
1974-2022. The unbalanced panel consists of Australia, Canada, France, Germany, Italy, Japan, New Zealand, Norway,
Sweden, United Kingdom, and Switzerland. Driscoll-Kraay standard errors are reported in parentheses (Driscoll and
Kraay, 1998). Wealth data are from the World Inequality Database. Exchange-rate and consumption data are from the
World Bank and the IMF. *p < 0.10, **p < 0.05, ***p < 0.01.
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