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Motivations

▶ Understanding the link between exchange rates and economic
fundamentals is a central issue in international finance
(James, Marsh, and Sarno, 2012; Rossi, 2013)
▶ Strong empirical evidence of the exchange rate-fundamentals

connection remains lacking in the literature(Meese and Rogoff,
1986; Mark, 1995; Cheung, Chinn, and Pascual, 2005 etc)

▶ Recent studies document the adverse impact of FX
uncertainty on economic growth, production, and income at
the aggregate level (Frankel and Rose, 2002; Aghion,
Bacchetta, Rancière, and Rogoff, 2009).)

▶ At the firm level, excessive exchange rate volatility would
increase uncertainty, which unavoidably impacts their
operation and investment decisions
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What’s New

▶ We examine the real effects of FX volatility from an important
yet hitherto unexplored perspective: firm-level technological
innovation.
▶ The importance of technological innovation in promoting

economic growth (Solow (1957), Kydland and Prescott (1982),
Romer (1986, 1990))

▶ Innovation activities are long-term risky investments, which are
highly subject to macroeconomic uncertainty (RBC model:
Aghion, Angeletos, Banerjee, and Manova (2010); Real option
models of Bloom and Van Reenen (2002) and Bloom, Bond,
and Van Reenen (2007))

▶ R&D: intangible long-term investment creates growth option,
determines long term value, much risky, countercyclical, and
recently grows much faster than traditional tangible investment

▶ A lack of empirical evidence on the role of international
finance on firm-level innovation activities.
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What We Do and What We Find

▶ Firms with higher foreign exchange volatility hold more cash
and produce fewer patents and patents with fewer citations

▶ We use a Bartik-style instrument and two major historical
shocks to identify the effect of FX volatility

▶ The negative relation can be attributed to firms’
precautionary savings needs and overall trade slowdown

▶ The negative relation is stronger for firms with financial
constraints, with smaller size, with the use of foreign debt,
and in more open economies

▶ The negative relation is weaker for firms with derivatives
hedging, and in countries with better financial development
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Contributions

▶ This paper adds new evidence to the literature on the real
effects of FX volatility.
▶ Existing studies on FX volatility mainly focus on the asset

pricing implications
▶ Arguably one of the first to analyze the impact of FX volatility

on firm operations.
▶ New insights into the exchange rate-fundamentals connection

▶ From a broader perspective, this work is related to the debate
on the stability and regulation of foreign exchange rates
▶ One reason for FX volatility to slow down economic growth is

through reducing innovation activities and investments.
▶ Provides new evidence for the adverse effects of

macroeconomic uncertainty on intangible investments
▶ Supports the argument that government policies for reducing

macroeconomic uncertainty is important for knowledge capital
accumulation and application

▶ Focus on a more specific and precisely measured uncertainty
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Exchange Rate Data and Exchange Rate Volatility

▶ Exchange rate data: 48 daily USD-denominated spot
exchange rates from January 1989 to December 2018 from
Datastream (as in Menkhoff et al.,2012)

▶ Exchange rate change: rm,t = ∆sm,t = Ln(Sm,t)− Ln(Sm,t−1)

▶ Market-level exchange rate volatility : Realized volatility

Volm,t =
√

1
K

∑K
k=1(rm,t,k − rm,t)2, for currency for market

m, day k , year t.
▶ Firm-level weighted average exchange rate volatility for firm f :

Volf ,m,t =
∑M

m=1 volm,t ∗ Exposuref ,m,t =
∑M

m=1 volm,tSalesf ,m,t∑M
m=1 Salesf ,m,t

▶ It can be viewed as a general version of “Bartik (1991)-style
”instrument. (Goldsmith-Pinkham, Sorkin, and Swift, 2020;
Kelpacz, 2021)
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Currency Derivatives Usage and Foreign Debt

▶ Currency derivatives usage
Following Allayannis et al, (2012), We hand collect firm level
currency derivatives usage information by searching for keywords
such as “derivatives”, “hedging”, and “foreign exchange” or
“exchange rate” or “currency” from SEC 20-F annual reports (for
US listed international firms) and from Reuters Eikon (for non-US
listed firms)
We consider derivative usage firms and non-usage firms

▶ Foreign debt
Following Kalemli-Ozcan, Liu, and Shim (2021), We construct a
firm-level foreign debt measure based on the market-level foreign
debt.
i)construct a market-level foreign debt measure based on the
non-financial sector debt share (from BIS), ii) firm-level foreign debt
by assuming each firm’s foreign debt share is equal to the aggregate
market-level foreign debt share, iii)obtain firm-level foreign debt by
multiplying firm-level total debt by foreign debt share
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Firm-Level Innovation Measures

▶ We consider six prevalent measures of firm innovation
activities

▶ R&D expenditure to total asset ratio (innovation inputs) from
Computat-Global/Worldscope

▶ Patent (quantity of innovation outputs)
Patents that are registered in home country (REGPAT) and in
the US (Univ of Virginia, USPTO, NBER)

▶ Citation (quality of innovation outputs)
Citation of patents registered in home country (REGPAT) and
in the US (Univ of Virginia, USPTO, NBER)

▶ Propensity to file a patent in a year (extensive margin)
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Other Innovation Characteristics

▶ We also go beyond the number and citation of patents
(innovation intensity) and consider in depth four measures of
patents’ characteristics (direction of innovations)

▶ Originality and Generality follow Hall et al (2005)
Originality (Generality): Patents that cite (being cited) a
wider array of technology classes of patents

▶ Exploration and Exploitation follow Benner and Tushman
(2002)
Exploration (Exploitation): 80% or more of its citations are
based on new knowledge outside (within) of a firm’s existing
expertise
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Other Firm-Specific Control Variables and Sample Construction

▶ Conventional firm-specific control variables from
Compustat-Global/Worldscope
Tobin Q, EBITDA, earnings volatility, loss, leverage, pre-tax
book income (PTBI), volatility of PTBI, sales change, size,
and firm age

▶ Initial Sample from Compustat-Global/Worldscope with i)
foreign sales information from FactSet Geographic Exposure,
ii)available exchange rate data from Datastream, iii)merge
with patent and citation data from REGPET and USPTO,
iv)keep only firms with at least one patent granted

▶ Final Sample of 10,624 firm-year observations in 32 markets
from 1989 to 2018

Currency Volatility and Global Technological Innovation Po-Hsuan Hsu1, Mark P.Taylor2, Zigan Wang3, Qi Xu4



Introduction Data and Variables Empirical Analysis Mechanisms Conclusion

Summary Statistics
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Baseline Results: Effects of firm-level FX vol on innovations

▶ Innovf ,m,t+k = α+βVolf ,m,t +Xf ,m,t +Φf +Φm,m′,t + ϵf ,m,t+k

▶ Innovf ,m,t+k is one of the six innovation measures of R&D
(RD RATIO AT), patent (PATENT DOM LN,
PATENT US LN), citation (CITATION DOM LN,
CITATION US LN), and propensity to file a patent
(FILE PATENT DUMMY), and a measure of firm cash holding
(CASH RATIO AT)

▶ Volf ,m,t is the firm-level weighted average foreign exchange
volatility (WEIGHTED VOL)

▶ Xf ,m,t includes weighted exchange rate changes and other firm
level control variables

▶ We include market-market-year fixed effects Φm,m′,t(absorb not
only market-level macro variables but also bilateral variables)

▶ We also include firm fixed effects, cluster standard errors at
market level
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Baseline Results: Effects of firm-level FX vol on innovations

Currency Volatility and Global Technological Innovation Po-Hsuan Hsu1, Mark P.Taylor2, Zigan Wang3, Qi Xu4



Introduction Data and Variables Empirical Analysis Mechanisms Conclusion

Baseline Results: Effects of firm-level FX vol on innovations

▶ The effects of FX volatility are negative and significant for
innovation inputs, outputs, and propensity to innovate;
positive and significant for cash holdings

▶ Not only statistically significant but also economically
meaningful

▶ One standard deviation increase in the volatility results in
7.3% decrease in R&D ratio, 2% and 0.3% decreases in
domestic patent and citations, and 7.8% and 6.8% decreases
in US patent and citations, 21.4% decrease in propensity to
file a patent, and 1.7% increase in cash holdings.
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Innovation Characteristics
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Innovation Characteristics

▶ Higher FX volatility is positively associated with generality
and exploitation ratio

▶ It is negatively associated with originality and exploration ratio

▶ FX volatility discourages long-term investment in innovation
projects that are radical and different from firms’ existing
expertise

▶ The positive relation with patent generality and exploitation
can be attributed to firms’ resource-shifting
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Robustness Checks

▶ Results hold for GARCH volatility

▶ Using two historical shocks in the FX markets: exchange rate
regime changes (from float to fixed and from fixed to float)
and 1992 European Exchange Rate Mechanism (ERM) Black
Wednesday confirm our main findings and strengthen the
identification
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Mechanisms: Precautionary saving needs

▶ When FX volatility surges, firms are concerned about future
profits and cash flows and may thus delay their investments
and initiatives to enhance their precautionary savings

▶ It is difficult for firms to collateralize their innovation outputs
that often take the form of intellectual property and such
difficulty increases firms’ needs for precautionary savings
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Financial Constraint
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Firm Sales
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Foreign Debt
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Financial Development
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Earnings Forecast Dispersions
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Mechanisms: Precautionary saving needs

▶ Firm may cut innovation investment to hold more cash in
order to sustain day to day business (Cash holding as the
dependent variable)

▶ The negative FX volatility-innovation relation is stronger for
firms with tightened financial constraint (use the interaction
term between FX uncertainty and Kaplan and Zingales (1997)
KZ financial constraint index)

▶ The negative relation is weaker in firms with higher sales

▶ The negative relation is stronger in firms with foreign debts

▶ The negative relation is weaker for firms in countries with
better developed financial markets

▶ FX volatility is followed by higher earning uncertainty (Analyst
earnings forecast dispersions from IBES as the dependent
variable)
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Mechanisms: Trade slowdown

▶ Since high-tech or innovative firms rely on international trade
and cross-border activities to a greater extent, they are also
hurt the most by trade slowdowns due to FX volatility (Kenen
and Rodrik, 1986)

▶ High FX volatility may therefore impede high-tech firms
exporting their products and importing innovation input
materials, which likely leads to lower patent outputs

Currency Volatility and Global Technological Innovation Po-Hsuan Hsu1, Mark P.Taylor2, Zigan Wang3, Qi Xu4



Introduction Data and Variables Empirical Analysis Mechanisms Conclusion

The Use of Currency Derivatives
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Economic Openness
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Mechanisms: Trade slowdown

▶ The negative FX volatility-innovation relation for firms to use
currency derivatives to hedge their FX exposures

▶ The negative relation is stronger for countries with higher
degrees of economic openness
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Conclusion

▶ A cross-country firm-level empirical investigation about the
real effect of foreign exchange volatility on technological
innovations

▶ Construct a firm-level weighted average FX volatility
(Bartik-style instrument) along with two historical FX shocks
to enhance identification

▶ FX volatility negatively affects innovation inputs, innovation
outputs, propensity to innovate, while positively affects cash
holdings

▶ FX volatility positively affects innovation generality and
exploitation ratio while negatively affects innovation original
and exploration ratio

▶ Both precautionary saving and trade slowdown contribute to
the negative relation
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Thank You!
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Appendix:GARCH Volaility
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Appendix:Exchange Rate Regime Changes
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Appendix:European Exchange Rate Regime (ERM) Shock
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