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Motivation

> According to models and intuition, exchange rates may affect firms

> through international trade (exports vs imports),

> through international financing and investing (assets vs liabilities).

» But firms may hedge

> financially: e.g., forwards & futures, options, swaps, foreign-currency debt

> operationally: production & sales across countries

> After hedging, is there any remaining impact of exchange rates on firms?

> At the aggregate level? Exchange rate disconnect puzzle (Meese and Rogoff, 1983)

» At the micro level?



Exchange Rates and Real Macroeconomic Variables
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Our Approach

» We study the impact of exchange rates at the firm level in six major currency areas (US,
euro area, Japan, Taiwan, South Korea, and India)

» Using publicly available financial statements, focusing on FX transaction income

> Intuition: e.g., think of a Japanese firm that exports in U.S. dollars but receives those dollars
three months later

> If the local currency (yen) appreciates and the U.S. dollar depreciates, the Japanese firm
collects less yen: that’s a FX transaction income loss

> Measured net of financial hedging (e.g. through derivatives), includes the impact on exports
and imports, assets and liabilities (e.g., foreign currency debt)

» Signals firms’ exposure to exchange rate risk



Aggregate FX Transaction Income: India and Taiwan
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Total FX transaction income of all Indian (left) and Taiwanese (right) firms in each year, scaled by total
operating income. A positive change in exchange rate indicates a local currency appreciation against the U.S.
dollar.



Summary of Results

1. Limited financial hedging: FX transaction income comove with exchange rate changes

> Across countries: a local currency appreciation leads to aggregate income gains (South
Korea, India, euro area) or losses (Japan, Taiwan)

> Across industries: when the local currency appreciates, FX transaction income losses
increase with net exports

> Across firms: when the local currency appreciates, FX transaction income gains increase
with foreign currency debt issuance

2. Limited to no operational hedging

» FX transaction income passes through to the firms' final profits

3. Exchange rates affect some firms' profits

> Firms with large FX transaction exposure react more: a 10% exchange rate movement leads to
income differences as large as 0.8% of total assets (compared to median income/assets of 4%)
between the top and bottom quartiles of exposed firms in each country
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Game Plan. ..

Financial Hedging

Operational Hedging

Exchange Rate Changes }—- FX Transaction Income .




Road Map

1. Review of FX Accounting
2. Determinants of FX Transaction Risk Exposure
3. Passthrough of FX Transaction Income to Profits

4. Exchange Rate Changes and Profits



Review of FX Accounting



Example: FX Transaction Income in Nintendo's Income Statement

Income Statement April 2015 — March 2016
Net sales 4,464
Cost of sales 2,508
Selling, general and administrative expenses 1,664
290

Operating Income

Non-operating net income

Interest net income 41
Foreign exchange gains/losses (162)
Total non-operating net income (36)

Ordinary income 254
Extraordinary income (10)
Profit before income taxes 245
146

Profit
Nintendo’s consolidated statements of income, in millions of U.S. dollars. Fiscal year from April 1, 2015 to March 31, 2016.

P FX transaction income (foreign exchange loss) / Sales = —162/4, 464 = —3.6%
P FX transaction income / Operating income = —162/290 = —55.9%



Review of FX Accounting

» Firms report financial statements in a single “functional” currency (e.g. Japanese yen)

> ...but may have assets and liabilities denominated in other currencies (e.g. U.S. dollar)
> Accounts receivable (sales invoiced in foreign currency, with payment delay)
» Accounts payable
> Foreign currency debt

> Foreign currency cash or securities holdings

» |n the income statement, FX transaction income summarizes the overall effect of
exchange rate changes on the value of monetary items (e.g., debt, accounts
receivables/payables, cash)

> Net of gains/losses on financial hedging positions (e.g. FX forward contracts)



Example: Japanese Firm Sells in US$, No Hedging
December 31, 20X0:
» A Japanese firm invoices a sale for $1M
> Will receive payment three months later on March 31, 20X1
» Spot exchange rate: ¥100 = $1

March 31, 20X1:
» Japanese firm collects $1M from customer
» Yen has appreciated against the dollar: new spot exchange rate is ¥90 = $1
» Firm reports annual financial statement for fiscal year 20X0 (ending March 31, 20X1)

Income Statement
FY 20X0

Sales ¥100M
Non-Operating Income

FX Transaction Income —¥10M
Income Before Taxes ¥o0M

FX transaction loss reconciles the difference between initial value of the $1M sale (in JP¥) and
value on the payment date, based on spot exchange rates at each date



Example: Japanese Firm Sells in US$, With Hedging
December 31, 20X0:
» A Japanese firm invoices a sale for $1M
» The firm also enters a forward contract to exchange $1M for ¥99M on March 31, 20X1
» Spot exchange rate: ¥100 = $1

March 31, 20X1:
» Japanese firm collects $1M from customer
> Settles forward contract to receive ¥99M
» Reported FX transaction income determined by difference between forward and spot rates
at invoice date

Income Statement

FY 20X0

Sales ¥100M
Non-Operating Income

FX Transaction Income —¥1M

Income Before Taxes ¥ooM

When the firm financially hedges, FX transaction income is unaffected by changes in
spot exchange rates



Example: Japanese Firm Borrows in US$
March 31, 20X1:
» A Japanese firm has a 2-year zero coupon bond outstanding, with face value $1M
» Spot exchange rate: ¥90 = $1

March 31, 20X2:
» Yen appreciates against the dollar: new spot exchange rate is ¥80 = $1
» Firm reports annual financial statement for fiscal year 20X1 (ending March 31, 20X2)

Balance Sheet Income Statement
FY 20X0 FY 20X1 FY 20X1
Assets e e Non-Operating Income
FX Transaction Income  +¥10M
Liabilities .. ...
Debt ¥ooMm ¥80M

FX transaction gain measures the fall in JP¥ value of the firm's US$ debt



Example: FX Transaction Income for Nintendo
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» An increase of the exchange rate corresponds to an appreciation of the yen
(the domestic currency for a Japanese firm).

» When the yen appreciates, Nintendo records FX transaction losses.



Pros and Cons of FX Transaction Income

Pros
1. Publicly available, large sample
2. Net of financial hedging

3. Income statement: aggregate (exports & imports, assets & liabilities), realized and
unrealized gains and losses, aggregated across subsidiaries

Cons

1. Misses some FX exposure: notably, competitivity issues without payment delays (e.g.
wages), effect on future revenues/costs (e.g. “cash flow" hedges), subsidiaries’ valuation
effects, second-round exposure

2. Net of financial hedging: no details on actual financial hedging contracts

3. Aggregates international trade & financial exposure



Determinants of Firms’ FX Transaction Risk Exposure



Data

» Sources:
> Annual accounting data: Compustat Fundamentals files, North America and Global
» Stock prices: Compustat Security files
» Foreign currency debt: Capital IQ Capital Structure Debt file
» Country-by-industry international trade flows: World Input-Output Database

> Foreign sales: Worldscope
» Exchange rates:

> U.S. dollar bilateral exchange rates for non-U.S. countries

> BIS effective exchange rate index for U.S.

» Sample:
> Six countries/currency areas: United States, euro area, Japan, Taiwan, South Korea, India
> Keep firms headquartered in country/area that report financial statements in domestic currency

> Non-financial firms (drop finance, real estate, and utilities); apply standard filters
> Sample period: 1987-2020

> All variables winsorized at (1%, 99%) percentiles



Missing Data

» Firm-level imports (available for example in the Census’ Longitudinal Firm Trade
Transactions Database)

» Currency of denomination for trade credit
» Foreign currency cash/security holdings
» FX derivatives (sometimes in footnotes of annual reports)

» Details of operational hedging, foreign currency transactions without payment delay, etc.



Aggregate FX Transaction Income Across Countries .. e o spsins income
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Aggregate Response to a 10 % Local Currency Appreciation

Taiwan Japan United States Euro area India South Korea
FX Transaction Income scaled by operating income

—5.77% —0.77% —0.14% +0.47% +3.22% +5.12%

(1.31) (0.27) (0.16) (0.29) (0.32) (1.39)

Notes: Operating income is total revenue minus COGS minus operating expenses; FX transaction income is not part of operating income. Standard errors by bootstrapping.

» In Japan and Taiwan, a 10% appreciation of the local currency means aggregate
FX transaction losses equal to 0.8% and 5.8% of operating income.

» In India and South Korea, a 10% appreciation of the local currency means
aggregate FX transaction gains equal to 3.2% and 5.1% of operating income.

» But aggregate FX transaction income is a small percentage of GDP!



Beyond Aggregate FX Transaction Income

» Firm-level FX exposure is persistent

> Conditioning on FX transaction income this year, 95% chance of FX transaction income next year.

» Firm-level FX exposure is heterogenous

» When the local currency appreciates, some firms gain, some lose.

> The median firm-year observation of FX transaction income is 0. Even among non-zero FX
transaction observations, the median value is small.

> But some firms are highly exposed:

> A quarter of the observations imply a shock of more than 10% of pre-tax income in Japan,
Taiwan, South Korea, and India

> Let's use the cross-section of firms to test potential determinants of FX transaction income



Firm-level FX Transaction Income: Local Currency Appreciations
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Firm-level FX Transaction Income: Local Currency Depreciations

United States, 2017 Euro Area, 2005 Japan, 2000
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Determinants of Firms' FX Transaction Risk Exposure

Estimate, for each country, the sensitivity of FX transaction income to exchange rate change
As;, conditional on vector of firm characteristics X; ;:

FX Transaction Income;
bt = o + BAs: + r (Ast X Xi,t) +€it
Assets; ;

» As; > 0 indicates an appreciation of the local currency

> X
> Industry-level net exports / output

> Firm-level foreign currency debt / assets
» Controlling for firm-level log total assets, cash / assets, and net trade credit / assets



Determinants of Firms' FX Transaction Risk Exposure

FX Transaction Income / Assets (basis points)

USA EUR JPN TWN KOR TIND
) () (3) (4) (5) (6)
Exchange rate change Asy (%) —1.33%%* —0.55%** —0.71%** —4.07*** —0.74 1.76%**
(0.25) (0.11) (0.09) (0.32) (0.53) (0.46)
Ast X Industry Net Exports / Output 1.29 —0.50 —6.39%** —13.28%** —11.85%** —3.36%*
(1.71) (0.80) (0.60) (0.92) (1.38) (1.24)
Ast X Log Assets (std.) 0.88%** 0.36%** —0.03 1.77%** 0.36* 0.06
(0.25) (0.08) (0.07) (0.22) (0.18) (0.14)
Ast X Cash / Assets (std.) —0.01 —0.26%** —0.22%** —2.34%** —1.19%** —0.24%*
(0.15) (0.08) (0.06) (0.42) (0.16) (0.10)
Ast x Net Trade Credit / Assets (std.) 0.04 —0.11 —0.01 —1.39%** —1.46%** —0.68%*
(0.20) (0.08) (0.04) (0.18) (0.27) (0.24)
Ast X Foreign Currency Debt / Assets 1.29 2.52 —4.09 35.97%** 60.22%** 17.37%**
(7.02) (1.57) (10.00) (4.90) (3.44) (2.95)
Firm FEs? Y Y Y Y Y Y
Observations 10,248 20,936 36,589 22,304 21,249 22,083
R? 0.22 0.14 0.21 0.39 0.25 0.24
Note: *p<0.1; **p<0.05; ***p<0.01

P> Example: A 10% appreciation of the New Taiwanese dollar against the U.S. dollar leads a typical firm in a high-export industry (net exports equal to 50% of their gross
output) to report a FX transaction loss equal to 10 X (—4.07 — 13.28 X 0.5) basis points & 1.07% of total firm assets, twice as large as the 0.41% FX transaction
loss that would be reported by a typical firm in an industry with no foreign currency debt and no net exports.

> Following a local currency appreciation, FX transaction losses increase with the amount of cash and trade credit: is some of it kept in foreign currency?

P> For a Korean firm with foreign currency debt equal to 10% of assets (roughly the 90th percentile), a 10% appreciation of the Korean won against the U.S. dollar leads to
an additional FX transaction gain of 0.60% of total assets. (Median Income,/Assets =3%)



Local Currency Appreciation = Losses for Exporters, Gains for Importers
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Local Currency Appreciation = Gains for Foreign Currency Borrowers

FX Transaction Income; ;

= aj + As; X E nleCLeverageQuint/'le:k + r’ (AS[ X Xi,t) + it

k

Assets; ;
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From Micro to Macro
1. For each country ¢, a panel regression:

K
=i+ /8 X Ascvt + Z’Yk X Xi,k,t X Ascﬁt + €I',t
k=1

FX Transaction Income; ¢

Assets; ;

> the “baseline” component: §io: =
> the component attributable to firm characteristic k: &; k.t = Yk Xi k.t

2. The weighted-average component-specific loading for firms in country c is

Assets; ; ~
Ock = 5 X Okt
E Assets; ¢/

it

> Three groups of firm characteristics:
> Industry-level net exports / output and firm-level net trade credit / assets,
> Firm-level foreign currency debt / assets,

> Others: baseline component, firm-level log total assets, and cash / assets.



Determinants of FX Transaction Income Across Countries

w

N

[

and components (colored)
R o

|
N

Average loading, asset-weighted (black)

|
w

TWN JPN USA EUR KOR IND
B Trade [ FC Debt Other

Average regression-implied exchange rate loading for firm-year observations in each country, where the average is weighted by total firm assets. “Trade” includes industry net
exports and firm-level net trade credit. “OtherAl" includes baseline, cash and firm sizes (log assets).



Taking Stock

» Firms report non-zero FX transaction income, correlated with exchange rate changes

> The correlation varies with the net trade exposure and the foreign currency debt

> Note: FX transaction income also includes revaluation of other items that we don't directly observe (e.g. foreign
currency cash holdings)

= Firms have large unhedged exposures to exchange rate risk

> Why hedge? Managerial risk aversion, convex taxes, financial distress costs and debt overhang, asymmetric

information, costly external financing

> Why not fu||y? Left out to investors or government, hedging costs (e.g., collateral costs and manager attention

costs), uncertain cash flows, expected currency carry trade returns, time-varying investment opportunities,
behavioral biases.

> Are the firms hedging operationally?



Passthrough of FX Transaction Income to Profits



FX Transaction Income and Firm Profits

How much of firms’ reported FX transaction income passes through to their final profits?

Pre-tax Income; ;
Assets; ;1

FX Transaction Income; ;
Assets; ;1

= ;i + Opnagiy,e + 8

Eit

» «; = firm fixed effects

> Oing(i),e = industry-year fixed effects

B < 1if FX transaction income is partially hedged by other components of income.

> e.g. currency risk arising from foreign currency sales (with payment delay) is partially
offset by foreign currency costs (without payment delay)

Since FX transaction income is part of total pretax income: 5 =1 in the absence of this
operational hedging.



FX Transaction Income: Passthrough to Firm Profits

Pre-tax Income; ¢ FX Transaction Income; ;

= aj + Oppa(iy,e + 8

Eit

Assets; 1 Assets; 1

Pretax Income / Lagged Assets (%)

USA EUR JPN TWN KOR IND
(1) (2 (3) (4) (5) (6)
FX Transaction Income / Lagged Assets (%)  0.65**  0.98***  0.52***  0.99***  0.77***  0.85***
(0.31) (0.25) (0.14) (0.22) (0.09) (0.09)
Firm FEs? Y Y Y Y Y Y
Industry-Year FEs? Y Y Y Y Y Y
Observations 11,679 15,865 55,612 18,550 21,914 17,837
R? 0.69 0.62 0.51 0.59 0.50 0.64
Note: Standard errors double-clustered by firm and year reported in parentheses. *p<0.1; **p<0.05; ***p<0.01

Large passthrough to profits suggests limited or no operational hedging of FX transaction risk

> e.g. through sales/purchases in foreign currency without payment delay, wages, etc.



Impact on Profits

» Passthrough

> A ¥100 FX transaction loss means a ¥52 net income reduction — lowest passthrough
» A TWN$100 FX transaction loss means a TWN$99 net income reduction — highest

passthrough in our sample
> Interpretation: no full hedging, considering both financial and operational hedging
> Left out to investors or government, hedging costs (e.g., collateral costs and manager attention costs), uncertain
cash flows, expected currency carry trade returns, time-varying investment opportunities, behavioral biases?
» Zooming in on Japan

> When the yen appreciates (and the US dollar depreciates), the average Japanese firm in our
sample records some FX transaction income losses.

> Part of these losses are offset by larger sales (sticky prices in dollars, US dollar depreciates
against many currencies, and thus “cheaper” products: competitivity channel)

> More limited “competitivity” channel in other countries?



Exchange Rate Changes and Profits



Impact of Exchange Rate Changes on Profits

Financial Hedging

Operational Hedging

Exchange Rate Changes }—- FX Transaction Income .




Exchange Rates and Firm Profits

1. In each year t, sort firms into four FX exposure groups based on realized values of
FXTransactionIncomeht/Assets,-,t_l (using only firms that report a nonzero value):

> Sort firms in increasing order if local currency appreciates in year t (As; > 0)
> Sort firms in decreasing order if local currency depreciates in year t (As; < 0)

Intuition: the Japanese firm that exports in $ reports some FX transaction losses when the
local currency appreciates (As; > 0) and FX transaction gains when the local currency
depreciates (As; < 0) — first quartile



Exchange Rates and Firm Profits

1. In each year t, sort firms into four FX exposure groups based on realized values of
FXTransactionlncomeht/Assets,-,t_1 (using only firms that report a nonzero value):

> Sort firms in increasing order if local currency appreciates in year t (As; > 0)
> Sort firms in decreasing order if local currency depreciates in year t (As; < 0)

Intuition: the Japanese firm that exports in $ reports some FX transaction losses when the
local currency appreciates (As; > 0) and FX transaction gains when the local currency
depreciates (As; < 0) — first quartile

2. Regress profits on interactions between As; and lagged indicators for FX exposure:

4

’
=a;+ elndustry(i),t + As; x § Aklex exposure quartile (i,t—1)=k +I Xi,t—l +€ite
k=2

Pre-tax Income; ;

Assets; ;1

Following a 1% appreciation of the local currency, Ax measures the expected difference in
income between firms in exposure group k and those in group 1 (in basis points, scaled by lagged

firm assets)



Exchange Rates and Firm Profits: Estimates

Pre-tax Income / Lagged Assets (basis points)

USA EUR JPN TWN KOR IND
1) 2 ®3) 4) (5) (6)
A Exchange Rate (%) x 1(2nd FX loading quartile) 4.38 4.82* 220" 6.81"** —2.42 0.33

(6.12)  (241) (1.01)  (235)  (243)  (1.61)

A Exchange Rate (%) x 1(3rd FX loading quartile) 7.34 5.55**  2.69**  8.70*** 2.42 1.80
(5.89)  (2.28)  (1.00) (1.65) (1.83) (2.00)

A Exchange Rate (%) x 1(4th FX loading quartile) 9.97 2.65 2.42% 4.61* 8.19"**  4.39**
(6.43)  (3.34) (1.10)  (264)  (174)  (1.63)

Firm FEs? Y Y Y Y Y Y
Industry-Year FEs? Y Y Y Y Y Y
Lagged Controls: Log Assets, Cash / Assets, Leverage, Market-to-Book
Observations 12,940 13,009 28,301 20,652 25,237 16,054
R? 0.73 0.68 0.60 0.64 0.53 0.68
Note: *p<0.1; **p<0.05; ***p<0.01

> For firms in the top FX exposure quartile: 10% appreciation of the local currency = income gains
ranging from 0.2% to 0.8% of assets (relative to firms in the lowest FX exposure quartile — this is a
local effect)

> For comparison: sample median income / assets = 4%



Identification: Potential issues

Example: When the yen appreciates, the Japanese firm records FX transaction losses, and its profit margin decreases.
P External validity? — All public firms, sample of developed and developing economies

P Reverse causality? — Exchange rates are exogenous to each firm
P Omitted variables?

> Could something else be decreasing the profit margin at the same time?
> Something that is not in our firm-level controls (log assets, cash / assets, leverage, market-to-book, all
lagged) and not in the firm and time X industry fixed effects?

> Example: Time-varying manager’s risk aversion + FX predictability

> If the manager’s risk aversion Y\, (and hedging decreases) just before a Yen appreciation (e.g., in a global
crisis), then the firm experiences unusual FX transaction losses. At the same time, because of the global
crisis, the firm reports low profits.

> But 1) predicting exchange rates is hard, 2) this would imply a link between the exchange rate shocks and
the operating profits (data: only in India for last quartile), and 3) it is not clear why this firm would be in
the first quartile

» How could exchange rates not affect net income?
> Only if the firm is not exposed or if it perfectly hedges (financially and/or operationally)

> We're focusing on exposed firms, and we found that they don't hedge perfectly



Conclusion — in graphs
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Conclusion

Using publicly available data, we characterize firms' exposure to exchange rate risk

» Limited financial hedging

» Many firms report large FX transaction gains and losses that strongly comove with changes
in exchange rates

> International trade: local currency appreciation = income losses for exporters

> Foreign currency debt: local currency appreciation = income gains for borrowers

» Limited operational hedging

» FX transaction income passes through strongly to firms' final profits

» As a result, FX shocks impact firms’ profits

» Conditional on this signal of exposure, exchange rates matter at the firm level
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