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Payoff (dollars)
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Underlying value (dollars)

— Risk-free payoff from box spread trade
-m- Buy low strike call and sell low strike put
-+ Sell high strike call and buy high strike put

Source: Authors’ calculation.

Notes: The chart plots the combined payoff at maturity (solid blue liney from
purchasing a 95-strike call and selling a 95_strike put (squares) while also selling a
105_strike call and buying a 105_strike put (trianglesy. Regardless of the value of the
underlying asset at maturity, the combined payoff is a constant value of $10, equal to
the difference in the strike prices. This trade is known as the “box spread.”
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Example for One-Year Maturity

Put minus call price (dollars)
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0
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-3,500

1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
Strike price (dollars)

W Put minus call mid-quote price — Fitted values from OLS regression

Term Structure of Box Rates
Interest rate (percent)

25

2.0

1:5

1.0

0.5

0 05 1.0 19 20 25 3.0 35 4.0 45 50
Years to maturity

-m Box rate OLS estimate —— Treasury rate from smoothed yield curve

Sources: OptionMetrics; Federal Reserve Board.
Notes: The top panel plots put minus call mid_quote prices for the same strike price
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and maturity on March 15, 2022, alongside fitted values from an ordinary least squares
(OLS) regression. The box rate implied by the slope coefficient from the regression is
1.59 percent for a maturity in 367 calendar days on March 17, 2023. The bottom panel
plots the term structure of box rates from index options of different maturities alongside
estimates of Treasury rates from a smoothed yield curve found here. All rates are zero-
coupon discount rates with continuous compounding. Years-to-maturity is actual
calendar days divided by 365. The option data is from OptionMetrics for S&P 500 index
options with maturities between one month and five years whose bid quotes are
greater than zero.
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Box Rate and Treasury Rate
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Sources: OptionMetrics; Federal Reserve Board.
Notes: The chart plots the one_year box rate, Treasury rate, and convenience yield
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estimate from January 1996 through April 2023 as a twenty_one_day moving average
across trading days. The box rate is estimated by ordinary least squares (OLS) from
put_call parity. To obtain a constant one_year maturity, we linearly interpolate the
nearest S&P 500 index option maturities whose put_call parity regressions have an R
squared of at least .99999 out to five nines. Treasury rates are from a smoothed yield
curve to obtain a one_year, constant maturity, zero_coupon rate. Both rates are zero—
coupon discount rates with continuous compounding. Results are similar using the
Theil_Sen estimate of the box rate from the box spread trade.
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Sources: OptionMetrics; Federal Reserve Board.

Notes: The chart plots the nonparametric binned regression of convenience yield onto
time_to_maturity using the binsreg package. It reports a 95 percent uniform confidence
band and pointwise confidence bands after partitioning time_to_maturity into ten bins.
We use a binned regression approach to account for the fact that option maturities are
fixed in calendar time and are not constant maturity. The regression includes maturities
from six months to three years. The sample period is January 1996 to April 2023.
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