
Online appendix: Sensitivity analysis and alternative curve estimation



The results reported in Section 13.3 are subject to caveats, naturally. A particularly critical consideration we address is the underlying estimation of fitting errors central to the analysis. True, applications in the literature that consideralmost exclusively use NSS parametric curves to benchmark pricing errors (e.g., HPW; Abraham et al., 2016; DKW; Grishchenko and Huang, 2013). But we repeat some possible objections to NSS specific in this context.[footnoteRef:1] Generally speaking, there are alternative methods to fit term structures, which hints at potential specification bias, and after all, the variance of , for example, is meaningfully wide. Moreover, smooth parametric functions—namely, the NSS methodology—preferred by macroeconomists are not necessarily the tool of arbitragers in practice. GSW in fact explains that market participants more often use spline-based methods to find anomalies, whereas macroeconomists may prefer to smooth through the very variations that might be of particular interest to traders. A reasonable alternative tack in estimating possible limits to arbitrage, as well as by extension WI premiums, is to use similar methods as arbitrageurs.  [1:  Durham (2021) makes these arguments in the context of using curve fitting errors as a measure of TIPS as well as nominal Treasury market liquidity.] 





Therefore, for robustness, we repeat the analysis reported previously in Figures 13.10 and 13.11 using an alternative fitting methodology, the variance roughness penalty (VRP) approach described in Wagoneer (1997) and detailed in Anderson and Sleath (1999).[footnoteRef:2] Briefly, the results are qualitatively similar, although the magnitude of a few key results diminishes somewhat. For example, although on average both the conditional and unconditional VRP-based WI premium measures, and , respectively, remain negative, they are barely so. The estimate of () is only 1.18 (0.623) basis points, again compared to the NSS-based figure of about 2.44 (1.89) basis points. Moreover, the standard deviation of the conditional metric using the VRP method is about 5.6 basis points, and the mixed skew statistics are very similar to the corresponding figures using NSS fitted curves. [2:  A VRP spline follows, 

where m again refers to maturity, M is the longest maturity, D is modified duration,  refers to fitted bond prices, and is the second derivative of the forward curve, as a measure of curvature. The penalty function, ,  varies by m, under the premise that excess curvature is more problematic at the back than the front end of the curve. Rather than a step function penalty as in Waggoner (1997), the form following the Bank of England and other central banks is,

where , S, and L, using the notation of Anderson and Sleath (1999), can be estimated in the time series using cross-validation.] 







Although this alternative methodology generates less confidence in a consistent premium across all tenors and at all times of the pre-issue trading cycle, we do find broadly similar patterns between estimated WI premiums and underlying security characteristics. Again, sample estimates of  for the ten-year tenor are somewhat lower compared to others. Indeed, as Appendix Table 1 indicates, this effect seems to be robust, controlling for other factors, as WI conditional premiums are about 3.6 basis points greater in the ten-year sector, all else equal. Similarly, the VRP-based results suggest that , naturally defined in the sensitivity analysis using the VRP-based errors, similarly correlates positively rather than negatively with . This result echoes the orthogonal to positive correlations using the time series of cross-sectional averages, , and the condition measure, , which have 0.026 and 0.252 correlation coefficients with respect to . Therefore, our inference that WI trading does not necessarily track other measures of aggregate market functioning and may capture instead another aspect of trading frictions or more idiosyncratic factors seems largely robust to fit the term structure differently. 




Appendix Table 1
[image: ]

Note: The table reports regression coefficients and p values but with underlying pricing errors based on the VRP rather than the NSS method. The dependent variable is the WI premium, , and the regressors include underlying characteristics of WI securities. The sample includes 3,472 CUSIP days from January 2, 1987, through December 30, 2020.


Appendix Figure 1

[image: ][image: ][image: ][image: ]







Notes: This figure shows the corresponding results to those in Figure 13.11 in the main text , but all estimates are based on the VRP rather than the NSS method of curve estimation. That is, the black line in the top left chart shows the sample time series of the cross-sectional unconditional average WI premium, , and the blue line shows the RMSE of  across all nominal U.S. Treasuries. The top right chart shows the time series of the conditional WI cross-section premium, , based on a regression of on control variables and a dummy variable for whether the individual issue is a WI security, and the lower left chart shows the distribution of . The lower right chart shows the time series of unconditional WI premium estimates, , denoting the two- and ten-year WI securities.  
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Coefficient p-value

Intercept -0.0065 0.0913

Unconditional Noise 0.5999 0.0000

Coupon -0.0062 0.0000

Bid-Asked Spread -0.3887 0.0181

Days to Issue (DTI) 0.0003 0.4546

Two-Year Dummy 0.0229 0.0000

Three-Year Dummy 0.0193 0.0000

Five-Year Dummy 0.0034 0.3755

Seven-Year Dummy 0.0128 0.0050

10-Year Dummy -0.0361 0.0000

20-Year Dummy -0.0071 0.5270

When-Issue Pricing Error (VRP) Regressions

CUSIP-Level: (02-Jan-1987-30-Dec-2020)

Observations=3264

Adjusted-R^2=0.2
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Sep-1987 Mar-1993 Sep-1998 Feb-2004 Aug-2009 Feb-2015 Jul-2020

Sample average (of averages) =-1.18 basis points. WI sample averages correlation with noise (RMSE)=0.0264

Fitting errors based on (VRP) estimation (02-Jan-1987-30-Dec-2020).
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Daily Average When-Issue and Aggregate Curve Fitting Errors (VRP)
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Sep-1987 Mar-1993 Sep-1998 Feb-2004 Aug-2009 Feb-2015 Jul-2020

Sample average =-0.625 (basis points). Regressions include coupon rates and bid-ask spreads as well as dummy variable for WI securities.

Fitting errors based on (VRP) estimation. Correlation with noise/RMSE =0.252. (02-Jan-1987-30-Dec-2020).
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When-Issue Coefficients: Conditional CUSIP Fitting Error Regressions (VRP)
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Basis points. Mean =-0.63 basis points. Standard deviation =5.6. Skewness=2. Bowley Skew=-0.12.
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Sep-1987 Mar-1993 Sep-1998 Feb-2004 Aug-2009 Feb-2015 Jul-2020

Sample CUSIP-level average (10-year) =-2.1 (-7) basis points. (02-Jan-1987-30-Dec-2020)
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Nominal U.S. Treasury When-Issue Curve Fitting Errors (VRP)
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