Cash-settled European Swaptions

The standard market formula used to price cash-settled swaptions is a copy of the physical delivery
Black formula, where the classical annuity term is replaced with a single-factor one (discounting on the
underlying swap rate fixing at maturity).

As reported in Mercurio and OpenGamma notes, this formula is not arbitrage-free. In order to get a
proper pricing, one has to take into account the convexity between the swap rate and the ratio cash
settled vs. physical annuity. Using a one factor LGM model, we derive a formula for this convexity.

With this new formula, put-call parity doesn’'t apply anymore for cash-settled swaptions, that is to say a
O-wide collar price may not be zero (with call and put strikes equal to the forward swap rate).

We assess here the differences between the standard market formula and the new one for European
swaptions: ATM straddles, 0-wide collars, 10y-underlying-swap collars and 30y-underlying-swap collars.

ATM straddles: new formula - standard formula

Expiry 1Y 2Y 2 4y 5Y Y 10Y 15Y 20Y 30Y

b 1M 00bp 00bp 00bp 00bp 00bp 0O0bp 0O0bp CObp 00Obp  00bp
3M 00bp 00bp 00bp 00bp 0O0bp 00bp 00bp 0O0bp  00bp  O.1bp
6M 00bp 00bp 0O0bp 00bp 00bp 00bp 0O0bp CObp Oibp  03bp
1Y 00bp  00bp 00bp 00bp 0O0bp 00bp 00bp O1bp 02bp  07bp
2y 00bp  00bp 00bp 00bp 00bp 00bp O1bp  02bp 07bp  18bp
3y 00bp 00bp 00bp 00bp 00bp O1bp 02bp O6bp 12bp  30bp
ay 00bp 00bp 00bp 00bp 00bp O1bp 03bp 09bp 18bp  43bp
5Y 00bp  00bp 00bp 00bp O1bp 02bp 05bp  12bp  23bp  56bp
7Y 00bp 00bp 00bp O1bp 01bp 03bp 07bp  19bp  34bp  82bp
10v 00bp 00bp O1bp O1bp 02bp 05bp 12bp  29bp 50bp 11.8bp
20Y 00bp O01bp  02bp 03bp O4bp 089bp 20bp 47bp  82bp 175bp
30Y 00bp 00bp O1bp 02bp O4bp 08bp 19bp  48bp 88bp 17.8bp

0-wide collars: new formula

Expiry 1Y 2Y 3Y 4Y 5Y 7Y 10Y 15Y 20Y 30Y
M 00bp 00bp 00bp 00bp 00bp 00bp 0O0bp O1bp  03bp  07bp
3M 00bp 00bp 00bp 00bp 0O0bp 00bp O1bp 04bp 08bp  20bp
6M 00bp 00bp 00bp 00bp 00bp Oibp 02bp 07bp  14bp  42bp
1Y 00bp 00bp 00bp 00bp 00bp Oi1bp 0O4bp 13bp 27bp  78bp
2y 00bp 00bp 00bp 00bp O01bp 03bp 0%bp  28bp 57bp 150bp
3y 00bp 00bp 00bp Oibp 02bp 05bp  16bp  44bp  88bp 215bp
ay 00bp 00bp O1bp 01bp 03bp 08bp 21bp  59bp 115bp 27.8bp
5Y 00bp 00bp 0O1bp 02bp O4bp 10bp 27bp  T7ibp 13.8bp 33.2bp

boTY 00bp 01bp O1bp 04bp O06bp 15bp 37bp  97bp 181bp 430bp
10v 01bp 01bp 03bp 06bp 10bp 23bp  52bp 130bp 231bp 54.2bp
20V 00bp 02bp 05bp 08bp 13bp 28bp  &3bp 153bp 27.6bp 615bp
30vY 00bp 01bp 03bp 06bp 11bp 22bp  53bp 134bp 256bp  546bp




10Y underlying swap collars: new formula - standard formula

Expiry ~ Forward Straddle 25 50 100 150 200 300 400

»i3M 1 07654% 00bp 01bp Olbp O1bp 00bp 00bp 00bp 00bp  0.0bp
1Y 09155%  00bp  O4bp  04bp  03bp 02bp O01bp O01bp 00bp  00bp
2y 11194%  01bp  09bp  08bp 07bp 06bp 04bp 03bp O1bp  0.1bp
3y 13099%  02bp  16bp  14bp  13bp  11bp 08bp 07bp 04bp  02bp
5Y 16105%  05bp  27bp  25bp  23bp  20bp  17bp  14bp  10bp  0.6bp
v 17783%  07bp  37bp  35bp  33bp  29bp  26bp  22bp  16bp  11bp
107 1.8080%  12bp  52bp  49bp  47bp  43bp  38bp  34bp  26bp  20bp
15Y 15834%  19bp  66bp  63bp  61bp  56bp  S51bp  46bp  37bp  3.0bp
20v 13852%  20bp  63bp  61bp  58bp  54bp  50bp  45bp  37bp  3.0bp
30Y 10378%  19bp  53bp  51bp  49bp  46bp  42bp  39bp  32bp  26bp

30Y underlying swap collars: new formula - standard formula

Expiry ~ Forward Straddle 25 50 100 150 200 300 400

» 3M 12878%  01bp  20bp  15bp  10bp  0O4bp 01bp 00bp  00bp  00bp
1v 13274%  07bp  78bp  67bp 57bp  38bp  24bp 15bp  05bp  02bp
2y 13795%  18bp 150bp 135bp 120bp  92bp  68bp  49bp  24bp  1.1bp
3y 14253%  30bp 215bp 197bp 179bp 144bp 114bp  87bp  49bp  27bp
5y 14874%  56bp 332bp 310bp 287bp 243bp 202bp 166bp 106bp  66bp
7Y 15028%  82bp 430bp 404bp 379bp 328bp 281bp 236bp 162bp 107 bp
107 14466 % 11.8bp 542bp 513bp 485bp 429bp 37.5bp 323bp 233bp 163 bp
15Y 12590% 156bp 610bp 582bp 553bp 497bp 442bp 389bp 295bp  21.7bp
20v 10922% 17.5bp 61.5bp 587bp 560bp 507bp 454bp 404bp 31.2bp  235bp
30Y 08222% 178bp 546bp 523bp 50.1bp 456bp 412bp 370bp 292bp  226bp
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