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Valuation of Weather Derivatives Using the Fast Gauss Transform

YUusaku YaAMAMOTO? and MASASHI EGrtt

We developed a fast algorithm for pricing weather derivatives, which are financial products
for hedging weather risks, using the fast Gauss transform. With our algorithm, the error
in the computed price decreases as O(1/7) as a function of computational time 7, which is
considerably faster than the rate of O(1/4/7) for the conventional Monte Carlo method. We
implemented our method on a PC using the C language and found that it is more than 10
times faster than the MC method when computing the price of CDD derivatives. Our al-
gorithm opens a way to applications which have been impractical due to a large amount of
computation, such as optimal design of derivatives or estimation of the current market price
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of a portfolio of derivatives.
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Table 1 Computational times and accuracy of the pro- Table 2 Computational times and derivative prices of the
posed method as a function of M (example 1). proposed method as a function of M (example 2,
M 00000000 000000 0000000 N =5).
60 2.4089 0.0144 0.10 S| M DOOOODOO0OO 0OO0OOOOOO OO0
120 2.4197 0.0036 0.28 10 | 120 2.0320 0.55 0.997094
240 2.4225 0.0008 0.38 240 2.0322 1.09 0.999916
480 2.4231 0.0002 1.02 480 2.0323 2.45 0.999999
960 2.4233 0.0000 3.13 960 2.0323 5.91 1.000000
1920 2.0323 15.97 1.000000
20 | 120 0.4153 0.60 0.997094
o010 000000000000 0000ooag 240 0.4152 1.09 0.999916
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Table 3 Computational times and derivative prices of the
Monte Carlo method as a function of L (example
2, N = 5).
S L oooooooo ooooooo
10 | 10°  2.0123 +0.0288 0.32
105 2.0276 +0.0092 3.14
107 2.0305 £0.0028 31.05
103 2.0322 +0.0010 310.52
20 | 10°  0.4098 +0.0061 0.35
10 0.4136 +0.0020 3.18
107 0.4150 £0.0006 31.24
103 0.4154 +0.0002 313.65
40 | 10°  0.0035 +0.0005 0.37
105 0.0041 +0.0002 3.17
107 0.0042 £0.0001 31.20
102 0.0042 +0.0000 319.03
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Table 4 Computational times and derivative prices of the
proposed method as a function of M (example 2,

N = 10).
S| M 00000000 OO00D0OOOO 000
10 | 120 9.8257 1.25 0.996184
240 9.8413 2.51 0.999851
480 9.8423 5.60 0.999987
960 9.8425 13.35 0.999996
1920 9.8426 35.75 0.999998
20 | 120 5.0507 1.25 0.996184
240 5.0578 2.47 0.999851
480 5.0585 5.58 0.999987
960 5.0586 13.62 0.999996
1920 5.0587 36.51 0.999998
40 | 120 0.9850 1.30 0.996184
240 0.9858 2.53 0.999851
480 0.9859 5.61 0.999987
960 0.9859 13.31 0.999996
1920 0.9859 35.71 0.999998

05 00000 LOOOOOOOOOOOOOCOOOOO00O0
0ooooooo 20N =100

Table 5 Computational times and derivative prices of the
Monte Carlo method as a function of L (example
2, N = 10).
S L goooooooo ooooooo
10 10° 9.7857 £0.0411 0.59
108 9.8236 £0.0130 5.79
107 9.8362 £0.0041 58.07
108 9.8430 £0.0013 578.29
20 10° 5.0709 £0.0620 0.60
108 5.0548 £0.0196 5.80
107 5.0582 £0.0062 57.40
108 5.0587 £0.0020 576.21
40 10° 0.9765 £0.0134 0.64
108 0.9848 +£0.0042 5.83
107 0.9850 £0.0013 57.84
108 0.9862 £0.0004 577.66
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Table 6 Computational times and derivative prices of the
proposed method as a function of M (example 2,

N = 20).
S[ M 000D00DDOOO O0OOOOOO 00O
10 | 120 35.0562 5.46 0.994479
240 35.1993 10.82 0.999553
480 35.2134 23.86 0.999918
960 35.2164 56.72 0.999980
1920 35.2172 152.12 0.999995
3840 35.2174 461.58 0.999999
20 | 120 26.4290 5.45 0.994479
240 26.5314 10.76 0.999553
480 26.5424 27.08 0.999918
960 26.5448 60.09 0.999980
1920 26.5454 153.37 0.999995
3840 26.5455 457.01 0.999999
40 | 120 13.3526 5.41 0.994479
240 13.3922 10.80 0.999553
480 13.4046 23.84 0.999918
960 13.4058 57.16 0.999980
1920 13.4061 151.78 0.999995
3840 13.4062 450.73 0.999999
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0000000 20N =200
Table 7 Computational times and derivative prices of the
Monte Carlo method as a function of L (example

2, N = 20).
S L 00000000 0000000
10 | 10°  35.1280 £0.0860 1.13
105 35.2102 £0.0272 11.11
107 35.2062 £0.0086 111.16
108 35.2175 £0.0027 1151.43
20 | 10°  26.4690 +0.0812 1.17
105 26.5392 £0.0257 11.10
107 26.5345 +£0.0081 111.15
108 26.5459 +0.0026 1109.69
40 | 105  13.3585 +0.1272 1.09
105 13.4043 £0.0402 11.02
107 13.3983 +0.0128 110.41
108 13.4075 £0.0040 1102.81
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Fig.1 Convergence of the Monte Carlo and the proposed
method (example 2, N = 5).
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Fig.2 Convergence of the Monte Carlo and the proposed
method (example 2, N = 10).
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Fig.3 Convergence of the Monte Carlo and the proposed
method (example 2, N = 20).
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