V_7

W_7

W_6

W_5

W_4

W_3

W_2

W_1

X

− 4

− 20 5 0 − 5 5 0 − 5 5 0 − 5 5 0 − 5 5 0 − 5 5 0 − 5 5 0 − 5 5 0 − 5

1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 1 0 − 1 0 256 512 768 1024 t 0 32 τ (lag)

Figure 1. LA(8) DWT coefficien ts for sim ulated FD time series with δ = 0.4 and sample ACSs.

~S_4

~D_4 ~D_3

~D_2

~D_1

X

Figure 2. Lev el J 0 = 4 MOD WT multiresolution analysis of Nile Riv er minima (in meters) using the Haar wavelet filter.

Figure 3. Estimated Haar wavelet variances for the Nile Riv er minim um water levels before and after the year 721 AD, along with 95% con fidence interv als based up on a chi-square appro ximation (P erciv al, 1995).

Figure 4. Haar wavelet filters for scales τj = 2j − 1, j = 1, 2, . . . , 7.

Figure 5. D(4), C(6) and LA(8) wavelet filters for scales τj = 2j − 1, j = 1, 2, . . . , 7.

Figure 6. Haar scaling filters for scales λ j = 2J^0 , J 0 = 1, 2, . . . , 7.

Figure 7. D(4), C(6) and LA(8) scaling filters for scales λ j = 2J^0 , J 0 = 1, 2, . . . , 7.

W_4 W_3 W_2 W_1

W_1 W_2

W_3 W_4

Figure 8. SDFs for FD pro cess with δ = 0.4 (top) and for LA(8) wavelet coefficien ts W 1, W 2, W 3 and W 4 (vertical axes are in measured in decib els).

Figure 9. Rejection rates for FD pro cessess using white noise critical levels, N = 128 , 256, 512, 1024 and 2048. The solid line is the Haar wavelet filter, the dotted line is the D(4) and the dashed line is the LA(8). Eac h cell corresp onds to a differen t com bination of the level j of the DWT and long memory parameter δ. The rows corresp ond to – from bottom to top – levels 1, 2, 3 and 4, and the columns corresp ond to – from left to righ t – δ = 0.05, 0.25, 0.40 and 0.45.

Figure 10. Normalized cum ulativ e sum of squares from the MOD WT, using the D(4) wavelet, for the Nile Riv er minim um water levels. The dotted line marks the year 715 AD, when Nile Riv er water levels began being recorded with a Nilometer constructed at Ro da island.

Figure 11. Paci fic decadal oscillation (PDO) index X t (thic k curv e, righ thand axis) and Marc h 15 sno w depth at Paradise Ranger Station (1600 meters ab ove sea level) on Mt. Rainer Yt (thin curv e, left-hand axis). Both time series ha ve one value per year from 1916 to 1996. Figure 12. Histogram of bootstrapp ed cross-correlations to assess signi ficance of ρ̂(X Y)

0 computed for the two time series in Figure 11.

X ^T

R

Figure 13. Decomp osition of Hansen –Leb ede ff global temp erature index into trend ^T and residuals R ≡ X − ^T . The time series X consists of N = 108 values, and we ha ve used a J 0 = 2 partial DWT based up on the LA(8) wavelet filter (this filter is capable of handling polynomial trends up to order r = 3).