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Abstract Based on the nonlinear local Lyapunov exponent (NLLE) approach, the influences of random error and
initial error on the predictability of the Logistic map and the Lorenz system are studied. The influences of initial er-
ror and random error on the predictability mainly depend on their relative magnitudes. When the magnitude of initial
error is much greater than that of random error, the predictability limit of two systems is mainly determined by the
initial error. On the contrary, when the magnitude of random error is much greater than that of initial error, the

predictability limit of two systems is mainly determined by the random error. When the magnitude of initial error is
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close to that of random error, both of them contribute to the predictability limit of two systems. In addition, the au-

thors have investigated the influences of random error on the predictability by integrating the error growth equa-

tions. The results are similar to those obtained using experimental data. This finding indicates that due to the im-

pacts of random error, only an approximation of the true predictability of chaotic systems can be obtained when the

random error is sufficiently small. It is impossible to obtain the true predictability for large random errors. The

present study also attempts to use the filtering method to reduce the impact of random error on the estimates of the

predictability limit of chaotic systems. The results show that by using the high-pass Lanczos filter, both the high-

frequency sequence and the noise sequence perform conformably either in intensity or in the evolution of trends. This

method can effectively remove the random noise and then improve the estimate of the predictability limit of chaotic

systems, which also gives some enlightenment to the removal of the noise contained in observational data.
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Table 1 Different standard deviations of random error added
to the experimental time series of the Logistic map and the cor-

responding magnitudes
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Fig. 2 Estimated error (E) growth of the Logistic map with cer-
tain initial error (solid line) and random errors of different magni-
tudes (dashed line). From left to right dashed lines, the magni-
tudes of random errors are 1072, 1073, 10~*, 107%, 1076, and

1077, respectively
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lines, the magnitudes of random errors are 10~!, 10°2, 10%,

1074, 107°, and 1076, respectively
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Fig. 7 Same as Fig. 5, but for the x-axis variable of the Lorenz

system
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Table 3 Different standard deviations of random errors added

to the Lorenz system and the corresponding magnitudes
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Fig. 8 Same as Fig. 5, but for the Lorenz system
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Fig. 9 Time series of the x-axis variable of the Lorenz system under different conditions: (a) raw series; (b) series containing random error

(the magnitude is 1071); (c) series after smoothing; (d) series after Lanczos filter

T B REEE FP B1 RN 4 Lanczos w38 & % 5 19 51 (4 =3 45
MR . AT LA B8 15 B 8 w0y 5 e
TEMRRS R EE o 3 A M 7 it i 179 38 2 A 4 I
PRI 5 B AR — 2L WIBBUS P A iR
ZE VIR G B ] ) AR e £k (181 12) m] LA
B X T AR EZE BB O JEBE AR
TRZEIG I 2R LR UE I 7 51 19 B SR B0 fh iR 220 I
LR X RUIIEDA HOUBEE 1w s o R 40 n]
PR . AT BRI R A 1A oa] U 2 (&
13), HhEPLiRZE R TR IR ER . IS REH)
ARV BRAT 2 T R 3T, HADS F =/ —iK
I RCR BN B . DR R T 8 A0 8 R e
RXAIEH T BEA RO R BRI R 58 LB B
WRIE, HEIMAR S T RGN A IRk,

5 RBEMiITie

A H FHIEL MR ER Lyapunov 3% (NLLE)
Tk LB SE T Logistic Bt 55 Lorenz J5 ##
PR ] BLTRTE R R AEAFAE— VIR IR 221 B0 T AR

PLERZE /Y ] PR R, EEE5E T .

(D) TERGAFAL—E R/ IR Z R AT
X TR RS ) R BE AL R 22 [ . R GE IR 22
PARRS S ZR AT ARAR -2 R B ARR B e 1)
WK BEE ISR A R . ERZE IR FNEAIE . (5 113
Koo [RIFREATLER 22 14 ] PR 400 FIR Bl 1 22 (4 38 K
Tl/IN o

(2) TEATAE—RE R/DPIIR TR ZE I s BEALER 22X
FA 8 n] TR AR A 32 2R T ) iR R 22 BB LR
ZEMFIRS RN BRI TR 22 R T REPLIR ZE 0N, 2R
GE ] BT ER 2 W I IR 22 e s [z
PLR ZZIE R T WA IR ZZ0T . ARG AT PN IR 32 22
HIBEHLIR 22 R E 3 P /I I 5 A X 2R
G ] P Y] B FE EE 1R

(3) TCifse BRI Iy A rp i S D i 36 5040 o
BENLIRZE RS ZR G0 n] TR AR A 52 i S ALY . 3AT]
TEI R G A AR, R AE BEHLDR 22 LA/
O T JCRREGE T AR SR H S n] B vk 1Mok
YR R R BEAL IR 25 BRI DL T R G n] B4



3 SAE s BEATL IR 2 R 2R 40 AT SR 9 52 iR
No. 3 SHI Zhen et al. Impacts of Random Error on the Predictability of Chaotic Systems 467
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107%; (d) 1074, HBEk. WA WLk MPLIRZE; aLk. TlEiRs
Fig. 10 Estimated error growth of the x-axis variable of the Lorenz system with certain initial error (black line), random errors of differ-

ent magnitudes (blue line), and filtered time series (red line). From (a) to (d), the magnitudes of random errors are 10~1, 1072, 1073,

and 10~ *, respectively

B 11 Lorenz Jy 2 x Jy oS M4y 107 iYBEHLER 22 RYE [a) 741 (ZL 40 FIENE 200 St o G R0
Fig. 11  Time series of the noise added on the x-axis variable of the Lorenz system (red dotted line) and the high-frequency sequence ob-

tained after filtering (blue dotted line)
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Fig. 12 Same as Fig. 10, but for the results after the high-pass Lanczos filter
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Fig. 13 Estimated predictability limit of the x-axis variable of the
Lorenz system with certain initial error (dashed line), random er-
rors of different magnitudes (blue line), running mean time series
(red line), and filtered time series by high-pass Lanczos filter

(green line)
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