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ABSTRACT

Here, we show that our Discrete Chi-square Method (DCM) can model and forecast the El Niño phenomenon between the
years 1870 and 2024. This result may be the “holy grail” of climatology. The solar forcing most probably causes the detected
5.850±0.085, 12.82±0.40 and 19.30±0.83 year signals. These strict periodicities indicate that the solar cycle is caused by the
planets. Our results confirm that the DCM is an ideal time series analysis method for detecting an unknown number of signals
superimposed on an unkown trend.
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The El Niño phenomenon is considered unpredictable.1–8 Our analysed data are the yearly means in the The Seasonal
Mean Nino 4 HadISST1.1 (NOAA PSL) sample.1 There were no values for the last four months of 2025. The full data contains
n = 155 yearly means between 1870 and 2024.

Method

The Discrete Chi-Square Method (DCM) was formulated in Paper I9. This method can detect an unknown number of signals
superimposed on an unknown trend. We have applied the DCM to Algol’s eclipse epochs (Paper II10) and the sunspot data
(Paper III11). Here, we apply the most recently published DCM version (Paper IV12).

The data are yi = y(ti)±σi, where ti are the observing times and σi are the errors (i = 1,2, ...,n). The data window is
∆T = tn− t1. The mid point is tmid = t1 +∆T/2.

The DCM model is

g(t) = gK1,K2,K3(t) = h(t)+ p(t). (1)

The periodic function is

h(t) = h(t,K1,K2) =

{
0, if K1 = 0

∑
K1
i=1 hi(t), if K1 ≥ 1

(2)

hi(t) =
K2

∑
j=1

Bi, j cos(2π j fit)+Ci, j sin(2π j fit). (3)

It is a sum of K1 harmonic hi(t) signals having frequencies fi. The aperiodic trend function is

p(t) = p(t,K3) =

{
0, if K3 =−1

∑
K3
k=0 pk(t), if K3 = 0,1,2, ...

(4)

where

pk(t) = Mk

[
2(t− tmid)

∆T

]k

. (5)

The hi(t) signals are superimposed on the aperiodic K3 order polynomial trend p(t). Function h(t) repeats itself in time, while
the function p(t) does not. The details of DCM formalism are explained in Paper IV, and are therefore not repeated here. We
search for periods between 3 and 100 years.

1The data from https://psl.noaa.gov/data/timeseries/month/data/nino4.long.anom.data were retrieved on January 29th, 2026.

https://psl.noaa.gov/data/timeseries/month/data/nino4.long.anom.data


Results
Trend
We detect significant signals only from the weighted data. Therefore, the trend and the forecasts are solved from the weighted
data. The weighted DCM analysis results for all data are given in Table S1. For one, two, three and four signals, the best trend
alternative is the linear trend K1 = 1. We use this K1 = 1 trend in our DCM analysis of El Niño data. For the M =3 model, the
positive linear trend is 2M1 = 0.56±0.20 Coduring ∆T = 154 years (Equation 5), like in all M =1-4 models.

Forecasting data
We use the first half of all data (n = 78) to forecast the second half (n = 77). The results of weighted DCM analysis are given
in Table S2. The periods of the three strongest signals are 5.850±0.085, 12.82±0.40 and 19.30±0.83 years (Model M =3).
The forecasts of the two and three signals models, open circles, are shown in Figures S1 and S2. For the second half of the data,
the forecast χ2 values for the one, two, three and four signals models are 421, 336, 370 and 428, respectively. Hence, the two
signal M =2 model gives the best forecast.

All data
The DCM analysis results for all weighted data are given in Table S3. The three signals M =3 model is the best. The four signal
model is unstable (UM). The three and four signal models are shown in Figures S3 and S4. For both alternatives, the predicted
values, open circles, after 2024 are given in Table S4. Both alternatives give essentially the same forecast.

For the sake of consistency, we also give the results of non-weighted analysis of all data (Table S5). We detect the same
signals as from non-weighted data, but the signal significances QF are lower. This confirms that the data error information is
crucial.

Discussion
Our DCM can model and forecast the El Niño phenomenon. The solar forcing is the only possible explanation for these results.
Within their error limits, the detected three El Niño signals could represent the Hale cycle13, the solar cycle14, 15 and half the
solar cycle. These strict El Niño periodicities indicate that the planets could cause a stationary and deterministic solar cycle.11

A stochastic and non-stationary solar cycle16, 17 could not cause the detected regular El Niño periodicities.
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Figure S1. First half forecast (Table S2: M =2): Forecasting data (closed black circles) and forecasted data (open black
circles). Green and red dottted lines denote one and three sigma model g(t) errors. Residuals (closed and open blue circles) are
offset to level of -3.
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Figure S2. First half forecast (Table S2: M =3). Otherwise as in Figure S1.
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Figure S3. All data model M =3 in Table S3. Otherwise as in Figure S1.
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Figure S4. All data model M =4 in Table S3. Otherwise as in Figure S1.



Table S1. Trend in all data. Weighted DCM analysis performed between Pmin = 3 and Pmax = 100. (1) M model, (2) η free
parameters and χ2 of model, (3) First signal: P1 period, A1 peak to peak amplitude and tmin,1 primary minimum epoch. (4-6)
Next signals. (7-8) Fisher-test: Fχ test statistic and QF critical level. (9) Control file. Arrows point to best model in Fisher-test
comparison.

Period analysis Fisher-test
Data: Original weighted data (n = 155,∆T = 154: Clong.dat)

M P1 (y) P2 (y) P3 (y) P4 (y) M =2 M =3
η (-) A1 (Co) A2 (Co) A3 (Co) A4 (Co) Fχ (-) Fχ (-) Control file
χ2 (-) tmin,1 (y) tmin,1 (y) tmin,1 (y) tmin,1 (y) QF (-) QF (-)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
One signal

M =1 12.67±0.33 - - - ↑ ↑
M 1,1,0,χ2 4 0.62±0.15 - - - 26.9 14.0 longC14K111.dat

516 1871.2±1.3 - - - 6.7×107 2.7×10−6

M =2 12.65±0.20 - - - - ←
M 1,1,1,χ2 5 0.51±0.14 - - - - 1.02 longC14K111.dat

437 1871.3±1.3 - - - - 0.31
M =3 12.65±0.43 - - -
M 1,1,2,χ2 6 0.52±0.12 - - - longC41K112.dat

434 1871.4±1.1 - - -
Two signals

M =5 M =6
M =4 12.70±0.17 26.8±2.0 - - ↑ ↑
M 2,1,0,χ2 7 0.62±0.12 0.39±0.16 - - 27.4 13.6 longC14K210.dat

456 1870.8±1.0 1870.3±3.4 - - 5.6×10−7 3.8×10−6

M =5 5.677±0.089 12.64±0.31 - - - ←
M 2,1,1,χ2 8 0.393±0.086 0.47±0.13 - - - 0 longC14K211.dat

384 1875.65±.56 1871.3±1.2 - - - 1
M =6 5.677±0.077 12.64±0.42 - - -
M 2,1,2,χ2 9 0.388±0.093 0.47±0.12 - - - longC41K212.dat

384 1875.66±0.76 1871.4±1.2 - - -
Three signals

M =8 M =9
M =7 5.619±0.091 12.74±0.48 21.83±0.81 - ↑ ↑
M 3,1,0,χ2 10 0.41±0.13 0.52±0.11 0.40±0.12 - 29.2 15.0 longC14K310.dat

407 1871.04±0.77 1870.7±1.7 1870.0±3.2 - 2.6×10−7 1.2×10−6

M =8 5.662±0.077 12.77±0.12 21.3±1.5 - - ←
M 3,1,1,χ2 11 0.40±0.13 0.47±0.10 0.37±0.12 - - 0.82 longC14K311.dat

338 1870.3±0.62 1870.4±0.87 1870.8±3.2 - - 0.36
M =9 5.661±0.073 12.76±0.22 21.2±1.2 - - -
M 3,1,2,χ2 12 0.40±0.11 0.49±0.10 0.39±0.12 - - - longC41K312.dat

336 1870.3±0.74 1870.6±1.2 1871.1±2.8 - - -
Four signals

M =11 M =12
M =10 5.597±0.066 12.77±0.19 19.4±1.6 IF 21.5±2.1 IF ↑ ↑
M 4,1,0,χ2 13 0.44±0.10 0.57±0.11 0.4±1.3 AD 0.4±1.4 AD 28.1 14.2 longC14K410.dat

UM 362 1871.56±0.57 1870.3±1.2 1872.8±3.7 1871.8±3.3 4.5×10−7 2.5×10−6

M =11 5.496±0.093 IF 5.66±0.13 IF 12.76±0.15 21.1±1.5 - ←
M 4,1,1,χ2 14 0.3±1.8 AD 0.4±1.8 AD 0.49±0.13 0.39±0.11 - 0.45 longC14K411.dat
UM 300 1873.8±1.2 1870.2±1.2 1870.60±0.97 1871.3±2.1 - 0.50
M =12 5.497±0.087 IF 0.566±0.062 IF 12.75±0.17 21.0±1.0 - -
M 4,1,2,χ2 15 0.34±0.94 AD 0.42±0.90 AD 0.50±0.11 0.398±0.084 - - longC41K412.dat
UM 299 1873.8±1.0 1870.18±0.99 1870.6±0.97 1871.4±2.2 - -



Table S2. Periods in first half data. Otherwise as in Table S1.

Period analysis Fisher-test
Data: Original weighted data (n = 78,∆T = 77: Chalf.dat)

M P1 (y) P2 (y) P3 (y) P4 (y) M =2 M =3 M =4
η (-) A1 (Co) A2 (Co) A3 (Co) A4 (Co) Fχ (-) Fχ (-) Fχ (-) Control file
χ2 (-) tmin,1 (y) tmin,1 (y) tmin,1 (y) tmin,1 (y) QF (-) QF (-) QF (-)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
One signal

M =1 19.1±1.2 - - - ← ↑ ↑
M 1,1,1,χ2 5 0.44±0.12 - - - 5.62 5.95 5.78 halfC14K111.dat

168 1873.6±2.0 - - - 0.0016 5.0×10−5 7.5×10−6

Two signals
M =2 12.82±0.54 18.78±0.65 - - - ← ↑
M 2,1,1,χ2 8 0.44±0.12 0.53±0.13 - - - 5.3 4.91 halfC14K211.dat

135 1870.4±1.4 1874.3±1.9 - - - 0.0025 0.00034
Three signals

M =3 5.580±0.085 12.82±0.40 19.32±0.83 - - - ←
M 3,1,1,χ2 11 0.42±0.14 0.488±0.087 0.499±0.096 - - - 3.88 halfC14K311.dat

109 1875.01±0.51 1870.2±1.4 1873.5±2.3 - - - 0.012
Four signals

M =4 3.437±0.052 IF 5.70±0.13IF 12.71±x0.17 21.2±1.2 - - -
M 4,1,1,χ2 14 0.30±0.12 AD 0.40±0.31 AD 0.46±0.13 0.440±0.096 - - - halfC14K411.dat

92 1872.51±0.66 1875.6±1.2 1870.8±1.1 1870.9±2.9 - - -

Table S3. Periods in all weighted data. Otherwise as in Table S1.

Period analysis Fisher-test
Data: Original weighted data (n = 155,∆T = 154: Clong.dat)

M P1 (y) P2 (y) P3 (y) P4 (y) M =2 M =3 M =4
η (-) A1 (Co) A2 (Co) A3 (Co) A4 (Co) Fχ (-) Fχ (-) Fχ (-) Control file
χ2 (-) tmin,1 (y) tmin,1 (y) tmin,1 (y) tmin,1 (y) QF (-) QF (-) QF (-)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
One signal

M =1 12.65±0.20 - - - ↑ ↑ ↑
M 1,1,1,χ2 5 0.51±0.14 - - - 12.4 6.98 7.10 longC14K111.dat

437 1871.3±1.3 - - - 2.7×10−7 1.6×10−6 1.9×10−8

Two signals
M =2 5.677±0.089 12.64±0.31 - - - ↑ ↑
M 2,1,1,χ2 8 0.393±0.086 0.47±0.13 - - - 6.48 6,53 longC14K211.dat

384 1875.65±0.56 1871.3±1.2 - - - 0.00038 4.1×10−6

Three signals
M =3 5.662±0.077 12.78±0.12 21.3±1.5 - - - ↑
M 3,1,1,χ2 11 0.40±0.13 0.47±0.10 0.37±0.12 - - - 5.91 longC14K311.dat

338 1870.27±0.62 1870.36±0.88 1870.8±3.3 - - - 0.00079
Four signals

M =4 5.496±0.093 IF 5.66±0.13 IF 12.76±0.15 21.09±1.5 - - -
M 4,1,1,χ2 14 0.3±1.8 AD 0.4±1.8 AD 0.491±0.13 0.39±0.11 - - - longC14K411.dat
UM 300 1873.8±1.2 1870.2±1.1 1870.6±0.97 1871.3±2. - - -

Table S4. Forecasts (Figures S3 and S4: open circles).

Figure S3 Figure S4
t y σ y σ

(y) (Co) (Co) (Co) (Co)
2025 0.09 0.24 0.35 0.28
2026 0.35 0.20 0.47 0.29
2027 0.41 0.21 0.31 0.28
2028 0.35 0.22 0.21 0.28
2029 0.40 0.19 0.42 0.34
2030 0.60 0.20 0.79 0.31
2031 0.79 0.20 0.94 0.21
2032 0.75 0.27 0.66 0.21
2033 0.45 0.34 0.18 0.23
2034 0.11 0.30 -0.10 0.31
2035 -0.03 0.21 -0.03 0.38
2036 0.06 0.22 0.16 0.34



Table S5. Periods in all non-weighted data. Otherwise as in Table S1.

Period analysis Fisher-test
Data: Original non-weighted data (n = 155,∆T = 154: Rlong.dat)

M P1 (y) P2 (y) P3 (y) P4 (y) M =2 M =3 M =4
η (-) A1 (-) A2 (-) A3 (-) A4 (-) FR (-) FR (-) FR(-) Control file
R (-) tmin,1 (y) tmin,1 (y) tmin,1 (y) tmin,1 (y) QF (-) QF (-) QF (-)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
One signal

M =1 12.71±0.12 - - - ← ← ←
M 1,1,1,R 5 0.389±0.074 - - - 3.67 3.77 1.11 longR14K110.dat

27.1 1871.19±0.86 - - - 0.013 0.0016 0.36
Two signals

M =2 5.651±0.030 12.69±0.15 - - - ← ←
M 2,1,1,R 8 0.319±0.064 0.384±0.088 - - - 3.77 -0.092 longR14K211.dat

25.2 1870.26±0.41 1871.3±1.1 - - - 0.0016 1
Three signals

M =3 5.650±0.032 9.12±0.12 12.69±0.27 - - - ←
M 3,1,1,R 11 0.327±0.084 0.299±0.087 0.381±0.079 - - - -3.50 longR14K311.dat

23.4 1870.28±0.46 1872.5±1.2 1871.4±1.3 - - - 1
Four signals

M =4 5.496±0.093 IF 5.662±1.3 IF 12.76±0.16 21.1±1.5 -
M 4,1,1,R 14 0.3±1.9 AD 0.4±1.8 AD 0.491±0.49±0.13 0.39±0.11 - longR14K411.dat
UM 25.3 1873.8±1.2 1870.2±1.2 1870.6±0.97 1871.3±2.1 -
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