The trouble with solar cycle 24
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Introduction: Our contemporary human civilisation becomes more and more vulnerable to effects of space weather. "The response of our space environment to the constantly changing sun is known as space weather"[1].Inclement space weather can cause million-dollar losses disrupting electric power systems, wrecking satellites, forcing aviacompanies to longer routes instead of direct polar ones, to name only a few troubles. As the origin of these disturbances is in solar activity, their prediction needs prediction of solar activity too, beside the regular observation of the solar patrol network on the Earth and in space. During times of minimum solar activity, or already in the time of fall, many predictions are published about the time and the possible height of the coming maximum. So is it also now in 2008, with the situation somewhat more complicated as usually, even the official forecast by NOAA came out two-valued [2] (see Figure). Below it will be shown, why.
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Properties of the solar cycle (SC):The figure below shows therun of the solar activity in the last four centuries. Well visible are the Maunder Minimum (1645-1710) and the irregular character of the cycle. Numbering of cycles begins with SC01 beginning at 1755, although there is suspicion that the unusually long SC04 actually consisted of one large and one small cycle [3]. We are now around the minimum after SC23.
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The height and time of the maximum (or minimum) is determined from a 13-month moving average, with the first and last month having half the weight of the others. So the real time and value of the minimum (maximum) becomes known only after 1-1.5 years after its occurrence. There is a strong stochastic component in the solar activity, making predictions difficult. Despite this, several types of methods are used to try to forecast the height and time of the next maximum.

Forecast methods: The cycle itself was revealed only about 1.5 centuries ago, after that established also backwards from various observations. Studying the behavior of the cycle, various methods emerged for the forecast (a subjective classification): 

1.) Deterministic time-series analysis:

(Fourier-series, wavelet-analysis, other supposed or real periodicities, neural network, deterministic chaos)

2.) "Astrological"method:

     (Also fully deterministic, on the base of the positions of planets, mainly Jupiter, thinking that the solar activity is caused by tidal forces)

3.) Stochastic time-series analysis: (ARMA models)

4.) "Egyptian" method (a.k.a. McNish-Lincoln [4]):

(Determine the future on the base of averaging the observations collected in past centuries)

5.) Precursor method:

(Various geomagnetic indices, measured around previous minimum, Ol’ [5], or another physical observations around the time of minimum, like solar polar fields, meridional circulation speed, etc.)

6.) Physicalmethod: (Observational data inserted in computations of dynamo theory, Dikpati & al. [6])

Very probably flawed methods: 
Deterministic time-series analysis:does not try even think of theoretical understanding, studies only the change of activity with time. Supposes strict periodicities, tries to fit the cycle with these. Can reproduce the past behavior with arbitrarily great accuracy, but moving into the future diverges from the reality. For longer periods ahead can lead to very strange and erroneous results

"Astrological" method: based on tidal theory, mainly of Jupiter, noting the approximate equality of the lengths of the SC and Jupiter's period of revolution. Two main difficulties: tidal forces are proportional with mass and inverse cube of the distance, so Venus can exert larger influence, than Jupiter, and the planets'motionis also regular, which can not be told about the SC.

Most widely used method:

McNish-Lincoln method: on the base of statistical properties of the historical sunspot record. Used by the NOAA (Boulder, CO, USA) data center for everyday prediction work. Said to be reliable only for approximately a year ahead, after that converges to the long-term mean cycle. Their latest prediction of SC24is given below based on a supposed minimum on January 2008. This is definitely too early, as solar activity continued to be very low in 2008.
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Most successful method: 

Precursor methods gave up to now the best predictions of the height of the next cycle. Their theory relies on the solar dynamo process, supposing that some (mostly geomagnetic) indices at the minimum show the strength of the dipole component of the solar magnetic field, which in turn determines the height of the next maximum. They are very sensitive to the exact time of the minimum (as is also the McNish-Lincoln method).
Statistically most similar method:

Stochastic time-series (ARMA) methods: ARMA stands for Auto-Regressive Moving Average. These time-series contain a large random component. The values of the series result as a sum of a certain number of the preceding values of the series, multiplied by suitable coefficients plus several random numbers also multiplied by suitable coefficients. Defining a model means to define the number of previous values and all the coefficients. Supposing that the SC is a stationary random process, an ARMA model can describe its statistical properties.

An ARMA model[7]:
Zn = F1Zn-1 + F2Zn-2 + an – Q1an-1 – Q2an-2;Zn = an =0  if  n<1
F1 = 1,90693 ; F2 = - 0,98751 ;  Q1 = 0,78512 , Q2 = - 0,40662

arandom number with a Gaussian distribution with expected value 0 and standard deviation 0.4

Correction for the asymmetry of the SC:Xn = Zn2; Wn = Xn + k(Xn-1 – Xn-2)     (k = 0,03)

Wnis the mean yearly sunspot number simulated by the given ARMA(2,2) model.

(Most easily we can get Gaussian random numbers with expected value 0 and standard deviation 1 if we

take 12 random numbers evenly distributed between 0 and 1 e.g. with function RND, and subtract 6

from their sum.)
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As is visible on the figure (upper part - real SC, lower - simulated) this model qualitatively well represents the SC including the Maunder minimum). To use as a predictive tool, one must determine the parameters of the model (the number of previous values, random numbers and the coefficients) from the historical data.

The ultimate understanding: 

Physical models use the (fairly complex) equations of the solar dynamo to predict the future behavior of the SC [5]. These are the theoretically most supported forecasts, based on physical understanding of the SC. Trouble is, that the existing dynamo models contain several free parameters, and in the process of "teaching" them some simplifying assumptions must be made (like all cycles are of the same length, etc.), and as J. von Neumann said "With four free parameters I can fit an elephant, with five I can make himto wiggle his trunk" [8]. The two existing such predictions for SC24 are almost at the opposite ends of the range: 155-180 [6] vs. 80 [9].

Principal difficulties:

Rescaled range analysis (Hurst analysis, [10]) is used in time-series analysis for detecting randomness present in the process. If we have an X(t) time series, the range(R) for a given interval is Xmax - Xmin, and the rescaled range is R/S, where S is the standard deviation of data for the given interval. We compute R/S for longer and longer periods, and make a graph of the results in log-log axes. The slope H of this function is called the Hurst exponent. For a true random process we get H = 0.5. If H > 0.5, the process is persistent.

Mandelbrot & Wallis made an R/S analysis of the solar cycle [11], and found an H = 0.93, i.e. strong persistence. This means that if we have a large value, the next value will also be probably large. At the same time the graph was linear (not counting the 11-yr cycle and its first harmonic), so a strong stochastic component is present. This fact makes the prediction difficult.

Where we stand today?
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The SC (Fig. at left) is very low, no spots for months, but it cannot be said, that we reached minimum yet. Worst for precursor methods, the geomagnetic Ap-index (Fig. at right) underwent a stepwise change down in October 2005 [12]. So the lower forecast is more probable.

The forecasts:
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As shown in this extended collection of forecasts, there is a wide uncertainty, whether there will be a larger or smaller SC24. Most probably it will be somewhat smaller, than SC23 (120), but anyway the solar community will learn a lotfrom the problems encountered.
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