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Ђϱϼи͎͐χSolar MinimumⱲχớꜗ ψˁ
Comparisons of physics-based predict ion

Figure 1: Time evolut ion of the longitudinal averaged photospheric magnet ic eld (upper panel) from W SO, sunspot
number (black curve), northern (red curve, lower panel) and southern polar eld (blue curve, lower panel) from WSO.
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Figure 2: Four key ingredients of the physics-based predict ion models (top line) and different methods to derive each
ingredient in the physics-based predict ions.

SFT simulationsprovide an effective way to get the predictor, e.g.,polar or axial dipolestrength at cycle
minimum.Thedirect or indirect observed synoptic or synchronic mapBr (Rą,ṉ, , t0) at a time t0 before thecycle
24/25 minimumis usedas the initial condition. After getting the polar (or axial dipolestrength, PFn) at the
cycle 24/25 minimum,thecorrelationbetween it andthesubsequentcycle strength (Sn+ 1) can beusedto predict the
subsequent cycle strength. But the pr of the cycle cannot be derived basedon the correlation. Sinceempirical
relationsbetweenthecycleamplitudeandcycleshapeareavailable,somepredictionmodelsfurtherapply theempirical
relationsto predict theshapeof thesubsequentcycle, even includinguncertain rangesat different phasesof cycle 25.

FTDmodelsprovideanothereffectiveway toget thepredictor. Somemodelscontinuously assimilatethe
ᶍ

Br (Rą,ṉ, t)

into FTD simulationsuntil theprediction timing. Somemodelsjust usetheobserved
ᶍ

Br (Rą,ṉ, tmin) asthe initial
condition. Thecorrespondingtoroidal from FTD modelsgives theprediction of thecycle 25 pr including
the cycle duration. But usually the predicted cycle period doesnot change with the cycle amplitudesincedynamo
modelshave ed cycleperiod.

Figure 2 summarizesthe four key ingredientsof physics-based predictionsanddifferent methodsto derive each
ingredient. In thenext subsection,weconcentrateoncomparisonsandanalysisof thedifferencesamongthe7 available
physics-basedpredictionsof cycle 25 especially basedon thefour ingredients. The7 modelsare: (1) Cameron et al.
(2016), hereafter CJS16,(2) Hathaway andUpton (2016), hereafter HU16,(3) I ijimaet al. (2017), hereafter IHI17,
(4) Jianget al. (2018), hereafter JW J18,(5) BhowmikandNandy(2018), hereafter BN18,(6) Labonvilleet al. (2019),

Jiang et al.: Preprint submitted to Elsevier Page 7 of 18

WSOτϢϥớӽꜗ

Jie et al. 2023, Journal of Atmospheric and Solar -Terrestrial Physics, 243, 106018.
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