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TECHNICAL PUBLICATION

USING THE MODIFIED PRECURSOR METHOD TO ESTIMATE THE SIZE OF CYCLE 24

1. InTRoDUcTIon

 Recently, Dabas et al.1 have exam�ned the relat�onsh�p between 12-month mov�ng averages of the 
max�mum ampl�tude of a sunspot cycle and the number of d�sturbed days (Ap index ≥25), which they call 
the “disturbance index,” from cycle maximum of the preceding cycle. In particular, they find a strong cor-
relat�on between the max�mum ampl�tude of the follow�ng sunspot cycle and the value of the d�sturbance 
�ndex measured about four years after the preced�ng cycle’s max�mum ampl�tude (correspond�ng to about 
three years or so before subsequent cycle m�n�mum ampl�tude). Based upon the�r �nferred correlat�on, 
they pred�cted cycle 24’s max�mum ampl�tude to be about 124 ± 23, occurr�ng about 44 ± 5 months after 
its minimum amplitude occurrence (or about mid-to-late 2011, if the official start of cycle 24 is March 
2008).

 Over the years, many techn�ques have been proffered as prov�d�ng a means whereby the s�ze of 
a sunspot cycle m�ght be est�mated. Of part�cular �nterest are those techn�ques based on precursor geo-
magnet�c �nformat�on. For example, more than forty years ago Ohl2 found a h�gh correlat�on to ex�st 
between the m�n�mum of geomagnet�c act�v�ty near sunspot m�n�mum and the later-occurr�ng max�mum 
sunspot ampl�tude. He also showed that the level of geomagnet�c act�v�ty dur�ng the last few years of 
a sunspot cycle �s well-correlated w�th the max�mum ampl�tude of the follow�ng sunspot cycle.3 More 
recently, W�lson4 �nvest�gated a number of s�ngle var�ate and b�var�ate precursor techn�ques, as appl�ed to 
cycle 22; Thompson5 noted the �mportance of the number of d�sturbed days (Ap ≥25) in cycle prediction; 
and  Hathaway, W�lson and Re�chmann6 descr�bed the so-called “Comb�ned Precursor Method” and the 
“Comb�ned Solar Cycle Act�v�ty Forecast Method,” apply�ng them to cycle 23. Several other precursor 
techn�ques have also appeared.7–12

 The purpose of th�s Techn�cal Publ�cat�on (TP) �s to re-exam�ne the relat�onsh�p as reported by 
Dabas et al. and determ�ne �f s�m�lar relat�onsh�ps ex�st us�ng the Ap, aa, and aaI geomagnet�c �nd�ces, 
where the aaI �ndex �s the res�dual or follow�ng recurrent component assoc�ated w�th h�gh-speed streams, 
hav�ng removed the lead�ng sporad�c component due to the var�at�on of the solar cycle.13–16 Th�s TP w�ll 
also prov�de an est�mat�on of the ascent durat�on for cycle 24 based on the Waldme�er effect and an exam�-
nat�on of the var�at�on of sunspot cycle lengths and Hale cycle effects.
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2. RESULTS AND DISCUSSION

2.1 The Number of Disturbed Days (NDD)

 F�gure 1 plots �nd�v�dually the 12-month mov�ng averages of the number of d�sturbed days (NDD) 
from max�mum ampl�tude occurrence [E(RM)] for elapsed t�mes �n months t equal 0 to 84 months past 
E(RM)  for cycles 17–23. Also shown are the max�mum values of the NDD, the�r occurrence dates relat�ve 
to E(RM), the occurrence dates for E(RM) and the descent durat�ons (DES) of the cycles �n months. As an 
example, for cycle 17, �ts NDD max�mum (NDDM) equals 7.5, occurr�ng 78 months past E(RM), or about 
October 1943, just four months pr�or to sunspot m�n�mum for cycle 18. Clearly, the var�at�on of NDD �s 
best descr�bed as be�ng ep�sod�c, w�th typ�cally several peaks occurr�ng dur�ng the descend�ng port�on of  
a sunspot cycle. Cycle 18 had the largest NDDM and �s followed by cycle 19, the largest sunspot ampl�-
tude cycle dur�ng the modern era. NDDM for cycle 23 measures 9.8, occurr�ng 40 months past E(RM), and 
th�s �s the th�rd largest value dur�ng cycles 17–23. Table 3 �n the append�x g�ves a tabulat�on of NDD(t) 
values for elapsed t�me �n months from E(RM) t = 0–84 months for cycles 17–23.

 F�gure 2 shows the scatter plot of RM for cycle n + 1 versus NDDM for cycle n. Shown are the 
�nferred correlat�on y, the coefficient of correlation r, the coefficient of determination r2 (a measure of 
the amount of var�ance expla�ned by the �nferred correlat�on), the standard error of est�mate se, and the 
confidence level (cl) for the fit. While there appears to be a hint of positive correlation to exist between 
the s�ze of the follow�ng sunspot cycle and the preced�ng max�mum value of NDD, str�ctly speak�ng, 
the �nferred correlat�on �s not stat�st�cally �mportant (obv�ously due to the brev�ty of the NDD record).  
The arrow marks the value of NDDM for cycle 23, wh�ch, accord�ng to the �nferred correlat�on, suggests 
that cycle 24 could have an RM measur�ng about 156 ± 70 (the 90% pred�ct�on �nterval). It should be noted 
that, �nstead of compar�ng the preced�ng NDDM w�th the follow�ng RM, one could compare the max�-
mum NDD of the “bump” dur�ng the latter half of the decl�ne, t >42 months, aga�nst the follow�ng RM. 
Doing so, one finds that the inferred correlation is statistically important and that cycle 24 should have 
RM = 109 ± 42 (the 90% pred�ct�on �nterval).

 Figure 3 displays the variation of the coefficients of determination r2, result�ng from a compar�-
son of RM for cycle n + 1 versus NDD(t) for cycle n, for elapsed t�me �n months t equal 0 to 84 months 
past E(RM). Th�s �s essent�ally the same result as reported by Dabas et al.1 Correlat�ons pr�or to about 
three years after E(RM) are negat�ve (�nverse) relat�onsh�ps and those from about three years are pos�t�ve 
relat�onsh�ps, w�th the ones around four years past E(RM) be�ng the most stat�st�cally �mportant. Unl�ke 
that found by Dabas et al., however, �s that there appears to be a few months about two years after E(RM) 
where the �nferred correlat�on seems to be stat�st�cally �mportant (cl ≥95%), although the inferred cor-
relat�on �s not as stat�st�cally �mportant as the one about four years past E(RM) of the preced�ng cycle. 
The two c�rcled po�nts 1 and 2 �dent�fy the two most �mportant correlat�ons for the two �ntervals (t = 25 
and 48 months). For c�rcled po�nt 1 (t = 25 months), �t has r2 = 0.719, r = –0.848, se = 19.3 and cl >95%. 
S�nce NDD(t = 25) = 3.0 for cycle 23, one �nfers that RM for cycle 24 should measure about 190 ± 41 
(the 90% pred�ct�on �nterval). For c�rcled po�nt 2, the strongest �nferred correlat�on (r2 = 0.841, r = 0.917,  
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F�gure 2.  Scatter plot of RM(cycle n + 1) versus NDDM.

se = 13.5 and cl >99%), �t occurs at t = 48 months. For cycle 23, NDD(t = 48) equals 4.7, wh�ch suggests a 
somewhat smaller RM for cycle 24, equal to 137 ± 31 (the 90% pred�ct�on �nterval).

2.2 The Ap Index

 F�gure 4 plots �nd�v�dually the 12-month mov�ng averages of Ap from E(RM) for elapsed t�mes 
�n months t equal 0 to 84 months past E(RM)  for cycles 17–23. Also shown are the max�mum values of 
Ap, the�r occurrence dates relat�ve to E(RM), the occurrence dates for E(RM) and the descend�ng dura-
t�ons (DES) of the cycles �n months. As an example, for cycle 17, �ts Ap max�mum (ApM) equals 18.0 
occurr�ng 30 months past E(RM), or about October 1939, some 52 months pr�or to sunspot m�n�mum for  
cycle 18. Clearly, the var�at�on of Ap �s best descr�bed as be�ng ep�sod�c (qu�te s�m�lar to NDD, w�th the 
except�on of cycle 17), w�th typ�cally several peaks occurr�ng dur�ng the descent durat�on of a sunspot 
cycle. Cycle’s 18 and 22 had the largest ApM (= 25.0), and ApM for cycle 23 measures 22.3 occurr�ng  
40 months past E(RM), wh�ch �s the th�rd smallest value dur�ng cycles 17–23. Table 4 �n the append�x g�ves 
a tabulat�on of Ap(t) values for elapsed t�me �n months from E(RM) t = 0–84 months for cycles 17–23.
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F�gure 3.  Var�at�on of r2 for t = 0 to 84 months past E(RM), result�ng from a compar�son 
 of RM for cycle n + 1 versus NDD(t) for cycle n.

 F�gure 5 shows the scatter plot of RM for cycle n + 1 versus ApM for cycle n. Clearly, the �nferred 
correlat�on between RM (cycle n + 1) and ApM (cycle n) �s not stat�st�cally �mportant (aga�n, due to the 
brev�ty of the Ap record). The arrow marks the value of ApM for cycle 23, wh�ch, accord�ng to the �nferred 
correlat�on, suggests that cycle 24 could have an RM measur�ng about 151 ± 78 (the 90% pred�ct�on 
�nterval). As before for NDD, however, �f �nstead of compar�ng ApM w�th the follow�ng RM, one com-
pares the max�mum Ap of the ‘bump’ dur�ng the latter half of the decl�n�ng port�on of the sunspot cycle,  
t > 42 months, aga�nst the follow�ng RM, one finds that the inferred correlation is statistically important 
and that cycle 24 should have RM equal to about 121 ± 31, the 90% pred�ct�on �nterval.

 Figure 6 displays the variation of the coefficients of determination r2, result�ng from a compar�-
son of RM for cycle n + 1 versus Ap(t) for cycle n for t equal 0 to 84 months past E(RM). Th�s �s essen-
t�ally the same result as shown above for NDD(t). Namely, correlat�ons pr�or to about three years after 
E(RM) are negat�ve (�nverse) relat�onsh�ps and those from about three years are pos�t�ve relat�onsh�ps, 
w�th the ones around four years past E(RM) be�ng the most stat�st�cally �mportant. However, unl�ke 
that found for NDD(t), no stat�st�cally �mportant relat�onsh�p �s found to occur pr�or to about four years 
past E(RM) of the preceding cycle. Circled point 1 identifies the most important correlation, and circled  
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F�gure 5.  Scatter plot of RM(cycle n + 1) versus ApM.

point 2 identifies another localized peak in r2 that occurs sl�ghtly later �n t�me, but one that also �s stat�st�-
cally �mportant. For c�rcled po�nt 1 (t = 49 months), �t has r2 = 0.910, r = 0.954, se = 11.0 and cl >99.5%. 
S�nce Ap(t = 49) = 14.0 for cycle 23, one �nfers that RM for cycle 24 should measure about 125 ± 23 (the 
90% pred�ct�on �nterval). However, for c�rcled po�nt 2, �t has r2 = 0.784, r = 0.886, se = 16.9 and cl >98%), 
occurr�ng at t = 64 months, and suggests RM for cycle 24 to be about 109 ± 36 (the 90% pred�ct�on �nter-
val). The overlap of the RM pred�ct�ons for cycle 24 based on the two correlat�ons [RM versus NDD(t = 48) 
and RM versus Ap(t = 49)] �s about 124 ± 21.

2.3 The aa and aaI Indices

 F�gure 7 shows �nd�v�dually the 12-month mov�ng averages of the aa (upper curves) and aaI 
(lower curves) geomagnet�c �nd�ces from E(RM) for elapsed t�mes �n months t equal 0 to 84 months 
past E(RM) for cycles 11–23, some s�x add�t�onal cycles as compared to the NDD or Ap data sets. As 
before, shown are the E(RM) occurrences dates, the descent durat�ons (DES), and the peak values of 
aa and aaI and the�r occurrence dates relat�ve to E(RM). Clearly, aaI �s found to strongly m�m�c aa. 
Recall that aaI �s the res�dual or follow�ng component of the aa �ndex, hav�ng removed the lead�ng spo-
rad�c component due to the sunspot cycle.16 Add�t�onally, �t should be noted that the aa and aaI �nd�ces 
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used here are those based on the adjusted values,14,17 wh�ch compensate for changes �n the repos�t�on�ng 
of the magnetometers used for the computat�on of the aa geomagnet�c �ndex before 1957 (values pr�or to 
1957 are sl�ghtly �ncreased by 3 nT). Also, aaI, as employed here, �s the 12-month mov�ng average of the 
d�fference �n monthly means of aa – aaR, where aaR = 6.3 + 0.0462 R, determined from a straight-line fit 
of monthly means of aa and R, part�cularly, through the values for February 1880 and June 1999. (Us�ng a 
d�fferent b�nn�ng techn�que18 would result �n a somewhat stronger relat�onsh�p between aa and R.)

 As w�th NDD and Ap, the aa and aaI �nd�ces d�splay ep�sod�c var�at�on, mult�ple peaks throughout 
the descending portion of the sunspot cycle, these peaks being associated with high-speed solar wind flows 
from the Sun.16 Cycles 13 and 14 have the lowest aaM and aaIM values, wh�le cycle 23 has the h�ghest 
aaM and aaIM values. Tables 5 and 6 �n the append�x g�ve tabulat�ons of aa(t) and aaI(t) for elapsed t�me 
�n months from E(RM) t equal 0 to 84 months for cycles 11–23. It should be noted that the actual aaM and 
aaIM for cycles 12 and 13 occurred pr�or to the�r respect�ve E(RM) dates. For cycle 12, �ts actual aaM and 
aaIM occurred s�multaneously �n September 1882, 15 months pr�or to E(RM), and measured, respect�vely, 
26.8 and 17.8. For cycle 13, �ts actual aaM and aaIM occurred s�multaneously �n July 1892, 18 months 
pr�or to E(RM), and measured, respect�vely, 27.1 and 17.4. In tables 5 and 6, the occurrence dates of aaM 
and aaIM for cycles 12 and 13 are marked w�th apostrophes to �nd�cate that these values are the max�mum 
values dur�ng the decl�n�ng port�on of the sunspot cycle, be�ng sl�ghtly smaller values as compared to the�r 
actual max�mum values.
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 F�gure 8 shows the scatter plots of RM for cycle n + 1 versus aaM for cycle n (left panel) and 
aaIM for cycle n (r�ght panel). Both plots are stat�st�cally �mportant, �n contrast to that found before for 
NDDM (fig. 2) and ApM (fig. 5). Based on the aaM for cycle 23, one �nfers RM for cycle 24 could be 
about 168 ± 60 (the 90% pred�ct�on �nterval). Based on the aaIM for cycle 23, one �nfers RM for cycle 24  
could be about 194 ± 41. The overlap �n these pred�ct�ons �s about 190 ± 38, suggest�ng that RM for  
cycle 24 should be ≥152. Such a finding suggests that cycle 24’s maximum amplitude will be greater than 
average s�ze, poss�bly much greater than average s�ze.14,19–20 Pla�nly, �t �s the �nclus�on of cycles 11–16 
that makes the correlat�on stat�st�cally �mportant. The aaM and aaIM values plotted in fig. 8 for cycles 
12 and 13 are those max�mum values that occurred �n the�r decl�nes and not the actual max�mum values.  
If �nstead, one used the actual max�mum values, then, based on aaM, RM(24) would be pred�cted to be 
about 167 ± 64 and, based on aaIM, about 199 ± 44, y�eld�ng an overlap of 193 ± 38, essent�ally the same 
as above us�ng the max�mum values dur�ng the decl�nes. Also, �t should be noted that, as before for NDD 
and Ap, �nstead of compar�ng aaM or aaIM w�th the follow�ng RM, one compares the�r max�mum values 
of the “bump” dur�ng the latter half of the decl�ne, t > 42 months, aga�nst the follow�ng RM, one finds 
that the �nferred correlat�ons are stat�st�cally �mportant and that cycle 24 should have RM equal to about 
122 ± 27 and 118 ± 27, respect�vely, these be�ng the 90% pred�ct�on �ntervals, thereby y�eld�ng an overlap 
of about 120 ± 25.

20

200

100

30 40
aaM(cycle n), post E(RM)

R
M

(c
yc

le
n+

1)

aaM(23) = 38.0 ⇒ RM(24)90 = 167.9 ± 60.3 

y = –50.924 + 5.759x
r = 0.655, r 2 = 0.429
se = 33.266, cl > 95%

aaM(23)

y

10 20 30
aaM(cycle n), post E(RM)

aaIM(23) = 29.6 ⇒ RM(24)90 = 182.7 ± 50.9

y = –38.763 + 7.484x
r = 0.769, r 2 = 0.591
se = 28.083, cl > 99.5%

aaIM(23)

y

F�gure 8.  Scatter plot of RM(cycle n + 1) versus aaM (left panel) and aaIM (r�ght panel).

 Figure 9 displays the variation of the coefficients of determination r2 based on RM for cycle 
n + 1 versus aa(t) for cycle n (lower panel) and versus aaI(t) for cycle n (upper panel) for t equal 0 
to 84 months past E(RM). Both panels d�splay stat�st�cally �mportant correlat�ons beg�nn�ng about  
t = 38 months, w�th the greatest correlat�ons occurr�ng at t = 49 months (also a secondary local�zed peak at 
t = 64 months). Based on aa(t = 49 months) for cycle 23, one �nfers RM for cycle 24 to be about 129 ± 27  
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F�gure 9.  Var�at�on of r2 for t = 0 to 84 months past E(RM), result�ng from a compar�son 
 of RM for cycle n + 1 versus aa(t) for cycle n (lower panel) and aaI(t) for  
 cycle n (upper panel).

(the 90% pred�ct�on �nterval) and, based on aaI(t = 49 months) for cycle 23, one �nfers RM for cycle 24 to 
be about 127 ± 30, y�eld�ng an overlap of about 129 ± 27. Instead, based on the later-occurr�ng correlat�on 
for aa(t = 64 months), one �nfers RM for cycle 24 to be about 118 ± 31 (the 90% pred�ct�on �nterval) and, 
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based on aaI(t = 64 months), one �nfers RM for cycle 24 to be about 114 ± 30 (the 90% pred�ct�on �nterval, 
y�eld�ng an overlap of about 116 ± 28. Together, the overlap of the comb�ned est�mates (based on aa and 
aaI) �s about 123 ± 21. Based on the t = 49 month est�mates, there �s only a 5% chance that cycle 24’s RM 
w�ll fall below about 100, suggest�ng that cycle 24 l�kely w�ll be an above average s�ze cycle21–23, wh�le, 
based on the t = 64 month est�mates, there �s only a 5% chance that cycle 24’s RM w�ll fall above about 145. 
Pla�nly, a d�lemma ex�sts regard�ng the expected s�ze of cycle 24’s RM, us�ng e�ther the max�mum values 
of the geomagnet�c precursors (>152), or the values as measured about 4 or 5 yr past E(RM) (<145).

2.4 Hindcasts of RM(cycle n + 1)

 For this subsection and the next, only the fits between RM and the values of the geomagnet�c precur-
sors about four years past E(RM) w�ll be cons�dered. Table 1 compares the observed RM w�th the pred�cted 
RM based on the prev�ously ment�oned techn�ques us�ng NDD(t = 48 months), Ap(t = 49 months), aa(t =  
49 months), and aaI(t = 49 months). Of these part�cular techn�ques, the one based on Ap(t = 49 months) has 
the h�ghest r (= 0.954) and r2 (= 0.910), and the smallest se (= 11.0); hence, one expects �t to be the best 
pred�ctor. For cycle 24, �t pred�cts RM for cycle 24 to be about 125 ± 23 (the 90% pred�ct�on �nterval).

Table 1.  H�ndcasts of RM(cycle n + 1).

Cycle RM(Obs.) RM [NDD(t = 48)] RM [Ap(t = 49)] RM [aa(t = 49)] RM [aaI(t = 49)]
r = 0.917, se = 13.5 r = 0.954, se = 11.0 r = 0.942, se = 14.8 r = 0.925, se = 16.7

12 74.6 – – 68.4 62.8
13 87.9 – – 85.8 94.1
14 64.2 – – 72.5 72.0
15 105.4 – – 90.0 90.4
16 78.1 – – 103.3 105.2
17 119.2 – – 119.1 129.1
18 151.8 142.7 155.1 164.0 162.3
19 201.3 199.3 200.9 190.7 184.4
20 110.6 107.7 104.7 98.3 95.0
21 164.5 150.8 154.2 146.6 141.1
22 158.5 162.9 154.2 155.7 162.3
23 120.8 144.1 138.3 142.4 138.3
24 – 137.3 125.2 129.1 127.3

 For NDD (t = 48 months), the average absolute error expressed as a percent of the pred�cted value 
�s 6.4%. F�ve of the s�x cycles were pred�cted w�th�n ±10%, w�th only the RM for cycle 23 ly�ng outs�de 
the ±10% range (–16.2%). For Ap(t = 49 months), the average absolute error expressed as a percent of 
the pred�cted value �s 5.0%. F�ve of the s�x cycles were pred�cted w�th�n ±10%, aga�n w�th only the RM 
for cycle 23 ly�ng outs�de the ±10% range (–12.7%). For aa(t = 49 months), the average absolute error 
expressed as a percent of the pred�cted value �s 9.9%. Half of the 12 cycles were pred�cted w�th�n ±10% 
and n�ne of 12 cycles were pred�cted w�th�n ±15%, w�th only cycles 15 (17.1%), 16 (–24.4%), and 23 
(–15.2%) hav�ng RM values outs�de the ±15% range. For aaI(t = 49 months), the average absolute error 
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expressed as a percent of the pred�cted value �s 12.5%. F�ve of 12 cycles were pred�cted w�th�n ±10% and 
seven of 12 were pred�cted w�th�n ±15%. Only cycles 12 (18.8%), 15 (16.6%), 16 (–25.8%), 20 (16.4%), 
and 21 (16.6%) had RM values outs�de the�r ±15% ranges (cycle 23’s observed RM was 12.7% below �ts 
pred�cted value).

 Us�ng ±15% as the expected uncerta�nty surround�ng the pred�ct�ons of RM, one computes that cycle 
24 should have an RM of about 137.3 ± 20.6, based on the NDD(t = 48 months) techn�que; 125.2 ± 18.8, 
based on the Ap(t = 49 months) techn�que; 129.1 ± 19.4, based on the aa(t = 49 months) techn�que; and 
127.3 ± 19.1, based on the aaI(t = 49 months) techn�que. The overlap of the pred�ct�ons �s 130.4 ± 13.7, �nd�-
cat�ng that cycle 24’s RM l�kely should be expected to be greater than about 117, but no larger than about 
144. Presuming the continued success of the modified precursor techniques, it appears highly unlikely, 
then, that the low pred�ct�on of 90 ± 10 as g�ven by the NOAA Solar Cycle 24 Pred�ct�on Panel21 �s val�d. 
It also appears that, wh�le the h�gh pred�ct�on of 140 ± 20 seems more l�kely, cycle 24’s RM probably w�ll 
fall e�ther w�th�n the lower port�on of the h�gh pred�ct�on �nterval or, perhaps, just below �t, at least, based 
on the modified precursor techniques described in this TP.

2.5 Cycle 24’s Ascent Duration

 Hav�ng what seems to be a rel�able pred�ct�on for cycle 24’s RM, �t �s now des�rable to est�mate 
�ts ascent durat�on. More than seventy years ago, Waldme�er24 showed that the shape of the sunspot cycle 
curve for a g�ven cycle �s pr�mar�ly determ�ned by the he�ght of �ts max�mum. In part�cular, he found that 
larger ampl�tude cycles atta�ned max�mum ampl�tude more qu�ckly than smaller ampl�tude cycles. Th�s 
�nverse relat�onsh�p between the s�ze of a sunspot cycle (RM) and �ts ascent durat�on (ASC) �s often called 
the Waldme�er effect.25–29 

 F�gure 10 d�splays the scatter plot of ASC versus RM for cycles 12–23, where ASC �s s�mply the 
elapsed t�me �n months from m�n�mum to max�mum sunspot ampl�tude, as measured us�ng 12-month 
moving averages of monthly mean sunspot number. Each cycle is identified by its number beside the filled 
c�rcles. The med�an values of RM (114.9) and ASC (47 months) are identified, respectively, by the vertical 
and hor�zontal l�nes. Thus, cycles 12–16 and 20 can be character�zed as be�ng smaller ampl�tude cycles, 
each hav�ng ASC ≥46 months (the range is 46–60 months). Similarly, cycles 17–19 and 21–23 can be 
character�zed as be�ng larger ampl�tude cycles, each hav�ng ASC ≤47 months (the range is 34–47 months). 
Based on the med�an values of RM and ASC, all of the first group except cycle 13 could be characterized 
as be�ng slow r�s�ng–smaller ampl�tude cycles, and all of the second group except cycles 19 and 23 could 
be character�zed as be�ng fast r�s�ng–larger ampl�tude cycles (s�nce the convent�on �s to place values on the 
med�ans �nto the h�gher quadrant). If one were to �nvoke 48 months as mark�ng the d�v�s�on between fast-
rising and slow-rising cycles, then there would be no change in the first grouping, and all of the second 
grouping would be identified as fast risers.

 Us�ng all data po�nts, l�near regress�on analys�s results �n the �nferred regress�on l�ne, shown as the 
heavy l�ne (y). It has r = –0.640, r2 = 0.410 (mean�ng that the �nferred regress�on can expla�n about 41% of 
the var�ance), se = 5.5 months, and cl >95% (mean�ng that the �nferred regress�on �s cons�dered stat�st�cally 
important at the 5% level of significance or the 95% confidence level). The result of Fisher’s exact test30 
for 2 × 2 contingency tables is shown in the upper right portion of the figure. Thus, the probability (P) 
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F�gure 10.  ASC versus RM (the Waldme�er effect).

of obta�n�ng the observed cont�ngency table, or one more suggest�ve of a departure from �ndependence 
(chance), �s 12.1%. Instead, us�ng the 48 month d�v�s�on l�ne, the observed table would be 5:0:6:1 rather 
than 5:2:4:1 and the probab�l�ty �s reduced to a mere 0.8%. Hence, cycles hav�ng larger ampl�tudes always 
have ASC <48 months, wh�le smaller ampl�tude cycles almost always have ASC ≥48 months.

 If one removes the extreme cycles �n RM (cycles 14 and 19), the resultant �nferred regress�on �s 
highly statistically important identified as the thin line (y′). It has r = –0.875, r2 = 0.765 (mean�ng that 
more than three-fourths of the var�ance can be expla�ned by the �nferred regress�on), se = 3.6 months and 
cl >99.9%. The result of F�sher’s exact test for th�s 2 × 2 cont�ngency table �s also shown �n the upper 
right portion of the figure, being P = 10.3%. Aga�n, us�ng the 48 month d�v�s�on l�ne, the observed table 
would be 4:0:5:1 rather than 4:1:4:1 and the probab�l�ty would be reduced to only 0.4%. It should be noted 
that cycle 19 �s the ma�n po�nt of content�on, be�ng the largest ampl�tude cycle, but only of average r�se 
t�me, so �t truly �s a stat�st�cal outl�er. Removal of only cycle 19 y�elds the regress�on y = 66.009 – 0.172x, 
r = –0.822, r2 = 0.675, se = 4.0 months, and cl >99.8%.
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 Table 2 compares observed ASC w�th pred�cted ASC us�ng the est�mates of RM g�ven �n table 1 
for each of the techn�ques, where the values �n parentheses refer to the alternate pred�ct�on values that 
d�sregard cycles 14 and 19 (y′). Based on the pred�cted RM values us�ng the NDD method and �nclud�ng 
all cycles (y), the average absolute error measures 10.4% and the range is –11.4 to +23.7%, with five of 
s�x cycles hav�ng errors w�th�n ±15% of the pred�cted ASC (only cycle 19 �s out of bounds). Based on the 
pred�cted RM values (y′) us�ng the NDD method and d�sregard�ng cycle 19, the average absolute error 
measures 7.6% and the range �s –19.0 to + 6.8%, w�th only cycle 22 hav�ng an error �n excess of ±7%. 
Based on the pred�cted RM values us�ng the Ap method and �nclud�ng all cycles, the average absolute error 
measures 10.5% and the range �s –20.9 to + 23.7%, w�th four of s�x cycles hav�ng errors w�th�n ±15% of 
the pred�cted ASC (cycles 19 and 22 are out of bounds). Based on the pred�cted RM values us�ng the Ap 
method and d�sregard�ng cycle 19, the average absolute error �s 6.5% and the range �s –12.8 to +11.9%. 
Based on the pred�cted RM values us�ng the aa method and �nclud�ng all cycles, the average absolute 
error �s 9.9% and the range �s –20.9 to + 20.5%, w�th only cycles 12 (15.4%), 16 (16.7%), 19 (20.5%), 
and 22 (–20.9%) hav�ng errors larger than ±15%. Based on the pred�cted RM values us�ng the aa method 
and d�sregard�ng cycles 14 and 19, the average absolute error �s 8.9%, and the range �s –13.2 to +14.6% 
(really, only cycle 19’s ASC fa�led to fall w�th�n the ±15% boundary). Based on the pred�cted RM values 
us�ng the aaI method and �nclud�ng all cycles, the average absolute error measures 8.7%, and the range �s 
–19.0 to +17.5%, w�th only cycles 12, 16, 19, and 22 hav�ng errors larger than ±15%. Based on pred�cted 
RM values us�ng the aaI method and d�sregard�ng cycles 14 and 19, the average absolute error �s 5.5%, 
and the range �s –9.8 to +14.3%. (Cycle 14’s error �s only –12.5%, so really only cycle 19’s ASC fa�ls to 
fall w�th�n the ±15% boundary.)

Table 2.  H�ndcasts of ASC(cycle n + 1).

Cycle ASC(Obs)
ASC(Pred.) ASC(Pred.) ASC(Pred.) ASC(Pred.)

(NDD) (Ap) (aa) (aaI)
12 60 – – 52(56) 53(58)
13 46 – – 50(53) 49(51)
14 49 – – 52(56) 52(56)
15 48 – – 50(52) 50(52)
16 56 – – 48(49) 48(49)
17 43 – – 47(46) 46(44)
18 39 44(41) 43(39) 42(37) 42(37)
19 47 38(30) 38(29) 39(31) 40(33)
20 49 48(48) 48(49) 49(50) 49(51)
21 42 43(40) 43(39) 44(40) 44(42)
22 34 37(42) 43(39) 43(39) 42(37)
23 47 41(44) 45(42) 44(41) 45(42)
24 – 45(42) 46(45) 46(44) 46(44)

 Us�ng ±15% as the expected uncerta�nty surround�ng the pred�ct�ons of ASC, for the pred�cted 
ASC based on the NDD method (RM = 137.3 ± 20.6), one pred�cts cycle 24’s ASC to be about 45 ± 7 
months (from y) or 42 ± 6 months (from y’). Based on the Ap method (RM = 125.2 ± 18.8), one pred�cts 
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cycle 24’s ASC to be about 46 ± 7 months (from y) or 45 ± 7 months (from y’). Based on the aa and aaI 
methods (RM = 129.1 ± 19.4 and RM = 127.3 ± 19.1, respect�vely), one pred�cts cycle 24’s ASC to be about  
46 ± 7 months (from y) or 44 ± 7 months (from y’). The overlap of the pred�ct�ons �s 43.5 ± 4.5 months. 
Hence, cycle 24 should probably be cons�dered a fast r�s�ng-large ampl�tude cycle, peak�ng fewer than 
48 months after sunspot m�n�mum. If cycle 24 has sunspot m�n�mum �n March 2008, as pred�cted by the 
NOAA Solar Cycle 24 Pred�ct�on Panel,21 then clearly one should expect sunspot max�mum for cycle 24 
before March 2012.

2.6 Sunspot Cycle Lengths

 Convent�onally, the length of a sunspot cycle �s reckoned from sunspot m�n�mum occurrence to 
sunspot m�n�mum occurrence of the follow�ng cycle us�ng 12-month mov�ng averages. F�gure 11 d�splays 
the temporal var�at�on of sunspot cycle per�ods for cycles 1–22. For all cycles the mean cycle per�od �s 
132.3 ± 14.4 months (one standard dev�at�on). However, because the record �s only rel�able from about 
cycle 10, the beg�nn�ng of the modern era31–33 (perhaps only from about cycle 12), the mean cycle per�od 
m�ght more rel�ably be determ�ned to be about 130.8 ± 8.7 months (one standard dev�at�on). Not�ceable �s 
that cycle per�ods do not cluster near the mean cycle per�od, but rather seem to be d�str�buted both longer 
and shorter than the mean cycle per�od, whether one uses all cycle per�ods or just those of the modern 
era.34 Hence, there �s the percept�on that there are two d�st�nct group�ngs of sunspot cycles: short-per�od 
(SP) cycles, hav�ng PER ≤126 months (the 90% distribution interval is 121.9 ± 6.4 months, based on the 
cycle lengths of the modern era sunspot cycles), and long-per�od (LP) cycles, hav�ng PER ≥135 months 
(the 90% d�str�but�on �nterval �s 138.7 ± 6.0 months, based on the cycle lengths of the modern era sunspot 
cycles), w�th an e�ght-month gap separat�ng them.

 The NOAA Solar Cycle 24 Pred�ct�on Panel21 has pred�cted that cycle 23 w�ll be a cycle of longer 
duration, specifically 11.75 years (or 141 months). Through September 2007, the 12-month moving aver-
age of sunspot number equals 5.9 and cycle 23 has already pers�sted for 136 months; clearly, �t �s an LP 
cycle. An official start for cycle 24 in March 2008 corresponds to a cycle length of 141 months for cycle 
23. Based on the 90% d�str�but�on �nterval of LP cycle lengths for modern era sunspot cycles, there �s only 
a 5% probab�l�ty that cycle 23’s durat�on w�ll pers�st longer than 145 months (June 2008). 

 In the upper right of fig. 11 is a table identifying (in descending order of frequency of occurrence) 
specific cycles according to a simple classification scheme, where the first letter refers to the ascent class 
(F: fast r�ser or S: slow r�ser, where the d�v�s�on �s assumed to be 48 months), the second letter refers to the 
max�mum ampl�tude class (L: large max�mum ampl�tude or S: small max�mum ampl�tude, where the d�v�-
s�on �s assumed to be 114.9) and the th�rd letter refers to the per�od class (L: long per�od or S: short per�od, 
where the d�v�s�on �s assumed to be 132 months). The two largest group�ngs of cycle classes are FLS: e�ght 
entries and SSL: seven entries, using all cycles, or FLS: five entries and SSL: four entries, using only the 
modern era cycles. So, us�ng all cycles, 8 of 11 fast-r�s�ng-large max�mum-ampl�tude cycles have been 
cycles of shorter durat�on, the except�ons be�ng cycles 4, 11, and 23. Also, us�ng all cycles, 7 of 10 slow-
r�s�ng-small max�mum-ampl�tude cycles have been cycles of longer durat�on, the except�ons be�ng cycles 
7, 15, and 16. Cycles 9 (SLL) and 13 (FSL) fit none of the above primary classes, and, as yet, there have 
been no cycles classified as FSS or SLS.
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F�gure 11.  Var�at�on of cycle lengths �n months for cycles 1–22.

 S�nce cycle 24 �s pred�cted to be a fast-r�s�ng-large max�mum-ampl�tude cycle (on the bas�s of the 
previously described modified geomagnetic precursor techniques), statistically speaking, it should also 
be a cycle of shorter durat�on. Recall that 8 of 11 (72.7%) prev�ous fast-r�s�ng-large max�mum-ampl�tude 
cycles have been cycles of shorter duration. If true, presuming that March 2008 marks the official start of 
cycle 24, then cycle 25 should not be expected to beg�n before March 2019. On the other hand, �f cycle 
24 turns out to be an odd-ball, l�ke cycle 23 (FLL), then the onset of cycle 25 m�ght be delayed unt�l after 
March 2019.
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2.7 Hale Cycle Effects

 Another way to exam�ne the behav�ors of RM and PER �s to determ�ne the var�at�on of the�r 
individual sums for consecutive cycle pairs (Hale cycle pairs). Figure 12 shows the variation of ∑RM 
for sunspot cycle pairs 1/2, 2/3, …, 22/23, where ∑RM �s the sum of the max�mum ampl�tudes for two 
consecut�ve sunspot cycles. Over the span of the sunspot record there has been an unm�stakable r�se �n 
∑RM such that six of the past six sunspot cycle pairs have all had ∑RM �n the upper-r�ght quadrant, as 
determ�ned from the med�ans (the th�n vert�cal and hor�zontal l�nes). S�mple runs test�ng35 suggests that 
the variation of ∑RM is non-randomly distributed at the 5% level of significance (six runs with samples 
number�ng 11 ap�ece) and l�near regress�on analys�s suggests a pos�t�ve correlat�on that �s marg�nally sta-
t�st�cally �mportant (cl ≥90%). Extension of the regression line to cycle pair 23/24 suggests that the ∑RM 
for cycle pa�r 23/24 should measure about 278, �nferr�ng that cycle 24’s RM should measure about 157  
�f �t l�es on the regress�on l�ne (s�nce cycle 23’s RM measured about 121). It w�ll measure below 157 �f the 
sum falls below the regress�on l�ne and �t w�ll measure above 103 �f the sum �s above the med�an value  
of 224. (From the previously described modified geomagnetic precursor techniques, recall that the overlap 
of the pred�ct�ons �s 130.4 ± 13.7 for cycle 24’s RM, inferring that ∑RM for cycle pa�r 23/24 should mea-
sure about 251 ± 14.)

 Figure 13 shows the variation of ∑PER for sunspot cycle pairs 1/2, 2/3, …, 22/23, where ∑PER �s 
the sum of the periods for two consecutive sunspot cycles. While there is no obvious trend in ∑PER over 
the span of the sunspot record, �t �s apparent that s�nce sunspot cycle pa�r 13/14, all sunspot cycle pa�rs 
have had ∑PER ≤266 months, averaging about 251 months (the range is 239–266 months). Cycle pair 
22/23 already has persisted 252 months and, presuming that cycle 24’s official start will be March 2008, its 
sum w�ll measure 258 months. F�sher’s exact test for the 2 × 2 cont�ngency table reveals that the probab�l-
�ty of obta�n�ng the observed result, or one more suggest�ve of a departure from �ndependence, �s P = 6.3%  
(�t w�ll actually �mprove to P = 4.3% �f cycle pa�r 22/23 falls �n the lower-r�ght quadrant, as expected). 
Hence, cycles prior to cycle pair 12/13 have usually been of longer ∑PER than cycles from cycle pa�r 12/13 
(the except�ons are cycle pa�rs 1/2, 2/3 and 7/8). For cycle pa�r 22/23 to exceed the med�an (265) �mpl�es 
that PER for cycle 23 would exceed 149 months, wh�ch further �mpl�es a very late onset for cycle 24 
(after October 2008), th�s not be�ng expected (the longest PER �n the modern era sunspot record has been  
142 months, cycle 13).

 Figure 14 displays the percentage change in ∑RM (lower panel) and ∑PER (upper panel) for cycle 
pairs 1/2–21/22. As an example, the ∑PER for cycle pair 2/3 measures 219 and the ∑PER for cycle pa�r 
1/2 measures 243, y�eld�ng a d�fference of –24 months, wh�ch represents a –9.9% decrease (–24/243)  
�n value from the value for cycle pa�r 1/2. For modern era sunspot cycle pa�rs, the average absolute 
percentage change in ∑RM measures ±15.8% (the range �s –24.5 to +37.4%) and the average absolute 
percentage change in ∑PER measures ±3.4% (the range �s –9.1 to +7.3%). Hence, one expects cycle pa�r 
23/24 to have ∑RM = 279.3 ± 41.9 (us�ng an error of ±15%, a value that works for e�ght of 12 modern 
era cycle pa�rs, fa�l�ng for cycle pa�rs 11/12, 16/17, 17/18 and 20/21). Also, one expects cycle pa�r 22/23 
(presently ≥252 months) to have ∑PER = 239 ± 24 months (us�ng an error of ±10%, a value that works for 
11 of 11 modern era sunspot cycle pa�rs), suggest�ng cycle 23’s PER ≤147 months; using an error of only 
±5% (wh�ch works for seven of 11 cycle pa�rs) suggests cycle 23’s PER ≤137 months, which seems too 
short (implying cycle 24 onset October 2007), since the first confirmed high-latitude new cycle spot was 
not observed unt�l January 2008 and h�gh-lat�tude new cycle spots typ�cally precede new cycle sunspot 
m�n�mum by a few to several months.29,36
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3. SUMMARY

 As first noted in the introduction, Dabas et al.1 have proffered a modified geomagnetic precursor 
techn�que based on the number of d�sturbed days (Ap ≥25) about four years after cycle maximum that 
�s stat�st�cally �mportant and prov�des what appears to be a fa�rly rel�able (w�th�n 10–15% uncerta�nty) 
means for pred�ct�ng the follow�ng cycle’s max�mum ampl�tude. On the bas�s of the�r techn�que, they 
pred�ct cycle 24’s max�mum ampl�tude to be of about 124 ± 23, peak�ng about 44 ± 5 months after sunspot 
m�n�mum occurrence, or about m�d-to-late 2011 �f cycle 24’s m�n�mum occurs �n March 2008. In th�s TP, 
we have reexam�ned the Dabas et al. method and extended �t to other data sets, �nclud�ng Ap, aa, and aaI. 
We confirm the general conclusions of the Dabas et al. results that cycle 24 will be slightly larger than 
average size and have a faster than average rise time (presuming the continued success of the modified 
precursor techn�que based on values of the geomagnet�c �nd�ces at about four years past E(RM) of the 
preceding cycle). In particular, we find that the Ap data seem to prov�de a more rel�able pred�ct�on of RM 
(based on h�ndcast�ng) and that the comb�ned (overlap) pred�ct�on for cycle 24’s RM based on all four 
data sets �s 130.4 ± 13.7, h�ghly suggest�ve that cycle 24 w�ll be larger than average s�ze and have an RM 
that �s outs�de the range of the consensus low pred�ct�on (90 ± 10) of the NOAA Solar Cycle 24 Pred�ct�on 
Panel.21 Such a value also compares qu�te favorably w�th the secular trend based on group sunspot number 
descr�bed �n Hathaway, W�lson, and Re�chmann27 (136.5 ± 41.3, the 90% pred�ct�on �nterval for cycle 24). 
The comb�ned pred�cted RM suggests that cycle 24 w�ll have ASC = 44 ± 5 months, �n agreement w�th that 
pred�cted by Dabas et al., and �mply�ng that max�mum ampl�tude for cycle 24 w�ll be about November 
2011 (±5 months), presuming an official start of March 2008. [Slightly smaller estimates for RM result 
when us�ng geomagnet�c �nd�ces at 64 months past E(RM).]

 Also exam�ned were sunspot cycle lengths and Hale cycle effects of RM and PER, based on the 
behav�or of consecut�ve sunspot cycle pa�rs. E�ght of 11 fast-r�s�ng large max�mum-ampl�tude cycles have 
been cycles of shorter than average durat�on, and 7 of 10 slow-r�s�ng small max�mum-ampl�tude cycles 
have been cycles of longer than average durat�on, a behav�or that descr�bes two-th�rds of all sunspot cycles 
(three-fourths of all modern era sunspot cycles). Cycle 23, however, does not fit this paradigm. In contrast, 
�t �s a fast-r�s�ng large max�mum-ampl�tude long-per�od cycle (l�ke cycles four and 11). Because cycle 24 
�s pred�cted to be a fast-r�s�ng large max�mum-ampl�tude cycle, stat�st�cally speak�ng, one expects �t to 
also be a cycle of shorter than average durat�on, unless, of course, �t too �s another stat�st�cal outl�er l�ke 
cycle 23. The predicted ∑RM for sunspot cycle pa�r 23/24 �s about 278 ± 63 (one standard error accu-
racy), suggest�ng that cycle 24 should measure about 157 ± 63, based on the �nferred stat�st�cally �mpor-
tant upward secular trend. Based on the pred�cted value for cycle 24’s RM (= 130 ± 14), one computes 
that sunspot cycle pair 23/24 should have ∑RM = 251 ± 14, well w�th�n the bounds of the �nferred upward 
secular trend prediction, which if true will mark the second straight decrease in ∑RM (the peak occurred 
in sunspot cycle pair 18/19: 353.1). Beginning with sunspot cycle pair 14/15, ∑PER has always been  
≤266 months and it appears that sunspot cycle pair 22/23 will also have ∑PER ≤266 months, although 
�ts value w�ll exceed that observed for sunspot cycle pa�r 21/22 (= 239 months). Presently, sunspot cycle 
pair 22/23 has ∑PER ≥252 months (through September 2007), and it very probably will be ≤263 months, 
implying that the official start for cycle 24 will occur before September 2008.
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APPENDIx A—NDD(t), Ap(t), aa(t), anD aaI(t) FOR CYCLES 17–23

 Th�s append�x prov�des tabulat�ons for NDD(t), Ap(t), aa(t), and aaI(t) values for elapsed t�me 
�n months from E(RM) t =0–84 months for cycles 17–23.

Table 3.  12-month moving averages of NDD(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM).

t
Cycles

Comments17 18 19 20 21 22 23
0 2.9 6.3 7.6 3.2 2.1 6.8 4.5
1 3.3 6.3 7.4 3.2 2.3 6.9 4.5
2 3.3 6.2 7.2 3.0 2.3 7.2 4.5
3 3.8 5.8 6.8 2.9 2.2 7.0 4.3
4 4.4 5.3 6.8 2.7 2.2 7.0 3.9
5 4.7 5.3 6.6 2.5 2.2 6.9 4.0
6 4.8 5.4 6.2 2.2 2.2 6.9 4.5
7 4.8 5.1 5.6 2.0 2.2 6.8 4.7
8 4.8 4.8 5.5 2.0 2.1 6.5 4.5
9 4.9 4.2 5.4 1.8 2.4 6.5 4.1

10 5.1 3.9 5.4 1.7 3.0 6.4 3.6
11 5.4 4.0 5.8 1.8 3.6 5.8 3.4
12 5.4 4.1 6.0 1.7 3.7 5.5 3.5
13 5.1 4.4 6.3 1.6 3.6 4.9 3.3
14 5.1 4.5 6.9 1.9 3.8 4.1 3.0
15 4.8 4.5 7.5 2.3 3.9 3.8 3.0
16 4.2 4.8 7.8 2.3 4.3 3.8 3.1
17 4.1 5.0 7.6 2.3 4.8 4.5 2.9
18 4.4 5.0 7.2 2.5 5.1 5.4 2.5
19 5.0 5.1 7.5 2.5 5.2 6.1 2.4
20 5.2 5.0 8.1 2.8 6.0 6.7 2.3
21 5.3 4.9 8.3 3.1 6.5 7.3 2.2
22 5.4 4.6 8.5 3.2 6.2 8.2 2.3
23 5.3 4.5 8.3 3.2 6.0 8.8 2.5
24 5.4 4.5 8.5 3.5 6.3 9.1 2.7
25 5.6 4.2 8.6 3.6 6.8 9.8 3.0
26 5.6 4.2 8.6 3.3 7.2 10.2 3.2 NDDM(19), NDDM(22)
27 5.8 4.1 8.5 2.9 7.8 9.8 3.3
28 6.0 4.1 8.3 3.0 8.1 9.4 3.4
29 6.0 4.1 8.4 3.0 8.1 8.8 4.0
30 6.0 4.0 8.5 2.9 8.6 7.9 4.6
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t
Cycles

Comments17 18 19 20 21 22 23
31 5.4 4.3 8.0 3.0 9.0 7.0 5.2
32 5.1 4.7 7.3 2.9 8.6 6.6 6.1
33 5.0 5.2 6.8 2.7 8.7 6.4 6.9
34 4.6 5.8 6.6 2.6 9.3 5.7 7.4
35 4.5 6.1 6.5 2.4 9.5 5.3 7.7  NDDM(21)
36 4.2 6.4 6.0 2.0 9.4 5.3 7.9
37 4.1 6.7 5.5 1.9 8.8 5.1 8.4
38 4.3 6.8 5.0 1.9 8.5 5.2 9.1
39 4.3 7.3 4.5 2.1 8.3 5.8 9.6
40 4.5 7.8 4.3 2.3 7.9 5.9 9.8  NDDM(23)
41 4.8 8.3 4.0 2.4 7.8 5.8 9.5
42 4.9 8.5 3.6 2.4 7.6 5.7 8.8
43 4.8 8.7 3.5 2.5 7.4 5.6 8.0
44 4.6 8.8 3.5 2.8 7.1 5.3 7.0
45 4.6 9.2 3.1 3.1 6.8 5.0 6.4
46 4.9 9.3 2.7 3.8 6.6 5.1 6.0
47 5.1 9.2 2.5 4.8 6.5 5.2 5.5
48 5.1 9.3 2.5 5.7 6.6 5.2 4.7
49 5.0 9.7 2.8 6.1 6.8 5.5 3.8
50 4.9 10.3 3.1 6.5 6.7 5.8 3.0
51 4.7 10.8 3.3 6.5 6.6 6.1 2.8
52 4.4 11.2 3.5 6.6 7.0 7.0 3.0
53 4.1 11.5 3.7 6.8 7.0 8.1 3.0
54 4.1 11.7 3.8 7.0 6.9 7.5 3.1 NDDM(18)
55 4.3 11.6 3.7 6.9 7.0 7.5 3.3
56 4.1 11.1 3.5 6.8 7.0 7.4 3.6
57 4.0 10.5 3.7 6.8 6.5 7.5 3.6
58 3.8 10.1 3.8 6.7 6.0 7.7 3.5
59 3.9 9.9 3.8 6.3 5.5 7.5 3.8
60 4.5 9.6 4.0 6.1 5.2 7.4 4.1
61 4.8 9.3 4.0 6.2 5.0 7.2 3.9
62 4.7 8.8 3.8 6.3 5.0 6.8 3.6
63 4.9 8.1 3.8 6.5 4.8 6.2 2.2
64 5.0 7.3 3.6 6.8 4.3 5.5 2.7
65 4.7 6.5 3.5 7.3 3.9 5.3 2.4
66 4.4 6.0 3.6 7.8 3.7 5.3 2.3
67 4.5 6.0 3.9 7.9 3.5 5.2 2.2
68 4.7 6.3 4.1 8.0 3.8 5.2 1.9
69 4.7 6.5 4.2 8.3 4.1 5.1 1.8  NDDM(20)

Table 3.  12-month moving averages of NDD(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM) (Continued).
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t
Cycles

Comments17 18 19 20 21 22 23
70 5.2 6.5 4.0 8.2 3.9 4.9 1.6
71 5.8 6.4 3.8 8.1 3.7 4.8 1.3
72 6.0 6.4 3.4 7.9 3.7 4.6 1.0
73 6.4 6.3 2.9 7.5 3.5 4.1 1.1
74 6.9 5.8 2.6 7.2 3.3 3.5 1.4
75 7.0 5.6 2.3 6.8 3.3 3.3 1.6
76 7.2 5.5 2.0 6.3 3.3 2.8 1.7
77 7.4 5.3 1.9 5.5 3.2 2.3 1.6
78 7.5 4.9 1.7 5.0 3.0 2.1 1.4  NDDM(17)
79 7.3 4.4 1.5 5.1 2.6 2.0 1.4
80 7.2 4.0 1.3 5.0 2.0 2.2 1.5
81 7.0 3.4 1.2 4.6 1.7 2.1 1.4
82 6.3 2.9 1.2 4.6 1.6 1.9 1.3
83 5.3 2.7 1.1 4.5 1.5 1.8 1.2
84 4.5 2.4 1.0 4.4 1.4 1.8 1.3

Table 4.  12-month moving averages of Ap(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM).

t
Cycles

Comments17 18 19 20 21 22 23
0 11.5 18.5 21.4 13.8 11.5 19.2 15.0
1 12.0 18.7 20.3 13.6 11.5 19.3 15.0
2 12.3 18.8 19.9 13.2 11.1 18.8 15.0
3 13.4 18.8 19.4 12.9 10.6 18.3 14.7
4 14.4 18.2 19.2 12.8 10.4 18.4 14.2
5 14.5 17.4 19.0 12.5 10.6 18.4 14.3
6 14.5 17.4 18.8 12.0 10.9 18.6 15.0
7 14.6 17.3 18.6 11.5 11.0 18.8 15.1
8 14.7 16.8 18.6 11.4 11.1 18.6 14.7
9 14.6 16.4 18.3 11.0 11.7 18.3 14.0
10 14.8 15.5 18.2 10.7 12.8 17.6 13.3
11 15.2 14.9 18.7 10.8 13.9 16.8 12.9
12 15.3 15.2 19.3 10.5 14.3 16.2 12.8
13 15.1 15.3 19.7 10.3 14.6 15.4 12.8
14 15.0 15.8 20.4 10.8 15.2 15.0 12.8
15 14.2 16.1 21.2 11.5 15.6 14.8 12.9
16 13.3 16.3 21.4 11.5 16.1 14.4 13.0

Table 3.  12-month moving averages of NDD(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM) (Continued).
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t
Cycles

Comments17 18 19 20 21 22 23
17 13.5 16.4 21.0 11.5 16.6 15.7 12.8
18 14.2 16.4 20.3 11.7 16.5 17.4 12.1
19 14.7 16.5 21.1 11.8 16.5 18.3 12.0
20 15.1 16.6 22.4 12.1 17.5 19.1 12.0
21 15.6 16.3 22.8 12.5 18.3 20.0 11.9
22 16.1 15.9 22.5 12.5 18.0 21,7 12.1
23 16.3 15.8 21.9 12.2 17.5 23.0 12.3
24 16.3 15.6 21.5 12.3 17.8 23.6 12.5
25 16.5 15.4 21.9 12.4 18.7 24.7 12.7
26 16.5 14.9 23.0 11.9 19.4 25.0 12.9  ApM(22)
27 16.8 14.8 23.6 11.3 20.6 24.3 13.3  ApM(19)
28 17.0 14.7 23.5 11.2 21.4 24.1 13.8
29 17.7 14.7 23.5 11.3 21.4 23.0 14.5
30 18.0 14.8 23.4 11.2 22.1 21.1 15.1  ApM(17)
31 17.3 14.7 22.1 11.2 22.8 19.8 15.8
32 17.0 14.9 20.5 11.3 22.7 19.4 17.1
33 16.7 15.6 19.8 11.3 22.6 19.0 18.2
34 16.1 16.5 19.8 11.2 22.9 17.5 18.9
35 15.8 17.0 19.8 11.1 23.2 16.7 19.5  ApM(21)
36 15.5 17.3 19.1 10.8 23.1 16.7 20.1
37 15.5 17.8 17.9 10.9 22.1 16.2 21.0
38 15.9 18.3 16.1 11.2 21.1 16.0 21.5
39 16.0 18.6 14.8 11.8 20.0 16.8 22.0
40 16.3 19.0 14.2 12.4 19.0 16.7 22.3  ApM(23)
41 16.3 19.7 13.8 12.4 19.0 16.2 21.8
42 16.0 20.3 13.3 12.5 18.8 16.1 21.1
43 15.8 20.5 13.0 12.7 18.4 16.0 20.0
44 15.5 20.9 12.8 12.8 17.8 15.4 18.3
45 15.6 21.0 12.3 13.3 17.3 14.9 18.1
46 16.1 21.7 11.4 14.3 17.3 14.9 17.7
47 16.9 22.3 10.9 15.6 17.1 15.0 16.7
48 17.3 22.0 11.3 16.7 16.9 14.9 15.2
49 17.2 22.1 11.8 17.1 17.1 15.4 14.0
50 17.0 22.4 12.0 17.3 17.3 16.0 13.6
51 16.6 22.7 12.2 17.0 17.7 16.4 13.5
52 16.2 23.3 12.4 16.5 18.3 17.4 13.5
53 15.5 24.1 12.5 16.8 18.6 18.1 13.3
54 15.1 24.7 12.5 17.0 18.7 18.2 13.3
55 15.0 25.0 12.3 17.0 19.0 18.1 13.7  ApM(18)

Table 4.  12-month moving averages of Ap(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM) (Continued).
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t
Cycles

Comments17 18 19 20 21 22 23
56 14.8 24.9 12.3 17.0 19.0 17.8 14.3
57 14.4 24.3 12.6 16.8 18.5 18.0 14.1
58 14.0 23.2 12.7 16.5 17.9 18.3 14.0
59 13.5 22.3 12.6 16.0 17.4 18.2 14.6
60 13.5 21.9 12.9 15.7 16.9 18.1 15.1
61 14.0 21.5 13.0 15.8 16.7 17.5 14.4
62 13.9 21.1 12.8 16.3 16.5 16.5 13.7
63 14.0 20.5 12.7 17.0 15.9 15.5 12.8
64 14.0 19.5 12.6 17.7 15.0 14.7 11.9
65 13.5 18.3 12.8 18.4 14.4 14.3 11.5
66 13.0 17.0 13.1 19.0 14.0 14.0 11.3
67 13.1 16.4 13.5 19.5 13.7 14.0 10.8
68 13.5 16.2 13.5 19.7 14.1 14.0 10.2
69 13.8 16.5 13.4 19.8 14.7 13.8  9.7  ApM(20)
70 14.6 16.7 13.2 19.7 14.2 13.4  9.2
71 15.7 16.4 12.9 19.4 13.8 13.0  8.5
72 16.1 16.3 12.0 19.0 13.8 12.6  8.0
73 16.4 16.0 11.0 18.5 13.4 12.2  8.0
74 16.7 15.4 10.6 17.8 13.1 11.8  8.3
75 16.9 15.2 10.2 16.9 13.3 11.5  8.7
76 17.1 15.0  9.7 16.0 13.3 10.8  8.9
77 17.4 14.8  9.3 14.8 13.1 10.0  8.9
78 17.6 14.3  9.0 14.3 12.8  9.7  8.8
79 17.5 13.6  8.5 14.1 12.3  9.7  8.8
80 17.1 13.0  8.2 13.8 11.4  9.8  8.8
81 16.5 12.3  8.0 13.7 10.5  9.7  8.7
82 15.3 11.8  8.0 13.8 10.4  9.5  8.5
83 13.7 11.5  8.0 14.0 10.2  9.4  8.5
84 12.5 11.3  8.0 14.0 10.0  9.3  8.5

Table 5.  12-month moving averages of aa(t) for cycles 11–23 from t = 0 to 84 months past E(RM).

t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
0 25.1 18.1 23.0 16.1 20.7 19.8 21.0 27.8 31.2 22.7 18.5 30.0 25.5
1 25.2 17.6 23.6 15.8 20.9 20.2 21.5 28.0 29.9 22.6 18.5 30.3 25.6
2 25.4 17.4 23.8 15.8 21.2 20.6 21.8 28.1 29.4 22.1 18.1 29.8 25.6
3 25.5 17.1 23.8 15.4 21.5 20.7 23.4 28.3 28.6 21.8 17.4 28.9 25.1

Table 4.  12-month moving averages of Ap(t) for cycles 17–23 from t = 0 
 to 84 months past E(RM) (Continued).
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t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
4 25.4 17.0 23.8 15.2 21.7 21.3 25.0 27.9 28.4 21.7 17.2 29.2 24.3
5 25.7 17.0 23.9 15.8 22.0 22.3 25.2 27.1 28.0 21.4 17.7 29.2 24.2  aaM’(13)
6 26.1 17.1 23.6 16.5 21.9 23.0 25.3 27.0 27.4 20.8 18.2 29.5 25.1
7 25.5 17.3 22.9 16.9 22.1 22.7 25.5 27.0 27.0 20.2 18.4 29.8 25.1
8 24.5 17.5 21.4 16.9 22.9 22.2 25.6 26.5 26.9 19.8 18.5 29.8 24.5
9 24.5 17.4 22.7 17.2 23.5 21.6 25.4 26.1 26.6 19.1 19.3 29.5 23.7

10 24.5 17.1 22.8 17.5 24.2 21.2 25.7 25.2 26.5 18.5 20.5 28.6 23.0
11 24.3 17.4 22.6 17.9 24.9 21.3 26.3 24.7 27.1 18.5 21.6 27.2 22.5
12 24.3 17.8 22.1 18.2 25.6 21.4 26.6 25.0 27.7 18.1 22.0 26.1 22.3
13 24.5 17.8 21.3 18.5 26.2 21.7 26.4 25.3 28.3 17.8 22.3 25.0 22.3
14 24.3 17.9 20.6 18.8 26.7 22.1 26.4 25.9 29.1 18.4 23.1 24.4 22.2
15 24.1 18.4 20.6 19.3 27.1 22.7 25.2 26.2 30.0 19.2 23.7 24.0 22.3
16 24.2 18.8 20.8 19.3 27.4 23.2 23.6 26.2 30.2 19.3 24.4 23.5 22.5  aaM(15)
17 24.4 18.6 21.0 18.9 27.2 23.5 23.7 26.2 29.7 19.3 25.0 24.9 22.3
18 24.6 18.4 21.5 18.5 27.2 24.7 24.4 26.2 29.1 19.5 24.8 26.8 21.6
19 24.8 18.6 22.0 18.5 27.0 26.6 25.0 26.2 30.1 19.8 24.9 27.9 21.4
20 25.7 18.9 22.1 19.0 26.9 28.2 25.5 26.2 31.5 20.3 26.3 28.7 21.3
21 26.4 19.5 21.9 19.3 26.6 29.4 26.1 25.6 32.0 21.0 27.4 29.7 21.2
22 26.5 20.4 21.9 19.2 25.8 30.5 26.5 25.1 31.6 21.1 27.4 31.8 21.4
23 27.2 20.8 21.8 18.9 25.0 31.5 26.4 24.8 30.9 20.9 27.3 33.7 21.4
24 27.4 21.2 21.5 18.7 24.0 32.0 26.3 24.7 30.3 21.1 27.8 34.6 21.6  aaM(11)
25 27.1 21.7 21.7 19.5 23.4 32.0 26.4 24.4 30.6 21.3 29.0 36.1 22.1  aaM(16)
26 27.0 22.0 22.1 20.0 23.1 31.7 26.2 23.7 32.0 20.7 29.9 36.7 22.5  aaM(22)
27 26.9 21.9 22.0 20.0 22.6 31.2 26.6 23.4 32.7 20.0 31.3 36.0 23.0  aaM(19)
28 27.3 22.0 21.4 20.1 22.1 30.3 27.0 23.3 32.6 19.9 32.1 35.9 23.8
29 27.4 22.6 21.0 20.5 22.0 29.1 27.7 23.4 32.5 20.0 32.3 34.7 24.9  aaM(11)
30 27.0 23.2 20.4 21.0 21.6 27.1 27.8 23.6 32.3 20.0 33.3 32.6 25.9
31 26.7 23.5 19.4 20.9 21.3 24.9 26.9 23.6 30.9 19.9 34.0 31.2 27.6
32 25.7 23.7 18.7 20.6 20.9 23.2 26.6 24.0 29.3 19.9 33.8 30.7 30.1  aaM’(12)
33 24.3 23.4 18.6 20.4 20.6 21.7 26.3 24.8 28.6 19.7 33.7 30.2 31.7
34 23.5 22.9 18.5 20.3 20.6 20.5 25.8 25.7 28.6 19.6 34.2 28.5 32.8
35 22.7 22.6 18.3 20.4 20.3 19.5 25.7 26.3 28.5 19.4 34.6 27.4 33.8
36 22.0 22.0 18.1 20.5 19.9 19.1 25.4 26.5 27.9 19.0 34.6 27.5 34.7  aaM(21)
37 21.4 21.4 17.5 20.3 19.2 19.2 25.6 27.0 26.8 19.0 33.4 26.9 36.0
38 20.8 21.0 16.9 20.3 18.7 19.6 26.2 27.5 24.6 19.1 32.3 26.6 36.9
39 20.5 21.0 16.5 20.2 19.6 20.0 26.3 27.9 22.9 19.8 31.1 27.5 37.7
40 19.7 20.7 16.3 20.0 20.6 20.6 26.5 28.5 22.0 20.5 30.2 27.6 38.0  aaM(23)
41 18.8 20.1 16.4 19.6 20.5 21.5 26.8 29.1 21.5 20.3 30.2 27.2 37.2
42 18.3 19.6 16.6 19.0 20.5 22.9 26.7 29.7 20.9 20.4 29.8 27.1 36.2

Table 5.  12-month moving averages of aa(t) for cycles 11–23 from t = 0 to 84 months 
 past E(RM) (Continued).
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t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
43 17.9 19.5 16.7 18.9 19.9 24.0 26.6 30.0 20.7 20.5 29.4 26.9 34.1
44 17.8 19.3 17.0 19.3 19.3 24.3 26.3 30.4 20.4 20.7 28.7 26.2 31.6
45 17.8 18.9 16.9 19.6 19.3 24.2 26.5 30.6 19.9 21.5 28.0 25.6 30.4
46 17.7 18.8 16.6 19.6 19.4 24.2 27.0 31.2 19.2 22.7 27.7 25.5 29.5
47 16.8 18.7 16.7 19.7 19.7 24.2 28.0 31.7 18.9 24.3 27.4 25.5 28.0
48 16.9 18.8 17.0 19.7 20.3 23.7 28.5 31.4 19.6 25.6 27.1 25.3 25.9
49 16.8 18.9 17.3 19.4 21.0 22.9 28.3 31.5 20.4 26.2 27.3 25.7 24.1
50 16.5 18.8 17.9 19.3 21.6 22.2 28.0 31.9 21.0 26.7 27.6 26.4 23.4
51 16.2 18.5 18.3 19.8 21.0 21.8 27.6 32.3 21.3 26.4 28.0 26.9 23.1
52 16.0 18.4 18.4 19.6 20.3 21.5 26.9 33.0 21.7 26.0 28.6 28.1 23.1
53 15.9 18.4 18.3 20.9 20.8 21.0 26.1 33.8 21.8 26.4 28.7 29.1 22.8
54 15.6 18.4 18.1 21.6 21.4 20.3 25.8 34.3 21.6 26.7 28.7 29.4 22.6
55 15.3 18.0 18.3 22.0 21.9 19.8 25.7 34.7 21.4 26.7 28.9 29.3 23.0  aaM(18)
56 15.0 17.5 18.2 22.1 22.4 19.7 25.4 34.5 21.5 26.7 28.9 29.1 23.7
57 14.6 17.2 18.0 22.1 22.4 19.8 25.0 33.9 21.9 26.4 28.3 29.3 23.6
58 14.3 17.0 18.1 22.1 22.0 19.6 24.8 32.8 22.0 26.0 27.7 29.6 23.7
59 14.2 16.4 18.1 22.2 21.3 19.3 24.3 31.9 21.8 25.6 27.1 29.4 24.7  aaM(14)
60 14.2 15.8 18.0 22.1 20.8 19.3 24.3 31.5 22.1 25.5 26.4 29.3 25.3
61 14.1 15.6 17.8 21.5 20.1 19.4 24.8 31.0 22.1 25.7 26.1 28.4 24.5
62 13.7 15.6 17.3 20.7 19.0 19.4 24.7 30.6 21.6 26.2 25.9 27.0 23.4
63 13.3 15.6 16.8 19.9 18.1 19.1 24.8 29.8 21.4 27.1 25.2 25.8 22.1
64 12.9 15.5 16.4 19.2 17.5 18.8 24.9 28.7 21.2 27.9 24.2 24.7 20.8
65 12.7 15.6 16.1 18.3 16.7 18.6 24.4 27.5 21.5 28.8 23.5 24.0 20.2
66 12.7 15.6 16.0 17.1 15.6 18.3 23.8 26.4 21.9 29.4 22.8 23.4 20.0
67 12.6 15.6 15.6 15.8 14.7 17.6 24.1 25.7 22.3 30.0 22.4 23.2 19.3
68 12.4 15.7 15.1 14.8 14.0 17.2 24.8 25.5 22.3 30.4 22.9 23.4 18.5
69 12.4 15.5 14.7 14.0 13.5 17.0 25.1 25.9 22.0 30.6 23.6 23.2 17.9
70 12.5 15.3 14.2 13.5 13.3 17.0 26.0 26.2 21.6 30.8 23.1 22.7 17.1  aaM(20)
71 12.5 15.0 13.5 12.9 13.4 17.1 27.2 26.1 21.1 30.3 22.6 22.2 16.2
72 12.4 14.9 12.9 12.6 13.4 16.9 27.7 25.9 19.9 29.7 22.5 21.8 15.5
73 12.2 14.6 12.4 12.4 13.3 16.4 28.1 25.6 18.7 29.1 22.1 21.4 15.6
74 12.3 14.4 11.8 12.2 13.2 16.2 28.6 24.8 18.1 28.3 21.8 21.2 15.9
75 12.6 14.2 11.4 12.0 13.1 16.5 28.9 24.5 17.5 27.4 21.9 21.0 16.4
76 12.9 14.3 11.2 11.9 13.2 16.8 29.0 24.6 16.8 26.2 21 9 20.1 16.7
77 12.9 14.2 10.7 11.9 13.3 16.7 29.3 24.4 16.3 24.8 21.7 19.1 16.7
78 12.7 13.8 10.2 12.1 13.3 16.7 29.5 23.9 15.8 24.1 21.3 18.7 16.7  aaM(17)
79 12.5 13.6  9.9 12.3 13.4 16.8 29.2 23.2 15.2 24.0 20.7 18.8 16.7
80 12.2 13.7  9.5 12.4 13.3 17.1 28.6 22.4 14.5 23.5 19.4 19.0 16.7
81 12.2 14.2  9.2 12.4 13.2 17.5 27.7 21.6 14.2 23.3 18.3 19.0 16.6

Table 5.  12-month moving averages of aa(t) for cycles 11–23 from t = 0 to 84 months 
 past E(RM) (Continued).
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Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
82 12.1 15.2  9.0 12.3 13.2 17.2 26.2 21.1 14.2 23.2 18.1 18.8 16.5
83 11.9 16.5  8.9 12.2 13.0 17.1 24.4 20.9 14.2 23.3 17.8 18.7 16.4
84 11.7 17.3  9.0 12.0 12.7 17.5 23.0 20.6 14.2 23.4 17.5 18.5 16.3

Table 6.  12-month mov�ng averages of aaI(t) for cycles 11–23 from t = 0 to 84 months past E(RM).

t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
0 12.3 8.3 12.6 6.8 9.5 9.9 9.2 14.9 16.0 11.3 4.6 17.4 13.6
1 12.4 7.9 13.3 6.6 9.8 10.3 9.7 15.1 15.2 11.2 4.7 17.5 13.7
2 12.7 7.7 13.7 6.7 10.1 10.7 10.1 15.3 15.3 10.7 4.3 16.8 13.8
3 12.8 7.5 13.7 6.5 10.5 10.9 11.9 15.6 15.0 10.4 3.6 15.9 13.3
4 12.8 7.4 13.7 6.5 10.9 11.5 13.6 15.3 14.8 10.4 3.6 16.1 12.5
5 13.3 7.6 13.9 7.0 11.3 12.6 13.8 14.5 14.5 10.2 4.1 16.3 12.5 aaIM’(13)
6 13.8 7.8 13.7 7.5 11.3 13.4 13.9 14.4 14.2 9.6 4.8 16.8 13.5
7 13.4 8.1 13.1 7.7 11.7 13.2 14.1 14.4 14.1 9.0 5.0 16.8 13.6
8 12.6 8.5 12.7 7.7 12.6 12.8 14.2 13.7 14.1 8.6 5.2 16.6 13.0
9 12.8 8.5 13.0 8.0 13.2 12.2 14.1 13.2 13.8 7.9 6.0 16.4 12.4

10 13.0 8.3 13.1 8.5 14.0 11.9 14.3 12.4 13.6 7.4 7.3 15.6 11.9
11 12.8 8.6 13.0 8.9 15.0 12.2 15.0 12.0 14.2 7.4 8.5 14.6 11.4
12 12.9 9.0 12.7 9.4 15.7 12.5 15.4 12.4 15.1 7.0 9.1 14.1 11.1
13 13.2 8.8 12.0 9.6 16.4 12.7 15.1 12.7 15.7 6.7 9.6 13.1 11.0
14 13.2 8.9 11.3 9.8 16.9 12.9 15.1 13.3 16.3 7.3 10.3 12.4 10.9
15 13.2 9.5 11.3 10.1 17.3 13.4 13.8 13.4 17.1 8.0 10.8 12.0 10.9
16 13.4 9.9 11.6 10.1 17.5 13.9 12.4 13.1 17.6 8.1 11.5 11.6 10.9 aaIM(15)
17 13.5 9.8 11.7 9.9 17.3 14.3 12.6 13.1 17.3 8.0 12.1 12.9 10.7
18 13.8 9.7 12.3 9.6 17.4 15.6 13.3 13.2 16.7 8.3 12.0 14.6 10.0
19 14.0 9.9 12.9 9.8 17.4 17.5 13.9 13.5 17.8 8.6 12.2 15.7 9.7
20 14.8 10.3 12.8 10.4 17.4 19.3 14.4 13.6 19.3 9.1 13.5 16.5 9.7
21 15.4 11.0 12.4 10.6 17.2 20.6 15.4 13.1 20.0 10.0 14.5 17.5 9.6
22 15.4 11.9 12.6 10.6 16.5 21.9 16.1 12.6 19.8 10.3 14.6 19.7 9.7
23 16.2 12.4 12.6 10.3 15.7 23.0 16.0 12.3 19.0 10.3 14.6 21.4 9.9
24 16.4 13.0 12.3 10.0 14.8 23.5 15.9 12.2 18.4 10.7 15.2 21.8 10.2
25 16.1 13.7 12.6 10.7 14.2 23.6 16.1 11.8 18.8 11.3 16.4 23.0 10.8
26 16.1 14.1 13.1 11.3 14.0 23.6 16.1 11.2 20.3 11.1 17.5 23.7 11.3 aaIM(16), 

aaIM(22)
27 16.2 14.1 13.0 11.4 13.7 23.3 16.7 11.1 21.1 10.5 19.0 23.2 12.0
28 16.7 14.3 12.5 11.5 13.4 22.6 17.2 11.3 21.3 10.6 20.1 23.2 12.9

Table 5.  12-month moving averages of aa(t) for cycles 11–23 from t = 0 to 84 months 
 past E(RM) (Continued).
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t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
29 17.1 15.0 12.2 12.0 13.6 21.3 17.9 11.5 21.5 10.9 20.7 22.3 14.2 aaIM(11), 

aaIM(19)
30 16.9 15.7 11.6 12.4 13.4 19.4 18.0 11.8 21.5 11.0 22.0 20.6 15.4
31 16.6 16.1 10.7 12.1 13.2 17.3 17.4 11.9 20.3 11.0 23.1 19.6 17.4
32 15.9 16.3 10.3 11.8 12.8 15.5 17.2 12.4 18.9 11.1 23.3 19.4 20.0  aaIM’(12)
33 14.7 16.1 10.5 11.7 12.5 14.2 16.8 13.3 18.4 11.0 23.6 19.2 21.7
34 14.1 15.7 10.5 11.7 12.5 12.9 16.2 14.5 18.6 10.8 24.3 17.6 22.9
35 13.4 15.6 10.4 11.8 12.3 12.0 16.1 15.4 18.8 10.5 24.8 16.6 24.0
36 12.9 15.0 10.2 12.0 12.0 11.7 16.0 15.9 18.5 10.1 24.8 17.0 25.2  aaIM(21)
37 12.4 14.4  9.7 12.0 11.3 11.9 16.3 16.7 17.5  9.8 23.7 16.7 26.5
38 12.0 14.1  9.2 12.1 10.7 12.3 16.9 17.4 15.6  9.6 22.7 16.6 27.6
39 11.7 14.1  8.8 11.9 11.6 12.8 16.9 17.9 14.0 10.2 21.7 17.7 28.5
40 10.9 13.8  8.7 11.7 12.6 13.4 17.1 18.7 13.3 10.8 21.0 17.9 28.9  aaIM(23)
41 10.1 13.2  8.9 11.3 12.5 14.4 17.5 19.5 12.7 10.7 21.0 17.5 28.2
42  9.6 12.7  9.1 10.8 12.4 15.8 17.6 20.0 12.2 10.7 20.7 17.5 27.2
43  9.2 12.5  9.2 10.9 11.9 17.0 17.6 20.3 12.0 11.0 20.3 17.4 25.2
44  9.2 12.3  9.5 11.4 11.4 17.4 17.4 20.8 11.7 11.3 19.6 16.9 22.7
45  9.3 12.0  9.4 11.7 11.5 17.2 17.6 21.1 11.4 12.2 19.0 16.4 21.8
46  9.3 11.9  9.1 11.8 11.6 17.3 18.2 21.7 10.8 13.6 18.9 16.5 20.9
47  9.0 11.8  9.2 11.9 12.0 17.3 19.2 22.1 10.7 15.2 19.1 16.6 19.6
48  8.8 12.0  9.5 12.0 12.6 16.8 19.8 21.9 11.5 16.5 19.2 16.5 17.5
49  8.8 12.2  9.8 11.8 13.4 16.0 19.6 22.0 12.3 17.3 19.6 17.0 15.8
50  8.5 12.1 10.4 11.7 14.1 15.4 19.5 22.4 12.9 18.1 20.0 17.9 15.2
51  8.3 11.8 10.8 12.3 13.5 15.0 19.1 23.0 13.3 18.0 20.6 18.5 15.0
52  8.2 11.7 10.8 13.0 13.0 14.6 18.4 23.8 13.7 17.6 21.3 19.9 14.9
53  8.2 11.8 10.7 13.7 13.6 14.1 17.6 24.7 13.9 18.1 21.5 21.0 14.8
54  8.1 12.2 10.6 14.6 14.2 13.5 17.2 25.6 13.8 18.5 21.6 21.4 14.6
55  8.0 12.2 10.8 15.0 14.9 13.1 17.1 26.2 13.7 18.6 21.9 21.5 15.1
56  7.7 11.7 10.8 15.1 15.4 13.0 16.8 26.2 13.8 18.7 21.9 21.2 15.8
57  7.4 11.4 10.7 15.2 15.4 13.1 16.7 25.7 14.2 18.5 21.3 21.4 15.7  aaIM(18)
58  7.2 11.2 10.8 15.2 15.0 12.9 16.7 24.7 14.3 18.2 20.7 21.8 15.8
59  7.1 10.6 10.8 15.4 14.4 12.7 16.3 24.0 14.1 17.8 19.9 21.8 16.8  aaIM(14)
60  7.1 10.0 10.7 15.3 13.9 12.7 16.5 23.7 14.4 17.7 19.1 21.7 17.6
61  7.0  9.8 10.6 14.7 13.4 12.8 17.0 23.3 14.5 18.0 18.9 20.9 16.8
62  6.7  9.8 10.2 14.0 12.4 12.8 17.0 22.8 14.0 18.4 18.6 19.5 15.8
63  6.3  9.7  9.8 13.3 11.5 12.6 17.2 22.1 13.8 19.2 18.0 18.3 14.5
64  6.0  9.6  9.5 12.6 10.9 12.3 17.3 21.1 13.6 20.1 17.1 17.2 13.2
65  5.9  9.7  9.3 11.7 10.1 12.2 16.9 19.9 13.9 20.9 16.3 16.5 12.7
66  5.8  9.4  9.1 10.5  9.1 11.8 16.4 18.8 14.4 21.5 15.7 16.0 12.5

Table 6.  12-month mov�ng averages of aaI(t) for cycles 11–23 from t = 0 to 84 months 
 past E(RM). (Continued).
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t
Cycles

Comments11 12 13 14 15 16 17 18 19 20 21 22 23
67  5.8  9.0  8.6  9.3  8.1 11.1 16.8 18.2 14.8 22.1 15.3 15.9 11.9
68  5.6  9.1  8.1  8.3  7.4 10.7 17.6 18.1 14.9 22.5 15.8 16.0 11.2
69  5.5  9.0  7.7  7.5  6.9 10.4 17.9 18.6 14.7 22.8 16.6 16.0 10.6
70  5.6  8.7  7.1  7.0  6.7 10.4 18.8 19.0 14.4 23.0 16.0 15.5 10.0  aaIM(20)
71  5.7  8.5  6.5  6.5  6.8 10.5 20.0 18.9 14.0 22.6 15.5 15.1  9.1
72  5.5  8.3  5.9  6.1  6.8 10.3 20.5 18.8 12.9 22.1 15.5 14.7  8.4
73  5.4  8.1  5.4  6.0  6.8  9.8 20.9 18.5 11.8 21.6 15.1 14.4  8.5
74  5.5  7.8  4.8  5.7  6.7  9.6 21.5 17.9 11.3 20.9 14.9 14.3  8.8
75  5.8  7.7  4.3  5.6  6.5  9.8 21.8 17.7 10.7 20.1 15.0 14.1  9.4
76  6.0  7.7  4.1  5.4  6.5 10.0 22.1 17.8 10.0 18.9 15.0 13.3  9.7
77  6.0  7.6  3.7  5.5  6.5  9.9 22.4 17.6  9.5 17.6 14.7 12.3  9.7
78  5.8  7.2  3.4  5.6  6.5  9.8 22.7 17.2  9.1 17.1 14.4 12.0  9.8  aaIM(17)
79  5.6  7.0  3.2  5.8  6.5  9.9 22.4 16.5  8.4 17.0 13.8 12.0  9.9
80  5.3  7.0  2.9  5.9  6.4 10.1 21.9 15.8  7.7 16.6 12.5 12.3  9.8
81  5.3  7.5  2.6  5.9  6.2 10.3 21.1 15.1  7.4 16.3 11.4 12.3  9.8
82  5.2  8.4  2.4  5.9  6.2 10.0 19.5 14.6  7.3 16.2 11.2 12.1  9.7
83  5.0  9.6  2.4  5.8  5.9  9.7 17.7 14.4  7.3 15.3 10.9 12.0  9.6
84  4.9 10.2  2.5  5.6  5.5 10.1 16.3 14.1  7.4 16.3 10.5 11.8  9.6

Table 6.  12-month mov�ng averages of aaI(t) for cycles 11–23 from t = 0 to 84 months 
 past E(RM). (Continued).
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