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Method

(1) Use 50 years NASA OMNI data (1965-2014) of

* Solar wind parameters (1-hour values)
Akasofu ¢' = VB, 2sin*%(0:/2), Np, Pgy, Ey=-VB..

tan

Newell d®/dt = (V?B,_,sin%(6./2))%3,

tan

* Hourly geomagnetic indices (Dst, Kp, AL)

(2) Divide data into 5 x 10 year or 50 x 1 year and

* Obtain average geomagnetic response (index)
to the same solar wind input for each period

(3) Examine the same including F10.7



Annual averages

Kp and AE f r flxed solar wmd input (Akasofu €')

[nT] hourly AL Kp (+—o 3 - -Q 3)
-400 & :

_______________________________________

-300 ||V

-200

-100

1970 1980 1990 2000 20I10 1970 1980 1990 2000 2010

300]
200
100 |/

e'=1 00.5-1, 101-1.5, 101.5-2, 102-2.5 [W/km2]



Dst is more drastic than AL

Dst for fixed solar wind input
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Similar profiles for both the solar wind
energy input (Akasofu ¢) and density (Np).



Quick summary (1/3)

« Spike years during declining phase (1974, 1983, 1994,
2003) = We need to examine with high-resolution data.

» Otherwise, the Sun-Earth coupling efficiency (response of
Dst, Kp, AL) is rather constant until 2004.

« However, the coupling efficiency decreased from ~2006 (with
a sharp drop in 2009).

« Even for the same FUV, the efficiency is decreased after
2006 = ionospheric conductivity is not the major caused of
#24 specialty.

 Dst is more outstanding than AE = M-I coupling auroral
current system is not the major caused of #24 specialty.

* Envelope is somewhat similar to the envelope of solar
activity.



10-year averages
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Quick summary (2/3)

* Nearly the same for #20-23, and #24 is special

» Decreased coupling efficiency is seen only for low
to moderate solar wind conditions (¢' < 102 W/km?)

* Again Dst is more outstanding than AE = M-I
coupling auroral current system is not the major

caused of #24 specialty.



Degree of decrease (cycle #24/#20~#23)

1.2 (a): g'Akasoﬁ{ | 19 (b) :dq)/dtNewell:

(I S & N S E————

.0|2%emorrange i | 4 [5% efrorre nge |
0.9 |-t A 0.9 - J—— i -

0.8
0.7
0.6 &

7] S A N -1 S SR S
04— S )% S 5
10-20.1 1 10 102 10 102 103 104

[W/km?2] [(mV/s)2/3]

1.3
1.2
1.1
1.0
0.9
0.8
0.7

06}

0.5

= (Dstyo4-5nT)/(Dstyn4.03-5nT)  —— Kpgoa/Kpgog.23

(c)F10.7 x dP/dtneye

---------------------------

5% error rangel |

cecccccdecccccneceededic e oo
: T

103 104 105 106

[(mV/s)2/3]

= AL yo4/AL 45023



1.2
1.1

1.0

0

Valid for the other input parameters

d) Np

5%.errarrange. ;...

15

5

10
[cm-3]

20

1.2

1.1

1.0 [=

0.9

0.8/|
0.7

0.6

05}

0.4

Psw

(e)

_____________________________

0

120 Ey
TR N
10| B%:erorrange : /'
09| A
0.8
0.7 i Nt
0.6 |«
0.5 bt
0.4 — :
32101 2 3
[LV/m]
= ALy4/ALg20.23

= (Dstyo4-5nT)/(Dstyy4.03-5nT) = Kpyra/Kpgog.23



Quick summary (3/3)

* For all types of parameters, decreased coupling
efficiency for cycle #24 repeated (during low to
moderate solar wind condition). It is valid even
moderately southward IMF.

 Ratio saturated at 60% level of previous decades
for € <1 W/km?

* For super-storm conditions (¢ > 1000 W/km?), the
coupling efficiency of cycle #24 could be higher =
We need more statistics
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Summary and conclusions

* The Sun-Earth energy coupling efficiency
decreased significantly from 2006 for moderate
solar wind energy input is moderate (¢ < 1 W/km?
that covers 90% of hours), with a sharp drop of
response in 2009.

* Decrease is the most outstanding at lower latitude
(Dst, Kp) than higher latitude (AE). The FUV flux is
not the major player for this decrease. = M-I
coupling does not explain (unlike 2009 drop).
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Implications

* The current scheme of space weather forecast must be
modified for coming declining phase.

* The current scheme of re-constructing the solar
condition from geomagnetic data need some modification
(even after considering F10.7).

* "Strength of the solar cycle" might control the Sun-Earth
coupling efficiency = solution to the above problems?

 Although we need more statistics, the AL response to
hazardous solar wind conditions (e.g., £'>103 W/km?)
might be higher than the past = The coming declining

phase can be more dangerous than the past 50 years.
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Thank you

Yamauchi (2015): Earth, Planets and Space, 67, 44
doi:10.1186/s40623-015-0211-5 (CC-BY 4.0)

http://www.earth-planets-space.com/content/67/1/44



Check further Kp and Dst
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SSN vs modelled Kp
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Reconstruct Kp directly from SSN

(@) Monthly Sunspot Number (running average of 5 months)
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Monthly sunspot number
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Further sorting out by different SSN level
Montly averaged daily JKp (Jan. 1932 ~ Dec. 2013)
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cf. probability of Kp=5 (instead of average Kp)

Montly occurence of high Kp (Jan. 1932 ~ Dec. 2013)
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Prediction vs observation
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For the same prediction level of 10-40% (although the model
is different between 2000 & 2011), observed Kp values are :
2011-2012 < 2000-2001/2007-2008 < 2003-2004
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