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Abstract. Saturation effects Saturation effects in different PC index versions
The Polar Cap (PC) indices, PCN (north) and PCS (South) are derived from Figure 1. Display of PCN in various versions vs. solar wind merging electric field, E,,, for the solar cycle The diagrams of Fig.1 clearly indicate saturation of the PC indices in all versions.
geomagnetic variations measured at Qaanaaq (Thule) and Vostok, epoch 1997-2009. The left diagrams of Fig. 1 present PCN values for local night time during winter Furthermore, the daily and seasonal differences between the courses of PC vs.
respective|y (e.g_, Troshichev et al., 2006)_ The magnetic variations, to a arge seasons, while the rlg Nt diagrams dlsplay iIndex values for local daytime during summer seasons. En violate the qua”ty demands listed in Troshichev (2011)-
degree’ relate to the tran5p0|ar p|asma convection driven by the cross-polar Dashed red lines indicates equality. Square dots mark EM bin PCN averages, error bars indicate The "OMNI” version (VennerStrﬂm’ 1991) performs worst with 50% saturation
cap potentia| (CPCP) generated by the interaction of the solar wind with the standard deviation within every other bin. The curve of small dots indicates best fit between the function reached at Ey=14.5 mV/m in winter nights and already at 7 mV/im during summer
Earth’s magnetosphere. In the derivation of scaling coefficients, the PC index iIn Eqg. 4 (with variable EC) and the bin average PCN values. The parameters from the fit, Ec and the daytime cases. The epoch of data (1977-1980) used for derivation of calibration
values, on the average, should equal the merging electric field, E,, (Kan and minimum weighted RMS deviation are noted in the plots. parameters In this version has the highest relative amount of reverse convection
Lee, 1979). The curve of large red dots in Fig. 1 indicates the functional relation: cases, which increases the slope and makes the intercept more negative.
For actual PC index values, the equality between average index and electric PC =Ey, /(1 + (Eu/Ec)?)” (4) According to Eg. 3, the large slope values reduce the PC index values at high
field values extend up to around 5 mV/m. Beyond that level, reaChing index with EC fixed at 10.5 mV/m. The relation was determined as the best fit between PC and EM for aCtiVity levels where the intercept contributions are relatively small.
values that for Space Weather app”catiens are most important’ the relation magnetic storm cases during 1995-2005 (Stauning, 2012) and Is used here to provide a common The "DMI” version (Stauning’ 2016)’ where the reverse convection events are
between PC index and E,, field values indicates saturation effects. reference (not a target) to ease visual comparisons of various displays of PC index values versus E,,. It omitted In the calculation of calibration parameters, performs best with respect to
The PC index saturation results from (i) saturation of the CPCP fields is clear that the shape of this curve provides a good representation of the linear relation at small Ey, giving equal saturation properties regardless of time of day and season, and with a
compared to the impinging solar wind electric fields, (i) convection inertia  values and shows PC saturation effects at larger E,, levels. The precise course could be adjusted 50% saturation value at ~19 mV/m. The "AARI" and "IAGA” versions perform in-
reducing the response to sudden high electric field values, and (iii) the PC  simply by changing the parameter E in Eq. 4. The 50% saturation (PCN=0.5-E,;) occurs at E,=\3-E. between. Thus, the saturation effects relate to the PC index version.
index derivation method. The relative importance of the three potential sources a _ | Eocs4amvim b | . Saturation in cross polar cap potentials
of PC index saturation are discussed. Ys ?MN.' winter nights s _OMN.' summer daytime l ﬁc 40 rlwfxm_ A further cause of relative PC index reduction at high solar wind intensities is the
E - Ooonaea OMNI PoN date f”ff:s - DB;; v E - goanaqa OMNI PEN date f,f"i; C e mm saturation of the cross polar cap potential (CPCP). The CPCP Is generated by the
PC index basics. The “merging” (or "Geo-effective”) electric field, Ey, that [ mNev-res Cwinrer /x’ I 1 o[ Mev-Aus <summer ff,,f - large scale interaction of the solar wind with the Earth’s magnetosphere and
controls the global energy input from the Solar wind to the Earth’s 0 SoTeE mm Anient L ewo|o o= 1 _ | 1EEe BT tdey e e ettt drives the transpolar convection that in turn generates the magnetic variations
magnetosphere, is defined by (Kan and Lee, 1979): = T ;Z:i?::_::.‘.: ............................. 1 & //:”- _ e ® - reflected in the PC indices. In the Kivelson and Ridley (2008) model, the cross
Em = Vsw * Bt e sin2(4/2) (1) s - /{;;;,.;.-a -4 . EEEZ;EE - = - ;f;”- Imaf —— polar cap electric field_ (Exr) relz_altes to the merging electric field (E,,) with a factor
Br = (By2 + B,2)Y2 : IMF transverse magnetic field component - %d’i' | N S : 10000 - - ‘iﬂ;_i,.__-.nf...;}r;-i.;--_;ﬂmplES. 1_. i‘gggb 1  that depends on the ionospheric conductance, 2p, and the Alfvéen conductance,
0= arctan(By/Bz) : IMF polar angle with respect to the GSM Z-axis ] -~ L | L o tee N - | o o m1o0 - 2, In the solar wind:
. ° N =m Lmv/sm] e =2 o = Em (mv/m] 15 20 Exg = Ept 2 24/(2p + 2,) ()
The rrelation between the polar cap horizontal magnetic field variations C. AARI winter nights Ec=9.1mV/m d. AARI summer daytime Ec = 5.6 mV/m Using E,r Instead of E,, In the relations between the PC indices and the driving
projected to an “optimal direction”, assumed to be perpendicular to the DP2 L -7 R - T electric field largely removes the saturation effects in the DMI version as shown in
transpolar plasma flow, and the merging electric field, Ey, has the form: S [ o e, T T LTS s L ot Tt T DT Fig. 2. The depressions of the PCN index values at E z>13 mV/m were looked at
AFproj=a*Eu+ L (2) [ Nov-Feb cwinten 7 ] -] [ mev-Aus csummer 7 - iIndividually. They relate to spiky variations in the electric field, which the PC could
where B (e.g. in units of nT) is the baseline shift (“intercept”), while the I PSR B b ;L_:;_—: | e o o . e« == | notfollow up to high levels due to inertia in the transpolar plasma convection.
proportionality constant a is the “slope” (e.g. in units of nT/(mV/m)). The = B ,,f”j.__:.--?--: """""""""" 1 ,f”’f. - B L s B B B S S s 72 B |
calibration parameters are calculated on a statistical basis from cases of s |- ,:;.’i'--""" . ) s | ek '_IIHMQ e - € | qaanaag. oMI procedurd //- - )
measured values through an extended epoch. i &.ﬁ"{' | 4+ S meoee L i .ﬁ“iﬁ. 'E " mogooco ] E - bata: 1997_2009 _[ . -
N Temin semetes T oo ] = temmin semeies Y S il ~ Solar cycle T » ] 1 - . .
From equivalence with E,, the Polar Cap Index PC is defined by: % o s me ot e [ Aveee /././ : Elegt\./vielrz\:ﬂfci:tllgns
PC = (AFpros — B)/a (3) 9315 IAGA winter nights Ec=11.1mV/m f. .. |AGA summer daytime Ec=7.2mV/m § B /./ T L - | and Kivelson-
The PC index Is a measure of the polar geomagnetic activity scaled to = [ IQ;E;,G;Q_I .;G,.; PCN ﬂlﬂm ,fé: =Iﬂl, f.lmw: il o;g;mq.l .;GA .;CNI c.lmg | Lfl’é: - ;-l,zlmv,m i —-//'/ 1 71  Ridley (2008)
suppress daily and seasonal sensitivity variations to become a consistent z - Data: 1997-2009 f,,f" RMS - 140 mysm 2 | oata: 1997-200s f,,f”’ RMS - 0. 66 mV/m - il - - | no of sampies | Cross polar cap
global magnetic activity parameter as well as a proxy for the merging (geo- 1] S N | -1 1._ {1 aop T T = . l‘ 1 | —J 1 electric field.
effective) electric field Ey measured in mV/m = | I I Ly ik R R T ,I. e = = .7 - 1Smmin sameles " 1o i
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Figures la-1h (from Stauning, 2018) illustrate saturation effects in four widely = P2 al B no of samples | s S + ho of gamples | . ° > EKR [mv/m] 1= 20
used PC index versions: OMNI (Vennerstrgm, 1991), AARI (Troshichev et al., - ’E“' | 4 m oo - - ® joo. - .
2006), IAGA-endorsed (Troshichev 2011), and DMI (Stauning, 2016). Pl R CXITC'”S_'O”S e | o
| | o | o | - o | | | - All versions of Polar Cap (PC) indices display saturation effects in their relation
Version _Epoch scaling _ Solar activity _Reverse convection Reference level =~ ° T oo - o oo - "~ |to the merging electric field, E,, (Kan and Lee, 1979).
OMNI  1977-1980 Peak of cycle  Frequent No QDC, BL only 9, DMl winter niants | — ez llamyim g 2N summer dame e mVim -The saturation effects are strongest in the OMNI version (Vennerstrgm, 1991)
AARI 1998-2001 Peak of cycle  Frequent BL and QDC* E . Qaanaaq. DMI procedufe ,f"éc: - 1% av/m € | Gaancaq. DMI procedure ,f”;c = 9.7 mwm that also display the largest local time and seasonal variations.
IAGA  1997-2009 Cycle average Average BL and QDC** E [ Qerer reereEect | T Eogeern) = [ ote TRTmEeot o0 e estmend . Compared to the OMNI, the AARI (Troshichev et al., 2006), and the IAGA-
DMI ~ 199/7-2009  Cycle average Excluded | BL and QDC*** "I co-os UT cmignn | 7T - -___. 7 " 12-20 UT Caay e I - i endorsed (Troshichev, 2011) PC versions, the DMI indices (Stauning, 2016)
BL: Base Level. QDC: Quiet Day Curve (Quiet daily variation not related to E,,) & | B I s i R | 1 3 | ,,f"’}‘__,_‘_,_:_,_ 2o | |have the smallest saturation effects and least local time and seasonal variations.
QDC* : based on running 30 days quiet samples (Janzhura & Troshichev, 2008) L roet ] 1 <L ,;;{-“"" 1 B - Polar Cap (PC) indices in the DMI version relate linearly to the cross polar cap
QDC** : running 30 days quiet samples + solar wind sector contribution - ‘i‘./é' L ne D.*‘jj;gg‘es - E;&* electric fields in the Klvels_on and Ridley (20.08) model up to values_ of .13 mV/m.
(Janzhura & Troshichev, 2011) : J% L i camoies - “;D : - o min camnes ;o ] Beyond that level, sqturatlon effects are mainly cqused Dy convection inertia.
QDC***: 40 days solar rotation weighted quiet samples (Stauning, 2011) oMl T | l L L . o ; 1 . L ] L - Parts of the saturation effects are related to the interplay between the solar
° > Em [mV/m] "= 29 ° > Em [mv/m] s =2 |wind Alfvénic and the polar cap ionospheric conductances.




