Critical assessment of the IAGA-endorsed Polar Cap (PC) indices Vienna
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- Solar Wind sector effects on quiet reference level (OL
Abstract. Basics. X (QL)

. . i i ic fi it i The IMF By component of the interplanetary magnetic field (IMF) affects the transpolar
The IAGA assembly by its resolution no. 3 (2013) endorsed the Polar Cap (PC) The“ asgumec! relqtlo? betw_een polar cap horlzor_ﬂal magnetic field variations projected to y CON P _ P € y mag ( _ ) P
. . . . . . an “optimal direction”, considered to be perpendicular to the DP2 transpolar plasma flow,  plasma convection patterns and intensities and thus the PC index values beyond the
iIndices, PCN and PCS, In the versions presented jointly by the Arctic and Antarctic . D b _ | . . . e
- N Institute (AARI 1 the Danish S o H institute (DTU S I and the Kan and Lee (1979) merging electric field (Em = Vg * BT * sin?(82)) has the form: effects related directly to the solar wind merging electric field.
esearch Institute ( ) and the Danish Space Research Institute ( pace). In AFproj=a<*Eu+f3 (1) In an attempt to compensate for such irregular effects, Troshichev (2011) and Janzhura

th? riiolutlon, IAtGA t recommTr;FIs usedoc1; :che_t_PCfmdex“ bly the_lntezrgzﬂotnhal where a Is the “slope” (e.g. in units of nT/(mV/m)), while 8 (e.g. In units of nT) Is the  and Troshichev (2011) introduced a solar sector term, Fgs=(Hss,Dss) or (Xss,Yss), to be
SCIGITHTIL: SOmmUuntty n 1is nisarredl ime and Uenitive 101ms - 11 Spring ° “intercept”. The calibration parameters are calculated by regression from cases of included in the determination of the quiet reference level (QL) from which the magnetic

IAGA-endorsed PC indices were made available at the technically excellent web measured values through an extended epoch. From equivalence with E,,, the Polar Cap  variations. AF. used for the PC index are counted. Thus:

portal, http://pcindex.org. However, issues In the calculation of index coefficients, and Index PC is defined by: PC = (A’FPR(’)J ~ B/ = ((Foss — Fer — Fopc.ss — Fss)pros — B)/@ (3)

n the determmaﬂon of the referenc§ level (QL), from which the dlsturba.mces are PC = (AFpros — B)/a (2) In the version for archival (final) PC index values, the sector term is derived from the daily
counted, Whl?h have npt !oeen exam|.ned and documented propgrly, detgrlorate the Quality control median component values smoothed over 7 days with the actual day at the middle.
general validity of the indices (Stauning, 2013, 2015). The archival PC index data, The basic PC index quality control comprises the verification demands in the description However, the use of the solar sector term is based on the incorrect assumption that the
furthermore, comprises considerable sections of corrupted index values (Stauning, “Polar Cap (PC) indices” by Troshichev (2011) available at http://pcindex.org ME B (;,ffects on the magnetic field level are the same day and night. In an example
2018a). In addition, the real-time index values display excessive variations with - PCN and PCS indices should be consistent with the interplanetary electric field, Ey. basedYon data presented in Janzhura and Troshichev (2011), it was shé)wn In Stauning

respect to the corresponding posterior index data (Stauning, 2018Db). - PCN and PCS indices should be in close agreements with each other irrespective of
season and UT time.

- Indices should not demonstrate seasonal variation.

- Indices should not demonstrate regular daily variation (i.e. dependence on UT-time).

(2015) that the solar sector term generated unjustified modifications of the PCN index by

: L. up to 2.45 mV/m.
Summary of shortcomings of the IAGA-endorsed PC indices

Noting that magnetic storm conditions are considered to accompany PC indices Excessive excursions in real time PC indices
reaching levels above 1.5 0.5 mV/m (e.g., Troshichev et al., 2014), the following Effects of reverse convection samples on slope and intercept coefficients. In the real-time version, the adverse effects from the solar sector term are aggravated.
summary specifies the problems with the IAGA-endorsed methodology used for index e Reverse convecton (F4)included  Fprorease  Reverse convection () notincluded _ _ Following Janzhura and Troshichev (2011), Cubic Spline extrapolation of four previous 3-
derivation and demonstrates the magnitude of observed adverse effects. ol W Flg. 1._(a) Reverse conve_ctl_o ) sampl_e, da i o -

e s red point F4, (AFp-q, <0) is included in ys average median values replaces the smoothing in the calculations of the solar sector
1. Adverse reverse convection effects on index calibration parameters . 7 the regression. (b) Regression based term. Fig. 4 displays the PCS index values in their "prompt” version (red line) ending In
The Inclusion of reverse convection samples in the regression to derive index scaling ; ¢ 7 S S on forward convection cases (AFpre; the "real-time” value, from a download on 11 Nov 2014, as well as the "final” values (blue
parameters makes the slopes larger and the intercept coefficients more negative than oorft s ooy >0) only. Note larger slope and more line) from a download on 25 Oct 2017. The differences between the two versions reach up
justified. At high activity levels, the enhanced slope values reduce PC index levels 7 e L T b negative intercept in (a) compared to to 3.67 mV/m. Between 06 and 10 UT on 8 — 11 Nov, as an example, the prompt indices
and Imply earlier saturation of index values (Stauning, 2018a). In examples of PCN B o T e ~ (b). (From Stauning, 2013) indicate magnetic storm, while the final values indicate quiet conditions. Thus, the PC

calculations (Stauning, 2018a), the inclusion of reverse convection samples reduces | | | | di N the IAGA-end q . ¢ suitable for S Weath tori
PC index values by 2 to 3 mV/m at index levels between 10 and 15 mV/m. At low  Reverse convection (DP3) events occur mainly at local times near local noon, in the summer NAICES ITTNE ~SRIESISRAS SN SNSRI e el B SAAASE IS PO OIALRLD

disturbance levels, the large negative intercept values generate unjustified season, and within a limited latitude range between the Cusp and the magnetic Pole (e.qg., v [T T T T T T T T T T T T T T T T T T T T T T T
contributions of 0.5 to 1 mV/m added to the index values (Stauning, 2015). Stauning, 2002). In the regression, their narrow distributions in time and space are conveyed ;| /4, Vostok PCS 7-11 Nov 2014 —— prome!

| _ _ o to the PC calibration parameters and index values and counteracts the quality demands. 2.5
2. Questionable QL method used for archival (final) PC indices 0 - Fig. 4. "Prompt”
The _methpd used to determine the quiet referel_wce_ I_evel (QL_) fqr CEJI|CU|<'71“0_”S of Fig. 2. Reverse convection effect. Due to increases in slope from reverse convection 25 PCS indices from
archival (flnal)_PC index values may generate unjustified contributions to the index events, the winter night PCN index samples (black squares in left diagram) have different - a download on 11
values (Stauning, 2013, 2015). Calculations based on the data for June 2001 oa4i0ns to the merging electric field compared to the summer day samples (right diagram). 2.5 Nov 2014 at 09:41
presented I Janzhura and Troshichev  (2011), have ‘documented unjustified  \qie that in the range E,, = 10 — 15 mV/m, the average PCN values are 2 — 3 mV/m smaller o UT (red line). Final
contrlbutlons_of up to 2.4 mV/m to the PC index values at local night and morning in summer days compared to winter nights. (from Stauning, 2018a) 55 PCS indices from
hours (Staunlng, 2015) | Flg 2a || Flg oh | g‘ | J a download on 25
3. Problematic QL method for real-time PC indices T T I ZA R P A B -] R + Oct 2017 (blue
The method used for calculations of the quiet reference level for real-time S ST S AR 3 T RO I SNV /e e PVZ A A S S anat - line). (from
calculations of PC index values aggravates the QL problem detected for the archival ol Nevemem cwimren LT o qof Mev-Austeummers 7 - s AL 1 Stauning, 2018b)
index calculations. Examples based on downloads of index values from the PC index T B ._‘,_.6..-5-1:"6‘ e I Te o1 |
portal, http://pcindex.org, at different times gave differences between the real-time < O =t - = r ] 'TI ......... : Conclusions
values at the download time and later downloads of the corresponding final PC index s - //.,/../--'-"' 1 o ot sampies T s ) ./°°- R - -The PC indices in the present version were approved by IAGA resolution no. 3 (2013)
values of up to 3.67 mV/m (Stauning, 2018b). i %«‘" 1 B : ‘E«o‘% L R oo - without examination of the effects of reverse convection cases, with very little examination
4. Inadequate control and finalizing of PC indices NPl N - “B‘T‘”l Scl‘"‘plles e O%.' L Smnl Sfmplles . !Tl'l'%f - of the derivation of the quiet reference level (QL) and the related effects on the final index
There is apparently no supervision of the real-time PC indices supplied from the  ° - Em (mv/m? 15 20 o s Em [mv/m] 15 = |values, and without any examination of the QL effects on the real-ime PC indices.
index portal, http://pcindex.org, and no recording of the index values for posterior Fig. 3 '_It 'S suggest_ed thffit IAGA forms a working group to examine PC. !nde_x procedures, real-
qguality control. Furthermore, the archival (final) index values supplied from the PC '4-0 - INorthe-Irn Ilz’ola?rClapllndlex?ndlMt-::rgiljg IIEIecltrichit?Idl - | Fig. 3. Reverse convection effect. The time and archived index values, and to suggest appropriate modifications.
iIndex portal are not properly controlled. Recent downloads of PCS values for 2011 PCN (http://pc-index.org) Mean: 17 - 24 June 2008 Increased Intercept values caused by References
(Stauning, 2018a) showed unjustified daily oscillations between -1 and +2 mV/m 3.0- = mvim (OMRI dat2 including reverse convection samples in  Janzhura, A. and O.A. Troshichev (2011): Identification of the IMF sector structure in near-real time

the regression generate an unjustified by ground magnetic data, Ann. Geophys., 29, 1491-1500.
"hump” (0.5-1.0 mV/m) in the PCN indices Stauning, P. (2015): A critical note on the IAGA-endorsed Polar Cap index procedure: effects of solar

N wind sector structure and reverse polar convection, Ann. Geophys., 33, 1443-1455.
ataround If)cal Inoon (~16 UT). Stauning, P. (2018a): Multi-station basis for Polar Cap (PC) indices: ensuring credibility and
not available. Partial descriptions found in the referenced publications, e.g., Janzhura ool — — — The data In Fig. 3 have been averaged perational reliability, J. Space Weather Space Clim., 8, AO7.

and Troshichev (2008, 2011), are not in agreement with the data processing by the through 8 days In order to suppress Stauning, P. (2018b): A critical note on the IAGA-endorsed Polar Cap (PC) indices. (in press)

actual computer programs used for the index calculations o e | statistical fluctuations. (Stauning, 2015) Troshichey, O. A. (2011): Polar Cap (PC) Index, available at: http://pcindex.org .

superimposed on the proper index values throughout most of the year. -

5. Lack of documentation of PC index derivation methods

Comprehensive documentation of the methods used for derivation of PC indices Is '
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