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Abstract. The geomagnetic cutoff rigidity of cosmic 
rays (CRs) is the main factor regulating the arrival of 
CR particles at a given point on Earth’s surface or inside 
the magnetosphere. To study the relationship between 
cutoffs and near-Earth space parameters, we have se-
lected the strongest magnetic storm that occurred on 
March 8–11, 2012 during the CAWSES-II interval, rec-
ommended by SCOSTEP for detailed studies of solar-
terrestrial relations. We have found the geomagnetic 
cutoffs by two methods: 1) by trajectory calculations in 
the magnetic field of the perturbed magnetosphere ac-
cording to the Ts01 model and 2) by the spectrographic 
global survey method according to the data from the 
world network of neutron monitors. The largest drop in 
the cutоffs (−1.1 GV) obtained by the latter method was 
observed during the recovery phase of the storm. Ap-
parently, this is due to the influence of the supersub-
storms that occurred at that time. The analysis has 

shown that the closest connection of variations in the 
cutoffs can be traced with the geomagnetic activity in-
dex Dst, which indicates the determining contribution of 
the ring current to the transport of CRs. In addition, we 
have found a significant connection with the electro-
magnetic field parameters (with the Bz component of the 
interplanetary magnetic field and the azimuthal compo-
nent of the electric field Ey). The dynamic solar wind 
parameters practically do not control variations in CR 
geomagnetic cutoff rigidities. 

Keywords: geomagnetic threshold, cosmic rays, su-
persubstorm, interplanetary magnetic field, geomagnetic 
activity. 

 
 
 
 
 
 

 

 

INTRODUCTION 

Global climate changes in recent decades have stim-

ulated the search for mechanisms of the influence of 

various space weather factors on Earth’s weather and 

climate. One of the important factors on which space 

weather depends is cosmic rays (CRs). Variations in CR 

fluxes cause atmospheric ionization, which is associat-

ed, in particular, with such processes as formation of 

clouds, thunderstorms, and tropical hurricanes [Carslaw 

et al., 2002; Makrantoni et al., 2013]. The period of 

March 7–17, 2012 was recommended by SCOSTEP for 

in-depth studies into the space weather effects in the 

Sun–Earth system during disturbances. This period is 

called CAWSES-II (The Climate and Weather of the 

Sun–Earth System). During the active period of 

CAWSES-II, four geomagnetic storms were observed: 

on March 7, 9, 12, and 15 [Tsurutani et al., 2014]. These 

storms were generated by solar flares and related coro-

nal mass ejections (CMEs) from the solar active region 

1429AR and attendant interplanetary structures (shock 

fronts, compression regions ahead of interplanetary CMEs 

and magnetic clouds). These structures when reaching 

Earth followed each other and partially overlapped. 

Geomagnetic cutoff rigidities R (geomagnetic 

thresholds) are the main factor regulating the CR arrival 

at a given point on Earth’s surface or inside the magne-

tosphere. Variations in CR fluxes in the magnetosphere 

during magnetic storms are generally caused by varia-

tions in the geomagnetic cutoff rigidity ΔR and asymp-

totic directions of the arrival of particles at a given point 

in the magnetosphere [Dorman, 1963]. In turn, R de-

pends on shielding properties of the geomagnetic field. 

Geomagnetic storms suppress geomagnetic shielding 

owing to a decrease in the strength of the field inside the 

magnetosphere due to the formation of ring current, 

magnetopause currents, magnetotail, and high-latitude 

field-aligned currents. As a result, cosmic particles can 

penetrate to lower latitudes. 

Knowledge of the dependence of ΔR on solar wind 

(SW) and magnetospheric parameters can clarify some 

aspects of the SW—magnetosphere coupling and the 

accompanying geomagnetic effects that regulate the CR 

transport through the magnetosphere and atmosphere 

during magnetic storms. For the study, we have selected 

the strongest magnetic storm in the CAWSES-II period, 

the maximum of which was observed on March 9, 2012 

(Dst~ – 143 nT).  

The purpose of this paper is to study variations in 

geomagnetic thresholds during the March 8–11, 2012 

storm, as well as their relationship with SW, interplane-

tary magnetic field (IMF), and geomagnetic activity 

parameters. This paper is a sequel to [Ptitsyna et al., 
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2019, 2020, 2021], where variations in CR geomagnetic 

cutoff rigidities during severe storms have been studied. 

For each of these storms, correlations have their own 

unique character, so it is important to analyze as many 

strong storms as possible and create a database to identi-

fy common patterns. A new element of this work is that 

we analyze correlations of variations in geomagnetic 

thresholds with interplanetary parameters and geomag-

netic activity indices during each of the three phases of 

storm development during the CAWSES-II period and 

delve into the latitude effect of these variations. 

 

1. METHODS AND DATA 

Variations in CR geomagnetic cutoff rigidities (ge-

omagnetic thresholds) ΔR during this storm have been 

calculated by two methods. 

The former is the spectrographic global survey 

(SGS) method, which determines rigidities Rsgs from 

observations made at the worldwide neutron monitor 

network [Dvornikov et al., 2013]. The SGS method is 

based on examining the processes of changing the ener-

gy of charged particles in regular electromagnetic fields 

of the heliosphere. The SGS method provides infor-

mation on the distribution of primary CRs by energy 

and pitch angles in IMF, on changes in the planetary 

system of geomagnetic cutoff rigidities for each obser-

vation hour from ground observations of cosmic rays at 

the worldwide network of stations. This circumstance 

makes it possible, along with phases of the first and 

second harmonics of pitch-angle anisotropy, to identify 

the rigidity spectrum of isotropic component and the CR 

anisotropy, to obtain information about IMF orientation 

from the pitch-angle anisotropy phase, to determine 

variations in the planetary system of geomagnetic cutoff 

rigidities; observations of unstable charged CR compo-

nents allow us to determine temperature characteristics 

of the atmosphere at the points of detection of these 

components per observation hour or at shorter time in-

tervals. Table 1 lists (depending on statistical errors in 

measurements of neutron Inm and charged Imt CR com-

ponents) standard errors in the values determined by the 

SGS method from ground observations of CRs: differ-

ential rigidity spectrum A0, amplitudes A1 and A2 of CR 

pitch-angle anisotropy, ΔRc variations, IMF longitudinal 

λ and latitudinal Ψ angles, mass average ΔTma and sur-

face ΔTsurf atmospheric temperatures. 

Variations in threshold geomagnetic cutoff rigidities 

were calculated using data from the worldwide network 

of CR stations with an hourly accumulation period 

[http://www01.nmdb.eu/data]. Hereinafter, the varia-

tions in ΔRsgs obtained by this method will be referred to 

as observed.  

The latter method of determining geomagnetic cut-

off rigidities is based on the numerical calculation of 

particle trajectories in the model magnetic field of the 

magnetosphere [Shea et al., 1965]; in this case, the ac-

curacy in determining the geomagnetic thresholds Ref 

depends on the accuracy of the magnetospheric model. 

In this paper, we apply the semi-empirical model Ts01 

of the magnetospheric magnetic field, designed for 

strong magnetic disturbances (see [Tsyganenko et al., 

2003] and references therein). According to this model, 

the magnetic field inside the magnetosphere (without 

the main magnetic field) is the sum of contributions 

from the main magnetospheric current systems. Current 

systems in the Ts01 model were parameterized using 

satellite data acquired during 37 geomagnetic storms 

with Dst≤–65 nT [Tsyganenko et al., 2003]. The model 

includes Chapman—Ferraro currents, which hold the 

geomagnetic field inside the boundary of the magneto-

sphere, symmetric and partial ring currents, transverse 

tail currents, and large-scale field-aligned currents. In 

order to bound the field inside the magnetosphere, the 

model includes a block describing the interaction field 

that reflects the effect of IMF penetration into the mag-

netosphere. The interaction field is represented as a ho-

mogeneous magnetic field proportional to the transverse 

component and directed along it. To calculate the mag-

netic field of internal sources, we use a representation of 

the main geomagnetic field in the form of series expan-

sion in spherical harmonic functions up to n=10. Input 

parameters of the Ts01 model are the Dst variation, the 

SW density and velocity, as well as IMF components. 

The geomagnetic cutoff rigidity variations ΔRef ob-

tained by this method will be called model. 

We have made the calculations for each hour for the 

following stations: ESOI (33.30° N, 35.80° E), Almaty 

(43.20° N, 76.94° E), Rome (41.90° N, 12.52° E), Ir-

kutsk (52.47° N, 104.03° E), Moscow (55.47° N, 37.32° 

E), and Kingston (42.99° S, 147.29° E). The stations 

were selected so that to cover under quiet conditions the 

main region of threshold rigidities Rc affected by the 

geomagnetic field: ESOI (10.8 GV), Almaty (6.61 GV), 

Rome (6.24 GV), Irkutsk (3.66 GV), Moscow (2.39 

GV), and Kingston (1.88 GV). The geomagnetic thresh 

old variations were calculated in terms of the quiet-time 

average rigidities calculated on January 8, 2012. 

Table 1 

Standard errors of values found by the SGS method 

for different statistical errors in neutron monitor and meson telescope data 

Inm, % Imt, % λ,  

degree 

Ψ, 

degree 

А0, 

% 

А1, % А2, % ΔRс, 

GV 

Тsurf, °С Тma, °С 

±0.1 
±0.1 ±16.9 ±21.5 ±1.0 ±8.8 ±1.7 ±0.03 ±1.3 ±0.3 

±0.2 ±16.9 ±21.5 ±1.0 ±8.8 ±1.7 ±0.03 ±2.5 ±1.2 

±0.15 
±0.1 ±17.0 ±21.8 ±1.3 ±8.8 ±1.7 ±0.04 ±1.3 ±0.3 

±0.2 ±17.0 ±21.8 ±1.3 ±8.8 ±1.7 ±0.04 ±2.5 ±1.0 

±0.2 
±0.1 ±17.5 ±22.1 ±1.6 ±8.9 ±1.8 ±0.05 ±1.3 ±0.3 

±0.2 ±17.5 ±22.1 ±1.6 ±8.9 ±1.8 ±0.05 ±2.5 ±1.0 

http://www01.nmdb.eu/data
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Then we computed the correlation coefficients k of 

ΔRsgs and ΔRef with SW, IMF, and geomagnetic activity 

parameters for the above stations. The parameters for 

which we determined the correlation with the geomag-

netic thresholds are as follows: the Bz and By compo-

nents, as well as total IMF B; the azimuthal component 

of electric field Ey, the SW velocity V, density N, pres-

sure P, and the geomagnetic activity indices Dst and Kp. 

These parameters have been taken from the website 

[https://omniweb.gsfc.nasa.gov/form/dx1.html]. 
 

2. RESULTS 

2.1. Behavior of cutoff rigidities and pa-

rameters of near-Earth space 

Figure 1 shows model geomagnetic cutoff rigidity vari-

ations ΔRef (a) and observed ones ΔRsgs (b) for March 8–

11, 2012 for the stations under study, which are located at 

different latitudes, as well as electromagnetic field parame-

ters (Ey, Bz, By), SW (V and P), and Dst variations (c–h). 

The geomagnetic storm began after the arrival of an 

interplanetary magnetic cloud and the turn of IMF Bz to 

the south [Tsurutani et al., 2014]. The storm reached its 

maximum intensity (Dst=−143 nT) on March 9 at 08:00 

UT (Figure 1), which can be attributed to Bz=−14.5 nT 

at the beginning of the magnetic cloud. 

Figure 1, a, b indicates that model and observed ΔR 

behave similarly during the initial and main phases of 

the storm. During the main phase there is a significant 

decrease in geomagnetic threshold variations to 

ΔRef=−0.69 GV and ΔRsgs=−0.59 GV. Further, during 

the recovery phase, ΔRef (Figure 1, a) increases, but 

ΔRsgs (Figure 1, b) behaves in a similar way only at low-

latitude stations with high threshold rigidities under 

quiet conditions Rc=6–11 GV (Rome, Almaty, ESOI). 

At this time, ΔRsgs and ΔRef differ considerably at the 

stations with low threshold rigidities Rc=4–1.8 GV (Ir-

kutsk, Moscow, Kingston). The ΔRsgs values at these 

stations, unlike ΔRef, continue to decrease for another 

seven hours after the storm has reached its maximum 

intensity (minimum Dst on March 9 at 08:00 UT) to 

minimum ΔRsgs=−1.1 GV at the station Moscow at 

15:00 UT. Thus, the maximum decrease in ΔRsgs during 

the recovery phase is twice as large as the decrease dur-

ing the storm main phase. 

 

Figure 1. Variations in CR cutoff rigidities ΔRef (a) and ΔRsgs (b) at different stations, as well as in IMF parameters Ey (c), Bz 

(d), By (e), SW velocity V (f) and pressure P (g), and geomagnetic activity index Dst (h) during the March 8–11, 2012 geomag-

netic storm. Vertical lines indicate the storm main phase 

https://omniweb.gsfc.nasa.gov/form/dx1.html
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2.2. Latitude dependences 

Figure 2 plots ΔRsgs (a) and ΔRef (b) as function of 

Rc at the selected stations located at different latitudes. 

Latitude curves are given for several moments of storm 

development: the storm initial phase at Dst=−15 nT (I: 

March 08, 2012, 19:00 UT); the main phase at the storm 

maximum with Dst=−143 nT (II: March 09, 2012, 08:00 

UT); the recovery phase with Dst=−120 nT (III: March 

09, 2012, 15:00 UT), and the next day with Dst=−58 nT 

(IV: March 10, 2012, 12:00 UT).  

Figure 2 shows that during the storm initial phase when 

the disturbance level is low the geomagnetic rigidity varia-

tions ΔR obtained by both methods are close to zero at all 

the stations. During the storm main and recovery phases, 

ΔRef and ΔRsgs depend greatly on Rc. The typical latitude 

curve exhibits a maximum decrease in cutoff rigidity at 

mid-latitude stations (3–4 GV) during the storm main 

phase [Dorman, 1963; Flueckiger et al., 1987; Belov et al., 

2005; Kress et al., 2010; Danilova et al., 2020]. A charac-

teristic feature of this storm is that ΔRsgs (Rc) forms a lati-

tude curve with a maximum decrease, which is more pro-

nounced during the storm recovery phase (III) than during 

the main one (II). At the same time, the maximum is shift-

ed to the higher-latitude station Moscow for which Rc=2.39 

GV. For ΔRef, an almost monotonous growth of the curve 

ΔRef(Rc) is observed during the main and recovery phases 

(a decrease in rigidity variations) with increasing threshold 

rigidity Rc, i.e. with decreasing latitude of the stations. 

 

2.3. Relationship of geomagnetic thresholds 

with helio- and geomagnitospheric parameters 

To figure out how the obtained CR geomagnetic 

cutoff rigidity variations are related with the geomag-

netic activity, SW, and IMF parameters, we have carried 

out their correlation analysis for all the stations consid-

ered. The findings are presented in Table 2. In the top 

half of Table 2 are the correlation coefficients k for var-

iations in model geomagnetic cutoff rigidities; in the 

bottom half, for the observed ones. In the last row are 

the correlation coefficients k between ΔRef and ΔRsgs. 

Table 2 shows that the correlation coefficient k be-

tween ΔRef and ΔRsgs is very low for the low-latitude 

station ESOI (Rc=10.8 GV), but with decreasing Rc (in-

creasing latitude) it increases up to k=0.68± 0.13 for the 

station Kingston (Rc=1.88 GV). There is a high degree 

of correlation between ΔRef and Dst variation 

(0.88÷0.94). A significant correlation is seen with Ey 

(−0.65÷-0.75) and Bz (0.63÷0.73) for all the stations. A 

slightly lower value of k (−0.45÷-0.58) is characteristic 

of the relationship between ΔRef and By. The correlation 

coefficients k between ΔRef and the SW dynamic pa-

rameters V, N, P are low. The correlation coefficient 

ΔRef with P is the lowest, −0.1 on the average. 

The correlation coefficients k between ΔRsgs and 

near-Earth space parameters are somewhat lower than 

for ΔRef. This fits the results obtained in the papers 

comparing model and observed cutoff rigidities for oth-

er magnetic storms (e.g., [Ptitsyna et al., 2019] and ref-

erences therein). Higher degrees of correlation of ΔRef 

with Dst and SW and IMF parameters are not unex-

pected since the Ts01 model utilizes Dst, SW density N 

and velocity V, as well as IMF components as input 

parameters determining the effect of interplanetary condi-

tions on the magnetosphere and hence on cutoff rigidities. 

Then, we plotted correlations of ΔRef and ΔRsgs with 

the geoeffective parameters that most significantly af-

fect geomagnetic threshold variations at different sta-

tions. For this purpose, Figure 3 shows the correlation 

coefficients of ΔR with parameters such that |k|≥0.4. 

The above diagrams indicate that the correlation pat-

terns for ΔRef (Figure 1, a) and ΔRsgs (Figure 1, b) are 

similar. The most geoeffective parameters controlling 

geomagnetic thresholds (both ΔRef and ΔRsgs) at all lati-

tudes are the geomagnetic activity indices Dst and Kp, as 

well as the azimuthal component of electric field Ey and 

the IMF southward component Bz. Geoeffectiveness of 

the SW dynamic parameters N and V is slightly mani-

fested only for individual stations for ΔRef (Figure 1, a) 

and is completely absent for ΔRsgs (Figure 1, b). 

 

Figure 2. Geomagnetic cutoff rigidity variations ΔRsgs (a) and ΔRef (b) as function of threshold rigidity Rc for different mag-

netospheric activity levels, determined by Dst, at time points I–IV of the storm. The stations are designated in order of increasing 

Rc: 1 — Kingston; 2 — Moscow; 3 — Irkutsk; 4 — Rome; 5 — Almaty; 6 — ESOI 
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Table 2 

Correlation coefficients k between ΔR and geomagnetic activity, SW, IMF parameters 

ΔRef ESOI Almaty Rome Irkutsk Moscow Kingston 

Dst 0.88±0.04 0.91±0.05 0.94±0.04 0.92±0.05 0.94±0.06 0.91±0.08 

Kp −0.64±0.07 −0.55±0.09 −0.53±0.09 −0.57±0.12 −0.64±0.13 −0.67±0.13 

Ey −0.73±0.06 −0.72±0.08 −0.65±0.08 −0.71±0.10 −0.71±0.12 −0.75±0.12 

Bz 0.71±0.06 0.70±0.08 0.63±0.08 0.69±0.10 0.68±0.12 0.73±0.12 

By −0.50±0.08 −0.58±0.09 −0.45±0.10 −0.52±0.12 −0.54±0.14 −0.52±0.15 

B −0.17±0.09 −0.08±0.11 −0.14±0.11 −0.11±0.14 −0.17±0.17 −0.18±0.18 

V −0.40±0.08 −0.31±0.11 −0.33±0.10 −0.32±0.13 −0.42±0.15 −0.41±0.16 

N 0.25±0.09 0.35±0.11 0.45±0.10 0.44±0.13 0.38±0.16 0.34±0.17 

P −0.18±0.09 −0.12±0 .11 −0.05±0.11 −0.01±0.14 −0.14±0.17 −0.12±0.18 

 

ΔRsgs ESOI Almaty Rome Irkutsk Moscow Kingston 

Dst 0.42±0.13 0.64±0.10 0.66±0.10 0.65±0.16 0.65±0.19 0.64±0.17 

Kp −0.31±0.13 −0.46±0.12 −0.47±0.12 −0.46±0.18 −0.46±0.22 −0.41±0.20 

Ey −0.18±0.14 −0.41±0.12 −0.42±0.12 −0.48±0.18 −0.50±0.22 −0.47±0.19 

Bz 0.17±0.14 0.40±0.12 0.42±0.12 0.48±0.18 0.49±0.21 0.48±0.19 

By −0.11±0.14 −0.32±0.13 −0.33±0.13 −0.41±0.19 −0.43±0.22 −0.43±0.20 

B −0.03±0.14 −0.02±0.13 −0.03±0.14 −0.04±0.20 −0.06±0.25 0±0.22 

V −0.25±0.14 −0.33±0.13 −0.34±0.13 −0.30±0.20 −0.28±0.24 −0.26±0.21 

N 0.21±0.14 0.25±0.13 0.24±0.13 0.19±0.20 0.18±0.24 0.21±0.21 

P 0±0.14 −0.13±0.13 −0.14±0.14 −0.20±0.20 −0.18±0.24 −0.12±0.22 

K 0.35±0.08 0.60±0.09 0.60±0.09 0.64±0.11 0.66±0.13 0.68±0.13 

 

 

Figure 3. Diagrams of correlation of CR geomagnetic 

threshold variations with IMF, SW, and geomagnetic activity 

parameters for which |k|≥0.4: a — ΔRef; b — ΔRsgs 

3. DISCUSSION 

Our results show that during the strong magnetic 

storm on March 8–11, 2012 the highest degree of corre-

lation of ΔR was with Dst, as well as with Bz and Ey. 

The fact that the geomagnetic threshold variation (both 

ΔRsgs and ΔRef) correlates most closely with Dst sug-

gests that the ring current plays the main role in control-

ling CR geomagnetic cutoff rigidity variations during all 

storm phases. Significant sensitivity to Dst, which has 

been observed in [Ptitsyna et al., 2019], is the most sta-

ble feature of the interaction between geomagnetic 

threshold variations and the geomagnetosphere. In the 

same work, it has been shown that the relationship of 

ΔR with geomagnetic activity demonstrates a clear regu-

larity — the correlation increases with decreasing Dst, 

i.e. with increasing storm intensity. 

It is believed that the reconnection between the SW 

magnetic field and the geomagnetospheric field, as well 

as the SW dynamic pressure P, responsible for magne-

tosphere compression, play the main role in the devel-

opment of magnetospheric disturbances [Dungey, 1961; 

Akasofu, 1981; Russell, 2000]. Both of these factors 

weaken the geomagnetic shielding, reduce the geomag-
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netic cutoff rigidity, and facilitate SW plasma penetra-

tion into Earth’s magnetosphere and atmosphere. For 

the March 2012 storm, we have found that the SW pres-

sure P has almost no control over geomagnetic cutoff 

rigidity variations. The southward turn of the Bz compo-

nent and the resulting magnetic reconnection generated 

the geomagnetic storm. The further decrease in Bz led to 

a weakening of geomagnetic shielding and a decrease in 

ΔRsgs and ΔRef during the main phase of the storm. The 

high degree of influence of Ey we have obtained on 

geomagnetic cutoff rigidity variations ΔRsgs and ΔRef, 

derived by both methods, supports the viewpoint that 

the azimuthal electric field is one of the most geoeffec-

tive SW parameters (see, e.g., [Burton et al., 1975] and 

references therein). Borovsky and Birn [2014] believe 

that SW electric field penetration along magnetic field 

lines after SW field lines get connected to Earth’s po-

lar cap due to reconnection may become an important 

factor in controlling geomagnetic current systems dur-

ing later phases of storm development. 

Thus, the results obtained by the two fundamentally 

different methods show good agreement, which increas-

es confidence in them.  

The difference found between variations in ΔRsgs 

and ΔRef during later storm phases (see Figure 1, a, b) 

requires separate consideration. To compare CR cutoff 

rigidities, obtained by various methods, most objective-

ly, it is necessary to involve direct satellite measure-

ments, yet there are very few such works. In one of such 

studies [Adriani et al., 2016], CR cutoff rigidity varia-

tions were directly measured by the PAMELA space-

craft during a 2006 storm. Variations in the cutoff lati-

tude as function of ΔR were studied at relatively short 

time intervals corresponding to the orbital period of the 

spacecraft (~94 min). Comparison of the satellite exper-

iment results with the rigidities obtained by the Ts96 

model and the more advanced Ts05 model has shown 

that the cutoff rigidities (cutoff latitude) from satellite 

data differ from ΔRef. The cutoff latitude obtained by the 

models is systematically shifted to the equator as com-

pared to experimental satellite data (by ~21 % for the 

Ts96 model and by ~18 % for the Ts05 model). 

For the March 2012 storm under study, ΔRef de-

creases during the main phase, reaches a minimum 

(−0.69 GV) at storm maximum (March 9 at 08:00 UT), 

and then increases during the storm recovery phase. As 

for ΔRsgs, similar behavior is observed only at low-

latitude stations (ESOI, Almaty, Rome). At high-

latitude stations, ΔRsgs behaves differently, it continues 

to decrease for seven hours after the storm maximum, 

and reaches a minimum (−1.1 GV) at the station Mos-

cow on March 9 at 15:00 UT, during the storm recovery 

phase. Thus, the decrease in ΔRsgs, i.e. suppression of 

geomagnetic shielding at subauroral latitudes (Moscow 

and Irkutsk), was twice as strong during the storm re-

covery phase as during the main phase. This atypical 

behavior of ΔRsgs is likely related to the intense sub-

storm activity recorded during the recovery phase of the 

geomagnetic storm. According to [Despirak et al., 

2021], on March 9 at 9:00–16:00 UT there was a sharp 

increase in the westward electrojet in the form of sever-

al consecutive very intense large-scale substorms (su-

persubstorms) with an amplitude of ~2500 nT. Despirak 

et al. [2021] attribute the development of such super-

substorms to precipitation of intense charged particle 

fluxes from the magnetotail. During very intense sub-

storms, currents over 1–2 mA occur which significantly 

change the configuration of the magnetic field of the 

magnetosphere [Nikolaev et al., 2015]. The weakening 

of geomagnetic shielding during the recovery phase 

(8:00–15:00 UT) might have been caused by the for-

mation of the current system of supersubstorms.  

The Ts01 model, developed from satellite observa-

tions in the magnetosphere, is known to be able to de-

scribe the averaged configuration of the magnetospheric 

field, yet it does not describe relatively fast dynamic 

processes such as substorms [Pchelkin, 2010; Nikolaev 

et al., 2015]. Thus, suppression of geomagnetic shield-

ing during the storm recovery phase at sharp intensifica-

tion of westward electrojet currents is not reflected in 

ΔRef, whereas ΔRsgs can respond to various changes in 

the magnetic field of the magnetosphere at all latitudes. 

Despirak et al. [2021] note the complexity of the ob-

served pattern when during the recovery phase of one 

supersubstorm the phase of the next one develops, 

which makes it difficult to distinguish individual sub-

storms of very large amplitude. Two strong jumps in 

ΔRsgs at high latitudes on March 9 at ~12:00 and 15:00 

UT seem to reflect these complex changes in the con-

figuration of the magnetospheric magnetic field, which 

are caused by the formation of several successive super-

substorms. 

It might be the differences in sensitivity of the two 

methods to supersubstorms that explain the difference in 

the behavior of ΔRsgs and ΔRef during the recovery 

phase of the storm under study. This assumption, how-

ever, requires additional verification. 

 

CONCLUSION 

During the active interval of CAWSES-II, four con-

secutive geomagnetic storms were observed. We have 

analyzed a decrease in CR geomagnetic cutoff rigidity 

variations occurring during the strongest storm on 

March 8–11, 2012 and their dependence on SW, IMF, 

and geomagnetic activity parameters. The obtained pre-

dominant correlation between ΔR and Dst suggests that 

the geomagnetic threshold variations during the storm 

under study are generally driven by the ring current. 

Furthermore, we have obtained a high degree of correla-

tion of ΔR with the electromagnetic parameters Bz and 

Ey. The dynamic SW parameters have almost no effect 

on cutoff rigidity variations. These conclusions have 

been drawn using fundamentally different methods of 

calculating ΔR, which increases confidence in them. A 

feature of the storm is that ΔRsgs at high-latitude stations 

reach a minimum not at storm maximum, as ΔRef does, 

but seven hours later, already during the recovery phase. 

This fact may be associated with the development of 

several supersubstorms at that time, which had a high 

amplitude and global spatial scales. We assume that the 

difference in the behavior of the model and observed ΔR 

values during the storm recovery phase might have arisen 

due to the fact that the Ts01 model describes the aver-
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aged configuration of the magnetospheric field, not an 

individual supersubstorm. This assumption, however, 

requires additional research. 
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