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Publishing this Letter by Doctor of Physics and Mathe-
matics Yuryi L. Rebetsky On some aspects of the article
“On the stress drop in North Eurasia earthquakes source-
sites versus specific seismic energy”, as well a response
by Doctor of Physics and Mathematics Michael V. Rodkin
to this letter, the editorial board invites readers to further
discuss the problems under consideration on the pages
of our Journal.
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3axmouenue crarbu H.A. CorueBoii u JI.M. bo-
rOMOJIOBa HauuHaeTcs: ¢ Qpaspl: «Jlyisa aHanmmza
BECbMA 3allyTAHHOIO BOIIPOCA O HATUYUU WU OT-
CYTCTBHH KOPPEJIAIUI MEX Ty COPOCOM HampsoKe-
HUH B ouarax zemuerpscenuit Cesepnoit EBpazuu
Y UX SHEPreTUYECKON XapaKTePUCTUKOM. .. ».

B crarbe BOmpoCy B3aMMOCBSI3M HaIpsikKe-
HUM, Ac, COpOILIEHHBIX B O4are 3eMJIETPICEHHUs,
¥ CKAJSIPHOTO CEWCMUYECKOro MOMeHTa, M, 1o-
CBAILIEHO OCHOBHOE BHUMAaHHUE. APryMeHTUpOBa-
HO (popmyna (20) u3 crarbu), 4TO B3aUMOCBS3b
MeXIy M u MpUBEACHHON CCUCMUYCCKON dHEP-
ruei e,, = E /M onMCBIBAETCS pErpeccuen, 1o
¢opme nponopunonansHoi Ac (M,).

Uto B 3TOW CBSI3U XOTEJINOCH OBl OTMETHTH?
[Ipexne Bcero To, 4TO MpPUBEACHHAA CEeiCMUYe-
CKasl DHEpPIrus M CKaJSAPHBIA CEUCMHYECKUN MO-

B crarse H.A. Chiuesoii u JI.M. BoromoiioBa npeyiocxkeHo 00beIMHUTH B3aUMOCBSI3aHHBIC IAHHBIE 10 COPO-
IICHHBIM HAIPSDKCHUSIM B O4Yarax 3eMIICTPACCHUM, AG, U MPUBEICHHON CEHCMUYECKON SHEPTHUH, €., IS
aHaJM3a 3aBUCUMOCTH ITHX IMapaMeTPOB OT MacIuTada 3eMIIETPICEHHS C PACHIMPEHUEM CTaTUCTUKH H3Me-
pennii (ouenok). Ha npumepe CesepHoro Tsub-llans (bumkexckuii noaurod ¢ cetbto KNET) ycranosne-
Ha 3aBHCHMOCTh 3THX IapaMeTpPOB oyara oT CeHCMHUYECKOr0O MOMEHTa WM OT MarHUTYABl 3€MJIETPSICEHUS
B auana3one Marautyd 2.2 < M < 4.0. ABTop IHChMa B PEIAKIIHIO OTMEUYAET, YTO BBIBOABI CTATHH UMEIOT
OTpaHWYEHHS: TaKas B3AaUMOCBSI3b MPOSBIAETCS TOJIBKO B 0OOJee WM MEHee y3KOM WHTepBaje MarHUTYI.
OO6pamieno Takxe BHUMAHHE Ha CMBICIIOBOE PasiMyYME NapaMeTpoB Ac U e,,. IMEHHO npuBeicHHas celic-
MHUYECKasi SHEPTHS OTPaXKaeT CPENHIO0 1e(hopMaLlMIo B 30HE 04ara, U €e UCIOJIb30BaHUE IS aHaJM3a Mac-
ITa0HBIX 3aBUCUMOCTEH 04aroB 3eMJICTPsACCHHUM Oojiee nH(OPMATUBHO.

MEHT OIPENENAIOTCS U3 PA3HOTO THUIIA UCXOAHBIX
CEHCMHYECKUX JIaHHBIX, & XapaKTEPUCTUKHU OYa-
ra 3eMIICTPACEHUS: COpOIICHHBIC HAIPSKECHUS
U CEMCMHUYECKHI MOMEHT — UMEIOT Pa3HYIO pas3-
mepHocTh (Ao [I1a], a M, [H m]).

CelicMu4ecKuil MOMEHT ONpeAesieTcs 10 HU3-
KOYAaCTOTHOM COCTaBIISAIOMIEH CHEKTpa S-BOJIHBI
U HE 3aBUCUT OT AUHAMHUKU Pa3BUTHs pa3pbIBa,
B TO BPEMs KAaK SHEPIUs 3eMJICTPSICEHUM Xapak-
TEPU3YET BBICOKOYACTOTHYIO  COCTABIISIOLLYIO
ceiicMuueckux BOJH. MIMEHHO 3TO 0OCTOSTENB-
CTBO JAacT BO3MOXXHOCTb paccMaTpuBaTh MX Kak
JIBa HE3aBHCHMBIX I1apaMeTpa odara 3eMierpsce-
Husl. ClieICTBUEM 3TOTO SBJISIETCS HE3aBUCUMOCTD
pa3mepa odara U COpOIIEHHBIX HanpsokeHu. [le-
TaJbHbIE CEHCMOJIOTMUECKHE UCCIIeI0OBaHUS TOKa-
3BIBAIOT CYIIIECTBOBAHHUE MTOI00MS CEHCMUYECKOTO

* CprueBa H.A., boromonos JI.M. O cOpoIIeHHBIX HaNpsDKEHHSIX B o4arax 3emerpsceHnii CeBepHoit EBpasun u mpuBeneHHON celicMu-
4yeckoi sHepruu. [ eocucmemot nepexoonwvix 301, 2020, T. 4, Ne 4, ¢. 393-446. (Ha pyc. u anr.).

https://doi.org/10.30730/gtrz.2020.4.4.393-416.417-446

Sycheva N.A., Bogomolov L.M. On the stress drop in North Eurasia earthquakes source-sites versus specific seismic energy. Geosistemy
perehodnykh zon = Geosystems of Transition Zones, 2020, vol. 5(1), p. 393—446. (In Russ. & Engl.).
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mpolecca ToJIbKO B HEKOTOPOM JIHaria30He MarHu-
tyn [Cropkuna, 2017]'. Cioeayer OTMETHTh, YTO
npobrieme ckeinHra (MacimTaOHas WHBapUAHT-
HOCTb) MHOTIO BHUMAaHUS YIEISUIOCH B paboTax
A.A. Tycesa [['yceB, 1984; I'yces, I'ycera, 2014

Kpome oTMedeHHOro BbIIIE IIABHOTO (hak-
TOpa CYHIECTBYET €Il Psii NPUYHH, BIUSIOMIAX
Ha paccMaTpuBaeMyro MpoOieMy, CIIOCOOHBIX
OCJIOKHHUTH TIOTYYCHHE KOPPEKTHOTO PEIICHHS
yKa3aHHOH mpobnemsbl. Tak, TOIBKO B MOCIETHUE
NECATUIIETUS MTOSBUIIOCH JOCTATOYHOE YHCIIO M-
POKOMOJIOCHBIX CEHCMHUYECKUX CTaHIMH, YIOB-
JIETBOPSIOUINX STUM TPEOOBAHUSIM.

Ecnu HanpspkeHUs! XapakTepu3yloT CHITY, Je-
JICHHYIO Ha IUIOIa/b, TO CEHCMUYECKUI MOMEHT
1o ceoemy onpenenennto (M, =G S-D=G V"¢,
YTO SKBHBaJEHTHO ¢opmyine (7) B cTarbe) Mpo-
MOPIIMOHAJIEH CpeAaHel ynpyroil nedopmanmu e,
CHHUMAaeMOM B IMpPOLECCE peaM3aluu CEUCMU-
YECKOr0 CMEIIEHHUS Ha pa3pbiBe — 3eMileTpsce-
HUA. 37ech, Kak U B cTarbe: G — MOAYJIb CIBUTA,
D — aMmuTya cMelieHus B odare, S — IUIOMIaib
MOBEPXHOCTH pa3phiBa. O0bemM ouara V = S-L
(L — xapakTepHblii pa3Mep ouara), a CpeaHAs
nedopmanus € = D/L. Ilapametpsl Ac u M, He
JOJHKHBI KOPPENUPOBATh MEXIY cO00i BO BCeM
nuanazoHe ux usMeneHuil [I'yces, 1984], ecnm
TOJBKO «HE YUTaThb MAHTPY» MPO camorogodue
pa3pylIeHHs Ha BCEX MACIITA0OHBIX YPOBHSIX.

Bo-nepBbIX, BIOJIHE OYEBHHO, YTO CPEIHUM
CHHMAaeMbIM YIPYTUM JeGOopMaIusiM B MacuTade
MarHuTyq 2—4 (JMHeWHbId MacmTad npuoIm3u-
terapHO 200-2000 M) OyzmeT COOTBETCTBOBATh CBO
3 PexTUBHBIA MOIYNIb ynpyroctu G ., ¥, KOHEY-
HO, €ro 3HaueHHe oTIn4aercs oT Monyis G s
nmabopaTopHOro 00pasia, BBIUICHHOTO U3 IEJTb-
HOTO ydyacTka mopoabl. B mMacmrabe ycpenHeHus
COTEH METPOB 00s13aTeNIbHOE BIMsSHUE HA P Dek-
TUBHOE 3HaY€HUE MOAYJIS yIIPYTOCTH OKaXyT Tpe-
IIMHBI, CYIIECTBYIOIINE B TOPHOM MacCHBE.

B macmtabe ycpemHeHUs TEPBBIX JECSTKOB
KWJIOMETPOB (MacmTad 3eMHOM KOpBI), KOTOPBIH
OTBEUAET 3eMJIETPSICEHUSIM MarHutyjaou 6—8, o0s-
3aTeNIbHOE BIIMSIHUE HA MOIYJb YIIPYTOCTH OKa-
YT 30HBI Pa3IOMOB. TpEIMHOBATOCTh 3THX 30H

! Cropkuna A.A. 2017. M3ydenne COeKTpalbHbIX CBOMCTB KAMYAaTCKUX 3eMIICTPSICEHHI MAarHUTYIHOTO [uarna3ona 3—6: auc. ...

¢wu3.-mat. Hayk. [TerponasnoBck-Kamuarckuii, 130 c.

MHOTOKPATHO BBIIIE€ TPEIIMHOBATOCTH CMEKHBIX
C HUMH OJI0KOB KOpbl. Takum oOpa3oM, 3HaYEHUS
G, YMEHBIIAIOTCS C POCTOM XapakTepHOro pas-
Mepa 3aa4d. B nuTupoBaHHOM B CTaTbe MOHOIpa-
(uu’ mpuBeIEHBI PE3yNIBTaThl O CHIKEHHH MOTYJIS
G B 3aBUCUMOCTH OT JIMHEWHOIO pasmepa L Ha
HEeOONMbIIMX MaciTabax ycpemHEeHUs (IO COTeH
METPOB). DTO YMEHBIIEHUE OINUCHIBAETCS c1aboit
CTeneHHOH 3aBUCUMOCTBIO oT L: G ~ L% (dop-
myna (4.27) Ha c. 233). Ota crnabasi 3aBUCUMOCTD
IIPY M3MEHEHUW SHeprum 3emuerpsiceHus B 10
u 100 pa3 omnpenenser U3MEHEHUE YCPETHEHHOTO
Mozynst ynpyroctv Ha 15 u 30 % cooTBETCTBEHHO.

Btopoi#i BaxHBIII MOMEHT, KOTOPBIA OMpeEAe-
JS€T OTCYTCTBHUE IPSIMOH KOPPEISLUU MEXITY
YKa3aHHBIMM BBIIIE€ IIapaMeTpaMH, 3aKJII04acTCs
B HE3aBUCHMOCTH CHUMaeMOH nedopmaiuu, &,
u obvema ouara, V. Ilo cytH, cpaBHHBaThb MeX-
Iy co0oif cieyeT CHUMaeMble HanpsbkeHus, Ao,
u npoussesienne G €. B 3TOM ciiydae ¢ y4eTom
crnaboi saBucumoctd G OT MacimTaba ycpen-
HeHus nedopmanuii (00beM oyara) KOppessius
JIOJDKHA CYIIIECTBOBATh IO KpailHEN Mepe B HEKO-
TOPOM JIMara30He MarHUTY/ 3eMJIETPSICEHUIA.

Ha camom niene BeIpaxkeHue M0 = G-V € no-
Clle HaXOXJEHHUs COPOLICHHBIX HaMpsHKEHH
AG ~ G- e Hal0 UCIIOJIb30BaTh JIJISl ONPEACICHUS
oObeMa ouyara. J{is cirydast chepryeckoro ovara,
KOTOPBIi Yallle BCEro paccMaTpuBaeTCs IIPH OLIEH-
KaxX COpPOILIEHHBIX HANpPSKEHUH, BBIPAKEHUE JUIS
o0bema ovara nmpuHumact popmy V= 1.8 M, /Ac
B COOTBETCTBUU C M3BECTHOU PopMyInoit Drrenon
(BeIpakenue (11) u3 crarbn).

ITockonbKy [171s1 CECMHUYECKON SHEPTUU UMEET-
cs1 cootHomenue £s = o S D (G, — Tak Ha3bIBAEMOE
Ka)KyIlleecs] HalpsHKEHUE), BIOJIHE OYEBUIHO, YTO
OTHOLLIEHHE ES/M0 = Ga/G, T.€. IPUBECHHAS CEHC-
MUYECKas DHEPIUS, €., TI0 (PU3UIECKOMY CMBICITY
otBeuaeT aedopmanuu. [ToaTroMy U BHONHE JIOTH-
YeH pe3yJIbTat, MOMy4YeHHbIH B paboTe, 0 B3auMo-
CBA3M COPOIIEHHBIX HaNpsOKEHHH Ac W e, =
Es / M. Ho 5Ta B3aMMOCBA3b Oy/IET IPOSBIATHCS
JUIL pa3HBIX MacmTaboB COOBITHH, TONBKO IMOKa
MBI OCTa€MCsl B ONPE/ICIICHHOM JMalla30He MarHu-
Ty/ 3eMJIeTpsICeHMI (He OoJiee TpeX eMHMUII).

FOpuii JTeonuoosuu PEBEIJKHM,

O0KMOP (PUUKO-MAMEMAMULECKUX HAVK
E-mail: reb@ifz.ru

KaHJI.

2Tyces A.A. 1984. OnmcarenbHasi CTAaTHCTHYECKAsE MOJIENTb U3IYUCHHS 04ara 3eMJIETPSICEHHS M e¢ IPHUMEHEHHE K OLIEHKEe KOPOTKOIePH-
OJHOT'O CUJIBHOTO JBWXXEHUS. Byaxkanonoeus u celicmonoaus, 1: 3-22; I'yce A.A., I'ycepa E.M. 2014. CxeilnuHroBsle CBOICTBA Xapak-
TEPHBIX YaCTOT OYaroBBIX CHEKTPOB 3emierpsicenuii Kamuatku. /Jokaaodwr PAH. Hayxu o 3emne, 458(1): 88-91.

3 Kouapsir I'T.. I'eomexanuxa paziomos. M.: TEOC, 2016. 424 c.
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Or3bIB Ha [Tucemo B pepakiuio FO.J1. PeGerkoro
«O HEKOTOPBIX acrneKkTax cTarbi "O COPOIICHHBIX HAMIPSDKEHUSAX B 09arax
3emuierpsicenui CeBepHoii EBpa3uu u NpUBEICHHON CEMCMUYECKOM SHEPTUHU »

W crartbs, 1 mUCbMO B pENAKLNIO, WHULUU-
POBaHHOE 3TOM CTaTbEd, MOJHUMAKOT HHTEpEC-
HbI€ U BaKHBIE MOMEHTBI, CBSI3aHHbIE C (PU3UKOM
oyara 3eMJIETPSICEHUS], & UMEHHO, B JAHHOM CITy-
yae, ¢ BeJIMYMHAMK cOpoca HalpspKeHWH U Ipu-
BEJICHHOM CEMCMHUYECKOM SHeprueu. 3aMeTum,
4yTo OOCYy)XJaemas MpUBEICHHas ceilcMuyeckas
9HEpPrus, ¢ TOYHOCTBIO JI0 COMHOXKHUTENS paB-
HOTO YNPYroMy MOAYJIO, SKBHUBaJIEHTHa OoJjee
TPATUIIMOHHO 00CYKIaeMOM XapaKTEPUCTHUKE —
BEIMYMHE KaXyIIUXcs HanpspkeHud. Tak kak
pa3dpoc BenmuyuH cOpoca HANMPSOKEHWHA W TpU-
BEJICHHOM CEHCMHYECKONM HSHEpPruu BEChbMa BeE-
JUK (B pa3bl, MHOTAA J0 2 MOPSAKOB BEJIMYUHBI),
TO BapUallMM BEJIWYMHBI YIIPYIOro MOAYJA OKa-
3bIBAlOTCS HECYILECTBEHHBI, U (PAaKTUYECKU pedb
UJET O B3aUMOCBSI3U BEJIUYUH cOpoca Hampsbke-

YK 550.34.094

HUW U KaXyIIUXCs HanpspkeHud. M3 teopernde-
CKHX COOOpakeHMI U 0oJiee JETAITBHBIX OICHOK
(cm., Hampumep, Annemarie Baltay et al. 2011.
Variability in earthquake stress drop and apparent
stress. Geophysical Research Letters, vol. 38,
L06303, doi:10.1029/2011GL046698) cnenyer,
YTO 3TU BEJIMYMHBI IPOTIOPIIUOHANIBLHBI H, B TIEPBOM
MPUOIKEHUH, OOBIYHO MOJIAraroTCs HE 3aBUCSIIN-
MU OT CEMCMUYECKOI0 MOMEHTA (MJIM MarHUTY/IbI).

BaxHo, omHako, 4To Bce OOCYKHaeMble Iia-
pameTpbl CHJIBHO (M HETMOHSITHO) BapHaOCIIbHEI,
U B pa3HbIX CIydYasx BIOJHE MOTYT HaOIIOIaThCs
cneruduaeckue 3pdextel. PaccMorpenue 3THX
3 PEeKTOB BaXKHO /7151 TOHUMAHUSI U3MEHUUBOCTHU
XapaKTepUCTUK oyara 3emierpsicenus. OTcrona He
BBI3BIBAET COMHEHMSI, 4YTO OOCYX/IEHUE MOJHSTHIX
BOIIPOCOB TIPEJICTABIISAET CYIIECTBEHHBI HHTEPEC.

Muxaun Braoumuposuy PO/[KHUH,

O00KMOp PU3UKO-MameMamuieckux HayK
(HUncmuntym meopuu npo2Ho3a 3emiempsiceHul
u mamemamueckoul eeogpusuxu PAH, Mocksa).
E-mail: rodkin@mitp.ru

LETTER TO THE EDITOR
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On some aspects of the article «On the stress drop
in North Eurasia earthquakes source-sites

versus specific seismic energy»
Yuryi L. Rebetsky

Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences, Moscow, Russia

E-mail: reb@ifz.ru

Conclusion of the article by N.A. Sycheva
and L.M. Bogomolov begins with the phrase: “To
analyze the very knotty issue of the presence or

FEOCUCTEMBI MEPEXOQHbLIX 30H
2021, 5 (1): 55 - 59

In the article by N.A. Sycheva and L.M. Bogomolov, the authors proposed to combine the interrelated data
on the stress drop in the earthquake sources, Ac, and reduced seismic energy, e
of these parameters on earthquake scale along with expansion of the measurement statistics (assessments).
The dependence of these parameters of a source on the seismic moment or on the earthquake magnitude
within 2.2 < M < 4.0 magnitude range has been determined using the example of the Northern Tien Shan
(Bishkek geodynamic polygon with the KNET network). The author of the letter to the editor notes the ar-
ticle conclusions to be limited, because such relationship is only manifested within the more or less narrow
range of the magnitudes. Attention is also drawn to the semantic difference between the Ac and e, param-
eters. It is the reduced seismic energy that reflects the mean strain in the source area, and its appliance to the
analysis of scale dependences of earthquake sources is more informative.

o> 10 analyze the dependence

absence of correlations between the stress drop
in the sources of earthquakes in Northern Eurasia
and their energy characteristics...”. In the article,
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the main focus is landing on the question of the re-
lationship between the stress drop in the earth-
quake source, Ds, and the scalar seismic moment
MO. It is argued (formula (20) from the article)
that the relationship between M and the reduced
seismic energy e, = Es/M, is described by regres-
sion by the form proportional to Ac (M,).

What should be mentioned in this regard?
First of all, the fact that the reduced seismic en-
ergy and scalar seismic moment are determined
based on the initial seismic data of different types,
and the characteristics of the earthquake source:
stress drop and seismic moment have the different
dimensions (Ao [Pa], and M [N m]).

The seismic moment is determined by the
low-frequency component of the S-wave spec-
trum and does not depend on the dynamics of the
fracture development, while the earthquakes ener-
gy characterizes the high-frequency component of
seismic waves. It is this circumstance that makes
it possible to consider them as two independent
parameters of the earthquake source. The conse-
quence of this is the independence of the source
size and the stress drop. Detailed seismological
studies show the existence of similarity of a seis-
mic process only in a certain range of magnitudes
[Skorkina, 2017]". It should be noted that the
problem of scaling (scale invariance) was given
much attention in the works of A.A. Gusev [Gu-
sev, 1984; Gusev, Guseva, 201472

In addition to the main factor noted above,
there are a number of reasons that affect the prob-
lem under consideration, which can complicate
the obtaining of a correct solution to this problem.
Thus, only in recent decades a sufficient number
of broadband seismic stations satisfying these re-
quirements have appeared.

If the stresses characterize the force divided
by the area, then the seismic moment, according
to its definition (M, = G-§-D = G- V¢, which
is equivalent to formula (7) in the article) is pro-
portional to the average elastic deformation e,
removed during the realization of seismic dis-
placement at the fracture, i.e. earthquake. Here,
as in the article: G — the shear modulus, D — the
displacement amplitude in the source, S — the rup-
ture area. The source volume is V"= S L (L is the

characteristic size of the source), and the average
deformation is &€ = D/L. Parameters Ac and M,
should not correlate with each other in the entire
range of their changes [Gusev, 1984], unless one
“reads the mantra” about destruction self-similar-
ity at all scale levels.

First, it is quite evident, that the average elas-
tic released strains on a scale of magnitudes 2—4
(linear scale is approximately 200-2000 m) will
correspond to their effective elastic modulus G,
and, of course, its value differs from the modulus
G for a laboratory sample cut from an integral
block of rock. On the averaging scale of hun-
dreds of meters, cracks in the rock mass will ob-
ligatory affect the effective value of the elastic
modulus.

On the averaging scale of the first tens of kilo-
meters (the scale of the earth’s crust), which cor-
responds to earthquakes with a magnitude of 68,
the fault zones will obligatory affect the elastic
modulus. The fracturing of these zones is many
times higher than the fracturing of the adjacent
crustal blocks. Thus, the G_ values decrease
as the characteristic size of the problem grows.
The monograph® cited in the article presents
the results on the decrease in the G modulus as a
function of the linear size L on the small averaging
scales (up to hundreds of meters). This decrease
is described by a weak power-law dependence
onL: G ~ L - 0.06 (formula (4.27) on p. 233).
This weak dependence when the earthquake en-
ergy changes by 10 and 100 times determines the
change in the averaged elastic modulus by 15 and
30 %, respectively.

The second important point, which deter-
mines the absence of a direct correlation be-
tween the above parameters, is the independ-
ence of the released strain, €, and the volume
of the source, V. In fact, it is necessary to com-
pare the stress drop, Ac, and the product G- ¢
with each other. In this case, with regard to the
weak dependence of G, on the scale of deforma-
tion averaging (volume of the source), the cor-
relation should exist at least in a certain range of
earthquake magnitudes.

In fact, when the stress drop is found Ac ~ G - ¢,
the expression M, = G- V- & should be used to de-

! Skorkina A.A. 2017. [Study of spectral properties of the Kamchatka earthquakes in the magnitude range of 3—6]: [dis. ... Cand. Sci.

(Phys. and Math.)]. Petropavlovsk-Kamchatskiy, 130 p.

2 Gusev A.A. 1984. [Descriptive statistical model of earthquake source radiation and its application to an estimation of short-period strong
motion]. Volcanology and Seismology, 1: 3-22; Gusev A.A., Guseva E.M. 2014. Scaling properties of corner frequencies of Kamchatka
earthquakes. Doklady Earth Sciences, 458(1): 1112—1115. https://doi.org/10.1134/s1028334x14090062

3 Kocharyan G.G. Geomechanics of faults. Moscow: GEOS, 2016. 424 p.
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termine the volume of the source. For the case
of a spherical source, which is most often con-
sidered for evaluating the stress drop, the expres-
sion for the volume of the source takes the form
V= 18-M,/ Ac in accordance with the well-
known Eshelby’s formula (expression (11) from
the article).

Since, there is a ratio £s = 6, S D for seis-
mic energy (o, is the so-called apparent stress),

it is quite evident, that the ratio Es/M, = ¢ /G,
ie. the reduced seismic energy, e,,, physically
corresponds to deformation. Therefore, the result
obtained in the work on the relationship between
the stress drop Ac and e,, = Es /M, is quite logi-
cal. But this relationship will manifest itself for
different scales of events, only as long as we re-
main in a certain range of earthquake magnitudes
(no more than three units).

Yuri L. Rebetsky,
Doctor of Physics and Mathematics
E-mail: reb@ifz.ru

Response to the letter to the editor by Yu. L. Rebetsky
On some aspects of the article “On the stress drop in North Eurasia earthquakes
source-sites versus specific seismic energy”

Both the article and the letter to the editor,
initiated by this article, raise interesting and im-
portant questions related to the physics of the
earthquake source, namely, in this case, with the
magnitudes of stress drop and reduced seismic
energy. Note that the discussed reduced seismic
energy is equivalent to the more traditionally dis-
cussed characteristic — the magnitude of the appar-
ent stress up to a factor equal to the elastic modu-
lus. Since the spread in the values of stress drop
and reduced seismic energy is very large (several
times, sometimes up to 2 orders of magnitude),
variations in the value of the elastic modulus turn
out to be insignificant, and in fact, we are talk-
ing about the relationship between the values of
stress drop and apparent stress. From theoretical
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reasons and more detailed assessments (see, for
example, Annemarie Baltay et al. 2011. Variabil-
ity in earthquake stress drop and apparent stress.
Geophysical Research Letters, vol. 38, L06303,
doi: 10.1029/2011GL046698) it follows that these
values are proportional and, as a first approxima-
tion, are usually assumed to be independent of the
seismic moment (or magnitude).

It is important, however, that all discussed pa-
rameters are highly (and incomprehensibly) vari-
able, and specific effects may well be observed in
different cases. Consideration of these effects is
important for understanding the variability of the
characteristics of an earthquake source. Hence,
there is no doubt that the discussion of the raised
issues is of significant interest.

Michael V. Rodkin,

Doctor of Physics and Mathematics

(Institute of Earthquake Prediction Theory
and Mathematical Geophysics RAS, Moscow).
E-mail: rodkin@mitp.ru
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