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Abstract. We have analyzed together the slow climate tem-fect (Robock and Oppenheimer, 2003), or in connection with
perature variations in the near-equatorial Pacific Ocean aretidal influence on seismic triggering, which revealed from
(SSTOI indices) and crustal seismic activity in the same re-analysis of short-term (about daily) and local seismic vari-
gion during 1973-2008 time period using correlation analy-ations (e.g. Tsuruoka et al., 1995; Schekotov et al., 2006).
sis and found similarity in seismic and ENSO periodicities Here we are going to analyze a correlation of the long-term
(the latter with time lag about 1.5years). Trends of the pro-and large-space variations in climate and earthquake activity.
cesses are also similar showing about 2 times increase in av-
erage seismic energy release during the whole period of anal-
ysis and conventional 0°T/(10years) increase in SSTOI

index anomalies. Our major conclusion is on real credibil- . .
There are several methods to register the global climate

ity of climate-seismicity coupling. It is rather probable that changes and corresponding activity indices (see e.g. infor-
at least partially climate ENSO oscillations and temperature 9 P 9 y 9.

. e N .~ . “mation of USA Climate Prediction Centéttp://www.cpc.
anomaly trends are induced by similar variation in SelsmICIty'ncep.noaa.gov/data/indic)astonal and trade wind indices

sea level pressure indices (SOI), warm water volume indices
(WWYV), outgoing long wave radiation indices and at last
1 Introduction sea surface temperature indices (SSTOI). We select the lat-
ter indices, which are probably the most reliable and suitable
Topic of the slow climate changes is rather popular at presentfor us and which were registered without interruptions since
Two important problems are usually discussed in connec-1950 until the present time in the four zones shown in Fig. 1.
tion with the climate variability: the several year quasi- First of all we calculate the climate index differences:
eriodicity (El Nino/La Nino or ENSO effect) and the long- ) . .
'?erm trenéll i(n the global temperature (global \2varming or cgol-dT(’) = SSTOlzonei) — (SSTOKzone))
ing). Concerning forcing agent on the climate changes, sevi=1, 3, 4, 34 (see nominations in Fig. 1), where averaging is
eral hypotheses have been suggested including changes gyer all the period of analysis and SSTOI indices are taken
solar luminosity, variations in the Earth’s orbit around the jn the time intervalAt=6 months . The temperature differ-
Sun, cosmic rays (e.g. Svensmark, 2007), volcanic eruptiorences are measured i€. Then we produce smoothing of
activity and so on but the most accepted cause is the chang@e 6-months data by the 1-year running window in order to
in atmospheric greenhouse gas concentrations due to humayoid seasonal variations and obtain smoothed inditsg).
activity. At present the general consensus from data analgyrther, we smooth the values(i) by 20-years running
ysis and theoretical modeling is that global warming in the window in order to find the trendsd (i) and compute the
first half of 20th century can be attributed to either natu- detrended variationdTt(i) = dTs(i)-trdT(i). Concerning the
ral variation or human effects; however the warming Sinceearthquake (EQ hereafter) data, we use USGS catalog and
about 1975 is dominated by man-made greenhouse gas emigpmpute a cumulative seismic energy releBgg=XEs, in
sions. It seems that until now the climate coupling with the each 6-month interval for each of selected zones by using

underground processes was discussed either in connectighnventional relation for individual EQ with seismic energy
with volcano eruptions, which produce mainly cooling ef- £¢ (Kkanamori and Anderson, 1975):

Data

log(Es)=1.5M +4.8 Q)
@ @ Correspondence ta. Molchanov
= (olmolchanov@mail.ru) whereM is EQ magnitude. Then we introduce the indices of
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Fig. 1. Map of data collection. Thick rectangles show zones of SSTOI indices registration: Nino 1+2 (0-10S, 90-80W), Nino 3 (5N-5S,
150-90W), and Nino 4 (5N-5S, 160E-150W). Zone of Nino 3.4 (5N-5S, 170-120W) is shown by dashed line rectangle. Selected zones
of earthquake activity are shown by solid line rectangles: E1 (Chilean subduction zone), E3 (Tonga-Kermadec zone), E4 (Sunda, Philippine,
Solomon Sea zones), and E5 (Mariana, Japan and Kurile-Kamchatka zones). Distribution of EQ epicenters witk 5epim and
magnitudeM >5 is shown by red points, those with dept33 km are shown by yellow points, and EQ epicenters with intermediate depth

are shown by green, brown and blue points (from USGS catalog).

seismic variability as following: At. We include into analysis several thousands of the largest
crustal EQs (with depths ranging from 0 to 38 km) within
e(t) =log(Es; ) - (log(Es;)) (2)  each zone during the whole selected time period from 1973 to

In such a way we follow to Richter's definition of re- 2008 (Ta=35years). Some statistical characteristics of seis-
gional seismic activity index:(¢), involved in the famous mic activity involved in our analysis are presented in Table 1.
Gutenberg-Richter law of EQ number distribution againstthe As envisaged from the Table 1 we compute the energy re-
magnitude: lease and corresponding value§) in each n-zonen=1,

3, 4) and in addition the indiceq34) ande(eq) in the ag-
gregate region E34 (E3+E4) and in the near-equatorial area
whereb~0.9 is the constant connected with the fractal dis- E(€9)=E34+E1. Similarly to climate indices we apply the
tribution of EQs in space. By using relations (1) and (3), we 1-year smoothing, find the trends, and detrend the original

log[N(M >M=t)|=a—bM=+ 3)

can easily show: variations. Also, we calculate the seismic indices for deep
EQse(nd) (depth-300 km, the reason for doing this is ex-

log(Es;) = (1.5/b)a+c (4)  plained later). Examples of the indices behavior are pre-

where sented in Fig. 2. It can be seen that climate indices show ex-

pected ENSO variation. Amazingly, but EQ indices demon-
c=4.8+log[(1—Nj_p> /p] and e(t)=15/b(a—(a)) (5) Strate the similar quasi-ENSO variations. Even from these

examples we note the main features of the presented results:
provided thatN;>»1. Here parametep=(1.5—-b)/b~0.7 a)dTt(i) curves are almost coincident (we compare in Fig. 2a
and N; is the number of the strongest EQs in the time cell the averged over four SSTOI zones indd@%(av) andd Tt(34)
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Table 1. Averaged values of regional seismic energy releage> 7 3 1 a)
and averaged number of strongest EQ/g) in the time interval of 4 ‘ |
6 months.
g i
Energy/Zones El E3 E4 E5 E34 E(eq) %
=3 0 —
(E) 8
(in crust), 107 251 940 222 1191 1299 E i
104 J/6 months
N, (Number of -1
EQ in crust); 2832 5560 8104 7094 13664 16496
(N]> 40 79 115 101 195 235 L L L L I Y I B |
(E) 75 80 85 90 95 | 100 | 105
(in depth>300km), 34.4 299 194 14 49.3 83.7 1 b)
104 3/6 months
N (depth 300 km); 277 3540 2236 521 5776 6053 ’f i
(Nj) 4 50 32 7 82 86 )
: f\/\/
e 0
©
in the central zone). It means rather large spatial variation% :
size covering the whole near-equatorial Pacific area. There-
fore, we consider in what follows onlgTt(eq) anddTt(34) A b e e e e e e
values. Unlike them, thet(n) curves deviate from zone to 75 80 85 920 95 100 105
zone, but an increase of zone size improves the similarity 1900, years

with thedTt(i) behavior; b) visually, the fitting of théTt(eq) . o )
andet(eq) curves is the best when the seismic curve is shiftedi9- 2. (a) Detrended temperature variation in the near-equatorial
in time by about 1.5 year ahead area of the Pacific Ocean (solid line) and in the cenral zone of the

Let us test the above conclusions with the formal correla—o.cean (line with open C'rde.SOb.) Detrenqed seismic "."Ct'v't.y vart-
tion analysis ation in the area E(eq) (solid line) and in the E34 (line with filled

circles) shifted in time by 1.5 years ahead. For convinience the main
El Nino maxima are indicated by vertical dash lines.

3 Correlation analysis

The correlation analysis is a rather powerful tool to reveal theso—called mc_)ther-daughter (egg-hen) problem: Or_le approgch
o resolve this proplem is the comparison of seismic periodic-

periodicities hidden in the given processes. For example, itI . . S
a process consists of the random phase sigigé) and an ity in the crus_t and in the depth. _In case wh_en th_e periodicity
oscillation of the period of, the following formula is valid: decreases with depth then the first variant is valid. But when

the periodicity does not disapper with depth, then the second
x(t)=Ao(t) +A1cos(2rt/T1) (6) explanation is more probable. However, such an approach is
. ) ) . hampered by different relative level of seismic activity at the
It is easy to find the auto-correlation function of process depth and in the crust. Anyway, we present the comparison
(5) as follows: of the crust-depth periodicity in zone E4 (Fig. 3c), where the
Rex (1) = xtx ~[< A2 > exp{—12/Ar?) crust activity is maximal but the deep seismic activity is not
) ) ) (7)  sohigh (see Table 1), and in the zone E1, where on contrary,
+Afcos2rt/Ty)]/[< AG > +AT] the activity in depth is maximal but the crustal activity is low
where Ar is the average time of phase transfer or the (Flg 3d) In both cases the perIOdICIty is a little varied but its
sampling time in digitized signal and it is supposed thatrelative amplitude is about the same.
At<Ta,Ty. It is obvious thatR,,=1 and there are max- The second approach to resolve our mother-daughter prob-
ima at shiftst,,=+kTi1, (k=1, 2, 3,..) each having the rela- lem is application of the cross-correlation analysis. If in ad-
tive amplitude ofA2/[ < A3>+A%]. Autocorrelations of the ~ diton tox(z) described by relation (6), there is the other vari-
ENSO temperature variation and the seismic activity varia-ation y(1)=Bo(t)+B1cos[2r (t — 74)/ T1], which contains
tion in the same regions asin F|g 2 are shown in F|g 3a andSim”ar periOdiC Component shifted in phase, then their cross-
b. Both autocorrelations show similar 4.5-5 years periodic-correlation is as follows:
ity. An important question arises immediately: do climate _ 2 A\ P2\ B2
Czanges ir?duce thg seismic variations (the firsyt variant of exfiy_AlBlcos[zn(I_td)/Tl]/\/[((AOHAl) (iBgr+87)]  (®)
planation)? Or on contrary, the seismic variations generatén this example, there are maximagt=t;+k71. The cross-
the climate ENSO changes (the second variant)? This is theorrelation of the climate temperature and the seismic crustal
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Fig. 3. (a) Autocorrelation of temperature variations in zone 34 (solid line) and zone 3 (trian@ie#)utocorrelation of seismic variations

in the seismic zones E(eq) (solid line) and E34 (stdcg)Comparison of autocorrelation of seismic activity variation in crust (filled squares)
and in the depth (open squares) for the seismic zonédr£,omparison of autocorrelation in crust(filled circles) and in depth (open circles)
for zone E1. Vertical dash line shows averaged ENSO period.

activity variation is shown in Fig. 4a. Interpretation of the re- in the 5layers from mantled€500—700 km) to the crust
sults in Fig. 4a is not simple. From one hand, it supports the(d <38 km), the technique of so-called multi-layer correlation
conclusion on common periodicity of the climate and seis-was used that showed the time delay of EQ activity progres-
mic variations. From the other hand, it does not help clarify- sion between 2 and 10 years for different subduction zones.
ing their causative relation: the maximummi~+1.5years Here, we use a simplified version of the same technique by
could correspond to the climate variation that follows the computing the triple correlatioret(ndt-et(nxdTt(i). The
seismic induction, while the maximum af,~—3.5years triple correlation function for zones E4 and E1 is presented
means the climate impact on the seismicity. We can assumin Fig. 4b. Prevailing of maxima with >0 means that sce-
two possible scenarios: nario b) is more probable than scenario a).

— a) A pulse of the climate perturbation (or a maximum
in its variation) at the time; appears in the crust at 4 Trends
time ¢, and then penetrates in the some deep layer
of the Earth at timerg. In this caser;—t.—=z;, and  1rends of the climate and EQ variations are presented
ti—to=Top<742<0. It corresponds to the possibility of N Fig. 5. Progress with t.ime in the climate indices
climate influence on the EQ triggering. 0.1°C/(10years) is a conventional value for the ocean sur-
face, where the temperature changes are about two times
— b) A pulse of perturbation is originated in the depth at smaller than above the ground (Smith et al., 2005). The
to and then it reaches the crust and after it appears aseismic indices show about 2times increase in the average
climate temperature increase with the time dejay In seismic energy release both in the crust and in the depth be-
this caserg—t;=101>141>0. It corresponds to the hy- ginning from 1983.
pothesis of the EQ activity forcing the ENSO variation

in the climate. ) . .
5 Discussion and conclusions

Recently, possibility of upward migration of the EQ . o o ]
hypocenters was discussed in the papers by Molchano®Ur major conclusion is on a real possibility of the climate-

and Akentieva (2008) and Molchanov and Uyeda (2008)_seismicity co_upling. It is r_athe_r probable tha_lt the_ climate
The statistical study was presented on the EQ activityENSO effect is at least partially induced by seismicity with
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Fig. 4. (a) Cross-correlation of temperature and seismic varia-
tion in zone E(eq) (solid line) and in zone E34 (line with stars); Fig. 5. (a) Trend of the SSTOI (34) variatior(h) Trends of the
(b) Triple correlationet(1d)tet(eqxtdT(34) (filled circles) and  seismic activity in the crust, zone E4 (squares) and equatorial zone
et(4d)tet(eqtdTH(34) (squares). (line); (c) Trends of the seismic activity in the dep#B00 km, in
zone E1 (line) and in zone E3 (triangles).

atime lag of about 1.5years. Trends in the climate and seis-

mic variations are similar to each other. Possibility of the timate for the average power flux due to seismicite) =
seismic influence on the climate seems surprising especiallyPse)/ Ksg~0.3-1W/nf. Let us estimate now its ability to
when taking into account a conventional consideration of thenduce the ENSO variation. Rough estimation using Stefano-
Earth heat budget. Major source of heat is the solar radiationBoltzmann law for black body irradiance is as follows:

which provides power flux at atmospheRer=340 W/n'. ST = AT (1) — AT (t1)

This factor heats the Earth to temperate=288°K. At

the first sight the EQ source can be considered as a negli- =To/ (4PsR)[ PE(r2) — PE(11)] (10)
gible one. As it is evident from Table (E)~1.5x10YJ ~0.21[ Pe(t2) — Pe(t1)]

in the Pacific region having the arég~10'3m?, the aver-
age power flux ig Psg)=(E)/(So At)~0.001 W/nf, where
as beforeAr=6 months~1.5x10"s. However, the seismic
energy is only a small part of mechanical wdie done in
the earthquake faulting. Their relation is the following:

where AT is deviation ofT from background levely and

t2, 11 is ending and starting time of recording. Let us re-

call that seismic index(¢)~log1lQ(E/(E)), hence its varia-

tion from —0.5 to +0.7 (see Fig. 2b) corresponds to the E-

variation from 0.3E) to 5(E), which leads us to estimate

E = KsgWg (9)  ©of 67e~0.3-0.9C. The value is comparable but eventually
smaller than the scope of ENSO variatie2°C (Fig. 2a).

where Kse~Aa /o is the seismic efficiencyy is the mean  Application of relation (9) to analysis of trends leads to es-

shear stress acting on a fault ane is the stress-drop. Tak- timate §7g,(change in trend from 1983y0.06-0.4C that

ing into consideration the usual values A6~0.3-1 MPa is also comparable with the change in ocean temperature

ando ~300-500 MPa, we obtaikisg~0.001-0.003. Atran- (see Fig. 5a). Acceleration of the greenhouse rate in the

sient heat flux is generated during coseismic slip as a conpostindustrial era and the consequent global warming is con-

version of the mechanical work done in faulting. Because ofsidered now as an urgent social hazard (e.g. Hegerl et al.,

low thermal conductivity, this huge heat flux leads to local 2007). ENSO oscillations could appear within this concept

heating or even vaporization of fluids and its upward migra-as a result of various feedbacks in the energy exchange be-

tion. Supposing that all the heat produced by EQs reachesveen the ground and troposphere including the water evap-

the ground surface (the ocean bottom), we have the other e®ration, changes in the lapse rate, ice-albedo feedback and
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so on (e.g. Soden and Held, 2005). On the other hand, th&lolchanov, O. A. and Aken'tieva, O. S.: Upward Motion of Earth-
earthquake influence could be also rather important, as our quake Hypocenters in the Wadati-Benioff Seismic Zones, Rus-
results and estimates show. It is appropriate to mention here sian Academy Reports, 419, 473-476, 2008.

that EQ energy release in the near-equatorial Pacific area duMolchanov, O. A. and Uyeda, S.: Upward migration of earthquake
ing the half a year period is 10293 which is equivalent to hypocenters in Japan, Kurile-Kamchatka and Sunda subduction

. . s . zones, Phys. Chem. Earth, 34, 423-430, 2009.
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