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A new technique of long-term (one year and more) and less than 8 days forecasting of great 

earthquakes was described in (Shirokov et al, 2014; Shirokov et al, 2015). Forecasts were based on the 
seismological  techniques and recordings of remote precursors using instrumental methods. Earlier, the 
forecasts and relations between earthquakes and volcanic eruptions were studied in (Gorelchik  et al. 1997; 
Firstov, Shirokov, 2005; Shirokov, 1977,  1978, 1985, 2001, 2010; Shirokov, Dubrovskaya, 2010; Shirokov 
V.A., Kuzmin Ya.D.,1988; Shirokov, Stepanov, Dybrobskaya, 2010 and other). In this paper the authors 
attempted to apply the technique in order to provide a real-time forecasting of the onset of eruptions at 
Kambalny Volcano using retrospective data in terms of detection of a  24-hour interval and its rations for 
global and local Kamchatka seismic events. First ash emissions at Kambalny Volcano were observed by the 
scientists of  KVERT on March 24, 2017 at about 21(paroxysm) UTC (Girina O.A. et al, 2017). 

There are no records of historical eruptions of Kambalny. Not including Kambalny, there are 4 
volcanoes that comprises a dense group of volcanoes in the south Kamchatka: Ksudach, Zheltovky, Ilyinsky 
and Koshelev. At least one eruption has been recorded for each of these volcanoes. These five volcanoes lie 
along a narrow range of latitude from 51.3 to 51.8 N. The most vigorous paroxysmal eruption produced by 
Ksudach was documented on March 28, 1907. The volcano erupted 3 km3 of products [Guschenko, 1979]. 

We suggest the method for construction of a forecast curve using sapmple data from the catalogue of 
Kamchatkan earthquakes by KB FRC RAS (http: //www.emsd.ru) with epicentral distances to 45 km 
relatively to the summit coordinates of Kambalny Volcano (51Á18' N, 156Á53' E). 

The method of cumulative curve construction based on a 24-hour rhythm was proposed by V.A. 
Shirokov in (Shirokov et al, 2014) and for the first time ever applied for forecasting the March 11, 2011 
Tohoku earthquake (Japan) with Mw = 9.0. In this paper we used 5 revealed rhythms (Table 1). The 
considered earthquakes located  in the area of Kambalny occurred at depths from 15 to  120 - 200 km. 

 

 
 
Interval M H (km ) T (rhythm ) ∆ Ф   N/m P n

+
/n

-
 

2017               

(20 - 23 ). 03.  2.75 - 3.4 0 -200 24 hour 0.238 8/0 0.00001 5/1 
(13 - 23).03. 2.75 - 3.4 0 -200 5 min 0.302 7/2 0.004 0/9 
23(3:42).03 ï
23(21:11).03 2.75 - 3.4 0 - 7 2.5 min 0.479 8/1 0.01 0/4 
13(17:40).0.3 ï  
23( 7:38 ).03 2.75 - 3.4 4-200 2 min 0.409 9/0 0.0003 0/7 
13(4:15).03 ï  
23( 15:57 ).03 2.75 - 3.4 4-200 30 sec 0.295 10/2 0.0002 3/2 

 
Mantle earthquakes occurred near the supposed volcano's mantle magma feeding area. For each of five 

rhythms we indicated a time interval associated with N and m events that hit or don't hit the active  F with 
phase interval.  

Phases of the rhythms vary from 0 to 1.0. The rhythm is considered statistically significant if the P 
probability of a random event distribution over the rhythm phase does not exceed 0.01. The P value is 
calculated from the Bernoulli formula: P = C (N, m) • (F)N  • (1-  F)m, where C (N, m) is the number of 
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Table 1. Basic parameters of the seismic response for calculating the cumulative curves.   
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combinations of N with m, where N is the number of events in the active phase, m - outside of it (Gmurman, 
1972). After each time interval for which the corresponding rhythm was detected , there occurred (n +) 
events included into active phase and (n-) events excluded of it (Table 1).  The entire catalog contains 50 
cases lying within the active phase interval, and 28 cases lying out of the active phase interval. The ratio is 
50/ 28=1.78. To calculate the predictive function of time ( cumulative curve) it is proposed to use 2 types of 
seismic response [Shirokov et.al. 2014,2015]. Type I ( n ) is assigned a value n=1. For type II (r), each 
response case has a value of (∑n/∑r )=N/R with a minus sign. In this case, the cumulative curve, at the time 
of the prediction of the eruption, will take a zero value, because N – R • (∑n/∑r) = N – R • ( N/R ) = 0. The 
conclusion about the forecast of the eruption is given if the curve quickly approaches the minimum (Figure 
1). Fig. 1 shows the curve maximum and its sharp decline. At the very end of March 23, we could forecast 
that the eruption of the volcano could be expected within two or three days.  

Similar cumulative curves were calculated using the catalogue of Kamchatkan earthquakes 
with the 120-200 km hypocenters depths, located within the latitude, associated with five active 
volcanoes of South Kamchatka (51Á0' N - 51Á9'). We also calculated cumulative curves for the 
world lithospheric events with H = 0-100 km and MwÓ6.8 ( https://earthquake.usgs.gov/) over the 
period of from May 19, 2016 till the eruption of Kambalny Volcano. The comparison of three 
cumulative curves of a similar kind allow concluding that planetary lithospheric seismicity at depths 
of up to 100 km (Figure 2) is the most important build-up eruptive factor, resulted in a swarm of 
volcanic-tectonic earthquakes of Kambalny Volcano and its eruption The proposed approach can be 
used to test its effectiveness on the example of other volcanic eruptions. 

 
-5

0

5

10

15

20

25

30

0 5 10 15 20 25

Z

Zmax

23.03.2017 07:38  

13.03.2017

24.03.2017

Eruption
Forecast

  
Fig. 1. The cumulative   curve of 5 intraday rhythms from the data of earthquakes that occurred before the 
eruption in Kambalnaya at an epicentral distance of 44.4 km from its peak, from March 13 to 24, 2017. 
Square corresponds to an earthquake. 
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Fig. 2. Prognostic curve for world earthquakes from 18.05.2016 to 28.04.2017. with MwÓ 6.8, H = 0-100 
km. 
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