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Compiling an inventory of earthquake-induced snow avalanches, 1899-2010

E. A. Podolskiy, K. Nishimura (Graduate School of Environmental Studies, Nagoya University)
O. Abe (Snow and Ice Research Center, NIED), P. A. Chernous (Center of Avalanche Safety, Apatit)

Analysis of an inventory of earthquake-induced snow avalanches (compiled as part of the
present study) revealed two main points: 1) a low annual frequency of occurrence of this type of
natural hazard worldwide (0.18-6.25 events yr '), and 2) a clear difference in parameters of
statistically identified cases (i.e., non-witnessed) and reported cases (i.e., directly observed)
(Podolskiy, 2010; Podolskiy et al., 2010a). The latter factorial data (with a large number of seismic
events with magnitudes of 7.0-7.9) were also supported by the results of a cold-laboratory experiment
(Podolskiy et al., 2010a) which revealed that representative snow samples, if considered in terms of
‘typical’ avalanche formation parameters, could be fractured only by a major earthquake (> M,, 6.5)
(Podolskiy, 2010). Witnessed and non-witnessed cases could be clearly distinguished by their
agreement or disagreement with a threshold for the distance—magnitude relationship proposed for
earthquake-induced landslides (Keefer, 1984). Witnessed cases lie below this threshold (Podolskiy et
al., 2010a) whereas non-witnessed cases (My, = 1.9-6.8; R = 20-692 km; Fig. 1) occur as extreme
outliers, possibly indicating that 1) they were incorrectly identified, 2) they correspond to imminently
unstable snowpack, or 3) site effects are crucial to topographic amplification of acceleration (e.g., at
mountain ridges). We rejected the possibility of incorrect identification and considered that the
second and third points above could be correct and could be verified by analyses of additional data
(Podolskiy et al., 2010a). Here, we update the inventory of earthquake-induced snow avalanches by
presenting two additional witnessed cases documented after the publication of the study by Podolskiy
et al. (2010a). These cases occur as extreme outliers among the data in the inventory and suggest the
reliability of at least some of the statistically identified cases (Fig. 1).

1000 Figure 1  Maximum distance from the epicentre to

= 3 - . B :’0."‘ o *o = statistically identified earthquake-induced snow avalanches

= - red :0‘0 s’ for earthquakes of varying magnitudes (Podolskiy et al.,

2 100 .’ » ¢ 2010a). Filled circles are data from Lev (1987) and Vologin

g t = and Sveshnikov (1991). Open circles are unconfirmed data

g * * . . from Aizen (2002) and approximations for snow avalanches

g 10 ; triggered by controlled explosions at mines (Chernous et al.,

2 / 2006) (for details and references see Podolskiy et al., 2010a).

E i The dashed line shows the upper bound for landslides
dé o/ (category I), after Keefer (1984).

§ ' :

; A comparison between the distribution of

derived frequency-source-to-site distances for all

o 0 5 ; 6 g statistical data (Fig. 2a) and for data corresponding

Magnitude, M, only to dominant magnitudes (My, = 3.0-3.9; Figs.

2b & 2c) with attenuation curves proposed for
low-magnitude earthquakes (Frisenda et al., 2005) enabled us to evaluate the maximum
representative PGA values for the statistical data set. In particular, for distances of 100—199 km and
My, = 3.0-3.9, the corresponding PGA is between 1 X 10° gand 1 X 10 g, or up to 0.00098 m sec 2
(Fig. 3). This value is lower than the threshold for human perception of seismic ground acceleration
and corresponds to extremely small shaking. Without any site effects (in the most extreme cases,
PGA %2 or up to x10), it is impossible to expect any slope response to such small accelerations. This
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Figure 2 (a) Frequency—source—to—site distances distribution (bin sizes of 200 km) for all statistically identified
seismic events of all magnitudes. (b) Total number of statistically identified earthquakes of various magnitudes that
induced snow avalanches (Podolskiy et al., 2010a). (c) Frequency—source—to—site distances distribution (bins of 100
km) for statistically identified seismic events of M,, = 3.0-3.9.

1x10* . Figure 3 Attenuation curves for the magnitude range 3 <
1x107 | ' | 3<Ml<4 - M, <4 and hypocentral distances of 0-300 km recorded at

= 1*10:: TS5t . _ I~ rock sites (after Frisenda et al., 2005). Curves are expressed
< i::g-‘-‘ 1 e " as Log(PGA) = -3.19 + 0.87M — 0.042M* — 1.92 Log(R) +
g 1x10°® ] [o s 0.249S £ 0.316, where M is the local magnitude, R is the
1x107 - ! ! ! . | hypocentral distance (km); S is a variable (0 for rock; 1 for
1x10°® - T soil), and + 0.316 is the standard deviation of Log(PGA).

0 100 200 300 Gray shading indicates the PGA range corresponding to

Hypocentral distance (km) distances of 100-200 km.

finding leads us to support point 1 above (i.e., that many events were wrongly identified by previous
researchers).

As mentioned above, we describe two directly observed cases reported by mountaineers at high
elevations of the Pamirs (Fig. 1; Podolskiy, 2010). The first was documented by Lev (1987), who
described an earthquake-induced depth-hoar snow avalanche (23 July 1974, My, = 4.7, R = 33 km,
>5300 m amsl). The second case, reported by Vologin and Sveshnikov (1991), involved an
earthquake-induced avalanche of mixed ice and snow that killed 43 mountaineers at Lenina Peak (13
July 1990, M,, = 5.6, R =370 km, >5200 m amsl).

In conclusion, we suggest that earthquake-induced snow avalanches may occur at larger
source-to-site distances than do landslides, and that the closer that events plot to the upper-left corner
of Fig. 1, the less likely the occurrence of a snow avalanche. We emphasize again that the precise
location of the distance—magnitude threshold can only be clarified by the analysis of additional
reports.
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