






Figure 3. Air temperature vs. relative humidity for precipitation periods preceding Loose / Very 
Soft Slab and shallow Hard Slab events. Data is 15-minute resolution from the Raymer Study Plot
(2,853 m). Individual points are plotted with transparent color, such that solid red or blue shows 
higher data density.

Figure 4. Weather conditions during a hard slab-dominated case study period. Note the increase 
in air temperature and RH to > 90% during the precipitation periods (denoted with “Hard Slab For-
mation”). Measurements are at 15-minute intervals from the Raymer Study Plot (2,853 m).
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and slab formation, and speeds greater than 25 
m/s resulting in scour at ridgetop locations.

Our results for air temperature and RH indicate 
that precipitation from warmer, moister air 
masses promotes harder slabs (in combination 
with increased wind speeds). Increased air tem-
perature could increase settlement rates and 
grain sintering, resulting in higher slab density.
Previous work has shown that both wind speed 
and air temperature are related to higher snow 
density (Wright et al., 2016), however RH also ap-
pears to be a contributing factor that was not in-
cluded as an additional predictor variable in this 
previous work.

It is important to consider these results in the con-
text of terrain variability. McCollister (2004) and 
Morrison (2004) found that terrain can cause sig-
nificant variability in the spatial pattern of ava-
lanche events and slab formation for a given “free 
air” wind speed and direction. Even if ridgetop 
winds, air temperature, and relative humidity are 
sufficient to support slab formation in high-eleva-
tion starting zones, it is common to have loose to 
very soft slab conditions at lower, more sheltered 
locations. 

The wind speed thresholds defined in Figure 2 
and the data presented in Figure 3 are derived 
from ten case study periods. By choosing distinc-
tive end-member case studies for L and HS dom-
inated cycles, we are better able to isolate the ef-
fects of the air mass that is characteristic for each 
case study group. However, we caution that these 
are preliminary results with small sample sizes.
Future work will identify and add additional case 
studies to this analysis.

5. CONCLUSION
Using 43 seasons of historical 24-hr data from 
the Summit wind station at JHMR we quantify 
daily wind totals necessary to support slab for-
mation, finding significant increase in the distri-
bution of 24-hr wind totals preceding slab events
compared to loose events.

Analysis of hourly average wind speeds and 
max gusts for precipitation periods directly pre-
ceding slab avalanche events (1999-2017) 
quantifies the distribution of wind speeds during 
deposition. Ten case study periods are used to 
derive wind speed thresholds between loose, 
soft slab, and hard slab conditions. These re-
sults generally agree with previous work, where 
a threshold in average wind speed in the range 
of 5-10 m/s corresponds with a transition from 
loose to slab-forming conditions. We caution that 
these wind speed thresholds are derived from 
small sample sizes and likely have large variabil-
ity depending on location within complex terrain.

Analysis of 15-minute weather data from ten 
case study periods shows loose-dominated ava-
lanche cycles resulting from precipitation during 
cold, dry conditions, and hard slab-dominated 
cycles resulting from warmer conditions with in-
creased RH. In particular, we find a distinct 
threshold of ~90% RH when comparing loose /
very soft slab and hard slab conditions.

Although wind speed is a primary driver of slab 
formation, these results show that air tempera-
ture and relative humidity can also have im-
portant controls. In particular, the transition to 
hard slab-dominated deposition during single 
storm cycles will likely require increases in air 
temperature and RH.
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