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Is 13 OUR LUCKY NUMBER?  
Atmospheric Rivers Bring It ON: 

 Big Storms and Big Avalanches in a Record 
Breaking Winter 
 

  A Winter on Steroids 



 



 

1000 Island Lake, March 15 2017 



May 1 Snow Surveys 

 Merced River Basin 
Snow Flat    8,700  24-APR 166.0 102.0 61% 231% 
  
Tenaya Lake  8,150  24-APR 122.0  64.5 53% 203% 
 

San Joaquin River Basin 
Piute Pass    11,300  29-APR 166.5 85.0 51% 232%  
 

Mono Basin    
Tioga Pass    10,000    May 8    190” 
Ellery Lake      9,645     May 8  136”  
 

Mono Basin    
Tioga Pass    10,000     May 8    190” 
Ellery Lake      9,645 May 6  170”  
 

12-13 feet of snow 



 



 



SNOTEL site. 
206 inch 
snow depth 
& 89 inches 
of water 
content. 
Mt Rose 
April 1 2017 



 

A strong AR transports an amount 
of water vapor roughly equivalent 
to 7.5–15 times the average flow of 
liquid water at the mouth of the 
Mississippi River. 



Primary driver of weather and climate on the West 
Coast and the western Great Basin at daily to 

millennial (1000 year) timescales: Atmospheric rivers 



And help to end droughts! 
 

 May 2016 February 
2016 

February 
2017 



Table of AR’s reaching Eastern Sierra Dec 2016-April 17 

DATE AR MMSP 
STORM 
SNOW” 

3 DAY 
PRECIP 

AVALANCHE SIZE 
D scale 

AVALANCHE  
TYPE 

COMMENTS 

Dec.15-
16 2016 

strong 39.5 6.9 D3, D4 Wind slab 
storm slab 

Rain to ~9K- Dec 15 rain layer. Early winter 
depth hoar, cold Christmas, *****powder 
skiing 

Jan. 4-5 Strong 
winter 
storm 

42.5 6.6 D2,D3, D4 
(Rock Cr, 
MMSA) 

Wind slab 
Storm slab 

Cold, depth hoar Rock Cr, Bishop Creek. Wet 
slabs collapse on DH, S. Fork Bishop Creek 
 
 

Jan. 7-9 Extreme 32.5 7.66 D1, D2, D3 Wind slabs 
McGee,  
Wet slabs 
Aspendell 

Rain On Snow  
Sub tropics giveth and the subtropics taketh 
away 

Jan. 10-
13  

Strong 66.5 6.85 Mainline, 
McCoy’s D3 

Wind slab 
storm slab 
cornice fall 

Convection,  I-80 closed 
NWS Blizzard warning 

Jan. 20-
23 

Mod  72 7.5 D3’s McGee Wind slab, 
storm slab 
Cornice falls 
 

MMSA Summit Anemometer ends up in NV, 
WS McGee on Jan 21* 

3 AR’s Widespread avalanche cycle. South Fork (except main path), Aspendell, Swall, nr (no results) Narrows 



Date AR MMSP 
storm 
snow,” 

3 DAY 
precip 

Avalanche 
size 
D scale 

Avalanche 
Type 

COMMENTS 

Feb 6-
11,  3 
ARs 

Weak, 
extreme 
strong 

68 10.8 D1, D2, D3 Wind , storm 
slabs, wet 
loose, wet 
slab, dry to 
wet, mixed 
debris flows  

ROS, 3” MMSP.   
The Sub tropics giveth and taketh away.  
Oroville in the news. All McGee paths run. 
PI’s  0.2 to 0.3”/hr. Temps fall during storm, 
D2’s cross road to RC Lodge into 
campgrounds (again) 

Feb 16-
17 

Strong 38 2.8 D2 Wind slab Southerly flow, cross loading South Fork 
Colder storm , “easier to shovel snow” 
Very little wind,  *** skiing 

Feb 20-
23 

strong 42.5 7.2 D2, D3  Wind slab, 
Wet slab  Long 
running dry 
snow, wet 
snow avas.  

Trailer Park D3. Rain on snow- again.  
Storm melting the snowpack high rates.  
D3 on Sunset, June Mtn, wet slab Silver Lk, 
large avalanches Pine Creek.  

March 
25 

Weak 11 1.1 D1’s Dry loose 

Apr 7-9 Strong  43.5 7.1 D1, D2, D3 Wind slab,  
Wet loose 3 
days after 
event 

Rain to 9,000-9,500 ft. ROS, flooding 
OVER IT! 



 



AVALANCHE HAZARD EVALUATION 
WILL IT REACH THE ROAD?  

Spatial Scale 
 
Narrows 
McGee 
Swall 
Twin Lakes 

  

Temporal 
Scale 
 
Hours 
Days 

 

Scale 



Natural triggering 





SOURCES OF UNCERTAINTY 
“Nothing is for certain, it could always go wrong” 

Weather and Climate 

Snowpack  





 



Dry snow avalanches  

Avalanche Type Wind Slab, Storm slab Avalanches McGee, Narrows, Swall, 
Aspendell, South Fork Rd. 

What causes them? Caused by putting too much 
additional stress on the snowpack 

Wind loading  
Cornice drops 

How do they involve 
people? 

Natural releases onto roadway or 
into communities 

Road crew, public traveling 
on roads, residents 

What are the 
contributing weather 
factors? 

Loading of wind drifted snow or 
loading of new snow 

 Snowfall rates of > 2” per 
hour for at least 12 hours 

How do they flow? Snow slab disaggregates into small 
fragments, slides, flows and can be 
airborne.  

Fast (80->100 mph or so) 
usually with a powder cloud 
 



Wet loose, wet slab snow avalanches 

Location McGee Mtn ( 3 paths) 
Narrows, Rock Creek, Swall Mdws, Twin 
Lakes, Bridgeport 

What causes them? Rain on Snow 
 Strong sun, nights do not freeze for 
more than 3 days 
Very unpredictable 

How do they involve 
people? 

Road crew, public traveling on roads, 
residents 
 

What are the contributing 
weather factors? 

Strong spring sun 
Warm nights ( warming climate) 
Rain on Snow- immediate instability 

How do they flow? Slow around 20-40 mph or less 

Special case Glide Avalanches 



January 4-5 winter storm 

Jan. 4-5 Strong 
winter 
storm 

42.5” 
Snowfall 
MMSP 

6.6” 
precip-
tation 

D2,D3, D4 
(Rock Cr, 
MMSA) 

Wind slab 
Storm slab 

Cold, depth hoar Rock Cr, Bishop Creek. Wet 
slabs collapse on DH, S. Fork Bishop Creek 
 
 



Rock Creek Jan 4-5  

 



The Narrows 

 



January 20-23 

Jan. 20-
23 

Mod  72 7.5 D3’s McGee Wind slab, 
storm slab 
Cornice falls 
 

MMSA Summit Anemometer ends up in NV, 
WS  D4 Mainline  ~10 PM Jan 22 
Widespread avalanche cycle Eastern Sierra 



 



 

Mainline 
Avalanche Path 
McGee 
Mountain 
January 21 2017 
 
 
 
Starting Zone 
 
 
 
 
 
 
 
Track 
 
 
 
 
 
Runout zone 



Mainline Avalanche Path 
January 26 2017 

 



Impact pressures 
385-500 kPa 
8,000-10,000 psf  



Height of snow “plastered” on house: 11 ft.  
  Calculated impact pressure at home ~2kPa (42 lbs per square ft).  



 



 



February 6-11  

 • McGee- wind slabs avalanches entrained wet snow 
as dry slab flowed downslope into rain affected 
snow.  

• Swall, numerous  wet  

     point releases, D1, D2’s 

First widespread Rain on 

Snow event 

Rain to 10,000 ft.   

Feb 6-
11,  3 
ARs 

Weak, 
extreme 
strong 

68 10.8 D1, D2, D3 Wind , storm 
slabs, wet 
loose, wet 
slab, dry to 
wet, mixed 
debris flows  

ROS, 3” MMSP.   
The Sub tropics giveth and taketh away.  
Oroville in the news. All McGee paths run. 
PI’s  0.2 to 0.3”/hr. Temps fall during storm, 
D2’s cross road to RC Lodge into 
campgrounds (again) 



 

Wet loose, wet slab, dry slab 
Starting zone elevations 9,000 to 9,500 ft.   
 
post Feb 7-8 ROS 



Whaatt? It’s going to RAIN to 10,000 ft???? 



Rain on Snow 
The funny business 

begins 
Rain adds water to dry snow 
 
Flow fingers form to transport water to 
any significant capillary barrier while the 
storm snow is still a dry slab.  
 
Water runs along the capillary barrier, 
strength goes to ~nil and wet slabs can 
occur. 



Feb 7 extreme AR 

 



 
SNOW 

RAIN 
Feb 
1986  





 

The funny business 
Wet slab avalanches 



February 20-23 

Feb 20-
23 

strong 42.5 7.2 D2, D3  Wind slab, 
Wet slab  Long 
running dry 
snow, wet 
snow avas.  

Trailer Park D3. Rain on snow- again.  
Storm melting the snowpack high rates.  
D3 on Sunset, June Mtn, wet slab Silver Lk, 
D4’s Pine Creek.  



 



Rock Creek Road  
February 24 2017 



 



 



 



Summary 

• Never trust long range seasonal forecasts 

• Be prepared for extreme weather that causes  

 relentless loading of the snowpack  

• Snowlines, freezing levels can be +/- 1,000 ft higher 
or lower than forecasts 

 

 Thank you Brett McCurry and Jeff Walters! 

 



QUESTIONS? 



 


