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Diamond Dust



Max. 48 million square kilometers= 12 billion acres              



First, a recent personal connection to 
Oregon and snow.



Fairbanks: November 
2021 in the depths of 
the pandemic.



Packed up the truck, pop-up camper, and the two dogs & headed to visit family in New Mexico

John Day Fossil Beds

Grand Coulee Dam







Tracking the Missoula Floods
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fQ, snow

Fraction of 
precipitation 
that falls as 
snow



Potential impacts of a warming climate on water availability in snow-dominated regions
T. P. Barnett, J. C. Adam & D. P. Lettenmaier Nature 2005RCP4.5

28



RCP8.5
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https://porkloin.github.io/basinSnow/

https://porkloin.github.io/basinSnow/






SHOW ME THE MONEY. . . . 
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Cooling services:  $475 billion (Euskirchen et al., 2013)



Outdoor Recreation:



In 2013 there were 144,601 snowmobiles sold worldwide; 
48,536 were sold in the U.S. and 44,022 were sold in 
Canada.   At $6000/machine that would be about $0.9 
billion in U.S. and $291 million in Canada

The Economic Impact of Snowmobiling
United States— $26 billion annually 
Canada— $   8 billion annually
Europe & Russia—$    5 billion annually 

http://www.snowmobile.org/pr_snowfacts.asp
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The global ski industry (ski lifts, restaurants and
accommodations, ski schools, retail operations, 
equipment manufacturers) is est. to be worth:

USA:      $9 billion annually  (2003)
Canada:  $680 million
Western Europe: $3 billion
Japan  $1.4 billion
Australia $94 million
TOTAL:     more than $14 billion

330 million skier visits worldwide 
National Ski Areas Association (NSAA) (2004) http://www.nsaa.org. Accessed 1 September 2004
Lazard A (2002) Ski winter: world flat. Ski Area Manage September: 24–27
KPMG Consulting (2000) Victoria alpine resorts – economic significance study 2000. State of Victoria,
Australia. http://www.arcc.vic.gov.au/documents/Alpine%20Economic%202000%20Full
%20report%20(1356b).pdf. Accessed 26 January 2006
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So why care about snow?

And on up the river is Grand Coulee Dam
The mightiest thing ever built by a man
To run the great factories and water the land
So roll on, Columbia, roll on.

Woody Guthrie, 1941
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But why is there snow?   Cosmic serendipity.
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On Earth, the three phases of water exist and often co-exist.





Material
Latent Heat of 

Melting
(kJ/kg)

Gold 67

Iron, gray cast 96

Lead 22

Silver 88

Water, Ice 334
Zinc 118
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Material
Specific Heat

(kJ/kg K)
Gold 0.13
Iron, gray cast 0.45
Lead 0.13
Silver 0.23
Water, Ice 2.0
Zinc 0.39
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Material
Insulation Value

(W/ m K)
Concrete 0.40
Pine 0.12
Fiberglass batts 0.04
Foam board 0.03
Snow (depth hoar) 0.04
Snow (wind slab) 0.40
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Material
Albedo

% sunlight reflected

Asphalt 4

Sand 40

Soil 17

Grass 25

Snow (new) 90
Ocean 6
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•Super-cools to -40°C
•Practically a universal solvent
•Miscible with salts
•Always has a QLL (quasi-liquidlike layer)

A few other important snow and ice properties
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The QLL in action



Getting it to snow: 
harder than you think.
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It all happens here.



Photo by Ned Rozell

But this is the problem:

Doesn’t want to freeze!



CCN: Cloud Condensation Nuclei          droplets
IN: Ice Nuclei                                      ice particles

Homogeneous nucleation:  only in the coldest of clouds (-40°F)

Freezing water requires nucleation

Heterogeneous nucleation: the major mechanism for the 
formation of cloud droplets and possibly ice particles. 
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CCN Nuclei

• Illite
• Kaolinite
• vermiculite

• Decomposing organics
• Bacteria  (Pseudomonas syringae)
• Viruses

• Biogenic IN 
• Anthropogenic IN

Ideal Properties
• Insoluable
• Larger
• Similar structure to ice
• Strong hydrogen bonds 57





But how do these get up in the sky? 

Dust storms—clay particles
Biomass burning—carbon, dust, ash
Volcanic activity—SO2, tephra
Ocean bubble burst—salts (NaCl, K+, Mg+2, CO3

2-)
Pollen, fungi spores, bacteria, virus

Campbell Creek Science Center Virtual Program, 
Dec. 2, 2021
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Heterogeneous Nucleation
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Let’s get a sense of scale. . . .
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4°C

0°C

400 m

August 28, 2021—Healy, Alaska
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Stoke’s settling 
velocity & Air  
resistance

Gravity
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Aggregation

Wegener–Bergeron–
Findeisen Process

Vapor Deposition

Homogenous Freezing 
Nucleation

Riming

Snowing

Updrafts: 
re-cycling

-10°C

-20°C

-30°C

-40°C



Riming

Campbell Creek Science Center Virtual 
Program, Dec. 2, 2021
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Aggregation

Campbell Creek Science Center Virtual 
Program, Dec. 2, 2021
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From the crystal factory . . . .
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Campbell Creek Science Center Virtual 
Program, Dec. 2, 2021
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bad

good





Why such “fearful symmetry”?
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Ukichiro Nakaya (1900-1962)
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U. Alaska/Geos-F694: Snow and Snow Cover:  M. Sturm
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The Christmas Storm of 2021—Fairbanks, Alaska
Many Alaskans  will remember 
Christmas, 2021 as a holiday of 
big snow, freezing rain, power 
outages, and roof collapses.  

But the storm was also a 
wonderful example of a 
snowstorm evolving over time, 
with the snow crystals telling us 
what was happening in the 
clouds. 

A journey through the Nakaya
Snow Crystal Morphology Diagram



Above-freezing temperatures and freezing 
rain: power outages. At our house, the power 
was out for 26 hours. The roads went 
unplowed until December 30th. 



E

Photo-micrographs 
were taken as the 
storm evolved.  



A

Crystal photos by M. Sturm
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The white blanket; the snow cover 
the snowpack. Apun.

There the global impacts and 
ramifications arise.
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On the ground, 
conditions are 

so different than 
in the clouds.





They break apart due to gravity.
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They round due to the Kelvin Effect.
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They become re-faceted and striated due to 
strong temperature gradients across the pack.
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Glass plates

Trapped crystal

Campbell Creek Science Center Virtual 
Program, Dec. 2, 2021
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Melt-grain clusters
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slush
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Warm 

Cold
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5 mm

5 mm 108



5 mm
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Lastly, they can be pulverized and packed together 
by the wind then fused (sintered) into a solid mass.
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What next for snow?
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An uncertain future….but still, and amazing part of our world. 

https://www.alaska.edu/uapress/browse/detail/field-guide-to-snow.php

https://www.alaska.edu/uapress/browse/detail/field-guide-to-snow.php
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An uncertain future….but still, and amazing part of our world. 

Thank you! 


