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Snow	  Affects	  Multiple	  Sectors

Water
Energy
Forest
Fish	  &	  wildlife
Agriculture
Reservoir	  operations
Transportation
Recreation	  &	  tourism



Western	  Cascades	  Mountain	  Snowpack

Peak SWE

Peak SWE

Mid-winter melt

Why do we need new snow metrics?



New	  Snow	  Metrics	  -‐ 1

• Snow	  Cover	  Frequency	  (SCF)
• Snow	  Disappearance	  Date	  (SDD)

Created	  using	  500-‐m,	  daily	  data	  from	  
NASA’s	  Moderate	  Resolution	  
Spectroradiometer	  (MODIS)	  for	  the	  period	  
2000-‐present,	  globally



New	  Snow	  Metrics	  -‐ 2
• Snowstorm	  
Temperature	  

Created	  using	  daily	  data	  
from	  NRCS	  Snow	  
Telemetry	  sites	  (SNOTEL)
800+	  sites	  across	  the	  
western	  US,	  1984-‐
present

For	  each	  site,	  we	  identify	  the	  min/max/mean	  daily	  
temperature	  on	  days	  when	  the	  snow	  pillow	  indicates	  
that	  snowfall	  has	  occurred



New	  Snow	  Metrics	  -‐ 3

• Frequency	  of	  a	  Warm	  Winter	  (FWW)
• “At-‐risk”	  Snow
Created	  using	  daily,	  downscaled	  climate	  model	  
output	  and	  the	  VIC	  hydrologic	  model
– 4	  km	  spatial	  resolution
– 40+	  climate	  models
– historical	  and	  future	  periods	  (1950	  – 2099)
– lower-‐48	  US	  only



How	  we	  do	  this:	  Cloud-‐computing	  and	  
Visualization	  using	  Google	  Earth	  Engine

• Allows	  users	  to	  
interactively	  
explore	  spatial	  and	  
temporal	  snow	  
metrics

• Can	  export	  the	  
data	  in	  non-‐
proprietary	  data	  
formats (geotiff	  
images	  and	  csv
files)



Example	  of	  Snow	  Cover	  Frequency	  over	  a	  28-‐day	  period
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Polygon	  subsetting:	  draw	  (or	  import	  shapefile)
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Examples	  of	  Applications

1. Streamflow	  forecasting	  (SCF	  +	  hydro	  model)
2. Post-‐fire	  vegetation	  recovery	  and	  snow	  (SCF)
3. Identifying	  temperature	  thresholds	  for	  snow	  

vs.	  rain	  (Snowstorm	  temperature)
4. Potential	  impacts	  of	  future	  climate	  change	  on	  

watersheds	  (“At-‐risk”	  snow,	  FWW)
5. Potential	  impacts	  of	  future	  climate	  change	  on	  

ski	  areas	  (FWW)



Streamflow	  forecasting	  in	  a	  snow-‐dominated	  watershed	  
using	  SCF	  as	  input	  to	  a	  simple,	  statistical	  model

Sproles	  et	  al.	  2016
Water	  Resources	  Management

La	  Laguna,	  Chile	  is	  a	  snow-‐dominated	  but	  drought-‐prone	  region

High	  value	  agriculture	  depends	  on	  irrigation



30ºS

Input	  data
• Prior	  monthly	  mean	  

streamflow
• Prior	  monthly	  SCF

for	  the	  watershed

Output data
• Next	  month’s	  mean	  

streamflow

SCF	  for	  the	  
Chilean	  Andes



Nash Sutcliffe Efficiency = 0.83

La	  Laguna,	  Chile
Measured	  and	  Modeled	  Monthly	  Mean	  Streamflow

See:	  http://mountains.ceoas.oregonstate.edu/snowcloud/	  

pre-‐drought	  conditions

drought	  conditions



http://mountains.ceoas.oregonstate.edu/snowcloud/



Snow	  and	  Post-‐fire	  
Vegetation	  Recovery	  

Thorn	  Creek	  (2006)
Grays	  Creek	  (2007)

Variables:	  
• Max	  summer	  

greenness	  (from	  
MODIS	  EVI)

• Prior	  winter	  SCF
• Soil	  type
• Land	  cover	  type
• Burn	  severity
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p = 0.0034

R2 = 0.41
p = 1.1e-10

R2 = 0.031
p = 0.11

R2 = 0.017
p = 0.24

R2 = 0.095
p = 0.0034

R2 = 0.25
p = 5.6e-7

R2 = 0.24
p = 1.3e-6

R2 = 0.18
p = 2.9e-5

Grays	  Creek	  Fire:	  DGreenness vs.	  DSCF	  

Pre-‐fire	  DEVI	  vs.	  DSCF;	  the	  
relationship	  is	  not	  significant

Year	  1	  post-‐fire	  DSCF	  explains	  
41% of	  variance	  in	  DEVI

Burn	  
severity	  
index
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Pre-‐fire	  DEVI	  vs.	  DSCF;	  the	  
relationship	  is	  not	  significant

Year	  1	  post-‐fire	  DSCF	  explains	  
27% of	  variance	  in	  DEVI

Thorn	  Creek	  Fire:	  DGreenness vs.	  DSCF	  



Snowstorm	  Temperatures:	  PNW	  High	  Elevation
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Snowstorms	  from	  1984-‐2016
for	  sites	  above	  5420ft	  (1652m)



Snowstorm	  Temperatures:	  PNW	  Low	  Elevation
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Snowstorms	  from	  1984-‐2016
for	  sites	  below	  3810	  ft	  (1161m)



Historical	  and	  Future:	  Modeled	  “At-‐risk”	  Snow

Red	  areas	  indicate	  a	  shift	  from	  winter	  snow	  to	  winter	  rain

Yakima	  River	  Basin

RCP	  8.5	  represents	  the	  high	  end	  of	  climate	  change
Historical	  period	  is	  for	  1970-‐1999;	  Future	  period	  is	  for	  2079-‐2099	  	  	  



White	  Pass:	  6.7%	  è 96.7%

Crystal	  Mtn:	  3.3%	  è 80.0%

Mt.	  Baker:	  13.3%	  è 96.7%

Historical	  and	  Future:	  Modeled	  Freq.	  Warm	  Winters

RCP	  8.5	  represents	  the	  high	  end	  of	  climate	  change
Historical	  period	  is	  for	  1970-‐1999;	  Future	  period	  is	  for	  2079-‐2099	  	  	  

A	  “warm	  winter”	  is	  when	  the	  
average	  monthly	  winter	  
temperature	  is	  above	  freezing



Thank	  you.
Questions,	  please


