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Who	  is	  Colorado	  Snow	  Surveys?	  
•  USDA	  NRCS	  Colorado	  –	  We	  are	  aligned	  under	  CO	  NRCS	  
•  Brian	  Domonkos	  –	  Snow	  Survey	  Supervisor	  
•  Vacant	  –	  Asst.	  Snow	  Survey	  Supervisor	  
•  Lexi	  Landers	  –	  Hydrologist	  
•  Karl	  Wetlaufer	  –	  Hydrologist	  
•  Butch	  Horner	  –	  Electronics	  Technician	  
•  Mike	  Ardison	  –	  Hydrologic	  Technician	  
•  Zack	  Wilson	  –	  Hydrologic	  Technician	  
•  3	  	  Seasonal	  hires	  to	  aid	  in	  summer	  SNOTEL	  and	  Snow	  Course	  

maintenance	  
•  Seven	  full	  7me	  employees	  



By	  the	  Numbers	  -‐	  Snow	  Surveys	  
•  Across	  west,	  seasonal	  snowpack	  in	  place	  Nov	  –	  May/Jun	  
•  Snow	  Surveys	  is	  a	  Federally	  funded	  program	  

–  858	  Automated	  SNOTELs	  
–  1113	  Manual	  Snow	  Courses	  including	  Canada	  
–  219	  Soil	  Climate	  Analysis	  Network	  (SCAN)	  	  
–  Staffing	  

•  62	  Full7me	  posi7ons	  
•  10	  Vacant	  posi7ons	  

–  Work	  in	  coordina7on	  with	  Canada	  as	  watersheds	  
–  Agreements	  with	  Mexico	  &	  Canada	  	  

	  



Anatomy	  of	  a	  SNOTEL	  site	  

Snow	  Depth	  Sensor	  

Air	  Temp	  Sensor	  

SWE	  Pillow	  

Ground	  Truth	  
Marker	  

Precipita7on	  Gauge	  

Solar	  Panel	  

Radio	  Antenna	  

Shelter	  with	  
instrumenta7on	  



•  Soil	  Moisture	  
–  Soil	  Temperature	  
–  Salinity	  

•  Solar	  Radia7on	  
•  Rela7ve	  Humidity	  
•  Wind	  

–  Speed	  
–  Direc7on 	  	  

	  

Addi7onal	  Sensors	  



A	  SNOTEL	  Site	  
–  Cost	  between	  $25,000	  and	  $35,000	  depending	  on	  the	  sensor	  suite	  
–  About	  $3,000	  to	  maintain	  annually	  
–  Ideally	  would	  have	  30	  years	  in	  the	  period	  of	  record	  

•  For	  the	  purposes	  of	  normals	  or	  averages	  
•  Have	  used	  a	  10	  year	  period	  of	  record	  to	  generate	  averages	  

–  May	  oden	  be	  back	  es7mated/correlated	  from	  data	  gathered	  by	  a	  
collocated	  snow	  course	  

–  Most	  sites	  are	  facilitated	  by	  correla7ng	  with	  a	  streamflow	  gauge	  for	  
snowmelt	  runoff	  forecas7ng	  purposes	  

•  Uses	  and	  purposes	  for	  sites	  do	  vary	  greatly	  

•  Manual	  Snow	  Courses	  
–  Cost	  about	  $3,500	  annually	  to	  measure	  when	  you	  consider	  

•  Staff	  7me	  
•  Training	  –	  safety	  &	  procedural	  techniques	  



Na7onally	  
•  855	  Automated	  SNOTELs	  
•  1113	  Manual	  Snow	  Courses	  including	  

Canada	  



Colorado	  DCO	  Measurement	  Loca7ons	  -‐	  2015	  
SNOTEL	  Sites	  
183	  Automated	  Sites	  
Of	  the	  CO	  DCO	  



How	  do	  I	  access	  SNOTEL	  data:	  Daily	  Data?	  

Individual	  Site	  Data	  
Site	  Selec7on	  Map	  
hip://www.wcc.nrcs.usda.gov/snow/index.	  

	  html	  
	  
Then	  Click	  on	  	  “Open	  the	  Map”	  otherwise	  web	  

address	  is	  too	  big,	  then	  you	  can	  save	  that	  
to	  your	  favorites	  

	  
The	  web	  based	  map	  will	  provide	  access:	  
•  Daily	  and	  Hourly	  data	  for	  an	  individual	  

SNOTEL	  site	  
•  Current	  Water	  Year	  Data	  (Oct	  1st	  –	  Sept	  

30th)	  
•  Historical	  Data	  for	  a	  SNOTEL	  site	  





Visualiza7on	  of	  daily	  data	  parameters	  

You	  can	  save	  ANY	  map	  or	  data	  table	  in	  your	  favorites	  in	  your	  browser	  so	  every	  7me	  you	  click	  on	  
the	  favorite	  the	  most	  recent	  data	  populates	  in	  the	  color	  filled	  map,	  or	  even	  data	  tables.	  	  (there	  is	  
a	  quick	  trick	  to	  enable	  this	  so	  feel	  free	  to	  contact	  me	  and	  we	  can	  set	  it	  up	  for	  you)	  



Data	  Quality	  Control	  
Hourly	  Data	  

•  Not	  quality	  controlled	  by	  Colorado	  
Snow	  Survey	  Staff	  

•  Automated	  profiles	  flag	  data	  as	  
suspect	  if	  out	  of	  a	  defined	  range	  or	  
daily	  change	  

–  Suspect	  data	  is	  not	  publicly	  available	  

•  Should	  be	  used	  for	  guidance	  
purposes	  only	  

•  All	  values,	  including	  sensor	  errors	  are	  
published	  

Daily	  Data	  

•  Midnight	  readings	  (00:00)	  quality	  
controlled	  and	  reviewed	  on	  business	  
days	  by	  office	  staff	  	  

•  Data	  edits	  are	  completed	  on	  a	  weekly	  
basis	  on	  Friday	  and	  may	  spill	  over	  
into	  Monday	  

	  
•  Should	  be	  used	  primarily	  

•  Year-‐end	  edits	  for	  previous	  year’s	  
data–	  are	  oden	  started	  in	  November	  
and	  are	  typically	  finalized	  in	  February	  

	  



Quality	  Assurance/Control	  
•  Majority	  of	  SNOTEL	  sites	  on	  hourly	  repor7ng	  
•  Some	  on	  3-‐hr	  reports	  b/c	  of	  baieries	  levels	  
•  Automated	  Data	  Trapping	  -‐	  Data	  profiles	  suspect	  
data	  in	  database	  and	  restrict	  data	  from	  being	  
available	  

•  On	  top	  of	  automated	  edi7ng	  rou7nes,	  personnel	  
quality	  check	  data	  and	  edit	  regularly	  and	  when	  
necessary	  

•  Data	  Edi7ng	  Frequency	  
–  Typically	  data	  is	  edited	  weekly	  every	  Friday	  



Hourly	  SWE	  vs	  Hourly	  Precip.	  

1.1”	  SWE	  
In	  48	  hours	  	  
	  

-‐0.2”	  Prec	  
In	  48	  hours?	  

Why	  is	  the	  SWE	  decreasing???	  

Drops	  in	  Temperature	  
impacts	  the	  fluid	  based	  SWE	  	  
sensor	  

Precipita7on	  Gauge	  is	  plugged!	  



•  SNOTEL	  site	  physical	  
issues:	  
-‐Plugged	  precipita7on	  gauges	  
-‐Bridging	  of	  snow	  pillow	  
-‐Wind	  drided	  snow	  on/off	  pillow	  
-‐Wind	  induced	  precip	  under-‐catch	  
	  
	  
	  
	  
	  

Solu7on:	  
•  U7lize	  data	  from	  other	  sensors	  	  
	  	  	  	  	  	  	  	  to	  help	  determine	  what	  the	  	  
	  	  	  	  	  	  	  	  correct	  data	  is	  most	  likely	  to	  be	  
•  	  Graphical	  tools	  can	  be	  very	  
	  	  	  	  	  	  	  helpful	  in	  this	  process!!	  



SNOTEL	  Data	  Issues:	  SWE	  and	  Precipita7on	  	  
•  Temperature	  induced	  diurnal	  fluctua7ons	  

–  Commonly	  due	  to	  air	  in	  the	  line	  or	  transducer	  itself	  

•  Can	  complicate	  obtaining	  accurate	  es7mates	  of	  storm	  totals	  
using	  hourly	  data	  



Non-‐Exceedance	  Snowpack	  Projec7ons	  
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Arkansas River Basin Snowpack with Non-Exceedence Projections  
Based on Provisional SNOTEL Data as of May 20, 2015 

Median 



Analog	  Year	  Snowpack	  Projec7ons	  
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Various	  Snowpack	  	  
Map	  Products	  



Products	  –	  Westwide	  



Non-‐Exceedance	  YTD	  Precip	  Projec7ons	  
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Laramie & North Platte River Basins Precipitation with Non-Exceedence Projections  
Based on Provisional SNOTEL Data as of Aug 26, 2015 
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Various	  Precip	  
Map	  Products	  





•  Normals	  are	  simply	  a	  way	  to	  compare	  the	  current	  value	  to	  a	  
baseline.	  

•  Every	  decade,	  normals	  are	  recalculated	  to	  reflect	  the	  current	  
climac7c	  condi7ons	  because	  we	  are	  most	  familiar	  with	  the	  
last	  30	  years.	  

•  Addi7on	  of	  2001	  –	  2010	  and	  removal	  of	  1971-‐1980	  has	  
shided	  the	  new	  normal	  down	  several	  percentage	  points.	  

•  Daily	  averages	  and	  medians	  were	  smoothed	  with	  a	  7-‐day	  
running	  average	  except	  at	  the	  trunca7on	  to	  zero	  and	  at	  the	  
beginning	  and	  end	  of	  the	  year.	  

1981	  –	  2010	  Normals	  



Reservoir	  and	  Streamflow	  Loca7ons	  &	  Data	  



Products	  –	  Aggregated	  Reservoir	  Data	  



1981	  –	  2010	  Normals	  

Element	   Default	   Average	   Median	  

Temperature	   Average	   Yes	   No	  

Precipita7on	   Average	   Yes	   Yes	  

Snow	  Water	  Eq.	   Median	   Yes	   Yes	  

Snow	  Depth	   Median	   Yes	   Yes	  

Streamflow	   Average	   Yes	   Yes	  

Reservoir	  Storage	   Average	   Yes	   No	  

• Default	  is	  the	  value	  that	  will	  be	  most	  frequently	  represented	  in	  
reports	  and	  graphs	  unless	  otherwise	  stated.	  
• “Yes”	  specifies	  those	  values	  have	  been	  calculated	  and	  stored	  in	  
our	  database.	  
• Elements	  not	  specified	  here	  have	  no	  calculated	  normals	  for	  this	  
30yr	  period.	  



So	  why	  did	  we	  use	  medians?	  



Streamflow	  Graphics	  
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Colorado	  River	  at	  Cameo,	  CO:	  Last	  Year's	  Hydrograph	  and	  CumulaCve	  Discharge	  Compared	  to	  Current	  
Streamflow	  Forecasts	  

2014	  Cumula7ve	  

90%	  Exceedance	  Forecast	  

70%	  Exceedance	  Forecast	  

50%	  Exceedance	  Forecast	  

30%	  Exceedance	  Forecast	  

10%	  Exceedance	  Forecast	  

2014	  Hydrograph	  



Streamflow	  Forecas7ng	  
•  Volumetric	  –	  the	  total	  

amount	  of	  water	  
predicted	  to	  pass	  
through	  a	  gauge,	  
example;	  April	  1	  –	  July	  
31	  
–  Use	  various	  forecast	  

periods	  
–  Water	  Supply	  forecasts	  

updated	  monthly	  Jan	  1	  
–	  Jun	  1	  

•  Forecasts	  produced	  
using	  mul7ple	  regression	  
analysis	  

•  Forecast	  inputs	  
op7mized	  with	  principal	  
components	  analysis	  	  



Streamflow	  Forecas7ng	  
•  Forecasts	  are	  

provided	  in	  
exceedances	  to	  
provide	  
probability	  of	  
occurrence	  for	  
each	  volumetric	  
forecast	  

•  Coordinate	  our	  
forecasts	  with	  
other	  federal	  
agencies	  

•  Also	  provide	  
daily	  
“guidance”	  
forecasts	  for	  
select	  loca7ons	  

Flow	  &	  Forecasts	  in	  1000*Ac-‐M	  
Period	   Forecasts	   Avg	   Last	  Year’s	  

Observed	  
Flow	  

%	  of	  
Avg	  

%	  of	  
Last	  
Year	  

Min	  
(90%)	  

70	   50	   30	   Max	  
(10%)	  

Dillon	  Reservoir	  Inflow	  
APR-‐JUL	   168	   210	   235	   260	   300	   330	   282.18207	   71%	   83%	  
APR-‐SEP	   275	   325	   360	   395	   445	   485	   420.33338	   74%	   86%	  



VIPER	  –	  NRCS	  Forecas7ng	  Model	  

•  Mul7ple	  Regression	  Analysis	  w/	  unlimited	  input	  op7ons	  



Basin	  Outlook	  Report	  



Data	  Feeds	  –	  Web	  Services	  

•  Wriien	  in:	  
–  Java	  
–  Visual	  Basic	  for	  Applica7ons	  (VBA)	  

•  Near	  Real-‐Time	  Data	  
•  Provides	  direct	  feed	  to	  database	  
•  Data	  profiles	  auto	  QC	  data	  and	  blank	  out	  if	  data	  is	  
suspect	  

•  Database	  updated	  as	  soon	  as	  live	  person	  QCs	  
data	  

•  Database	  provides	  latest	  30-‐year	  normals	  for	  
select	  data	  types	  



Ques7ons?	  Comments?	  	  

Global	  Warming	  Protest	  


