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129	
  SNOTEL	
  sites	
  –	
  the	
  most	
  in	
  any	
  state.	
  
34	
  SCAN	
  sites	
  –	
  also	
  the	
  most	
  in	
  any	
  state.	
  
Full	
  instrumentaEon	
  at	
  all	
  SNOTEL	
  sites	
  includes:	
  
SWE,	
  PCP,	
  Snow	
  Depth,	
  Air	
  Temperature	
  and	
  Soil	
  
Moisture/Temperature	
  at	
  2,	
  8	
  and	
  20	
  inches.	
  

In	
  Utah	
  -­‐	
  	
  



That	
  amounts	
  to	
  11.34	
  million	
  individual	
  climate	
  
data	
  points	
  per	
  year	
  for	
  the	
  SNOTEL	
  system	
  and	
  
another	
  4.4	
  million	
  for	
  SCAN….	
  For	
  just	
  Utah.	
  



Budgets	
  have	
  been	
  stable	
  and	
  of	
  sufficient	
  
magnitude	
  to	
  allow	
  complete	
  automaEon	
  (SNOTEL)	
  
of	
  all	
  snow	
  courses	
  we	
  intend	
  to	
  keep	
  in	
  Utah.	
  We	
  
are	
  focusing	
  on	
  ‘holes’	
  in	
  the	
  system.	
  
2	
  new	
  sites	
  this	
  year:	
  Mt	
  Pennell	
  and	
  Summit	
  Creek	
  



New	
  sites	
  are	
  
much	
  be^er	
  
than	
  many	
  
older	
  ones:	
  
be^er	
  
locaEons,	
  
larger	
  data	
  
collecEon	
  area,	
  
more	
  stable	
  
SWE,	
  more	
  and	
  
be^er	
  sensors,	
  
standardizaEon	
  



Millions	
  of	
  data	
  points	
  have	
  no	
  
parEcular	
  value	
  



Data	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Products	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AcEon/Decision	
  	
  

Minimize	
  Risk	
  –	
  Maximize	
  Benefit	
  



NRCS	
  monthly	
  streamflow	
  forecasts…	
  



Synthesis	
  of	
  relevant	
  
climate	
  informaEon	
  
Snow,	
  precipitaEon	
  
and	
  soil	
  moisture	
  



Brought	
  
together	
  in	
  a	
  
surface	
  water	
  
supply	
  index	
  as	
  
a	
  summary	
  of	
  
current	
  
condiEons	
  
Jan-­‐June	
  



ConEnued	
  year	
  round	
  
with	
  the	
  Utah	
  Climate	
  and	
  
Water	
  Report	
  



The	
  Water	
  
Availability	
  Index	
  –	
  
gives	
  a	
  quick	
  
summary	
  of	
  current	
  
water	
  supply	
  
condiEons	
  in	
  any	
  
given	
  month	
  
compared	
  to	
  
historical	
  
condiEons,	
  year	
  
round.	
  



Daily	
  updated	
  
basin	
  wide	
  snow	
  
analyses	
  with	
  
future	
  ‘what	
  if’	
  
scenarios	
  of	
  
minimum	
  to	
  
maximum	
  
probability	
  
levels.	
  



The	
  same	
  for	
  
individual	
  
staEons…	
  



We	
  also	
  
produce	
  these	
  
as	
  a	
  
Percent	
  of	
  
Peak	
  
	
  
A	
  more	
  
relevant	
  
metric	
  toward	
  
melt	
  out	
  when	
  
percent	
  of	
  
median	
  blows	
  
up…	
  



Max,	
  min,	
  
normal,	
  
current.	
  



Same	
  for	
  
precipitaEon	
  



Daily	
  updated	
  
April-­‐July	
  water	
  
supply	
  forecasts	
  
allow	
  a	
  water	
  
user	
  to	
  track	
  
condiEons	
  
between	
  
months	
  and	
  to	
  
see	
  the	
  impact	
  
of	
  individual	
  
storms.	
  



Daily	
  maps	
  on	
  snow,	
  
precipitaEon,	
  
temperature	
  and	
  soil	
  
moisture.	
  	
  Extremes,	
  
percenEles,	
  anomalies,	
  
etc.	
  





Weekly	
  air	
  and	
  soil	
  
temperature	
  table	
  



Weekly	
  soil	
  moisture	
  
table	
  with	
  precipitaEon	
  
and	
  comparisons	
  to	
  
previous	
  years	
  plus	
  
water	
  availability.	
  



For	
  Water	
  
Management	
  
We	
  are	
  in	
  the	
  
process	
  of	
  
creaEng	
  
“The	
  Hydrology	
  
of”	
  
	
  
Various	
  basins	
  
across	
  the	
  state	
  
	
  
To	
  include:	
  
precipitaEon	
  



Snow	
  



Temperature	
  



Observed	
  temperature	
  
lapse	
  rates	
  



Runoff	
  
characterisEcs	
  









Timing	
  of	
  flow	
  
based	
  on	
  
category:	
  low,	
  
average	
  or	
  high	
  







How	
  much	
  
annual	
  
streamflow	
  is	
  
generated	
  by	
  
summer	
  
precipitaEon	
  



Soil	
  Moisture	
  
characterisEcs	
  of	
  the	
  
basin.	
  



Soil	
  moisture	
  by	
  individual	
  site	
  



Reservoir	
  
management	
  
characterisEcs	
  





We	
  have	
  draks	
  available	
  for:	
  Weber	
  Oakley,	
  Chalk	
  Creek,	
  East	
  
Canyon	
  Creek,	
  Ogden	
  River,	
  Bear	
  Stateline,	
  Logan,	
  Lakefork,	
  Big	
  
Brush	
  Creek,	
  Sevier	
  Hatch,	
  ManE	
  Creek,	
  Fish	
  Creek,	
  Beaver	
  River,	
  
Salina	
  Creek	
  and	
  Coal	
  Creek.	
  



A	
  short	
  note	
  on	
  forecast	
  accuracy…	
  
We	
  all	
  want	
  accurate	
  forecasts…	
  
What	
  is	
  the	
  limit	
  of	
  accuracy?	
  



(1) 	
  uncertain	
  knowledge	
  of	
  future	
  weather	
  
condiEons	
  

(2) 	
  uncertainty	
  in	
  the	
  forecasEng	
  procedure	
  	
  
(3) 	
  errors	
  in	
  the	
  data	
  



How	
  much	
  snow	
  is	
  there	
  on	
  this	
  watershed?	
  	
  	
  
And,	
  how	
  is	
  it	
  spaEally	
  and	
  temporally	
  distributed?	
  
We	
  have	
  seen	
  big	
  advances	
  in	
  these	
  funcEons	
  that	
  
promise	
  forecast	
  improvements…	
  



Same	
  quesEon	
  –	
  for	
  soil	
  moisture	
  in	
  Eme	
  and	
  
space.	
  Are	
  we	
  adequately	
  represenEng	
  all	
  
hydrologic	
  variables	
  in	
  our	
  models?	
  



Our	
  ability	
  to	
  significantly	
  increase	
  forecast	
  
accuracy	
  may	
  ulEmately	
  reside	
  in	
  our	
  ability	
  to	
  
measure	
  streamflow….	
  



Forecast	
  hydrology	
  is	
  pre^y	
  simple…	
  
	
  
Streamflow	
  =	
  m*snow	
  +	
  b	
  
	
  
Or	
  	
  
Flow	
  =	
  percent	
  of	
  snowmelt	
  gepng	
  to	
  stream	
  	
  (C)	
  
Emes	
  a	
  degree	
  day	
  factor	
  (a)	
  
Emes	
  the	
  number	
  of	
  degree	
  day	
  adjusted	
  by	
  
elevaEon	
  and	
  zone	
  (T)	
  Emes	
  the	
  raEo	
  of	
  snow	
  
cover	
  to	
  non	
  snow	
  cover	
  plus	
  precipitaEon	
  	
  
Qn+1=Cn(an(Tn+^Tn)Sn+Pn)	
  
	
  
Very	
  simple	
  equaEons….	
  



This	
  is	
  what	
  most	
  people	
  believe	
  streamflow	
  is…	
  on	
  any	
  
given	
  day…	
  



Reality	
  check….	
  



This	
  is	
  your	
  most	
  probable	
  condiEon…	
  



Seriously?	
  This	
  many	
  sites	
  are	
  this	
  bad?	
  +/-­‐	
  15%?	
  



Uff	
  da.	
  



You	
  cannot	
  forecast	
  a	
  variable	
  more	
  accurately	
  than	
  it	
  can	
  be	
  
measured…	
  


