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Rain/Snow Transition Rain/Snow Transition 
El tiEl tiElevationElevation

 What is it?What is it?

 Why do we care?Why do we care?



Rain/Snow DeterminationRain/Snow DeterminationRain/Snow DeterminationRain/Snow Determination
 Models usually assumed event is: Models usually assumed event is: 

 “rain” or “snow”, at all elevations“rain” or “snow”, at all elevations

 Difficult at a point, Difficult at a point, reallyreally difficult over a basindifficult over a basin

 Common use of air temperature + threshold (1Common use of air temperature + threshold (1--5 degrees)5 degrees)

Sit tSit t d d td d t Site, season, storm Site, season, storm dependentdependent

* Dew point temperature: stable indicator of phase* Dew point temperature: stable indicator of phase* Dew point temperature: stable indicator of phase* Dew point temperature: stable indicator of phase



RCEW (239 kmRCEW (239 km22):):
•• 32 climate stations32 climate stations
•• 36 precipitation stations36 precipitation stations
•• 5 EC systems5 EC systems
•• 14 weirs (nested)14 weirs (nested)
•• 6 soil microclimate stations6 soil microclimate stations•• 6 soil microclimate stations6 soil microclimate stations
•• 4 hill4 hill--slope hydrology sitesslope hydrology sites
•• 4 instrumented catchments4 instrumented catchments
•• 3 instrumented headwater                           3 instrumented headwater                           
basins:basins:

USCUSC (0.25 km(0.25 km22,, 186m relief) 186m relief) 
ephemeral, groundwater dominated, ephemeral, groundwater dominated, 
annual precipitation 300annual precipitation 300--500mm500mm

RMERME (0.38 km(0.38 km22, 116m relief) , 116m relief) 
perennial, surface water dominated, perennial, surface water dominated, 
annual precipitation 750annual precipitation 750--1000mm1000mm

Johnston DrawJohnston Draw (1.8 km(1.8 km22, 380m relief) , 380m relief) 
ephemeral, rainephemeral, rain--snow boundary, snow boundary, 
annual precipitation 500annual precipitation 500--600mm600mm







Dobson Creek Basin:Dobson Creek Basin:

1474 1474 –– 2244 2244 mm (770m)(770m)

Fir: 11%Fir: 11%
Aspen: 17%Aspen: 17%
Sage: 72%Sage: 72%gg

6 snow courses6 snow courses
66 precipprecip met stationsmet stations6 6 precipprecip –– met stationsmet stations

2 weirs2 weirs
(J h D i l d d)(J h D i l d d)(Johnston Draw included)(Johnston Draw included)



The Event:The Event:
From Dec 25, 2005, to Jan 1, 2006From Dec 25, 2005, to Jan 1, 2006

(8 days, 192 hrs)(8 days, 192 hrs)(8 days, 192 hrs)(8 days, 192 hrs)

Mixed Rain/Snow Storm EventMixed Rain/Snow Storm Event

174 mm precipitation174 mm precipitation
(~20% total WY precipitation!)(~20% total WY precipitation!)

Multiple Transitions between Rain & SnowMultiple Transitions between Rain & Snow

Different Transition times with ElevationDifferent Transition times with Elevation





Johnston Draw Study CatchmentJohnston Draw Study Catchment
(1.8 km(1.8 km22 , 380 m relief), 380 m relief)





The Event Segment:The Event Segment:
Dec 30, 2005 for about 24 hoursDec 30, 2005 for about 24 hours

Mixed Rain/Snow Storm EventMixed Rain/Snow Storm Event

Started as Snow at all elevations (1500Started as Snow at all elevations (1500 1800m)1800m)Started as Snow at all elevations (1500Started as Snow at all elevations (1500--1800m)1800m)

Transitioned from Snow to RainTransitioned from Snow to Rain

During a 4During a 4--hour period in the morninghour period in the morning

Ending as rain at all elevations Ending as rain at all elevations 



Johnston Draw, RCEW:  Johnston Draw, RCEW:  
Dec 30, 2005 Mixed Rain/Snow Storm Event Dec 30, 2005 Mixed Rain/Snow Storm Event 

Snow at all elevations Rain at all elevations

transition

R/S Transition occurs from 7:30AM to 12:15PMR/S Transition occurs from 7:30AM to 12:15PM



Dec 30, 2005 Mixed Rain/Snow Storm Event Dec 30, 2005 Mixed Rain/Snow Storm Event 
Dew Point Temperature GradientDew Point Temperature Gradient

Snow at all elevations

Rain at all elevations
transitiontransition

R/S Transition occurs from 7:30AM to 12:15PMR/S Transition occurs from 7:30AM to 12:15PM



Dec 30, 2005 Mixed Rain/Snow Storm Event Dec 30, 2005 Mixed Rain/Snow Storm Event 
Dew Point Temperature GradientDew Point Temperature Gradient

Rain at RMSP

Ri I

Snow at RMSP

RMSP (elev. 2057)
Rime-Ice

Event

RimeRime--ice event from 1230ice event from 1230--1600;1600;
R/S Transition occurs at RMSP 1630R/S Transition occurs at RMSP 1630



Isnobal Isnobal Simulation of Simulation of 
Snow Cover Development and Snow Cover Development and 

Melting:Melting:gg
Two Water Years: 2006 & 2007 Snow Seasons:Two Water Years: 2006 & 2007 Snow Seasons:

Oct 1Oct 1 –– June 30June 30Oct 1 Oct 1 –– June 30June 30

Dobson Creek Represented byDobson Creek Represented by
1010 DEM G id 651DEM G id 651 510 (332 010 ll )510 (332 010 ll )10 10 mm DEM Grid: 651 DEM Grid: 651 xx 510 (332,010 cells)510 (332,010 cells)

2006 was wet & warm (121% L2006 was wet & warm (121% L--T Mean)T Mean)(( ))
2007 was dry & warm (74% L2007 was dry & warm (74% L--T Mean)T Mean)



2006 Snow Season Simulation: validation against SWE & zs



2007 Snow Season Simulation: validation against SWE & zs



Spatial Evaluation Spatial Evaluation 
of SCAof SCAof SCAof SCA

LateLate--lying drifts:lying drifts:y gy g

Observed Observed ––
May 11 1971May 11 1971May 11, 1971May 11, 1971

Simulated Simulated ––
May 13, 2006 May 13, 2006 



RCEW:RCEW:
D b C kD b C kDobson Creek Dobson Creek 

(14.0 km(14.0 km22))

1474 1474 –– 2244m: 2244m: 
770 770 mm reliefrelief

77 d Mi dd Mi d77--day Mixed day Mixed 
Rain/Snow Rain/Snow 

Event: Event: 
12/25 12/25 –– 31/200531/2005





Snow: Snow: --16%:16%:
80% to 62%80% to 62%

Still SnowStill Snow
DominatedDominated

Snow: Snow: --17%:17%:
55% to 38%55% to 38%

Now RainNow Rain
DominatedDominated

Snow: Snow: --22%:22%:
41% to 19%41% to 19%

Almost NeverAlmost Never
SnowsSnows

95%95%



Reynolds Creek Experimental WatershedReynolds Creek Experimental Watershed

Tollgate BasinTollgate Basin
Area:  54.6 km2

Elev:  1410 - 2241 m



Scaling up to TollgateScaling up to Tollgate



Snow Redistribution and DriftingSnow Redistribution and Drifting



ConclusionsConclusions

•• Air TemperatureAir Temperature is not a reliable predictor of is not a reliable predictor of 
precipitation phase:precipitation phase:precipitation phase:precipitation phase:
–– Doesn’t follow +/Doesn’t follow +/-- changes in snow depthchanges in snow depth
–– Very site specificVery site specific

N t h tN t h t ld t Tld t T TT b t t l tb t t l t–– Not coherent Not coherent –– we would expect Twe would expect Taa = T= Tdd but not always true..but not always true..

•• Dew Point TemperatureDew Point Temperature is a reliable predictor of is a reliable predictor of pp pp
precipitation phase.precipitation phase.
–– Accurately follows +/Accurately follows +/-- changes in snow depthchanges in snow depth

Appears to be site IndependentAppears to be site Independent–– Appears to be site IndependentAppears to be site Independent
–– Coherent with elevationCoherent with elevation









Condensation/Evaporation vs. AdvectionCondensation/Evaporation vs. Advection

vv is is typically typically 5050--1000 1000 greater thangreater than
pppp pppp pppp pppp sspppp pppp pppp pppp ss

vv vv

vv ff ff
where:where:
CC specificspecific heat ofheat of precipitationprecipitation 42184218 4116 J k4116 J k ‐‐11 KK‐‐11 00 4040°°CCCCpppp =  =  specific specific heat of heat of precipitation precipitation 42184218‐‐4116 J kg4116 J kg‐‐11 KK‐‐11 00‐‐40 40  CC
LLvv =  =  latent latent heat of heat of vaporization vaporization 2.501 x 102.501 x 1066 J kgJ kg‐‐11 00°°CC
LLff = = latent heat of latent heat of fusion fusion 0.334 x 100.334 x 1066 J kgJ kg‐‐11 00°°CC
ρρ == precipitation densityprecipitation density kg mkgm‐‐33ρρpppp     precipitation density precipitation density kg mkg m
zzpppp =  =  depth depth of precipitation of precipitation mmmm
TTpppp = = average precipitation temperature average precipitation temperature KK
TTss = = average snowcover temperature average snowcover temperature KKss g pg p
EE = = evaporation/condensationevaporation/condensation 1 kg H1 kg H22O   1 mm HO   1 mm H22O / mO / m22



Condensation vs. AdvectionCondensation vs. Advection
2 Examples:2 Examples: advection of rain, advection of rain, ρρpppp  1.0  1.0 

zzpppp TTpppp CCpppp M M  J mJ m‐‐22 llvvEE Melt Melt 
mmmm

1010 11 42154215 42,15242,152 0.120.12

1010 1010 41924192 419,220419,220 1.261.26

1010 00 25 010 00025 010 000 74 8874 881010 00 25,010,00025,010,000 74.8874.88

122122 33 42084208 1,540,1281,540,128 4.614.61

7.57.5 00 18,757,50018,757,500 56.1656.16



Can We Extend Trends inCan We Extend Trends in

the Rainthe Rain –– Snow Transition ElevationSnow Transition Elevationthe Rain the Rain Snow Transition ElevationSnow Transition Elevation

to other Areas of the West?to other Areas of the West?to other Areas of the West?to other Areas of the West?





Dec 30, 2005 Mixed Rain/Snow Storm EventDec 30, 2005 Mixed Rain/Snow Storm Event
Air Temperature GradientAir Temperature Gradient

Predicted Snow

Predicted Rain
at all elevations

ed c ed S ow
at all elevations

Predicted
transition

Predicted R/S Transition occurs from 5AM to 8AMPredicted R/S Transition occurs from 5AM to 8AM




