An Analysis of Snowpack Temperature, Density, and

Cold Content Across the Western United States

Jeffrey Schmidt!:3, Graham Sexstone?, and Mark C. Serrezel:3 nsidc.org

1.) University of Colorado Boulder Department of Geography 2.) USGS Colorado Water Science Center 3.) National Snow and Ice Data Center, Cooperative Institute for Research in Environmental Sciences, University of Colorado Boulder

» Change in the western U.S. snowpack is Mean Vertical Profiles and Standard Deviation of CC

| | Cold Content Equation Selection of Nine Stations
influenced by warming temperature. | .
C . . SWE . (T _ T) _ CC Snow Depth and Temperature Anomoly Station Mean Cold Content Profiles
p m S - Rabbit Ears Pass, CO Rendezous Peak, WY Mt. Belmont, MT
* Trillion dollar science question; requires e 150 - 001 B0 001
. o4 C = heat capacity of ice (1895-2067 MJ kg~ '°C™! N - Tosl T 00 T 00|
- . _u alo_pass O E— O — 0. ——
more direct observation p = density of ice (917kg m~=3) 5 il s M= sl
SWE = Snow Water Equivalence (cm) = 100 -& P22\ ] 3 1001 &= 3 100 & & 160
. o . - _ ° S O rabbit_ears_one § 120: E § 120: E-_j § 120: ;
- 1818 snowpits digitized; profiles of I = Melt Temperature (0°C) N C/ 5 0 5 wEE e >
T, = Snow Temperature (°C) S 50 o .| = ] == | ==
temperature, density, and cold content CC = Cold Content (J m~2) S W o ronc | 05 O 02 oF of 00 Of 02 0¢ gr 0O 04 B2 09 43
< O O Cold Content (MJd m™) Cold Content (MJd m™) Cold Content (MJd m™)
= T 9 Four Mile Meadow, WY Lake Irene, CO Buffalo Pass, CO
» Repurposed data from a USGS a ° o 350 | w 360 | oo 350 | e
- Snow Cover Energy Balance Equation O (chief_joseph_pass Sl Sl § 2001 =
chemistry study = ! (oo | g il | £ 2ol
Ry+H+LE+G+M=AS | = oI < oiE
: ; N — 2 1209 3 1201 z 120 IS
« SWE isn’t the whole story Energy Storage Change . . . ! 1 5 » B 5 » B 5 ©|E=
A R Temperature Anomoly (°C) o= o~ o
vV~ 00 01 02 03 04 00 01 02 03 04 00 01 02 03 04
= H LE Cold Content (MJ m™2) Cold Content (MJ m™2) Cold Content (MJ m™2)
| T T Togwotee Pass, WY Big Sky, MT Chief Joseph Pass, MT
Shortwave in Longwave in - 3601 e 360 1 e 360 1 e
_ Shortwave out | Longwave our SSTSIle  Latent om0l el — 2l —
How are cold content vertical ol ol =l
' £ BNERTE EESSE
profiles shaped by the relative M §NIE Al ) il
—l 20 10| =2 201 5=,
SnowApack 0 ,=: T T T T 05 =— T T r 0 F T T T T
rOIeS Of temperature and Energy 00 01 02 03 04 00 01 02 03 04 00 01 02 03 04
F'gvxes Cold Content (MJ m™) Cold Content (MJ m™) Cold Content (MJ m™)
den Si ty? $ Standard Deviation Bars © Record B Station Mean Profiles = Station = Record

Ground Heat Flux

AS ics;syﬂonymous with CC

Big Sky, MT Case Study (Blue Line = Big Sky Mean Profile; Red Bars = Big Sky Standard Deviation by Layer;

Interpreting Cold Content in Snowpits Gray Line = Whole Dataset Mean Profile; Gray Line = Whole Dataset Standard Deviation by Layer)
Relative Spread Around Mean from all Locations Blg Sky’ MT Blg Sky, MT Blg Sky, MT
Variables cv SD Mean
» (CC is the energy required to raise the Depth (cm) 30 545 1650 360 360 | 360
: : : T ture (K 0.3 0.9 270.6 — 320 — 320 —~ 320
snowpack to its melting point—relates to Fmperature 1 | | | E Lap [ £ 2804~ £ 280
o Density (kg m") 8.3 25.2 304.0 L [‘ : < 540 : O 540
snowmelt t|m|ng SWE (mm) 38.7 191.7 494.7 = 240 e £ _ -]1 =
Q. 200 — o 2001 o 200
| Cold Content (MJ m*) 50.4 1.3 26 8 — 8 1604 == 8 160
° StUdylng CC demonStrateS the Value Of Coefficient of variation as a percentage of the mean (CV), standard deviation (SD) 160 - E_.‘z
Snow Cold Content Vertical Profiles % 120 I‘E g 120 E % 120
internal snow temperature monitoring _u S 8o = S 8015 S 80
§§§§ 40 \N== 40 % 40
» Modeling and remote sensing validation 3 01 __ 0 -
. . g 220 10-9 -8 -7 -6 -5 -4 -3 -2 -1 O 0O 100 200 300 400 00 01 02 03 04
and training for Rocky Mountains i . _ _
J y £ Temperature (*C) Density (kg m™) Cold Content (MJ m™)
+ Relevant to applied water resource i
management; snowmelt timing T e
.0 0.1 0.2 03 04 0.5 Cc())l.cfji COO'.;en;).(SNIJ (::_2) 1.0 1.1 1.2 1.3 1.4 1.5

//A@T

[Friday May 13,2022 CIRES Rendezvous] CIRES



