National Operational Hydrologic
Remote Sensing Center

National
Snow Analyses

Don Cline

Chief, National Weather Service Hydrology Laboratory

National Oceanic and Atmospheric Administration
U.S. Department of Commerce

www.nohrsc.noaa.gov
Donald.Cline@noaa.gov



ater Equivalent W Depth o

inches inches Bearces Fahrenheit
0.2 (.2 0.98 2 3.9 5.0 0.8 20 an i i 0.9 Z 8.9 @.8 =0 49 50 a8 197 205 204 vav 40 14 4 14 23 28 a0 411 q1.82 21491 a2
''''' | e e e . e S i I [R—
ol To 10 =20 0 I o 10 20 hilk 100 150 el 300 TH0 1HID 2000 —40 —il =21 -1 -0 -2 -1 -0.5 =0.1 =05 0
cm oy Degrees Celsius

o 4E7

H Snowfall

inches inches
o2 @04 008 022 016 0.2 089 058 078 098 1.4 ] B ) 4ET 02 004 008 012 0016 02 0890 058 079 0.98

| ] 13 i 3o 4 D 2R 1.5 5 9 I 5 13
mim mm

inches H.0 inches

00z o2 004 0.1 2 0.29 0.68 a0 20 =58 =0.9 2 039 =0.2 =0.04 0.04 0.2 033 4 39 9.4 20 an

— e ., W |

-10 -5 —= -1 -0 -0.1 -0.01 .01 .1 0.5 = a in (i} 01 0D 0.2 3 0.4 0.5 1 2.5 5 10 25 —7H -O00 -25 -10 -5 -1 -D.5-0.1 4.1 05 I a 10 25 &0 %5
mm H0 mm H,0 cm

National Snow Analyses
January 19, 2014 06 UTC www.nohrsc.noaa.gov

0.28 -0.2 -0.08 -0.04 —-0.02 —4E° 4E7 D02 004 D08 02 089 O {B™ 2B




Snowfall
24-Hour Total Ending 2006-02-21 06 UTC

inches
] 4E°F 0.02 0.04 008 0.12 0.18 0.2 039 059 0.79 058 1.4 2 3

ZE-* 0.1 05 1 2 3 4 ] 1 15 20 25 3% 50 V3

Snow Depth
2006-02-21 06 UTC

inches
o 0.39 2 3.0 0.8 20 39 o bl 197 205 304 rlir
[ E——— ]
1] 1 5 (1] 0 20 100 150 230 500 Y30 1000 2000
i

Snow Water Equivalent
2006-02-21 06 UTC

inches

0 JE-* 0.4 0.2 039 008 2 0 59 98 20 30 aa Y0
¢ 001 01 0.5 1 2.5 5 10 1% 25 50 100 200
i

Snowpack Temperature
24-Hour Average Ending 2006-02-21 06 UTC

-24 =10 1 ([ 25 29 al a1.3 a1.a6 31.93 2

I—— i i i |

=40 K1 20 [L1] 5 =2 | =0.5 1.1 0,05 [}
Degrees Cel

24-Hour Total Ending 2006-02-21 05 UTC

inchea HzO
0 4E¥ 0.02 0.04 0.08 0.2 0,39 0.98 2 3
. ] I — |
79

] .1 0.5 1 Lo 29 a0

|||||| Hz0

« PRODUCTS
* Hourly and Daily
« 1 km? Resolution

 INTERNET
* Interactive Maps
e 3D Visualization
» e.g. Google Earth
* Time-series loops
» National/Regional
Discussions
e Text summaries
by watershed
* Point Queries

 DIRECT FEED
e Push or Pull
» Gridded Data
 Flat Binary or
GIS-ready
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National Snow Analyses (NSA)

Multi-sensor Snow Modeling and Snow Information
Snow Observations Data Assimilation Products

Numerical Weather Data Products
Prediction Model

Forcings Interactive

Gridded Snow Maps
Characteristics

Time Series
U.S. Plots

Airborne

1-km? Text
Hourly Discussions
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National Snow Analyses (NSA)

National Weather Service

Multi-sensor — First-order Stations

Snow Observations — Cooperatives |
Federal and State Agencies

— NRCS SNOTEL and Snow Courses

— USACE New England District Snow Surveys

— Federal Aviation Administration

— California Dept. of Water Resources
Regional Mesonets and Surveys

— State Mesonets

— CoCoRAHS

— MesoWest (150 smaller mesonets)
International Agencies

— St. John River Basin

— Environment Canada

— BC Hydro

Airborne

Satellite

NN
NN

16,000 Snow Reporting Stations www.nohrsc.noaa.gov G



Ground Observations
All Reporting Stations

All Show Observations

Typical Day: 3500 Observations
from 16,000 stations

Snow Water Equivalent

Typical Day: 850 Observations
from 3,000 stations

In 2012 NOHRSC received 6,370,790
SWE observations and 8,234,088 Snow
Depth observations

. www.nohrsc.noaa.gov V




Snow Water Equivalent Stations
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Snow Water Equivalent Stations

Unique SWE Stations 2006-2007

“ SNOTEL
“ GAMMA

OTHER

“ COCORAHS

Unique SWE Stations 2011-2012

11%
. o

i SNOTEL

U GAMMA
OTHER

i COCORAHS

« NOHRSC started ingesting CoCoRaHS data in 2006

e Since 2006 the number of SWE stations has increase
from ~4000 to more than ~8000 stations.

e The total contribution of SWE reporting stations from
CoCoRaHS has increased from 18% to 51% !

www.nohrsc.noaa.gov @



National Snow Analyses (NSA)

Multi-sensor
Snow Observations NWS Airborne Snow Survey Program

Ground

NOHRSC

Airborne

« Snow Water Equivalent Measurement

— Attenuation of natural terrestrial gamma
Satellite radiation by water in snow

www.nohrsc.noaa.gov zs



National Snow Analyses (NSA)

Multi-sensor Airborne Snow Survey Program Flight Line Network

Snow Observations

I

s
hS I., =
INE=E20

Ground

Airborne

2,291 Flight Lines

31 States, 8 Provinces

Satellite « Integrated SWE over ~5-10

km? (robust mean)

s Upper SWE limit ~1m

« Sample over elevation range

295 Flight Lines
Added 104 lines Summer of 2006

www.nohrsc.noaa.gov @‘
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Airborne measurements integrate | .
| shallow and deep snow packs. -

e
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Natural Terrestrial Gamma Radiation

Atmospheric
Radon ®
\J\l\j %
\\J\lj\,\é NO SNOW

Cosmic Radiation

Potassium, Uranium, and Thorium

www.nohrsc.noaa.gov @‘



Natural Terrestrial Gamma Radiation

snow
cover
conditions

(@)

@

Pure, uncollided gamma

. radiation

XSS

Radiation,absorbed by water mass,in snow pack

Potassium, Uranium, and Thorium

www.nohrsc.noaa.gov @
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Airborne Flight Line Network

Late — season, high
elevation snow pack.

Low elevation, broad regions

il s e B B,

e 2%
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National Snow Analyses (NSA)

Binary Snow Cover

Multi-sensor
Snow Observations

Ground

Airborne >

NN

www.nohrsc.noaa.gov zs



National Snow Analyses (NSA)

Multi-sensor
Snow Observations

Ground

EOS Terra Fractional Snow Cover
MODIS
Sierra Nevada, Mar 7 2004 £ SCAfrac = 0.5

1km

NOAR Y

MODSCAG Algorithm, images courtesy of T. Painter, U. Utah www.nohrsc.noaa.gov fif



National Snow Analyses (NSA)

Multi-sensor Snow Modeling and Snow Information
Snow Observations Data Assimilation Products

Numerical Weather Data Products
Prediction Model

Forcings Interactive

Gridded Snow Maps
Characteristics

Time Series
U.S. Plots

Airborne

1-km? Text
Hourly Discussions

www.nohrsc.noaa.gov zs



NOHRSC Snow Model Physics

(KI-K1) + (L] -Lt)+

Q, +Q, +Q, +Q, = AQ

Atmosphere
RADIATIVE ENERGY
EXCHANGES TURBULENT ENERGY
EXCHANGES
| PRECIPITATION | Incident/
Emitted
'Snow | Longwave Sensible and Latent Heat i Canopy
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Snow Modeling Framework

2
el A Snow Energy and Mass Data Assimilation
Numerical Weather Balance Model
Models (1 km)
Snow
Iempendtire Blowing Snow Model -
Relative Humidity 1 J Observations
Wind Speed .
Saller Bedlietion Radiative Transfer Model Snow V\Ilater
Atmos. Radiation Equivalent
Pl State Variables for Snow Depth
Precipitation Type Multiple Vertical
Snow & Soil Layers Snow Cover
Snow Water Equivalent
Snow Depth
1 Snow Temperature NSA Product
. . Liquid Water Content 3 Generation
=ollls Froperizs Snow Sublimation Interactive Maps
Land Use/Cov_er Snow Melt Digital Data
Forest Properties Discussions

www.nohrsc.noaa.gov @‘



Snow Observation Assimilation

Daily SWE, Snow Depth and Snow Cover Observations
are used to update the model

If pattern of differences is explainable, an update field is generated and
__ used to nudge the model toward observed states

+
i il

FaT
e

Uncertainties in driving data

— RUC2 precipitation under/over estimation _
Typing issue; rain/ snow

Placement of storm track

Uncertainties due to model physics

Melt problems due to temperature bias
Sublimation rates

www.nohrsc.noaa.gov {@



Assimilation Example

FoIIowing a November 30 2006Stor

b ~2-0

Model "uiide'r-estin\'latg_d

" Modelover- &
estimated

=

ﬂ"""\\
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Assimilation Example

Satellite-Derived Fractional Snow Cover
| _Decer 2;..3!.906

J LY
L

Percent
snow cover

80 to 100
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40to 60

20to 40
1to 20

Mo Snow
Clouds

|:| Mot Estimated

Elevation in fest
(Mot estimated)

> 13124
8203 to 13124
3281to B203

Ite 3281
< 3




National Weather Service ATh,

National Operational Hifr"
Remote Sensing Cente

Home News i i o el E nter Search Here

NOAA's Source for Snow Information

nteractive : F g -
dnak o The National Operational Hydrologic Remote Sensing Center

Airborne Surveys provides comprehensive snow observations, analyses, data

Satellite Obs sets and map products for the Nation.
Forecasts

Data Archive : ’
SHEE Products + National Snow Observation Database

s S + Airborne Snow Surveys
i + Satellite Snow Cover Mapping
GIS Data Sets + Snow Modeling and Data Assimilation
+ Analyses, Maps, and Interactive Visualization Tools

About The NOHRSC
Staff ~  + Integrated Snow Datasets for Geospatial Applications

NOAA Links Applied Sgow Research
Snow Climatology

Related Links

MOHRSC products and services support a wide variety of government and
Helo private-sectorapplications in water resoUrce management, disaster ermergency
Herlp and EAQ -0 preparedness; weather atd flood forecasting, sgricultire, transpm’[atmn and

: COMMErce.
Site Map
Contact Us

Please Send Us
Comments!

National Snow Headlines www.nohrsc.noaa.gov
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National Weather Service

National Operational Hydrnl_
Remote Sensing Center

Home Organizati

Home

Snow Information INTERACTIVE SNOW MAPS
National Analyse

Explore our online GIS for comprehensive snow ————————
3D Visualization information. Ry Mriwtacoive S
Airborne Surveys
Satellite Obs
Forecasts
Data Archive
SHEF Products

Build custom maps for your region of interest
Choose from over 40 snow themes

Overlay roads, cities, rivers, etc.

Query detailed conditions at owver 20,000 locations

Science/Technology
NOHRSC Get detailed snowpack conditions at over
GIS Data Sets 4000 stations nationwide using the query tool.

About The NOHRSC
Staft

NOAA Links
Snow Climatology 0o
Related Links

Help
Help and FAQ :
Site Map -4

Sewew. i Egqu rteni i)

Contact Us
Please Send Us
Comments!
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MNOHRSC Interactive Snow Information

| =) NOHRSC Interactive Snow Inf... * 1 ¥, 5146B_MADIS - NOHRSC Gra... * J.lM Inbox (5,603) - carrie.olheise... i = National Snow Analyses 3D P... US NOHRSC Interactive Snow Inf... 1 =+
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' Quick Query Links
i Get Time Series for Station ID: | Go | Listing

National Operational Hydrologic Remote Sensing Center _ ) e
~ " Get Time Series for Basin 1D: | ABRFC - || Go | Listing
. il 3 Get Basin Averages for | RFC + || Go | Listing
Interactive Snow Informatic ot Cimatology for Stain - | Go ] Lising

Navigation Tools Query
Home  Help || kN B Sl 25.06 N, BL.70 W Zoum | Station (2002-present) |
Comments

I Redraw Map Modeled Snow Water Equivalent forecasted for 2012 December 18,3:00 Z

23411 mi
Select Physical Element Pl b
{ Snow Water Equivalent = ;
[} - ud
Select Date -
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Inches of water

3:00Z = equivalent
+

gnnp.tu nearest time = 30
20 to 30

Select Overlays 18 to 20

Hydrologic Features 16 to 18

B RFC Basins @ Label 14 to 16

@ Other Basins @ Label - - 12 to 14

@ HUCs (6-digit) E E 10 to 12

8 RFC Boundaries % E 8 to 10

@ Rivers and Streams i ', : - 6 to 8

@ Lakes and Reservoirs s T e A : X 4 to 6

Political Features T, P T - B ? 2 to 4

B County Boundaries e 8 - 1 to 2

B CWA Boundaries Wy . trace to 1

& State Boundaries F ; 1 = .

@ National Boundaries B [_] Not Estimated

Point Features ) -

© Stations B ® Label . g Elevation in feet

U Citles E1® Label - | 2 = 13124

@ Flight Lines 5 © Label = : 8203 to 13124

@ Climate Stns.L1® Label N/ : 3 ' . 2012 December 18, 3:00.Z e e

@ Skiing ¥ @ Label Bl SR B 48, T7E6 2 - 4 -~ Modeled Snow Water, Equivalent « 3

Transportation Features 175 mi

B Roads and Highways

Other features

@ NSA Disc. Regions

@ NSA Disc. Subregions : .

8 NSA Modelling Tiles SNODAS Model Adjustments:

Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5

inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.

English units *

B Legend below map

LAl - T By

Find: 'xC\ gamma 1| Next | Previous ) Highlight all [] Match case



MNOHRSC Interactive Snow Information
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I Redraw Map Modeled Snow Water Equivalent (Shallow-snow Legend) forecasted for 2012 December 18,3:00 Z

2341 mi
Select Physical Element iR
{ Shallow SWE -

Select Date
2012 - § December =

Inches of water

3:00Z = equivalent
- |

= 18
& Snap to nearest time 6 1o 18
Select OVBI"ﬂyI 14 to 16
Hydrologic Features 12 to 14
@ RFC Basins @ Label 10 to 12
@ Other Basins @ Label - - 8 to 10
® HUCs (6-digit) E E 6 to 8
B RFC Boundaries % E 5 to 6
B Rivers and Streams 4 to 5
@ Lakes and Reservoirs 3 to 4
Political Features 2 to 3
B County Boundaries S . - 1 to 2
8 CWA Boundaries E 3 _ trace to 1
& State Boundaries 3 : ! = .
8 National Boundaries R :: [_] Not Estimated
Point Features 3 -
© Stations E® Label . g Elevation in feet
o Cities E® Label = _ . = 13124
@ Flight Lines 5 © Label = . 8203 to 13124
8 Climate Stns.[]® Label N/ : 4 : 2012 December 18, 3:00Z R
@ Skiing £ ® Label Bl 2R e 45, TR B L A Modeled Snow Water Equivalent (Shallow-snow Legend) = 3
Transportation Features 4175 mi
B Roads and Highways
Other features
@ NSA Disc. Regions
@ NSA Disc. Subregions : .
® NSA Modelling Tiles SNODAS Model Adjustments:
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inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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MNOHRSC Interactive Snow Information
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I Redraw Map Change in Modeled Snow Water Equivalent forecasted for 24h preceding 2012 Decembe
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Select Date
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@ Flight Lines 5 © Label = : 8203 to 13124
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@ Skiing £ @ Label 46, TR 8 - d1, Change in Modeled Snow Water Equivalent = 3
Transportation Features 4175 mi
B Roads and Highways
Other features
@ NSA Disc. Regions
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® NSA Modelling Tiles SNODAS Model Adjustments:
Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5

inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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MNOHRSC Interactive Snow Information
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Navigation Tools
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@ Skiing =1 ® Label Ciearealzoq2| Bl shIc 201 j i Total Modeled Snow Meft
Transportation Features 475 mi

B Roads and Highways

Other features

@ NSA Disc. Regions

a NSA Disc. Bubmgluns SNODAS Model Adjust ts:

@ NSA Modelling Tiles o

Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5
inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an

inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for

B Legend below map

precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5
inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an

inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for

B Legend below map

precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5

inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5
inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an

inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for

B Legend below map

precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5
inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an

inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
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precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5

inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Map Preferences An assimilation was performed December 13, 2012 over the western United States and Canada. Throughout the Sierra Nevada and Cascade Range up to 1.5

inches of water was added to the snowpack to adjust the model for over estimating snow melt. In the Yellowstone region and across eastern Montana, up to an
inch of water was removed from the snow pack. Additionally, another assimilation was performed over Arkansas and Mississippi to correct the model for
precipitation that was misclassified due to temperatures being reported incorrectly. This inconsistency will be monitored and adjusted accordingly as the model
continues to run.
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Snow Depth (in)

Snow Water Equivalent, Snow Depth, Snow Cover, and Snow Melt

al

70

Station:
Latitude:
Longitude:
Elevation:
Start Date:
atop Date:

Forest Density:

Land Use:

snow Water Equivalent (in)
I

!

B23 Feet
2008111507

2009041307

6%

Zonifer Boreal Forest

Modeled and Observed

KCAR - CARIBOU, CARIBOU MUNICIRBAL AIRPORT
4686722222 N
6801333333 W

anow Water Equivalent

snow Depth

anow Density

Snow Melt

Azsimilation —

= NoW Gmeriﬂbsewed by Satellite):
S now Cloud

20020101 00

20090301 00
Date (Z)

|
+

043 —

040 7

0.35

.
il
=

h

1/hr)
|

=
P
o

W r'.']E It

=
P
(o=’

L |
-
[ ]
S
1

(Madeled) (Dbsarved)
— *

100

Snow Density (%)

NOHRSC

2
www.nohrsc.noaa.gov %@i



Precipitation, Snow Water Equivalent, and Snow Depth

Modeled and Observed
Station: KCAR - CARIBOU, CARIBOU MUNICIPAL AIRPORT
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Time Window Cumulative Precipitation
Modeled and Observed
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Snow Pack Temperature and Density by Layer

Modeled
Station: KCAR - CARIBOLU, CARIBOLU MUNICIRPAL AIRPORT
Latitude: 46 86722222 N Layer Separator
Longitude: GB.01333333 W
Elevation: B23 Feet

start Date: 2008111507
Stop Date: 2008041507
Forest Density: 6%
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Snow Temperature

Air Temperature (°F)

Snow Surface, Mean Snow Pack, and Air Temperatures
Modeled and Observed

Station: KCAR - CARIBOU, CARIBOU MUNICIPAL AIRPORT
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Snow Melt, Sublimation, and Weather Forcing
Modeled and Observed

Station: KCAR - CARIBOU, CARIBEOU MUNICIPAL AIRPORT
Latitude: 4685722222 N Sublimation from Snow Surface
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Recent Additions

Forecast products are now operational from 24 to 72 hours
Adding basin average SHEF products, including forecasts.
— We are now generating 6 hourly products per RFC request.
— These are available over AWIPS or web
Accumulated Melt Grids and SHEF products.

Additional Snow Data ingestion to support assimilation in
Southern Canada including portions of Quebec, The Great Lakes
Drainage, The Souris, and the Red River Valley.
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RFC Forecast Support

Comparative analyses of National Snow Analyses (1-km gridded) vs. RFC
snow model states (lumped basin or sub-basin)

Weekly teleconferences with RFC forecasters

Obijective is to understand differences and adjust forecast processes as

needed
(SNOW17 - SNODAS) SWE

2011-01-10 06

N SN B T e

1 Snow17 - SNODAS
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National Operational Hydrologic
Remote Sensing Center

National
Snow Analyses

Don Cline

Chief, National Weather Service Hydrology Laboratory

National Oceanic and Atmospheric Administration
U.S. Department of Commerce

www.nohrsc.noaa.gov
Donald.Cline@noaa.gov
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