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Outline

 National Snow Analyses (NSA)

— Snow modeling and data assimilation system for U.S.

* Overview of the data, modeling framework and products
* Interactive Snow Information System (Snow-Info)
— Web-based mapping and data querying system for NSA information
» QOverview of functions and capability

« New Climate Diagnostic Tools in Snow-Info

— Monthly normal snow-depth maps for U.S.
— Dalily departure-from-normal snow-depth maps for U.S.

— Snow-depth climatology and NSA time-series for 4000 stations
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National Snow Analyses (NSA)

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

Data Products

Gridded Snow
Characteristics

Interactive
Maps

Airborne Time Series

Plots

Text
Discussions

HRSC National Hydrologic Program Managers Conference ¢ New Orleans « December 6-10, 2004 3




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
— Maine Cooperative Snow Survey
— PA, OK, IA, ND, NC State Mesonets
— MESOWEST (150 smaller mesonets)

* International Agencies
— St. John River Basin

— Environment Canada
— BC Hydro

50,000+ stations in database
25,000+ actively reporting stations

10,000+ unique stations reporting snow observations
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National Snow Analyses (NSA)

Multi-sensor
Snow Observations

NWS Airborne Snow Survey Program

NOHRSC

« Snow Water Equivalent Measurement

— Attenuation of natural terrestrial gamma
radiation by water in snow
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National Snow Analyses (NSA)

Multi-sensor
Snow Observations

Airborne Snow Survey Program Flight Line Network
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2,187 Flight Lines

31 States, 8 Provinces
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National Snow Analyses (NSA)

Multi-sensor

Snow Observations
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* Areal extent of snow cover is mapped using optical
remote sensing data from geostationary and polar-
orbiting satellites.

 Cloud cover obscures surface — significant problem.

e Sub-pixel percentage of snow cover (FSCA)
developed by ERDC/CRREL is in second year of
testing in NWS/NOHRSC operations.
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National Snow Analyses (NSA)

Land Surface Model for Snow and Soil

Snow Modeling and
Data Assimilation

Gridded Snow
Characteristics

Domain: Continental U.S.
Resolution: 1km?, Hourly

Physics: 5-Layer Energy and Mass Balance

» Spatial implementation of modified
1-D SNTHERM model developed by
ERDC/CRREL (Jordan)

» Spatial implementation of Prairie Blowing
Snow Model (Pomeroy et al.)

Forcing: Mesoscale Weather Analyses
 RUC2, Eta physically downscaled to 1 km?

Snow State Variables:
* Water Equivalent (SWE)
» Total Depth
e Surface Temperature
* Average Temperature
* Liquid Water Content (Snow Wetness)
* Snow Melt

Snow Data Assimilation System

Multi-sensor data fusion to update snow
states in model (SWE, snow depth)
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NOHRSC Model Physics

Atmosphere
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Snow

Hourly Input
Gridded Data (1 km)

Snow Energy and Mass
Balance Model

Temperature
Relative Humidity
Wind Speed
Solar Radiation
Atmos. Radiation
Precipitation
Precipitation Type

Blowing Snow Model

Radiative Transfer Model

Static Gridded
Data (1 km)

Soils Properties
Land Use/Cover
Forest Properties

State Variables for
Multiple Vertical

Snow & Soil Layers
Snow Water Equivalent
Snow Depth
Snow Temperature
Liquid Water Content
Snow Sublimation
Snow Melt

Modeling Framework

Data Assimilation

Snow
Observations

Snow Water
Equivalent

Snow Depth

Snow Cover

NSA Product
Generation
Interactive Maps
Digital Data
Discussions
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Assimilation of Observed
Snow Data into SNODAS
Snow Model State Variables

And Associated Problems
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Stations Without Metadata

e 1950 stations sent observations across
NOAAPort with unknown metadata from
January 1, 2004 to August 1, 2004.

e 2451 864 observations were lost for the
unknown1l950 stations.
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Importance of Data in SHEF

NOUS45 KSLC 121745

PNSSLC
e |f data iS Nnot sent PUBLIC INFORMATION STATEMENT...PRECIP TOTALS
across NOAAPort in TOA3TO|OA|:AA,\|;I¥VTEFARTIHNE§VSlEzR2\/O|é:4E SALT LAKE CITY UT
SHEF |t fa”s on ﬂoor_ ..PRELIMINARY STORM TOTALS...

ANOTHER UPPER LEVEL LOW PRODUCED A MOIST EASTERLY FLOW

e Many reports are lost in BROUGHT PRECIPITATION TO MOST THE REGION.

P u bl iC | nfOrm ation HERE IS A LIST OF TOTALS SINCE WEDNESDAY NIGHT.
Statements and Local LOCATION PRECIPITATION SNOWFALL
(INCHES) (INCHES)

Storm Reports.
« Some offices send PNS  swowsssimoeow  oss

6

FARMINGTON (8000 FT) 0.40 5

or LSR products as RR ROCKY BASIN (OQUIRRHS)  0.40 4
BEN LOMOND PEAK (8000 FT)  0.40 4

INDIAN CANYON (9100 FT 0.40 4

P roducts as well. WHITE RIVER (8500 FT) 0.40 4
. SUNDANCE (7500 FT) 0.36 3

° Use Stranger-Statlon RED PINE RIDGE (9200 FT) 0.30 4
CLEAR CREEK (9200 FT) 0.30 4

format to send data TIMPANOGOS DIVIDE (8199 FT) 0.30 3
f inf CASCADE MOUNTAIN (7800 FT) 0.30 2
HORSE RIDGE (8500 FT) 0.32 3

Ffom in requent reportS. TNy CROVE 00 3
ALTA COLLINS 0.20 3
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Importance of Accurate Measurements

Snow Water Equivalent, Snow Depth, Show Cover, and Snow Melt
Modeled and Observed

Station: , (Modeled) [(Obszered)
Latitude: 4B BET222 M Snow Water Equiyamn‘[ —

Longitude: EB.013333 W Snow Depth

Elevation: 191 Meters Snow Density

Start Date: 040101-06 Snow Melt

Stop Date: 040115-06 Assimilation —

Forest Density: 6% Snow Cover (Observed by Satellite):

Land Llse: Conifer Boreal Forest Snow | Cloud I

Snow Melt (mm hr'")
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Snow Water Equivalent, Snow Depth, Snow Cover, and Snow Melt
Modeled and Observed

Station: _ (Modeled) (Observed)
Latitude: 46 BETV222 N Snow Water Equivalent ————

Longitude: GB.013333 W Snow Depth

Elevation: 191 Meters Snow Density

Start Date: 040201-06 Snow Melt

=top Date: 040215-06 Asgirmilation —

Farest Density: 6% Snow Cover (Obzerved by Satellite):

Land Use: Canifer Boreal Forest Snow | Cloud |
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Spatial Representativeness: Point-in-Pixel Problem

Leavitt Meadows SNOTEL

- Sierra Nevada, California

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

Station: LVTCY - LEAVITT MEADOWS SNOTEL (Modeled) (Observed)
Latitude: 38.303100 N Snow Water Equivalent -
Longitude: 118.55140 W Snow Depth -
Elevation: 7201 Feet Snow Density  EE— +
Start Date: 040201-15 Snow Melt
Stop Date:  040331-15 Assimilation
Faorest Density: 47 % ] Snow Cover (Observed by Satellite):
Land Use: Caool Conifer Forest Snow i Cloud I
nenn el i 1ini i nn NN RN |
- S .. - R - . - g -

;é.lt?'- % 10— _‘E :40

u'% g ' 0.4 %
Model: 0§ o &
47% Forest Canopy Density |
Cool Conifer Forest ez omeln ckm ol o
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Partial List of
Recommendations

Make sure that station metadata In
NWSLI are current and correct

NEVER infer snow water equivalent
from tables or by dividing depth by 10

Code data in SHEF and send to AWIPS

Make and report snow depth with ALL
snow water equivalent measurements

" “\_M% %
] %; HRSC National Hydrologic Program Managers Conference ¢ New Orleans ¢ December 6-10, 2004
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Snow Observation Assimilation

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

 Deltas between =
observed and
modeled states are
examined
e Coherent spatial

pattern is required
to warrant update

» Subgrid variability

Deltas (Observed — Modeled)
77T 12/4/02 127 to 12/5/02 62

=

o If pattern is
explainable, update
field is generated
and used to nudge

Observed = Modeled =0 m (Agreement of No Snow)
O |Observed — Modeled| < 0.005 m (Agreement within +/- 5 mm)

observed staes | $ Coam e <o
observed states ® (Observed — Modeled) > 0.005 m Model Under-estimation > 5 mm
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National Snow Analyses (NSA)

Snow Information
Products High-resolution Gridded Snow Data Sets
of Fused Model and Observations

Local Information (1 km?)

Data Products

» Snow Water Equivalent

» Snow Depth

Interactive
\YEETORS

» Snow Density
» Snow Sfc. Temperature

* Snow Avg. Temperature

Time Series
Plots

* Snow Melt
e Sublimation

* Snow Wetness

Text
Discussions

Continental U.S. Information

» Archived at NCDC, NSIDC, and (soon) NDFD

National Hydrologic Program Managers Conference ¢ New Orleans ¢ December 6-10, 2004
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National Snow Analyses (NSA)

Integrated Modeled / Observed Snowpack State Variables

Daily Basin-by-Basin SHEF Products Shipped to AWIPS

1.
2.
3.
4.
o.
6.
7.
8.

Snow Water Equivalent *

Snow Depth *

Areal Extent of Snow Cover *
Blowing Snow Sublimation
Surface Sublimation

Snowmelt

Average Snowpack Temperature

Rain plus Melt

* Includes assimilated snow observations
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National Snow Analyses (NSA)

weather.gov

National Weather Service SATH,

Yy

VBN,

*Q
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9

S? National Operational Hydrologi€

Remote Sensing Center’
Site Map News Organization NWS Search

i Snow Analyses

NOAA's Cryosphere
Initiative

Mational Snow Analyses

Automated Model Discussion: S n O W Wat er Eq u Ival e n t (h O U r |y)

NOHRSC November 3, 2004

Overview [ Click On Map for Regional Analyses Area Covered By Snow: 8.7% 2003 Oct 1 — 2004 May 23
SHoW AnaNses | 15N | Area Covered LastMonth:  0.2%
f%‘, ; Snow Depth :
Interactive Products & 7 ’:d\;ﬁir?nguerh' gg Em 3 T = - = ;
: mum: : oct [Nov [pec [aan [¥ER [Man [apr [May [sun [sun [ave [ser
Airborne Snow ‘a.‘ iy gﬂtaémanum. 8935 ol .
. Dev.: 9cm i
SLEVER G W Snow Water Equivalent E"’ n f I 1
Awerage: 0.2cm Biey M
bl Hetasets Minirmum: 0.0cm ,_3
5 Maximum: 476.1 cm
atERRE Std. Dev. 1.3cm ﬁ
Technology More.. z
Staff Click on Image Below for Enlarged I,,u
Links E
Mational w2004 || November |3 » E] —
Site Help &)
Please Send Us Snow YWater Equivalent Snow Depth Average Snowpack Temp I'I'I
Comments! bl o - % bl o 5 %

{feosimec

Animate: Season --- Two Animate: Seasan --- Two Animate: Season --- Two E
weeks - One Day weeks - One Day weeks - One Day

SWE Change Snow Precipitation Snow Melt 5 638 Frames 94 Erames / Second
- :

Animate: Season --- Two Animate: Seasan --- Two Animate: Season --- Two
weeks - One Day weeks - One Day weeks - One Day
Rlmwinn Snowe Sihlimationn Snrface Suhlimatinn knn-Snow Precinitatinn
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nteractive Snow Information System

[Home]

[Snow Analyses]

[Time Series Quick Query]
[Text Product Quick Query]
[Climatology Quick Query]
[Interactive Help]

Physical element

Snow water equivalent v

Date

2 [0z v -]

Nearest available time
Overlays

M Basins

M HUCs (6-digit)

H RFC outlines

M Major rivers

M Rivers and streams

M Lakes and Reservoirs
M Roads

B National boundaries
State outlines

B CWA outlines

M County outlines
stations [El © Label
M Cities El @ Label
M Flight lines = @ Label
M Climate pts.] @ Label
M Discussion regions

M Disc. subregions
B Snow tiles

Map Preferences

Refresh screen

Cursor Mode @ Pan @ Zoom in © Zoom out @ Query EEGUINRNEET

Www.nohrsc.noaa.gov

v |Zoom 2K v

Extents
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P B o Wesls o
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o SIENS DARNS
o =]
GDET2
& CL o
a0.42° N, 2335 mi 04271
28717 W -B9.38° W.
Inches of snow water equivalent Elevation in feet (Not Estimated)
39t0 118 [ 0.98 to 2.0 > 13124
30to 39 0.39t0 0.98 11484 to 13124
20 to 30 0.20 to 0.39 8203 to 11484
9.8to 20 0.04 to 0.20 4922 to 8203
59t09.8 0.00 to 0.04 1641 to 4922
3.9t05.9 0.00 to 0.00 3to 1641
2.0103.9 Not Estimated m < 3
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Interactive Snow Information Syst

em

weather.goy
AEATH,
Cursor Mode @ Pan @ Zoomin © Zoom out @ Query BEGUNRINEETI T v |Zoom2x v
S113.97° W, Snow water equivalent for 2004 Navemhber 2, 10:00 Z ~104.13° Wy,
! € ] 4356° 1, 432 6 mi 43 55"
[Time Series Quick Query] e - = = u X
[Text Product Quick Query] o CI‘FWH SEPIl  pgpn =
[Climatology Quick Query] CRMI o
Interactive Hel
: " e R Snow Water Equivalent
AFRI1 o o :
I F o HUHMJ E pp =)
Refresh screen = a £ E ER o g o FTOWS o p m4 ST CrErd
—_— HWSIT  RFTIH =i 3‘: BSAW4 SPEW4 o 3 o bipers
. S © Kin o EMan 1 = SWEWS gETwg o a
Physical element = ThioFi 3 K GBFW4 = WHDWA 1 A
Snow water equivalent v GERIT = PREL T KIMEWA . o Slhna El a )
Date GRCUI TIKU1 a 3 o MANUT KCTD o HANW4 CHaws.
] o ; BITW4 o
TPKUT GRAWA
2004 e o R BULU1 JLIDWA o o SGEWA LR e KGLN
- . - %Hm o L=l H Coww4 o BBCW4 P— o
10:00 2~ N a GGRW shows 2 - CYsw
Nearest available time ) i e L AL Doavy . i = o )
Overlays 56.7 mi RIS - BPAC2 GORCEFRTCE DDMCZ ez capws o0 M
- } o o i g o RAWR2 o T
M Basins AHAmu - = iy Bz oo DALge  ZIRG2 o FoRC2 2
M HuCs (6-digit) i T HIR L o o oo NEVCZ O GRLC2
cOMU1 = 3 UINL g TOWG2 JWRC2 :
M RFC outlines o '%F'msm DEHUT " %r—_l‘l'.]n SURCz MBLCZ HON BURCZ Wiec2 il
- U Anacz ROPCz  RESCZ o égpcz Y
B Maior rivers e EGRCZ EEQ wiFEz “uvees
! CALUI VHGU1 Sy o g e 5 cnacz fo oz
M Rivers and streams oo 5 F'Im(cxci m@’ TLaCz SUMC-_JNPCE, b ﬁ. GLch n
M Lakes and Reservoirs TR s WHEL1 5 ? o
3 T omificz ATBCZ : GF'HCZ Cﬂffa_cz
M Roads TVWUI Uz4  SEWUI —— o 2 ’ CRiCZ mg'{umz# g EAGT2
o {ud
M National boundaries ESDUT B 3 e 0 ar ouAcHORez 0 GHEEED e
i Uzs EWCL F [=] { =
State outlines i rok o8 . s oAbz o @J& %’r‘“o ‘. o
B CWA outlines BLAL oML 7 chy JoRsz PRVC2 y .
o =]
M County outlines b * o e i A GUSCE cos
stations 1 © Label e fE anv avu ez G
. fvi . a o
M Cities E ® Label 533.8 mi 5836 1
M Flight lines = @ Label 104137,
H ciimate pts.] @ Label
M Discussion regions Inches of snow water equivalent Elevation in feet (Not Estimated)
M Disc. subregions
i a 39to 118 [ 0.98 to 2.0 > 13124
M Snow iles 30to 39 0.39t0 0.98 11484 to 13124
20to 30 0.20 to 0.39 8203 to 11484
Map Preferences 9.8to 20 0.04 to 0.20 4922 to 8203
Enalish units v 59t09.8 0.00 to 0.04 1641 to 4922
4 39t0 5.9 0.00 to 0.00 3to 1641
2.0t03.9 Not Estimated mm < 3
Legend below map
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Interactive Snow Information System

weather.gov
center AiRTa,
www.nohrsc.noaa.gov B
p % \"'?
Cursor Mode @ Pan © Zoomin @ Zoom out @ Query RS TGN | Zoom 1.5x v
Snow water equivalent for 2004 Mavermhber 2, 18:00 Z -106 B17° W,
L : | 249.3 mi 42313
[Time Series Quick Query]
[Text Product Quick Query]
[Climatology Quick Query] .
e ~-f Snow Water Equivalent
=
RKS ETW4 N
Physical element LT‘W‘; GRRW4 = a butilzc)
Snow water equivalent  + . SHOW4 SGEWY SAHw‘?.,
HalE ! coww4 DVDWA
2004 + | November = “ ERVW4
2 v|18007 v SRS :
Nearest available time RIEGS: g i, 61 1 mi
v KPRU '
M Basins r ol 2 Lorcz
FRTCZ :
B HUCs (6-digit) DBF'HCZ ° o
B RFC outlines Diali -
B Maijor rivers o 5 MBLC2 CAG DHLG?._, b
M Rivers and streams o " ° HDI‘T Taowcz
M Lakes and Reservoirs - srn v .
H Roads -~ o CRSCHRECE
M National boundaries RNGC2 e o 8 o
State outlines ARG, o o ‘15502 ,_WC:
B CWA outlines pracz EGRC2 . e
M County outlines st HCKCz2 F BLSC2
stations [El © Label e, . 3= S
M Cities El @ Label 395667 N, 259.4 mi 59 Fag"
M Flight lines ™= @ Label 1114847 1066177 W,
M climate pts.l] @ Label ——
M Discussion regions e : Inches of snow water equivalent Elevation in feet (Not Estimated)
B 390 118 I 0.98 to 2.0 > 13124
B Snowtiles 30to 39 0.39 to 0.98 11484 to 13124
20 to 30 0.20 to 0.39 8203 to 11484
Map Preferences 9.8to 20 0.04 to 0.20 4922 to 8203
59t09.8 0.00 to 0.04 1641 to 4922
neen L 3.9t05.9 0.00 to 0.00 3to 1641
20t03.9 Not Estimated m < 3
Legend below map
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Interactive Snow Information System

weather.gov

~“«_ National Operational Hydrologic Remot‘é;_ ensing Center s,
5 e www.nohrsc.noaa.gov A%
olel e 'p'?

Cursor Mode @ Pan © Zoomin @ Zoom out @ Query EEGUNIEETNEIGUTITY v | Zoom 1.5x |

-_111'.484“\{\#. Snowwa;tergquiva!entforED_Dal Movember 2, 18:00 -106 B17° W,
i Series Quick Q 1 42313 M. 2493 mi 42313
ime Series Quick Query] = 7 - 7 T P o = R Y = Ty = S
[Text Product Quick Query] \ P L ] & e = . o il L L

[Climatology Quick Query]
[Interactive Help]

Refresh screen

Physical element

Snow water equivalent v

Date
18:00Z .

Nearest available time
Overlays

Basins

M HUCs (6-digit)

B RFC outlines

M Major rivers

Rivers and streams

B Lakes and Reservoirs
Roads

M National boundaries
State outlines

B CWA outlines

B County outlines
stations [ @ Label 5 =¥ f el i, ! : R ! h
Cities El © Label 655" . Ami 59 Fag"
M Flight lines == @ Label 11 4B 108 8177

H climate pts. 1 ® Label B
M Discussion regions e Inches of snow water equivalent Elevation in feet (Not Estimated)
= O 3910118 [ 0.98 to 2.0 > 13124
B Snowtiles 30to 39 0.39 to 0.98 11484 to 13124
20to 30 0.20 to 0.39 8203 to 11484
Map Preferences 9.8to 20 0.04 to 0.20 4922 to 8203
59t09.8 0.00 to 0.04 1641 to 4922
3.9t05.9 0.00 to 0.00 3to 1641
20t03.9 Not Estimated m < 3
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Interactive Snow Information System

National Operational Hydrologic Remote Ser

Interactive Snow Inforr

[Home]
[Snow Analyses]

[Time Series Quick Query]
[Text Product Quick Query]
[Climatology Quick Query]

[Interactive Help]

Physical element
Snow water equivalent

Snow water equivalent
Snow depth

Snowpack temperature
Hourly snow precip.
Hourly non-snow precip.
Hourly surface air temp
Hourly solar radiation
Hourly relative humidity
Hourly surface wind
Daily depth minus normal
Daily SWE change

Daily snow depth change
Daily snow melt

Daily blowing snow subl.
Daily surf. subl./cond.
Daily ave snow temp.
Daily snow precipitation
Daily non-snow precip.
Daily ave rel. humidity
Daily ave surf. air temp
Daily solar radiation

Daily ave surface wind
Satellite snow cover

Sat. snow cover (AK)
Freezing degree days
Thawing degree days
Monthly depth normal
Elevation
Forest density
Land-water mask

Map Preferences

English units +

Legend below map

Refresh screen
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BE————— oH

1811 mi
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"‘4. i \“'?
v |Zoom 1.5x v Extents
Snow water equivalent for 2004 Mavermhber 2, 18:00 Z -106 B17° W,
-  2493mi ) ) b2
N il s --——i_-'__=/ I Tt N A e

weather.gov

39.655" M.
S111 4547 W,

39.685"
-106 6177 W,

39to 118
30to 39
20 to 30
9.8to 20
59t09.8
3.9t05.9
2.0t0 3.9

Inches of snow water equivalent

[ 0.98 to 2.0
0.39 to 0.98
0.20 to 0.39
0.04 to 0.20
0.00 to 0.04
0.00 to 0.00
Not Estimated

Elevation in feet (Not Estimated)

> 13124
11484 to 13124
8203 to 11484
4922 to 8203
1641 to 4922

3to 1641

< 3
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New Climate Diagnostic Tools

e Interactive climatological information in SNOW-Info
— New capability added this year

« Two types of information

— Maps: Monthly Normal Snow Depth

« NCDC 1961-1990 Climate Atlas for U.S.
— October through April

— 4 km resolution

— Based on 5525 stations used in the NCDC U.S. Snow Climatology (TD-9641M)

» Note: Completed through 1996; when complete to 2000 normals maps for 1971-2000
can be produced

— Stations: Daily Snow Depth Climatologies
« NCDC TD3200 Cooperative Summary of the Day

— 4000 first-order and cooperative observer stations

— SNOW-Info database currently extends to 1970, eventually to 1948

HRSC National Hydrologic Program Managers Conference ¢ New Orleans « December 6-10, 2004
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New Climate Diagnostic Tools
I\/Ionthly Normal Snow Depth 1961 1990

 SNOW-Info includes
— monthly normals maps

— daily NSA departure-from-normal maps
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New Climate Diagnostic Tools
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New Climate Diagnostic Tools
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New Climate Diagnostic Tools
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New Climate Diagnostic Tools

e weather.goy
National Operational Hydrologic Remote SensingiGenter SiATH,

S - www.nohrsc.noaa.gov
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Summary

e National Snow Analyses (NSA)

— Snow modeling and data assimilation system for U.S.

 Overview of the data, modeling framework and products

— New Snowpack SHEF Products

e Interactive Snow Information System (Snow-Info)

— Web-based mapping and data querying system for NSA
information

» Overview of functions and capability
« New Climate Diagnostic Tools in Snow-Info
— Monthly normal snow-depth maps for U.S.

— Daily departure-from-normal snow-depth maps for U.S.

— Snow-depth climatology and NSA time-series for 4000 stations
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