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Obijective

To be able to access NASA snow cover and snow water equivalence
(SWE) data useful for climate monitoring and for water resources
management, e.g. snow-fed river management.
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Outline

« Remote Sensing of Snow
 NASA Snow Products from Satellites and Earth Systems Models

« MODIS Snow Data Products and Access
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Definitions

Sea Ice

What is ice?

 When a mass, layer, or surface of water freezes into
a solid at cool temperatures

What is show?

» Deposition: when water vapor freezes directly into
ice crystals Snow on Mountains

7, o e

« Snowflakes are the aggregation of many ice
crystals

« Snowfall is when snowflakes precipitate out of
clouds
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Need for Snow Measurements

Snow covered areas are important
for:

 Starting of and remaining snow
coverage

 Reduction in show cover
 Rate of snhowmelt
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Snow Dominated Regions of the
World
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Figure courtesy Tim Barnett (Scripps Inst. Ocean)

Applied Remote Sensing Training Program



Remote Sensing Approach

Sun Measured
| .
Solar ~0% Sensor [ signal
H -
Irradiance  “/1\ —— . Data
--Radiance downlink

" at instrument
Snow-covered surface

influences reflected/ Atmosphere ﬁ
emitted radiation (scattered, emitted) |

— Surfag(reflectaemiﬁed) Calibrated Slgna|

Energy is emitted by the Sun as well as planet sources
The energy is transmitted and scattered by the atmosphere and reflected from the surface

The imaging sensor responds to the energy (L) within a field-of-view and spectral range

Sensor signal is digitized and relayed to the ground and recorded
The signal is calibrated, processed, and analyzed to answer the questions of interest
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Snow Properties

* Snow covered surfaces affect
albedo — fraction of solar
radiation reflected back into
space

» Size of snow particles influences
albedo

Baker Lake

« Snow cover can highly vary in
space-time
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Single Scattering by Snow Particles
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Credit: Tom Painter (NASA- JPL)
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Multiple Scattering by Snow Particles
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Snow Reflectance

Satellite sensors measure solar
radiation scattered by snow

Credit: Tom Painter (NASA- JPL)
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Benefits of Remote Sensing Measurements of Snow Cover

» Surface-based snow sensors
collect point measurements and
fail to provide accurate spatial
distribution of snow cover

 Snow sensors do not cover the
highest mountain elevations

 Remote sensing provides
continuous spatial coverage and
provides observations in hard to

-120.25 =120 -119.75  -1195 -119.25

reaCh areas Fractional snow cover from Landsat TM on July 2 and 18,
2011

Credit: Karl Rittger (University of California-Santa Barbara)
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NASA Snow Products from Satellites and Earth
System Models




‘ NASA Snow Products Available from Satellites

* MODerate Resolution Imaging
Spectroradiometer (MODIS)

« 500m spatial resolution

« ~daily temporal resolution

Terra

Aqua

Snow covered area

* Snow albedo

* Snow grain size

» Dust/BC radiative forcing

* Visible Infrared Imaging
NPOESS Preparatory Radiometer Suite (VIIRS)
Project (NPP) - Suomi 750m spatial resolution

« ~daily temporal resolution

Landsat Data Continuity Operational Land Imager (OLI)
Mission (LDCM) (launch 30m spatial resolution
Feb 2013) » 16 day temporal resolution
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‘ NASA Snow Products: Models

Snow Product m Spatial Temporal

Snow Fall (kg/m?/second) ~ MERRA* * 0.5°x0.625", monthly
(1980-02/2016)
Snow Depth

.+ 0.125°%0.125° and 1°x1°,
Snow Mass GLDAS-NOAHR 3-hourly (1948-05/2016)

Snow Water Equivalent* (kg/ * 0.125°x0.125° and 1°x1°,
m2or m) SIDHASANOn 3-hourly (1948-05/2016)

*MERRA: Modern-era Retrospective Analysis for Research and Applications
*Snow Water Equivalent is the depth of water to which a snowpack melts down
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MODIS Snow Data Products and Access




MODIS Snow Cover Data Products

» High resolution, daily coverage

* 1999 — present MODIS bands 1-7

« Available at 500m and 0.05° ' snow
« There are two snow cover products 0.8 vegetation
based on MODIS Spectral Reflectance: g o6 sil
— Standard MODIS Product Fractional §
Snow Cover T 04
— MODSCAG (MODIS Snow Covered 02|
Area and Grain-size) Product )
- Fractional snow cover, grain size, 0 /0-5 " b > .
snow water equivalent (SWE) ' wavelength, um '

Credit: Tom Painter (NASA- JPL)
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MODIS Standard Products

http://nsidc.org/data/modis/data summaries#snow

Snow Cover

Version 6

The following Version 6 snow cover data sets are currently available at NSIDC. This table will be updated as new data sets
are released. NSIDC will continue to distribute Version 5 until Version 6 reprocessing is complete.

Spatial Temporal
Version pa Parameters
Resolution Resolution
MYD10_L2 6 MODIS/Aqua Snow Cover 5-Min L2 500 m 5 minute Snow Cover
MOD products are
MOD10_L2 6 MODIS/Terra Snow Cover 5-Min L2 500 m 5 minute Snow Cover

fro m Te rra a n d Swath 500m, Version &
MY D a re fro m MYD10A1 6 MODIS/Aqua Snow Cover Daily L3 500 m 1 day Albedo, Snow

Global 500m Grid, Version 6 Cover
Aq u a MOD10AT 6 MODIS/Terra Snow Cover Daily L3 500 m 1 day Albedo, Snow
Global 500m Grid, Version 6 Cover
MYD10C1 6 MODIS/Aqua Snow Cover Daily L3 0.05 Deg 1 day Snow Cover

Global 0.05Deg CMG, Version 6

MOD10CT 6 MODIS/Terra Snow Cover Daily L3 0.05 Deg 1 day Snow Cover
Global 0.05Deg CMG, Version 6

MYD10A2 6 MODIS/Aqua Snow Cover 8-Day L3 500 m 8 day Snow Extent
Global 500m Grid, Version 6

MOD10A2 6 MODIS/Terra Snow Cover 8-Day L3 500 m 8 day Snow Extent
Global 500m Grid, Version 6
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‘ MODIS Standard P

Near-Real-Time SSM/I-SSMIS EASE-Grid Daily Global Ice Concentration and Snow Extent
Temporal Coverage 1995-05-04 to continuous

Parameter Ice Extent | Sea Ice Concentration | Snow Cover
Data Format HDF-EOS
Summary Notice (04/2172016): On 04/05/2016 a change in the solar panel position to shade the nitrogen

tank on board the Defense Meteorological Satelite Program (DMSP) F-17 sate

MODIS/Terra Snow Cover 5-Min L2 Swath 500m
Temporal Coverage 2000-02-24 to continuous

Parameter Snow Cover
Data Format HDF-EOS
Summary This data set reports the location of snow cover based on the Normalized Difference Snow

Index (NDSI) and a series of screens designed to alleviate errors and flag un

MODIS/Aqua Snow Cover Daily L3 Global 500m Grid
Temporal Coverage 2002-07-04 to continuous

Parameter Albedo | Snow Cover
Data Format HDF-EOS
Summary This data set contains daily, gridded snow cover and albedo derived from radiance data

acquired by the Moderate Resolution Imaging Spectroradiometer (MODIS) or

MODIS/Terra Snow Cover Daily L3 Global 500m Grid

Temporal Coverage 2000-02-24 to continuous

Parameter Albedo | Snow Cover
Data Format HDF-EOS
Summary This data set contains daily, gridded snow cover and albedo derived from radiance data

acquired by the Moderate Resolution Imaging Spectroradiometer (MODIS) or

MODIS/Terra Snow Cover 8-Day L3 Global 500m Grid
Temporal Coverage 2000-02-26 o continuous

Parameter Snow Extent

Data Format HDF-E0S

Summary This data set reports the maximum snow cover extent during an eight-day period in 1200 km x
1200 km tles. Ties are generated by compasiting 500 m observations from t More Detail
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roducts: Access

Available to Download from National Snow and Ice Data Center
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Data are in HDF format

* FTP jpg images of Level-2
and Level-3 snow cover

Download by using Reverb
or Earth Data Search (user
registration required)
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MODIS Standard Products Access from Reverb

http://reverb.echo.nasa.qgov/reverb/

Reverb | ECHO

NASA’s Earth Observing System ) 2
Data and Information System . s —~3 X The Next Generation Earth Sclence Discovery Tool
EOSDIS Home | ReverbHome About Tutorial Shopping Cart (0)  Order Status  Service Request Status  Sign In

Step 1: Select Search Criteria 4]
‘Spatial Search |y} Search Terms ()

Temporal Search gl

Swath, Daily, and
Monthly products are

available

START
[ VYYY-MM-DD HH:MMSS | Clear

END

[ VYYY-MM-DD HH:MMSS | Clear

Click and drag to set a bounding rectangle
B Imagery ©2016 NASA | Terms of Use | Report amap error. * 2l times must be specified in CMT

Search by ESRI shape file G Date Range | Annual Repeating Dates

¢ L3 Gicbal 0.05Deg CMG VDOS
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Near Real-Time MODIS Snow Cover

http://lance-modis.eosdis.nasa.qov/

@ GODDARD SPACE FLIGHT CENTER + Visit NASA gov

LANCE-MODIS

-MODIS has two standalone systems that use
different network routes. It is expected that this redundancy will reduce the system downtime to less than 1%.

Whereas the standard MODIS forward processing acquires 2-hour LO files for Aqua and Terra from EDOS
within 7-8 hours of real time, LANCE-MODIS acquires session-based LO files from EDOS and the end of the
session is available within 10-30 minutes after real time. LANCE-MODIS uses the Terra attitude and
ephemeris data entrained in the LO data. However, for Aqua the attitude and ephemeris data are acquired
from the EDOS rate buffer. All of the MODIS Level 1 (L1), L2, and L3 products generated by LANCE-MODIS
have been modified to add "NRT" metadata to the filenames to enable the products to be distinguished from
the MODIS standard forward-processed products. LANCE-MODIS acquires all of the ancillary products from
the data suppliers. The production rules for some of the science codes have been relaxed with respect to
these ancillary data to allow the data products to be generated within 3 hours of real time.

Data products are archived in a rolling archive for 7+ days and are available for distribution by direct access to
the FTP sites.

LANCE-MODIS Details:
® Hardware Configuration

® Data Flows for MODIS
® Distribution and Latency Metrics

Webmaster: Shriram llavajhala

+ Privacy Policy and Important Notices NASA Official: Ed Masuoka

National Aeronautics and Space Administration
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Near-real Time MODIS Snow Cover
http://lance-modis.eosdis.nasa.gov/

Level-2 Swath Data 500m and 5km Resolution Snow Cover

L2 Snow 1:32
Cover, 5-Min ||MOD10_L2 0.26 0:46 (é)
Swath 500m L2 Snow

L2 Coarse g:’s’x;e N/A 07

Snow Cover, . 1:32
5-Min Swath MOD10L2C 0.17 0:46 @)
5km
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3:14

Aqua

L2 Snow
Cover, 5-Min
Swath 500m

MYD10_L2

0.26
L2 Snow

L2 Coarse
Snow Cover,
5-Min Swath
5km

MYD10L2C

Cover
Browse

N/A

07

1:47
(25)

3:30
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1:47
(29)

3:30
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MODSCAG Snow Products

Uses the MODIS surface reflectance
bands

Matrix inversion to retrieve fraction
of snow cover in each pixel

Also determines the grain size and
albedo of that fractional snow cover
(giving what modelers want, not the
composite)

More accurate than the standard
MODIS snow cover
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Credit: Tom Painter (NASA- JPL)

Applied Remote Sensing Training Program

23



MODSCAG Snow Data Products Examples

MODSCAG retrievals, Sierra Nevada, April 1, 20015

Snow Grain Size

A

& 100% Snow Cover
(] 100% Vegetation Cover
) 100% Rock Cover
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Credit: Tom Painter (NASA- JPL)
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MODSCAG Data Access

http://snow.jpl.nasa.qov/portal/

Available from JPL Snow Data Server

Jet Propulsion Laboratory BRING THE UNIVERSE TO YOU
California Institute of Technology

NASA

Publications Media

Data Access

1o access snow data products and how to
use them.

Thank you for your interest in data dissemination from the JPL Snow Server. We have several forms of data
access, the most refiable of which is WebDAV-based dissemination, in which you download our products in

GeoTH

Welcome to the Snow Data System

About This Site....

To gain WebDAV-based access, pleaze email snowds-dovjpl.nasa.gov with the subject line "[DATA ACCESS
REQUEST]" and a brief description of y
Latest Images process  new account for you in a smely fashion. Thark yeu!

WATER
RESOURCES
RESEARCH

rea of work and the products you would like o access. We wil

Documentation |

Ploaze see the MODSCAG and MODDRFS help pages for detaled information sbout these products.

Snow Map (Experimental) |

This experimantal map overlays data from muliple remote sensing and in situ scurces to provide &
comprehansive picture of znow ard ice propertis.

Western Energy Balance of Snow (WEBS) Data |

Chris M

Latest News

28Now fow Vi & N
28N View Viestern Energy Balance of Snow data plotted by station and parameter.
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MODSCAG Data Access

http://snow.jpl.nasa.qgov/portal/data/map/

sizer, : Home - Data -« Snow Map

Publications

s EASe, @ Grain Size [ Dust Forcing g Clouds (RGB

Regions: Alaska @ United States  High Asia () Australia

Powered by SnowDS anc Apache OCOT ~— Tiles: © £S5

Snow Cover Graln Size Dust Forcing Clouds
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‘ MODSCAG-Derived Snow Water Equivalence

 Derived from snow cover, grain size, and albedo
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Credit: Tom Painter (NASA- JPL)

https://instaar.colorado.edu/uploads/

research/labs-groups/mountain-

hydrology-group/

20140216 _real_time _swe_report.pdf
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MODSCAG Application

Water Resources

Integration of Precision NASA Snow Products with the Operations of
the Colorado Basin River Forecast Center (CBRFC) to Improve
Decision Making Under Drought Conditions

National Aeronautics and Space Administration

Decision Making for River Basin

Management

— MODSCAG

— Snow and Dust Radiative Forcing
Information

— Colorado Basin River Forecast Center
(CBRFC)

Credit: Tom Painter (NASA- JPL)
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Limitations of MODIS Snow Data

 No mapping under cloud cover
» Geometric considerations

* Noise considerations

National Aeronautics and Space Administration
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SMAP Freeze/Thaw Product




Detecting Freeze/Thaw State with Microwave Remote Sensing
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Detecting Freeze/Thaw State with Microwave Remote Sensing
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24 September 1998
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|
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|
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15 May 1998 28 June 1998 24 September 1998
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SMAP Freeze/Thaw

. Indlcate'_s, whether the land April 1, 2015 April 13, 2015
surface is frozen or
thawed (includes snow
melt)

» Characteristics
— 36km resolution
— Spatial repeat every 3
days
—Binary measurement
indicating frozen or
thawed

IN36 offset: 3 (20150401 Descen ding) IN36 offset: 3 (20150413 Descen ding)
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Demonstration of JPL Snow Server




