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Snow Products Specifications

Spatial Temporal Latency | Implementation EO Product
Product Type . Coverage : . e
Resolution | Coverage Time Priority Sensors Availability
Snow extent, . 35N — 72N MODIS, Operational,
Pan-European 2 RN LTS 11W - 50E SECEY Sentinel S3 in near real time
Alps, Nordic :
Snow extent, : ' : MODIS Operational,
regional 220 — SO | (DY, tl5EEn Bag‘;:ea =i ey Sentinel S1, S3 in near real time
Alpine
Snow extent, monthly, full valleys, Sentinel 2, Pre-operational,
local 25-50m year small AOIs <L EEY (Landsat) in near real time
(on request)
Snow Water
Equivalent (Low _ Dalily, dry 35N — 72N Operational,
res) Pan- L= [ snow season | 11W — 50E SECEYE Sl AR in near real time
European
: ASAR :
Daily, . : Operational,
Melting snow area 100 m Spring/Summ REFEEl <1 day EIBiTEE), in near real time
: local Radarsat-2 o
er/Fall/Winter : (Scandinavia)
Sentinel S1
Operational for
Stat'St'C".il Snow HRU / basin Daily Local <1 day -- pred_eflned .
Information hydrological basins,
in near real time
Snow Surface . . MODIS, Pre-operational,
Wetness 1000'm 25y el SL0RY Sentinel S3 in near real time
Snow Surface . Regional, MODIS, Pre-operational,
Temperature RO DEN local <L CEY Sentinel S3 in near real tim
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Processing chains — general remarks

CryoLand includes a network of product

Processing chains have been upgraded during the

project lifetime and made more robust

processing hosts
* Processing chains for
fully automated

operational products are

Processing chains are verified with respect to

performance, robustness, etc.

Area & Time Of Interest

Search and Download

Surface
Classification

NASA LAADS FTP

MODIS Calibrated
Radiance Product
(MODO21KM)

MODIS Geolocation
Product (MODO3)

MODIS Cloud
Product (MOD35_L2)

‘—I

MODIS
Reflectance
Observations

g

v

Reflectance
thresholds

/

Orbital Information
of geometrical |

Reference Scene
(multitemporal
average) R
co-, cross-pol.

Absolute Calibration

Digital Elevation
Model

ion of
* Layover / Shadow Mask
*Map of Incidence Angle

SCAW processing chain for the Alps
Nveo ) ~
enveo E@X =

Satellite
TOA Data
Ortho-
-
Cloud Mask Cloud detection 1 Cloud free
—_—
Topographic correction of TOA
(optional)
Binary Snow Classification .
< OpenWater - Endmember Selection - Bma’rnyaSnow
GlobCover =y (Forests, unforested separately) P
Forests Fractional SC calculation using
\ ) spectral un-mixing
Fractional
Snow map

OO0

Data preprocessing
Geographic
Latitude
Classification threshold map

(Radiometric calibration &
SCAmod Algorithm

Conversion to Reflectance)
A\ A\
Pixels Classified Surface
Classification

1]

Binary Snow ¢ / NDSI
as Snow
Transmissivity
Map
Fractional Snow Map /

CryoLand

Metadata Files

v

Upload to CryoLand Server &
Integration into CryoLand WebPortal

FSC processing chain for the Alps
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Pan-European Fractional Snow Cover
Product

Product Specifications: Prodxt Rangs 1-162

Product Range 11-260%

_ Tl B Product Range 21-30%
Domaln B Product Range 31-40%

o o o [o} I Froduct Range 41-50%
72°N 11°W - 35°N 50°E . Procuct Range S1-66%
Product Range E1-70%

— Projection: LatLon/WGS84 ~ wm product. Range 71-om

Bl Froduct Range 81-90%

— Pixel size: 0.005° (ca 500 M) mmmmm———=__
— Latency: < 1 day "

Status:

— Sensor: MODIS
(Backup VIIRS, Sentinel-3)

— Uncertainty map (unbiased
RMSE) provided for each
daily product

— Archive of Daily Snow
product from 2000-Today

— Fully Operational NRT for
Winter 2013/14

CryolLand pan-European FSC product, 4/3/2013

Planned for the next seasons — proposed as Core Service to Copernicus Office eO



Uncertainty Map for Pan-European
Fractional Snow Cover Product

_PanEu

anEu

Product Range &%
Product Range 1-16%
Product Range 11-28%
Product Range 21-38%
Product Range 31-46%
I Product Range 41-58%
Product Range 51-66%
Product Range 61-76%
B Product Range 71-86%
B Product Range 81-36%
B Product Range 91-168%
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Uncertainty Map for Pan-European
Fractional Snow Cover Product

i Legend & Download 0 About 0 Help

_PanEuropean

RASE per Pixel 0-4%
RMSE per Pixel 5-8%
RHSE per Pixel 9-12
RMSE per Pixel 13~16%
RISE per Pixel 17-20%
RMSE per Pixel 21-24%
RMSE per Pixel 25-28%
RMSE per Pixel 29-32%
RMSE per Pixel 33-38%

W RMSE per Pixel 37-46%

B RMSE per Pixel 41-188%

| PanEuropean_Microwave
PanEuropean_Microwave

_PanEuropean

2013-02-21 2013-02-24 2013-02:A73-02-28 2013-03-09

20130312 2013-03-15 2013-03-18 2013-03-21
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Snow Extent Product Quality Assessment <"

Quality Assessment of Snow
Extent Products is performed
in different environments:

 Fractional SE products from
high resolution optical

Images:

» Very High resolution
images ( IKONOS,
SPOTS5, Quickbird,
WorldView-1/-2)

* Landsat TM/ETM+

* In-situ snow transects
measured operationally by
SYKE in Finland
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Optical Images - Landsat TM/ETM+ -
In-situ snow transects
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Accuracy Assessment of SE Products

Pan-European FSC
versus In-situ Snow
transects
Finnland

High and Very High resolution Images
provide detailed snow information in
mountains and forests (sparse->dense)
and enable the quality assessment of
CryoLand SE products in these areas.

SCAmod FSC validation against snow courses; years 2003-2010
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Accuracy Assessment of SE Products

High and Very High resolution Images

Pan-Europ(_ean FSC provide detailed snow information in

SNOWPREX — TTHE SATELLINTE SNOW PRODUECHIS
INFERCONMPARISONAND EVALUATION
EXERCISE

0 01 02 03 04 05 06 07 08 09 10 (unforested)

106714 089 eo”




Pan-European SWE Product

Product Specifications: R
—_ Domaln Snow Water Equivalent  1-50 mm w.e.

O Snow Water Equivalent 51-100 mm w.e.

720N 110W _ 350N 50°E N Snow Water Equivalent 101-150 mm w.e.

W Snow Water Equivalent 151-200 mm w.e.
B Snow Water Equivalent 201-250 mm w.e.

— Projection: LatLon / WGS84  wm srou uster equivalent 251-300 mn v.e.

B Snow Water Equivalent 301-350 mm w.e.

— Pixel size: 0.1deg; ca 10 Kk s swov teter Eauivalent 2512400 mn v.c.
— Temporal resolution: Daily

— Latency: < 2 days

Status:

— SWE products from
previous periods have still
a smaller extent, but will be
updated gradually

Algorithm based on H-SAF
and GlobSnow, new
processing and data
delivery

Based on passive
microwave observations
and ECMWF weather
station data

Planned for the next seasons — proposed as Core Service to Copernicus Office eo

CryoLand pan-European SWE product, 4/3/2013




Standardized SnowPack Indicator (SSPI) —

derived from Pan-European SWE Product

CryoLand & Layers Leg
Product Specifications: — AVQ 10 days
— Domain: .
72°N 11°W — 35°N 35°E
— Projection: LatLon / WGS84
— Pixel size: 0.1deg; ca 10 km
— Temporal resolution: Daily

— Latency: < 2 days

Status:

— information on the relative volume of
the snow pack on a 10 daily and 30
daily (monthly) basis compared to the
reference period 1979 — 2010

— standardized values between -3 and 3
calculated from time series of daily
snow water equivalent in mm of water
(=kg/m2 of snow)

— Product based on H-SAF and
GlobSnow




Regional FSC product for the Alps

Product Specifications:

— Domain:
Full Alpine ridge and lowlands

— Projection: LatLon / WG S84,
or as requested by users

— Pixel size: 0.0025 deg; ca 250 m
— Temporal resolution: Daily
— Latency: < 1 day

Status:
— Sensor: MODIS Operational version of the Alpine fractional snow cover map
(Backup VIIRS Sentinel-3) from Terra MODIS data of 4 March 2013
. . , Product Range %
— Archive of Daily Snow Product Range 1-16%
_ Product Range 11-20%
product from 1 October 2012 rochct R 2191
Present W Product Range 31-4i%
. ; B Froduct Range 41-56%
— Fully Operational NRT for Winter Product Range S1-66%
2013/14 0 Product Range 61-70%

B Product Range 7F1-00%
B Product Range S1-56%
B Product Range 91-100%

—_—

Enveo.



Wet Snow Covered Area for the Alps

Product Specifications:

— Domain: Full Alpine ridge and lowlands

— Projection: LatLon / WGS84, or as requested by users
— Pixel size: 0.001 — 0.002 deg; ca 100 m — 200 m

— Temporal resolution: Weekly (could be improved to 2 — 3 times / week depending on
Sentinel-1 data availability

— Latency: < 1 day

Status:

— Demonstration Snow products generated from
archived Envisat ASAR data available

— Processing chain is fully implemented in ENVEO's
in-house developed software

— Input data from Sentinel-1 needed to re-start
operational product generation

— Start of operational wet snow service for
Alpine area from Sentinel-1 data planned for
melting season 2015

Product example of wet snow extent in the Alps from —

Envisat ASAR data (red: wet snow; yellow: radar shadow) ﬁ_\;gab\
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Wet Snow Map Procedure

Reference Scene
WET Snowlmage (multitemporal
5, co-, cross-pol. average) R
co-, cross-pol.

Orbital Information
of geom etrical
Reference Scene

' I

¥

Digital E levation Absolute Calbration Absolute Calibration
Model T
Co-registration <
¥ Speckle Reduction

] (SAR Speckle Filter)
Generation of

* Layover | ShadowM ask ¥

*Map ofincidence Angle Ratio: S /R

for co-, cross- pol

! OPTIONAL
Geocoding —— 1 OW LOOKAMNGLE

|
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Ascend, / / Descend.
| |
HIGH LOOKANGLE '"T"" '"T""
L 4 l l
( Layover /foreshortening O—b Classification Rule | E::; ET;:E Tp(purgt:gl'la}l

v

( Land Cover Map 0—. Segmentation

I

Map ofWet Snow
Areas




Snow Products for Baltic Sea Area and

Scandinavia
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Operational Snow Products:

« Daily FSC product (500 m) from optical data
(MODIS) for Baltic Sea Area (SYKE)

« Multi-sensor (MODIS & SAR) / multi-temporal
FSC product for Scandinavia (NORUT / KSAT)

« Wet snow covered area from SAR data for
Scandinavia (Norway) (NORUT)

BHEEEHAEES

Regional fractional snow cover map from
MODIS and Radarsat-2 of 16/5/2013

Demonstration Snow Products:

« Snow Surface Temperature (1 km) from optical
satellite data (MODIS) for southern Norway
(NR)

« Snow Surface Wetness (1 km) from optical
satellite data (MODIS) for southern Norway
(NR)

STS for South Norway on 11643#‘\2;%15:“



