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« ESA DUE GlobSnow project: Production of novel hemispherical snow extent
(SE) and snow water equivalent (SWE) climate data records.

» Generation of long time-series employing FMI supercomputing facilities at
Helsinki (daily, weekly and monthly maps of SE and SWE for northern
hemisphere) + NRT demonstration

« Consortium members: Finnish Meteorological Institute (FMI) with ENVEO IT
GmbH (Austria), GAMMA Remote Sensing (Switzerland), Norwegian
Computing Center, Finnish Environment Institute (SYKE), and Environment
Canada (EC). + Univ. Bern, MeteoSwiss, ZAMG & Norut

e GlobSnow-1: 11/2008 — 01/2012 (3 years)
» GlobSnow-2: 05/2012 — 05/2014 (2 years)

 Details and products available at www.globsnow.info

=
=
7

&

\ w‘:\“" o -'"'_--_ -*— MNorsk e
\‘:-_: . e n V e O a GAMMA REMOTE SENSING —— Regnesentral I&I Erwironment  Environnement
: —-— ’ " SY KE Canada

Canada

/-'

[

%/((


http://www.enveo.at/
http://www.nr.no/
http://www.gamma-rs.ch/
http://www.environment.fi/
http://www.ec.gc.ca/

ll
30 year-long CDR time-series on snow conditions
of Northern Hemisphere (ESA-GlobSnow SWE)

First time reliable daily spatial Weekly average SWE estimate for, 19980315 SWE
information on SWE (snow cover): 50 W [mm]

1250

- Snow Water Equivalent (SWE)

- Snow Extent and melt (+grain size) -

- 25 km resolution (EASE-grid)

- Time-series for 1979-2011
Passive microwave radiometer data L
combined with ground-based
synoptic snow observations ;

- Variational data-assimilation 1%
Available at open data archive
(www.globsnow.info) 50
Demonstration of NRT processing
started on October 2010

9 free

Greenland, glaciers & mountains %
masked out 90°E

water,
mountain
Takala, M., Luojus, K., Pulliainen, J., Derksen, C., Lemmetyinen, J., Kdrn3, J.-P, Koskinen, J., Bojkov, B., “Estimating northern hemisphere snow water equivalent for
climate research through assimilation of spaceborne radiometer data and ground-based measurements”, Remote Sensing of Environment, Vol. 115, Issue 12, 15
December 2011, doi: 10.1016/j.rse.2011.08.014
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HUT snow emission model within SWE retrieval

(2) Weather =5
st.obs. (SD) - iy

(1) Satellite
observation

(3) Kriged grain size
background & gs
* variance map

o variance 3008015

(5) Vegetation
background map

D/SWE estimate

‘ HUT emission model applied -
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SWE retrieval (data assimilation vs. channel diff.)

 Density scatterplot (assimilated vs. satellite only SWE)
 Ground truth datais INTAS SCCONE SWE transect data
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Consistency of SWE retrieval 1980 - 2009

 RMS error and retrieval bias calculated independently for each year 1980-2009
» Reference data: snow transects from Russia (INTAS-SCCONE)

RMS-Error of SWE retrievals for the evaluated years: 1980 - 2009
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GlobSnow Snow Extent (SE) dataset

] - - — |

» 17 years SE data record produced using optical imagery from ESA ATSR-2
(1995-) and AATSR (2002-2012) on a hemispherical scale.

« SYKE’s SCAmod method for fractional snow cover mapping implemented for
Northern hemisphere covering all non-mountainous terrain, mountains
estimated using NLR algorithm developed by NR

* A novel Cloud detection algorithm by SYKE & ENVEO (snow — cloud discr.)

» Retrieval methodology developed especially for forested regions — basically a
challenge for optical methodologies

Operational data production at the Finnish Meteorological Institute (FMI)
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Dally, weekly and monthly products

Optical data ~ 1km spatial resolution

Finnish Meteorological Institute 4.1.2013 8
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Examples of monthly products, 2010

GlobSnow Snow Extent Product Fractional Snow Cover (FSC) - Steps of 1% in product Layer-1 values when FSC is not retrieved
Doy AIYRGASG Fractionsl S :— D - - - - - -
Cover (MFSC) 0% Water Glacier Too low Missing or  Cloud Snow retrieval No snow
o ey angle  invalid satelite algorithm  retrieval
] -] — Version 1.2 product  forsnow  data breakdown  algorithm
WWW.GLOBSNOW.INFO time frame  retrieval applicable
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Difference between GlobSnow & NASA MODIS products
Key essential difference seen on forested regions!

(NASA product handicapped)

Forest map

Published in: Metsamaki, S., Mattila, O.-P., Pulliainen, J., Niemi, K., Luojus, K., Bottcher, K. "An optical reflectance model-based method
for fractional snow cover mapping applicable to continental scale”, Remote Sensing of Environment, Vol. 123, August 2012, pp. 508-521.



A
ESA GlobSnow-2
further enhancing SE & SWE retrieval methodologies

e Algorithm development: emission model, variable snow density,
homogenization of WS data on SWE; new sensors for SE, etc...

e Combining PMW SWE product with high resolution SE data
e Reprocessing of long term SE & SWE time series

e SWE algorithm developmen of GS-2 -> H-SAF & CryolLand projects

. 250
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GlobSnow — data for climate research purposes
requirements: long term & hemispherical
- slides by:

Luojus, Pulliainen, Takala, Ikonen (FMI)
C. Derksen, R. Brown (EC)

Finnish Meteorological Institute 4.1.2013 12
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Simulated vs. Observed Arctic Show Cover — CMI
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Historical + projected (8 CMIP5 models; rcp85 scenario) and observed (NOAA snow
chart CDR) snow cover extent for April, May and June for land areas north of 60°.
Snow covered area is normalized by the maximum area simulated by each model.

2100

 NOAA observations are mostly within +1 standard deviation of the multi-model ensemble

in April and May, but start to diverge from the model consensus in recent years.

Marked reductions in June SCE observed since 2005 fall below the zone of model
consensus defined by +/-1 standard deviation from the multi-model ensemble mean.

Derksen, C Brown, R (2012) GRL

13



A

Changes in Snow vs. Sea Ice Extent

Northern hemisphere June snow cover and Arctic sea ice extent, 1979-2012
14

12 A

Extent x 10% km?
& &
e

/ Sept seaice

June Sea Ice
June Snow Cover
—— Sept Sea Ice

2 T T T T I I
1980 1985 1990 1995 2000 2005 2010

* For 1979-2012, June SE decreasing at rate of -17.6% per decade (relative to 1979-2010 mean)

» September sea ice extent is decreasing at -13.0% per decade. Derksen, C Brown, R (10.10.2012) GRL

» Estimated decay in radiative forcing (cryospheric cooling) receive nearly equal

contributions from land snow cover and sea ice

(Flanner et al. 2011 — Nature Geoscience Letters, March 2011) y
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SWE estimate, 20030115 SWE estimate, 20030215
a0"W 90" W

GlobSnow SWE Lin
"observation data’ !’g*@n '
available as Ry
daily/weekly/ N o
monthly products

SWE estimate, 20030415
90°W
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Hemispherical trenc

Average monthly snow mass on January for Northern Hemisphere SWE FPS v1.3
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Averaga monthly snow mass on February for Northern Hemisphere SWE FPS v1.3
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CMIP5 vs. GlobSnow SWE (January & February)

x10”  Mean terrestrial snow mass on January for Northern Hemisphere
T
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Mean January Snow mass from studied CMIFP5-models (trend: -1.2% per decade)
Ensemble mean +/- SD

Ensemble trend for the satellite era 1982-2005

GlobSnow, satellite-based, snow mass for January

GlobSnow, satellite-based, linear trend for January (trend: 0.5% per decade)
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CMIP5 vs. GlobSnow SWE (March & April)
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fffff Ensemble mean +/- SD

Mean March Snow mass from studied CMIP5-models (trend: -1.7% per decade)

Ensemble trend for the satellite era 1982-2005

GlobSnow, satellite-based, show mass for March

GlobSnow, satelite-based, linear trend for March (trend: -2% per decade)
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Indexes for climate change and hydrology:
Use of SWE information in regional scale

« SSPI: Standardized SnowPack Index as indicator for drought

F 4 0 § F % ¥ W W H B % o o I T I T N I I -

Monthly Average SSPI Winter 2005 - 2006

| sitemap | Legal notice | Contact | Search
e

ols > EDO MapViewer

EDO HOME CURRENT DROUGHTS DATA & TOOLS SITE MAINTENANCE EDO TOOLS

MapViewer Compare Dates ‘Compare Indicators i i F: of EDO Indi ilability of Maps in Archive Layer Def _
B European Drought Products = E‘ g‘ @ g g i‘ @I @ ﬁ‘ 5 g i‘ fljl m g ﬂ 3‘ &I . en - English [=]

& soil moisture

W oW

T W 0 o oF
N
T W 0 o oF

B Precipitation

vi|2012[=] M: o [&] T:|1st [£]

TS: |- |*

4 '.‘.'? LU I

T W W
T W W

P T TR T R P T TR )

December 2005 January 2006

I T I T N I I -

) @ & Monthly Rainfall

w 1 5PI at SYNOP stations

W @ i SPIBlended and Interpolated

# i Standardized Snow Pack
@ Indicator (FMI - 5F)

o W

< lcm
I ssPl>= 2.00

I 1.50 <= SSPI> 2.00
[ 1.00 <= SSPI> 1.50'
[ | -1.00 <= §SPI> 1.00
[ 1.1.50 <= SSPI>-1.0G
[ -2.00 <= SSPI > -1.5G
I ssPi<-2.00

[ No Snow

I o Data

1-10cm

B 10-25cm

m

T W W0 o o
N

B 25- 50 cm
B 50-75cm
M 75- 100 cm
Bl 100 - 125 cm

M > 125cm

4 PR M NN

W W W

B vegetation response

P T TR )

March 2006

B prought-related products

Tan-day period: | 2012-10, 1st[w]

& s 1 Combined Drought
Indicator

No layer selected

I Eurpean Dm@ﬁw\sw}y\@um 2012

B From Drought Metadata Catalogue L4



-

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Albedo determined from GlobSnow SWE using the albedo
formulation of ECHAM-5 climate model (MPI Hamburg)

Results for 30-years time frame
Input data: GlobSnow microwave Snow Water Equivalent (SWE), SYKE forest
transmissivity maps, GlobCover land use, terrain topography, 2 m temperature
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Example on GS product
use:

Change of radiation flux at the
top-of-the-atmosphere as
estimated by ECHAM-5
simulations based on
GlobSnow input

Trend in corrected all—sky flux at TOA (W m—2 / 28 yr)

Jar uary (avg=-—0.002)
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Annual estimated methane emission from Siberian permafrost areas

* By combining satellite data on snow melt and land cover

with model/re-analysis data on near surface air temperature (annual flux from
wetlands for 625 km? pixels)

Wethane Flux in 1991 for Permafrost Areas (Mtfyear)

High net emission
from wetlands
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S inability ?
ustainability ~

e GlobSnow is the only effort in Europe working on long-term RS
records of snow cover, (other initiatives -> NRT focused)

o After the end of GS-2 (“May 2014)
e The existing GS-derived datasets will be hosted by FMI

* No further development of methodologies dealing with long term
dataset issues, e.g. sensors changes, homogeneity of data,
reprocessings of long term FCDRs (Petabytes of data)

e GlobSnow SWE record is widely recognized outside Europe as well:
Canada, US & Chinese collaboration

 Need for RS-based ECVs: validation/assessment of climate models,
climate change monitoring, water resource monitoring

Finnish Meteorological Institute 4.1.2013 23
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o, Related links

Press Releases r _ ' GlobSnow
ESA Television r 'r.{ Snow cover hits record lows ' GlobSnow Mewsletter
Launch Media Corner - - 3 December 2012 *Workshop on European
Exhibitions v . Santa Claus may someaday need Satellite Snow
- wheels for his sleigh — satellites Manitaring
fees show a decreasing amount of snow Perspectives
Calendar k in the Morthern Hemisphera. 'Climate Change,
Publications E Impacts and
Frequently asked 5 A new analysis of snow cover “ulnerability in Eurape
oz ochserved by satellites shows record 2012
Eca od lows in Eurasia for June each year m
-sponsor r - -
= 5|n::F?DDI8. In E||-IddltIDI'I.- three n; tlhe B e
past five years have seen record low  _tont reductions in the
Help * cover in North America. 2008-2012 period
Site Credits k c Ital o exceeding climate
Dortal tarms of uze , onowy Italy T_h|5 is the !D'.".I'EEt June snow extent model projections
since satellite cbservations began . : - h
Comments b some 45 years ago. June snow cover is found to be falling much EEt“,T'atmg [EEram
- - A . hemisphere snow water
Subscribe v faster than expected from climate madels, and is disappearing equivalent far climate
S even quicker than summertime Arctic sea-ice. nla:lsearch Sl

assimilation of
space-borne radiemeter

These results, published in Geophysical Research Letters in
Dl:tnbe.r and based on snow I:I'I.EI.'t dat.a Frn::m the US Natic\n.al e e
Cceanic and Atmospheric Administration (NOAA], are consistent measurements

with indications of a decline in monthly-average snow mass, r £ limat
published |last year as part of ESA’s GlabSnow project. SEL I -

[ BOOkMHARE B & = The results show that the maximum amount of snow across the ' .
Northern Hemisphere is slowly falling, while spring snow — \ .

particularly at high latitudes — is melting significantly earlier.

GlobSnow produced a long
time-saries of snow mass
from 1979 to 2012, as well as T ——
a time-series of snow cover T
from 1955 to 2012. {

i

The snow mass time-series is
the first daily dataset of its
kind for the Northern

Hemisphere that extends over z

. . L 1 1ol o 2
30 years and is from satellite - Sl v :
sensors measuring Earth's Changes in snow cover and sea-ice

microwave emissions.

Infoermation on snow mass and area is used to monitor and
understand changes in seasonal snow cover that are important
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