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Key Messages

=" Shnow matters: NWP, climate, hydrology, society
= Reporting of snow data is increasing but ‘no snow’ reports lacking

" |n-situ measurements (know a lot about a point) or broader picture from
remote sensing

= Currently underutilizing observations BUT exciting opportunities ahead
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Why snow matters
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Water Resources Research

Water and life from snow: A trillion dollar science question

Matthew Sturm’ ., Michael A. Goldstein2 -/, and Charles Parr!

!Geophysical Institute, University of Alaska-Faitbanks, Fairbanks, Alaska, USA, *Finance Division, Babson College,
Wellesley, Massachusetts, USA

Abstract snow provides essential resources/services in the form of water for human use, and climate
regulahon in the form ofenhanced coolmg ofthe Earth In addmon it suppons a thrlvmg winter outdoor
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https://www.science.org/doi/full/10.1126/science.1117368
https://www.nature.com/articles/nature04141
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017WR020840

Snow parameters

OSCAR

Observing Systems Capability Analysis and Review Tool

| Home | Observation Requirements | Space-based Capabilities | Surface-based Capabilities §anaysisd ... . bm™ ys)
— Z : : ; : : e Variables
Overview : Variables : Requirements | Layers | Themes | Application Areas
: . : ' ' Snow cover
List of all Variables Snow status (wet/dry)

Snow water equivalent
This table shows all variables.It can be sorted by clicking on the column headers. The filter on the right allows to display only

. ¥ | I Sea-ice surface characteristics
specific variables. Filter instructions &

Snow depth
Id & Variable . Domain ¢ Measurement , Definition Uncert. Required fi W
name unit v Units Precipitation type at the surface
318  (13)CH4 Delta Atmospheric %o 3D field of Delta C-13 in CH4 (Methane) (isotopic signature) % Hydrometeor type
chemistry M

No SWE sensor
at these
resolutions =>
some in-situ
depth + snow
cover

Requirements depend on application e.g. snow water equivalent (mass):

Daily, 100m resolution, 5mm uncertainty (Hydrology)
Vs

Hourly, 500m resolution, 5mm uncertainty (high resolution NWP)
Vs

Daily, 1km resolution, 10mm uncertainty (Climate monitoring)
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https://space.oscar.wmo.int/

shnow depth

In-situ

Photo credit: Nick Rutter
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> How are these data used in NWP?



= MetOffice. Global SYNOP BUFR reporting
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= MetOffice Global reporting of zero snow depth

S. Pullen

LNDSYB:SNOW DPTH
20181220/00002-20181220/23592

December 2018

Good uptake in Europe

Some in China, S. America
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=> \Why does zero snow s
depth reporting matter?
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Why getting the snow right matters

A B
Surface energy fluxes Hydrology c Carbon Cycle
Precipitation
Diffuse solar \ - i
iati i h vaporation
st Interceptlon_:f e P Photosynthesis Autotrophic
£ Momentum fiux respiration
© O e
2 wind speed
Direct g’ﬁ 0 [V
solar -1 = T irati
radiation ranspiration
o << 3 Transpiration
[ =] L=
= = ®
Reflected 55| = 3 .
solar o® o >
radiation Ablsorbed 8? ; 5 Foliage .
= E=i uy 2 4
radiation uEJ B2 e 3

e

Sublimation

Melt T
Snow

Throughfall / @ Eitte‘rfa"
stemflow
Evaporation Heterotrophic

respiration

Surface runoff

_—

Infiltration

Mine'rali‘zatlbn
J Drainage

g
T p No_rthurpbria
Bonan et al. (2008), Science '||| E?&e;:ﬂ

naf



http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.579.7273&rep=rep1&type=pdf

cECMWF Snow data assimilation OSEs

P. De Rosnay

—_—

—

X

Z2T: NH 20° to 90°

Winter 2014-2015 (December to April) - Assess the impact of the snow observing system

0- OL (no snow data assimilation)

1- Snow DA: SYNOP+IMS v v
2- Snow DA: SYNOP+Nat (all in situ) v v
3- Snow DA v v v

Impact on T2m Forecasts:
Normalized RMSE for T2m FC difference compared to
the reference (no snow DA)

................. Ref (no snow DA)
SYNOP+IMS (1-0)
SYNOP+Nat (2-0)
SYNOP+Nat+IMS (3-0) -> oper

=> Patricia De Rosnay
Weds 3pm

Best T2m Forecast when all observations,
combining in situ and IMS, are assimilated.




Position of layer boundary (cm)

In-situ vs remote sensing

Can know a lot about a little snow (in-situ) but may not be
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Rutter et al., JGR-Earth Surface (2014)

=> Remote sensing offers (global)
measurements at more useful scales....
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Cline, D., R. Armstrong, R. Davis, K. Elder, and G. Liston. 2002,
Updated July 2004. CLPX-Ground: ISA Snow Pit Measurements
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https://doi.org/10.5060/D4H41PBP
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013JF003017

Remote sensing: snow depth

Airborne Snow Observatory
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https://airbornescience.jpl.nasa.gov/news/aso-%E2%80%93-airborne-snow-observatory-11
https://airbornescience.jpl.nasa.gov/news/aso-%E2%80%93-airborne-snow-observatory-11

Remote sensing: snow cover

MODIS bands 1-7 « Daytime, cloud-free conditions
'  snow * Resolution 10-100s metres
0.8} A _vegetation « Can use spectral mixing theory
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https://www.sciencedirect.com/science/article/pii/S0034425709000777

@ Met Offlce C. Charlton-Perez and S. Pullen Trial sets HSAF “Partial snow” to snow-free

" Control (06Z) Trial (062)
Analysis increments snow amount 16/12/2019 Analysis increments snow amount 16/12/2019
Min = -30.202967 Max = 9.248086 Min = -32.043007 Max = 9.815017
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Ground-based Synop network

*snow depth
«state of ground (snow or no snow)

Satellite data from MSG-SEVIRI

«EUMETSAT H-SAF (H31) daily
snow cover product




a NH Snow Mass

1

What about snow mass?

Mudryk et al., J. Climate, 2015

GlobSnow: passive microwave +
assimilation of station snow depth

(microstructure estimate) 0 . . . .. N
ONDJFMAMJ

Dataset Abbreviation Snow scheme Land model Forcing data Resolution

GlobSnow GS Satellite passive microwave + in situ® 25km

ERA-Interim/Land E Simple HTESSEL ERA-Interim 3/4° X 3/4°

MERRA M Intermediate Catchment MERRA 1/2° X 2/3° [y Northumbria

. o o University
Crocus C Complex ISBA ERA-Interim 1° X1 NEWCASTLE

GLDAS-2 G2 Simple Noah 3.3 Princeton Meteorological 1° X 1°


https://doi.org/10.1175/JCLI-D-15-0229.1

In-situ observations: show density
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Remote sensing: snow mass

* Snow scatters microwave radiation

« Sensitive to snow mass +
microstructure

 New models (e.g. SMRT) to
understand microwave scattering

 New microstructure measurement
techniques (SMP, micro-CT, infrared
reflectance)

= Interpret satellite observations

(past + present)

— Alan Geer
Fri 4pm
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https://www.smrt-model.science/

Underutilization of data 54 GHz

(c) MetOp-A AMSU-A channel 5, summer (d) MetOp-A AMSU-A channel 5, winter
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Lawrence et al., QJRMS, 2019
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https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/qj.3628
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Photo credif: Mark Robinson
(Airtask)

In-situ snow properties + SMRT + ARTS atmosphere
=> good comparison with airborne data
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Coupled land-atmosphere data assimilation?




Summary + Perspectives

= Get snow right! => mass / energy atmosphere exchanges
= zero snow depth reporting matters!

" In-situ measurements: know a lot about a point, representative?

" Remote sensing data: greater coverage but hard to interpret

= 100m-1km SWE requirements challenging but new sensors on horizon

= Microwave observations are underutilized for NWP

= We are making huge advances in understanding snow (mature enough for coupled DA)

= We have 40+ years of microwave data: invest in people to use it
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