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Satellite-based Microwave Snow
Algorithm (SMSA)

e Estimate snow depth using AMSR2 and static

ancillary data
a purely space-based approach

* variable #1 snow detection
* variable #2 snow depth estimation



AMSR2M1
‘ granule/swath ‘

Screens:@b{T)REeophs (G)

- Erroneous@b{T)

- Bad®bRalibrationsHT) \

- BadBatellite@ttitudedT) o . ANy
- PermanentfcedG) ‘ Granulel

- Land:BnowdmpossibledG) | Flags® Tphys

- Oceanf{G) —_ (lat/lon)  estimator
- Lake@Vater:Efrozen/unfrozeni =

(G/T)

- Tibetan®lateaulagdG/T)

Forest \_ NoBnow/
atten/emis.@ WetBnow
correction T

ol n%BOIZﬂa
maprchive

c
O
o
Q
)
O
=
o
c
7
o
Z
=
5

Dyn “JmicEinter‘fmediate‘
pa ram eter@ataBtores

GRAINE
SIZER
estimator

DENSITY®
estimator

DMRT-ML

SWHE SD Retrieval

Rollfn%ﬂOEia;Enow
depthBrchive

SWER
calculator




Variable #1: snow extent

Variable #2: snow depth

Once identified where the snow is, we perform the retrieval

e DMRT-ML (Picard et al, 2013) Inverted:
— Snow temperature (Kelly et al. 2003, updated)
— Grain size (Kelly et al. 2003)
— Snow density (Kelly et al. 2003)
— AMSR2 Tbh36V & Tb18V GHz

 SWE is a natural bi-product (SWE = snow depth x density)
e Tphys (+/- 5K)
— 62.4-0.05*v18+0.84*v23-0.40*h36+0.41*v89 [k] (Kelly et al., 2003)




Sturm & Benson (1997) J. Glac.
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e DMRT-ML: dO grin size (Picard et al, 2013) Inverted:

— Tphys determines Kinetic or equi-temperature growth regime
— Kinetic: use dO:

* R,=0.98 mm

* Rp=0.2mm

e a= 0.02 mm/d
— Equi-temperature growth rate is constant

* ETGR =0.0001 mm/d



Grain radius (dO) progression 1 Oct 2012 — 31 May 2013
[mm]




Spectral Profile

Grain size 1 March2013
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Estimating density

What do you need to track to achieve this?
— Is it moderate / deep snow? [Detection]
— Number of snow days in the last 10 days
— Initial fresh snow density (Hedstrom and Pomeroy 1998) ~0.097 g cm™
— Which Sturm et al (1995) seasonal snow class?
— Upper and lower limits of early to late season snow (Sturm et al. 2010)

/¥ Sturm Classe: Maritime, Prairie, Alpine*/
denminmax[Zz '-'- 18 0.217 -:I:- , 0.58979, 0.5940, Q.5975, /¥ Maximum densi ty */

/* Initial density */

— Rapid densification over initial 5 days to lower limit in Sturm snow
class

— Use a simple logistic growth curve after day 5.

d(rho)
dt

= a4(rhoy, — rhog)exp(ay t)



Density progression 1 Oct 2012 — 31 May 2013
(kg m=)




The Retrieval

1 layer DMIRT-ML model

Infinite background (difficult to parameterize
soil background for DMRT at this time)

Stickiness tau (7) is set to 0.3

Forward mode estimates
—Tb18: V& H
—Tb36: V& H



Look-up table Inversion

The retrieval inversion. Method:

A. In 2003 we used a polynomial inversion of DMRT
look-up table

SD =a(Tb18V-Tb36V)? + b(Tb18V-Tb36V) [cm]
where a & b specified by grain size and density

B. DMRT-ML constrained minimization using Tb18-
Thb36 (V or H) from a look-up table

Real time DMRT-ML code implementation = intractable




Constrained minimization

* Iteratively sweep the DMRT-ML single layer LUT with a
constrained range of snow depths around first guess (t-1)
snow depth

e TbXX_ is DMRT model
e TbXX,is AMSR2-observed

 Minimization function between observed and LUT (model):

— D, , is snow depth at t-1

* SweepRange = f((Th18,, — Th36,,) — (Th18, — Th36,))
fis an inverse exponential decay function — maintains inertia

* minD=D, ,-0.25*SweepRange
* maxD=D, ,-0.75*SweepRange
— For each increment between minD and maxD we estimate diff. The
minimum diff Is the SD

diff = {(Th18,, —Th36,,) — (Th18, — Th36,)}



Snow depth progression 1 Oct 2012 — 31 May 2013
(cm)




Evaluation

* Seasonally aggregated daily metrics for NH
e Seasonally aggregated station metrics for NH



Evaluation: aggregated daily global metrics

RMSE MBE MAE n
17.80 (20.85) -4.27 (-7.26) 13.63 (15.32) 185,228
18.69 (23.99) -4.62 (-8.55) 13.93 (16.51) 186,306

RMSE MBE MAE n
20.18 (23.26) -4.01 (-8.09) 14.71 (17.34) 174,716
21.31 (30.56) -4.47 (-11.60) 15.09 (20.47) 175,581
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Evaluation

* Seasonally aggregated daily metrics for NH
* Seasonally aggregated station metrics for NH

400 Stations with >100 days of snow in the winter 2013-14



Evaluation: aggregated station metrics

MAE # of stations
15.36 456
15.58 457
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Evaluation: aggregated station metrics

MBE MAE # of stations
-6.23 16.90 400
-6.27 16.93 400
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JAXA Validation approach
global...

v2 V3

[WMO _ALL] Jul.2012-5ep.2014 ; Des,/'Asc, IWMO ALL} Jul,2012-5ep.2014 : Des,/Asc.
- Mae o - . AxZrew ko .

"Asc/Dsc"

Num, = 213752 Num, = 213137
R = 0.343 : " R = 0304
RMSE =~ 24.756 : RMSE = 24.195
Bias = -4.904 . Bias = -11.340
MAE « 17.970 o . IS & MAE = 17,114
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Matchup result for V2 & V3_verO4(SIBERIA_site:2012-2015)

Node v2 V3
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"Time series V2"

"Time series V3"

[SIBERIA] 2012/10/01-2015/05/31
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Conclusion

SMSA retrievals are improvements over current standard algorithm
— Snow mapping is better

— Evaluation metrics indicate that the snow depth estimates are improved but it
depends about how you do it!

* Snow depth patterns are better: mid latitude bias under evaluation

Notes

e DMRT-ML LUT is tractable.
— Single layer for mid-latitudes is probably adequate. High latitude less so.

* Processing is time sequential (not snapshot)
— Tolerant to <=10 days missing data.

e OQutputis L2 granule SD (JAXA) on lat/lon (L3 is PSG).
— Internal memory storage is EASE2 (SD, SWE, GS, Density, Tphys)
* Product testing at JAXA continues (including uncertainty assessments).
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