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SMAP Level-4 Soil Moisture Analysis
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SMAP Level-4 Soil Moisture (L4_SM) NasA
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36-km brightness temperatures surface precipitation
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| Version 7
Avg.=0.13 K

Tb O-F Residuals Nasa
Tb O-F residuals can independently verify short-term forecasts of simulated Thb.

O FTb Mean (Apr 2015 -

- Mar,2022)

Long-term mean and stdv
generally well behaved.

O-F Th: Standard Deviation (Apr 2015 — Mar 2022)
= e —

;{-,—"”' = I

Version 7

Avg. = 5.02 K
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Tb O-F Residuals (July 2022)

Yanco, Australia (Lat=34.86S, Lon=146.16E)
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Tb O-F Residuals (Jul-Sep 2022)

Yanco, Australia (Lat=34.86S, Lon=146.16E)

SMAP outage

(safe mode event)
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Tb O-F Residuals (Jul-Oct 2022)

Yanco, Australia (Lat=34.86S, Lon=146.16E)

SMAP outage

(safe mode event)

Large offset in Tbh O-F residuals after SMAP outage.

Soil moisture looks reasonable (not shown).

EARTH SCIENCES



Tb O-F Residuals (Jul-Oct 2022)

Yanco, Australia (Lat=34.86S, Lon=146.16E)

SMAP outage

(safe mode event)

Large offset in Tbh O-F residuals after SMAP outage.

Soil moisture looks reasonable (not shown).

wet period
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Tb O-F Residuals (Apr 2015-Mar 2021) NAsA

Yanco
(Australia)

w
[==]

N
o

Tb O-F residuals depend
on soil moisture?!?!
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Applies to H- and V-pol
and both Versions 6 & 7.
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Tb O-F Residuals
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Applies elsewhere (although not everywhere).

X
b
O
L=
O
-

NASA

Monte Buey
(Argentina)

0.05 0.1 0.15 0.2 0.25 0.3
daily surface sm [m3/m3]

EARTH SCIENCES



First Attempt to Fix the Problem

The L4_SM algorithm assimilates departures from the mean seasonal cycle of Th:

“‘O-F" = (Tb_obs — <Tb_obs>) — (Tb_model — <Th_model>)

Additionally scale with seasonally varying (time series) stdv of Tb (“assimilate Z-scores"):

“O-F” = (Tb_obs — <Tb_obs>) / stdv[Tb_obs] — (Tb_model — <Tb_model>) / stdv[Tb_mod]
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First Attempt to Fix the Problem NasA

Also scaling the stdv of Tb:
* Eliminates systematic error in Th O-F but reduces soil moisture dynamic range (less obs impact).
* Reduces ubRMSD for surface soil moisture at core sites but also degrades correlation metrics.

Yanco, Australia
* Th mean scaling only ubRIV!SD v. SMAP Core Site SM (M09) R.v. SMAP Core Site SM (M09) anon.1R v. SMAP Core Site SM (M09)
_ g N_sites: surface = 18, rootzone = 6 N_sites: surface = 18, rootzone = 6 N_sites: surface = 18, rootzone = 6
* Th mean & stdv scaling .0 ——— .00 .00

B Thb mean scaling only
B Th mean & stdv scaling

Surface Root Zone Surface Root Zone Surface Root Zone
Soil Moisture = Soil Moisture Soil Moisture = Soil Moisture Soil Moisture = Soil Moisture

(Results may be unreliable b/c of a minor bug in test setup. Would need to re-run to find out.)
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Second Attempt to Fix the Problem

Improve the L-band radiative transfer model (RTM), a.k.a. the “tau-omega” model?
Or at least make it more self-consistent?

L4 SM V7 uses select microwave RTM parameters from SMAP L2 retrievals:
* Soil roughness
« Scattering albedo
« Seasonally varying climatology of vegetation opacity

However, differences in the RTM parameterizations remain...
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Tau-Omega Model: L2 vs L4

. |L2DCARetrievals (R17, R18) L4_SM Version 7

Soil dielectric mixing model Mironov Wang & Schmugge

Rough surface reflectivity:
o rough = POIMIX, - exp (-h - cos* 6) X=2 x = fn( land cover, pol. )

polmix, = [Q-Iy, smooth t (1 - Q) Tgsmootn] Q =0.1771 - h Q =0 (no polarization mixing)

Teff = K - [ Tsoil2 + C:(Tsolll - Tsoil2) ] Teff = Tsoill
C =0.246 (6am)
C=1 (6pm)
K =1.007 (1)
Tsoill, Tsoil2 from GEOS-FP

Effective physical temperature

HWSDv2.1, STATSGO, FAO
Soil texture SoilsGrid250m
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Tau-Omega Model: L2 vs L4
_ [L2DCARetrievals (R17,R18) ___|L4 SMVersion7

Soil dielectric mixing model Mironov Wang & Schmugge

Rough surface reflectivity:

Mo rough = POIMIX, - exp (-h - cos* 6) X=2 x = fn( land cover, pol. )

polmix; = [Q-Tp smooth + (1 - Q) Tqsmootn] Q =0.1771-h Q =0 (no polarization mixing)

Teff = K- [ Tsoil2 + C-(Tsoill - Tsoil2) ] Teff = Tsoill
C =0.246 (6am)
C=1 (6pm)
K =1.007 ()
Tsoill, Tsoil2 from GEOS-FP

Effective physical temperature

HWSDv2.1, STATSGO, FAO

Soil texture SoilsGrid250m Tried clay fraction from
SoilsGrid250m. = No change.
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Tau-Omega Model: L2 vs L4

. |L2DCARetrievals (R17, R18) L4_SM Version 7

Soil dielectric mixing model Mironov Wang & Schmugge

Rough surface reflectivity:
o rough = POIMIX, - exp (-h - cos* 6) X=2 x = fn( land cover, pol. )

polmix, = [Q-Iy, smooth t (1 - Q) Tgsmootn] Q =0.1771 - h Q =0 (no polarization mixing)

Teff = K - [ Tsoil2 + C:(Tsolll - Tsoil2) ] Teff = Tsoill
C =0.246 (6am)
C=1 (6pm)
K =1.007 (1)
Tsoill, Tsoil2 from GEOS-FP

Effective physical temperature

HWSDv2.1, STATSGO, FAO
Soil texture SoilsGrid250m
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Tau-Omega Model: L2 vs L4

_________ |l2DCAReievalsRi7ZRI |

Soil dielectric mixing model Mironov

Rough surface reflectivity:

o rough = POIMIX,, - €xp (-h - cos* B) X =2
polmixp = [Q'rp,smooth +(1- Q)'rq,smooth] Q=0.1771-h

Teff = K - [ Tsoil2 + C-(Tsolll - Tsoil2) ]
C =0.246 (6am)
C=1 (6pm)
K =1.007 (1)
Tsoill, Tsoil2 from GEOS-FP

Effective physical temperature

Soil texture SoilsGrid250m

Mironov

X=2
Q=0.1771-h

Teff = Tsoill

HWSDv2.1, STATSGO, FAO
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Third Attempt to Fix the Problem NasA

Scale soil moisture inputs to microwave RTM:
SI:MCRTM =ar SI:MCCatc:hment +b (1)
where a and b are derived from Catchment and L2-retrieved soil moisture.

Global 36-km resolution (M36) results shown next for:

OLv7 =L4 SM V7 Open Loop (M36)
DAvV7 =L4 SM V7 (M36)
DAnewRTM = As in DAV7 but with revised RTM (Mironov, rough reflectivity params)

DAnewRTMsmsc = As in DAnewRTM plus scaling of soil moisture inputs to RTM as in (1)

All DA experiments have custom Tb scaling parameters. Mean Tb scaling only (no Tb stdv scaling).
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Core Site Validation (M33)

ubRMSD v. SMAP Core Site SM (M33) R v. SMAP Core Site SM (M33) anomR v. SMAP Core Site SM (M33)

N_sites: surface = 18, rootzone = 8 N_sites: surface = 18, rootzone = 8 N_sites: surface = 17, rootzone = 7
0.07 BoL 1.00 1.00
\Y

EDAv7
CIDAnewRTM

BDAnewRTMsmsc 2 pEn
1 i
Ii = : : I
|7 i .I—-I_'I-. - .
Surface Rool Zone Surface Root Zone Surface Root Zone
Soil Moisture = Soil Moisture Soil Moisture | Soil Moisture Soil Moisture | Soil Moisture

New RTM improves surface soil moisture ubRMSD with minimal loss of skill in
correlation and root-zone soil moisture ubRMSD.

Scaling soil moisture inputs to RTM further improves surface soil moisture ubRMSD but
more noticeably degrades correlation and root-zone soil moisture ubRMSD.
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Sparse Network Validation (USCRN, SCAN, ...) NasA

« At sparse networks, new microwave RTM has neutral impact on skill w.r.t. L4 _SM V7 (not shown).
* Possible explanations:
« L2 system calibrated to core site locations.

» “Good” results at core sites are just luck of sampling from few sites.



Anomaly R Skill Differences (IVs ASCAT) Nasa

20 DAnewRTMsmsc|

minus
DAv7

-120

-90

) SRSy
-
& T = | 1 L

m'ef’gn = -&%058,%1ediar?o= —0.06%2

New RTM does not change skill
comparedto L4 SM V7.

Similar result with additional scaling of

soil moisture inputs to RTM.

Same results with straight difference in

R values vs ASCAT (as opposed to 1Vs).
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Stdv Tb O-F N@sﬁ

New RTM improves stdv of Th O-F
residuals by 0.2 Kw.r.t. L4 _SM V7.

DAnewRTM
minus
DAv7

-120 -90 60 - 30 60 90 120
A Stdv Tb O-F [K )=0.213)

On balance, similar result with scaling of

DAnewRTMsmsc! § o Gl soll moisture inputs to RTM.

-120 -90 60 -30 0 30 60 90 120 150
A Stdv Tb O-F [K] (avg=-0.217, avg(abs)=0.312)
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Tb O-F Residuals (Apr 2015-Mar 2021)

Yanco
(Australia)
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Tb O-F residuals depend
on soil moisture?!?!
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Th O-F ReS|duaIs

15 ¢ 19023301 Tb O-FH_A

101 - _
X CH -
o 0 Nl
- 1 N
w ﬁI\hﬁ*“ﬁtzﬁ
O-10 = I -
2 . Carman Monte Buey

201 .

20 (Manltoba) (Australia) (Argentina)

23 04 006 008 0.1 012 014 0.16 0.18 012 0.‘22 90 0.65 Oj’l 0.1 O.ll 5 0.‘2 0.‘25 013 0.I35

15 16033302 Th O-FH_A 15 ¢ 16073302 Th O-FH_A Surface soil moisiure [m3/m3]

6~ DAV7

| ISR DAnewRTM New RTM and soil moisture
= o #ﬁ | =&~ DAnewRTMsmse scaling slightly reduce (but
E I S I A \ — s | by no means eliminate) the
TR A an L systematic error in Tb O-F
o N i tl ] idual
o Ft Cobb LT st South Fork - resiauals.

" (OK) 207 (1A) o _ _ _

20 . ‘ ‘ N . . . . Note impact on soil moisture

0.1 0.15 0.2 0.25 0.3 0.35 0.2 0.25 0.3 0.35 0.4

dynamic range.

Surface soil moisture [m3/m3] Surface soil moisture [m3/m3]
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Summary Nasa

» Soil moisture scaling depends on L2 retrievals and appears invasive for relatively little benefit.

« For L4 _SM Version 8, plan to switch RTM to Mironov and the L2 parameters for rough reflectivity.

 To do:
» Verify results with small-domain M09 data assimilation (in progress).
« GEOSIdas release with RTM changes.

« Keep working to eliminate systematic error in Th O-F residuals.
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