European High-Resolution
Soil Moisture Analysis

Jasmin Vural', Stefan Schneider?,
Bernhard Bauer—MarschaIIinger2,
Alexander Gruber®, Klaus Haslinger1

1Zentralanstalt fiir Meteorologie und Geodynamik; Vienna, Austria

2Department of Geodesy and Geoinformation, TU Wien; Vienna, Austria
3Department of Earth and Environmental Sciences, KU Leuven; Belgium

ZAMG
/\ %neenlterg’lglnosgt?eltuféié EUMETSAT fellow day m

73 Geodynamik Darmstadt, 02.03.2020 EUMETSAT



Overview Surface model Observations DA system Atm. forecast Water balance Summary 2/13

Overview

e High-resolution soil moisture observations + surface model

= European soil moisture product
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Overview

e High-resolution soil moisture observations + surface model
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Data assimilation with SURFEX

SURFEX Offline Data Assimilation (SODA)
> simplified Extended Kalman Filter

orographic friction

Snow processes :
Bulk to detailed
snow process
models

Aerosols:
chemical emission
aerosols, dust,

(@© Masson et al. 2013
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Data assimilation with SURFEX
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Data assimilation with SURFEX
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Observations: SCATSAR-SWI

a) 25km ASCAT SSM | Evening Coverage
MetOp-A ASCAT | 2017 07 23
-

c) Tkm SCATSAR-SWI | T=5 | Daily Coverage
Sentinel-1A+B & MetOp-A+B ASCAT | 2017 07 24
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b) 1km Sentinel-1 SSM | Full Day Coverage

Sentinel-1A+B | 2017 07 2
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e grid sampling: 1.0 km*
e daily availability
{ ——— e vertical levels: 8

*provided freely via the Copernicus Global Land Service

(@© Bauer-Marschallinger et al. 2018
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*provided freely via the Copernicus Global Land Service

(@© Bauer-Marschallinger et al. 2018
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Observation error: Triple Collocation Analysis

2

e Estimation of error variances o

of soil moisture signal ;e

Oobs = 0 + /Betrue + €
= 062

= Kalman gain:

K=BH (HBH™ +R)™!
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Observation error: Triple Collocation Analysis
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The data assimilation system

( atmospheric forcing x

AROME SODA
forecast

& surface initialisationj
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The data assimilation system

( atmospheric forcing x

AROME SODA
forecast

& surface initialisation)

e Austrian domain
e April to September / June 2018
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The data assimilation system

( atmospheric forcing x

AROME
forecast

SODA

A\

surface initialisation)

WG;

T2m . g -
> verification
RH> .,

e Austrian domain
e April to September / June 2018

e Global vs. local observation error
e 25 km vs. 1.25 km
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Global vs. local obs. error
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Overview Surface model Observations

Global vs. local obs. error

scaled:

> In average same magnitude as
global o

> To test for dependence on
spatial error distribution

unscaled:
> &~ 3 time smaller than global o,

> Forecast more humid & colder

RMSE (2m relative humidity)

BIAS (2m relative humidity)

DA system Atm. forecast Water balance Summary 7/13
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2.5 km vs. 1.25 km

e DA impact larger than mere

interpolation

e Night time degradation due to

model dynamics
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2.5 km vs. 1.25 km
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2.5 km vs. 1.25 km
_1g] © 2s00mayno o H
. * 2500 m, dyno, ij . .
e DA impact larger than mere £ | Seomam ¥ :
. . E 164 - 1250m dynl . .
interpolation 2 ! :
o : H :
. . . £ 14 5 )
e Night time degradation due to ¢ o .
q £ L ol
model dynamics d 124 ! Oonie
9 Cegst. Y
Z 104 : . T
00 03 06 09 12 15 18 21 00 03 06 09 12
e Forecast dryer & warmer Time [UTC]
e Improvement for day time < 2500m, ayno e
= 10.09 « 2500 m, dyno, ip T
) § 751 2500 m, dynl gt '_'
e In average: improvement for e’ 1250 m. dynt. 1 :
< 5.0 4 L]
RHop, (neutral for Toy,) e . .
S 254 L . s
2 0.0 :
.U 1 s .
§ ' :
o 251 LB .
9 cleg,
= -5.01 S c
-7.5 T T T T T T T T T T T T
00 03 06 09 12 15 18 21 00 03 06 09 12
Time [UTC]

Jasmin Vural

European High-Resolution Soil Moisture Analysis

EUMETSAT Fellow Day 2020



Overview Surface model Observations DA system Atm. forecast Water balance Summary 9/13

Water balance

o WB~RR—ET(T)

e Temporal averaging: exponential
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Water balance
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Water balance

WB ~ RR — ET(T)
Temporal averaging: exponential
Compute SWI ~ #%

Test minimum/maximum values
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Water balance

WB ~ RR — ET(T)

Temporal averaging: exponential

wb—wbp,in
Whbmax—Wbmin

Compute SWI ~

Test minimum/maximum values

Use findings for comparison with
soil moisture analysis

05 06 07 08 09 10
normalised water balance
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Verification of soil moisture analysis against water balance

I
0.00 0.05 0.10 0.15 0.20 0.25 0.30
UbRMSE
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Verification of soil moisture analysis against water balance
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Verification of soil moisture analysis against water balance

Origin of pattern?
= check dependencies on physiographic variables

T e
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Global vs. local observation error

e local error degrades ubRMSE especially for small error values

—— urban [93] —— herbaceous [4256] ~—— bare [1154]  —— suburban [844]
—— forests [12509]  —— crops [5284] —— swamp [108] —— vineyards [46)

005 010 015 020 025 030
ubRMSE
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Global vs. local observation error

e local error degrades ubRMSE especially for small error values
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Global vs. local observation error

e local error degrades ubRMSE especially for small error values
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Overview

Surface model Observations DA system

Atm.

forecast Water balance Summary 11/13

Global vs. local observation error

e local error degrades ubRMSE especially for small error values

e slight degradation for low elevations
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Overview Surface model Observations

DA system

2.5 km vs. 1.25 km

e 1.25 km confines ubRMSE distribution for some covers

e no other dependencies found

— urban [137] —— herbaceous [8415] —— bare [2790]  —— suburban [1388]
—— forests [43965] —— crops [15101] —— swamp [195] —— vineyards [65]
—o—
e
——
—_—
—_—T
—_—
B
— -
0.05 0.10 0.15 0.20 0.25 0.30
UbRMSE
0.4 1 - urban herbaceous - bare suburban
g forests . crops swamp vineyards.
umT 0.2
g2 o
4
El
. 0.0
g
s —0.29
4
el
E]
041 T T T T
0.0 0.2 0.4 0.6 0.8

Topographic complexity

UbRMSE; 5 - UbRMSE] 25

Atm. forecast Water balance Summary 12/13
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Summary & Outlook

e Local observation error obtained with Triple Collocation Analysis
> 2 m values: slight degradation

> Water balance: degradation especially for small errors

e Increased grid sampling to 1.25 km
> 2 m values: day time performance improved, especially RHz,

> Water balance: slightly land-cover dependent
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Summary & Outlook

e Local observation error obtained with Triple Collocation Analysis
> 2 m values: slight degradation

> Water balance: degradation especially for small errors

e Increased grid sampling to 1.25 km
> 2 m values: day time performance improved, especially RHz,

> Water balance: slightly land-cover dependent

» Further increase of grid sampling
» Test computations on European domain

» Publication in preparation
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