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H-SAF ASCAbilmoistureproducts

AdvancedScatterometerASCATBoil moisture data (H16 product) providedby
EUMETSAWithin the H-SARproject, one of the 8 EUMETSASAFsled by the H SAF
Italian Air ForceMet Service

frequency 5.3GHz(microwaveGband)
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H-SAF ASCADbIl moistureproducts

A soil moisture content 1. The relationship between the backscattering
A incidence angle coefficients and the surface soil moisture content is

o -
affected by: i linear.
u 0 d é Liﬁ?aggvgruglﬁr?géztlon) 2. The backscattering coefficient depends strongly on

the incidence angle.

a) Soil moisture change b Vegetation change

Soilmoisturemeasurementsre
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CHANGE DETECTION ALGORITHM
(T UW|en) Incidence angle @ (deg) Incicence angle @ (deog)

3. Anincrease in soil moisture simply shift the
backscatterineangle of incidence curve upwards,
while a change in vegetation affects its shape. For
sparse vegetation, the curve tends to drop off rapidly,
while for fully grown vegetation it becomes less
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COMET Operational Numerical Weather Prediction System
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COSMO KENDA

COSMOCmsortium forSmallscaleModeling (Germany, Switzerland, Italy,
Greece, Poland, Romania, Israel and Russian)

KENDA
(Km-ScaleErsembleBasedData Assimilation)

Themain FOCU®f the KENDA projedhasbeenon the algorithmic developmentof the LETK

|

Assimilation of conventional observations and (work in progress) high resolution remot
sensing dataASCAT soil moistuje
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EnsembleébasedDataAssimilation

DA : initial conditions afalysig of the NWP model produced through a statistical combination of
observations and shonange forecast data

Ensemble data assimilation

Ensemblebasedassimilatioralgorithmsuse Analysis Step X' =X"+K (y-H(F"))
Monte-Carlotechniques Asan
approximation theinitial probability density BG Forecast Step  BGForecass | o

function for the atmospheric statis |
randomlysampled(from the distribution of
N ensemblanembery. Thereaftey the
effectsof chaos modelerror, and
observationsare simulated

<

Initial conditions

LocalEnsembleTransformKalmanHiter

A Ensembl&kalmanFilter (EnKlFFisanapproximationto the KF irthat backgrounderror
covariancer, is estimatedfrom a finite ensemblef forecastsx, ( soP, isflow dependent
andvarieswith time). 1

Pb:m—lxb(xb) X, =%, - X,

A Analysis computed separately for each grid point selecting only the observations in the
vicinity. The observation error covariance R elements are modified by dist@pendent
localization factors so that faaway observations have large errors
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Resultsobservationincrementstatistics

The transformed ASCAT soil moisture observations has to be compared to the equivalent model

OBSERVATION INCREMENTS: A difference between the obs value and
its model equivalent value (ensemble mean)

Vi!
(y - H (X )) A first guess values linearly interpolated in time

A 2 options investigated for the choice of the soil type to assi
to an ASCAT observation:

- nearest grid point
- average on the 9 nearest grid points

Because of the assumption of no bias and A model values calculated using the
gaussianityor the ensemblebased DA, COMEILETKF system

their distribution in terms of bias and
symmetrywill be analyzed A Quantity directly used in the LETKF algorithm
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Feedback fileompositionin MEC

ATheModel Equivalent CalculatofMEC) applies the observation operators used in the
data assimilation scheme (NudgirnVar LETKF) to model forecasts (COSMO, ICON,
ICONLAM, IFS) and stores the resultv@ricationfiles (NetCDHReedback le format).
These data is intended to be used f@ricationof the forecasts with respect to
observations

AMEC igesponsbilgor the creation of the feedback files (observation increment)
for all the variables in the COSMO model.

AMEC code has been entiralgveloppedand written by the German Weather Service DWD

MBeforethe MEQntegration, soil moisturefeedback filecreationprocedurewasdone with our
own specificroutine (hot COSMfficial).

. Implementationof soilmoisturefeedback file
. creationproceduresnto the Model EquivalentCalculator

iz Yo
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Feedback fileompositionin MEC

Threemainsubroutinesare necessary

Subroutine read_soil_netcdf:

heresoilmoistureinput
oservationgcdfinfile) areread

=i mo_soil_obs.f90

File Edit Search Preferences Shell Hacro MWindous

ine read_soil_netcdf)(ifile, i_source, obs, head, lkeep, nkeep)
in :: ifile I Number of netCDF file read
integer ,intent(inout) s i_source | number of records in source-file
type (t_obs) ,intent(inout) :: obs | observations data tupe to set
type (t_head) ,intent(in) 2 head | header data already encoded
logical ,intent(out) +: lkeep | accept observation ?
integer ,intent{out) +: nkeep | mmber of accepted obsvs,




Feedback fileompositionin MEC

Subroutine check_store_saoill

Herequality checksare performed
for the soilmoistureobservations

subroutine check_store_soll t, obs, lkeep, nssm, naspf, nang, neesn, nenco, nflsf, niawf . .ntoco, nicep, refd )
. Spot | report derived type
tpe(t_obs) JAntent(inout) 23 obs | cbservations derived type

Itupe(t_obs _block) ,intent(inout).cpticnal :: wbs | chservation data tupe
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Quality Control before assimilation
of ASCAT soil moisture DATA

snow/frozen soils, mountains, sand dunes and/or wetlands dominates the
scatterometer footprint

Soil moisture cannot be estimated if the fraction of dense vegetation, open waj

ASCAT data is rejected where:

A snow:the analysed snow amount is greater than 0.05 kg/m”2

A frost: the 2m Temperature analysis is below 275.15 K

A wetlands:the inundation and wetland amount has a value greater than 15%
A mountains:the topographic complexity has a value greater than 20%

e,

A ASCAT estimated errahe error in the ASCAT surface soil wetness is estimated to be greater than
7% (Met Office) or 8% (ECMWEF). This check rejects ASCAT data from regions with dense veget

and sand dunes.
A Ens.mearObservationncrements> 2.5°
(° estimatedfrom 1 yearstatisticsfor eachsoiltype)
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Feedback fileompositionin MEC

Subroutineprocess_soil

Herethe observationncremens
(observationg modelequivalent$
are created

W =10

File Edit Search Preferences 5Shell Hacro Hindous

subroutine process_soil Ytask, spot, obs, atm, cols, xi, y, Jo, Jo_atm, &
state)

1 task | what to do
+ zpot | SPOT observations

integer cintentling
typel t_spot) ~ .intent{inout).optional

++ ++
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COSMOERRA_Mmodel overview

TASK: to predict Temperature and water content at the ground,
nerey water by the simultaneous solution of a separate set of equations which
describe various thermal and hydrological processes within the¢ soil

0.00m

0.0l m

U.03m

009 m
1 2 3 4 5 6 7 8
027m soil type ice | rock | sand | sandy | loam | loamy | clay peat
loam clay

o volume of voids wpy [1] - - 0.364 | 0.445 | 0.455 | 0.475 | 0.507 | 0.863
field capacity wpe [1] - - 0.196 | 0.260 | 0.340 0.370 | 0.463 | 0.763

243m permanent wilting point - - 0.042 0.100 0.110 0.185 0.257 0.265

.. S |
drainage air dryness point wapp [1] - - 0.012 0.030 0.035 0.060 0.065 | 0.098

720m

constant
A Most parameters of the soil model strongly depend on soil texture
A Five types are distinguished: sand, sandy loam, loam, loamy clay, clay
A Three special soil types are considered additionally: ice, rock and peat

Layer structure of the A Hydrological processes in the ground are not considered for ice and rock
ML soil model

2157 m
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TransformedSOIL MOISTURE

1 H-SAF ASCAIErivedSoilMoisture: degreeof saturation (%) in the first 2 crof soil
1 COSMAOERRA_Mhodelsoilmoisture liquid water content (m H20) in thevariousmodellayers

_ To compare observed and model values the model values are
—_— transformed (to have quantities independent from the thickness of

(L — the layers) involumetric water content(m”~3/m”3) in the first 2 cm

+

NEED TO RESCALE THE SATELLITE OBS TO THE MODEL [VALL

CDF matching method
layer structure of the hydrological part Normalization method:

\JJ

of the COSMO TERRA_ML soil model
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CDFHmatching

ECMWEF approach

To scale the ASCAT derived soil moisture to the model climatology so thatrtheative
distribution functiong CDF) of satellite and model soil moisture match.

A 1 year time series of ASCAT and model SM daayary2015- january 2016)

COF _usoil_5_natching.png This method doesm éllow deriving écorrect
8.5 5 5 5 5 soil moisture Rather it removes differences
’ : : ' betweensatellite observationsand model data

by ensuringstatisticalconsistency

-----------------------------------------------------------------------------------------------------------

: : ! 1 Linear regression analysis of ASCAT data
..................... plotted against model data

| | | 2 options investigated:
- global regression analysis

e £ JOCALIEQIESSION analySIS o - local regression analysis
o global regression analysis

liquid water content {(m H20)

B0 | o ---------------------- LIt IOE ) NSREERERR Brersenen
5 5 5 5 6
________________________________________________________________________________________________________ obs
e | | | | Wops =max|0,a+b—
. : : 5 5 100
® g g g g g
ASCAT soil moisture DATA (X} b Slope' a intercept
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NormalizationMethod

UKMOapproach
Oops Do = e Oops (Wpy TWR( "
Wops = Wypp +— 100 ( W py _wADP) 0bs ADP 100 9 ADP
1 2 3 4 5 6 7 8
soil type ice | rock | sand | sandy | loam | loamy | clay | peat
loam clay

volume of voids wpy [1] - - 0.364 | 0.445 | 0.455 | 0475 | 0.507 | 0.863

field capacity wge [1] - - 0.196 | 0.260 | 0.340 | 0.370 | 0.463 | 0.763

permanent wilting point - - 0.042 | 0.100 | 0.110 | 0.185 | 0.257 | 0.265

wpwp [1]

air dryness point wapp [1] | - - 0.012 | 0.030 | 0.035 | 0.060 | 0.065 | 0.098

Soil parameters values in the COSMO TERRA ML soil model
8 different soil types: ice, rock, sand, sandy loam, loam ,loamy clay. «!ay

Volume of voids maximum possible volume of water that the soil can hold
[Eield capacityamount of soil moisture held in the soil after excess water has drained away and the rate of dowfpward
ovement has decreased.

ilting point: the minimal amount of water the plant requires not to wilt

Eir Dryness goirrtminimum possible amount of water that can remain in the soil A
T e s
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17 EUMETSAT FELLOW DAY 2019 4 March,Darmastadt German



Evaluatiornof results(CDF)

Chosemmethod:
Localregressiont soil type of the nearest grid point

1668686

tdv: 0.0840188

HSOIL_QC_D_CDF_soiltypl_nodell b | as: 0 . O 00 8 24 2
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Feedback fileompositionin MEC

Some of the problems we had passing from the old comet routine to MEC :
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