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H-SAF ASCAT soil moisture products

Advanced Scatterometer ASCAT soil moisture data (H16 product) provided by

EUMETSAT within the H-SAF project, one of the 8 EUMETSAT SAFs, led by the H SAF
Italian Air Force Met Service

frequency: 5.3 GHz (microwave C-band)

VV polarization

Able to provide a triplet of electromagnetic backscattering
coefficients g _ for each swath

25 km resolution

2 sets of 3 antennas

It covers two 550 km wide swaths

Daily global coverage of 82%

Soil moisture retrievals in the first 2 cm below the soil

9) 0 affected by: * soil moisture content
incidence angle

land cover (vegetation)
* surface roughness
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COMET Operational Numerical Weather Prediction System

___________________________________

Ensemble Data Assimilation: !

Operational since June 2011
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Deterministic

Ensemble Analysis

Analysis

LETKF analysis ensemble (40+1 members) every 6h using RAOB (also
4D), PILOT, SYNOP, SHIP, BUQY, Wind Profilers, AMDAR-ACAR-AIREP,
MSG3-MET8 AMV, MetopA-B scatt. winds, NOAA/MetopA-B
AMSUA/MHS and NPP ATMS radiances+ Land SAF snow mask,

IFS SST analysis once a day

Local Area Modeling:
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COSMO TERRA_ML model: overview

TASK: to predict Temperature and water content at the ground,
o water by the simultaneous solution of a separate set of equations which
0.00m describe various thermal and hydrological processes within the soil
001 m
0.09m
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 | 0475 | 0.507 | 0.863
field capacity wpe [1] - - 0.196 | 0.260 | 0.340 | 0.370 | 0.463 | 0.763
za3m permanent wilting point - - 0.042 0.100 0.110 0.185 0.257 | 0.265
gravitational wPWP [1]
drainage air dryness point wapp [1] - - 0.012 0.030 0.035 0.060 0.065 | 0.098

7.I0m

constant
temperature

Most parameters of the soil model strongly depend on soil texture

* Five types are distinguished: sand, sandy loam, loam, loamy clay, clay
Three special soil types are considered additionally: ice, rock and peat
Hydrological processes in the ground are not considered for ice and rock

21.57m

Layer structure of the
ML soil model
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Transformed SOIL MOISTURE

® H-SAF ASCAT derived Soil Moisture: degree of saturation (%) in the first 2 cm of soil
® COSMO TERRA_ML model soil moisture: liquid water content (m H20) in the various model layers

To compare observed and model values the model values are
wet — transformed (to have quantities independent from the thickness of
Ll E— the layers) in volumetric water content (m”3/m”3) in the first 2 cm

-+

NEED TO RESCALE THE SATELLITE OBS TO THE MODEL VALUES

I: CDF matching method
Normalization methods

layer structure of the hydrological part
of the COSMO TERRA_ML soil model
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CDF matching

ECMWEF approach

To scale the ASCAT derived soil moisture to the model climatology so that the cumulative
distribution functions (CDF) of satellite and model soil moisture match.

1 year time series of ASCAT and model SM data (january 2015 - january 2016)

COF _wsoil_5_natching.png This method doesn’t allow deriving “correct”
8.5 . . . . soil moisture. Rather it removes differences
_____________________ between satellite observations and model data

by ensuring statistical consistency.

| | : ® Linear regression analysis of ASCAT data
..................... plotted against model data
’ ’ : 2 options investigated:
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Normalization Method

UKMO approach
Hobs 0 s n HObS Wpy +wFC 0
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] - - | 0364 | 0445 | 0.455 | 0475 | 0.507 | 0.863

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

permanent wilting point - - 0.042 | 0.100 | 0.110 | 018> | 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, clay

Molume of voids: maximum possible volume of water that the soil can hold
ield capacity: amount of soil moisture held in the soil after excess water has drained away and the rate of downward
ovement has decreased.
ilting point: the minimal amount of water the plant requires not to wilt
ir Dryness point: minimum possible amount of water that can remain in the soil
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Results: observation increment statistics

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

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

—=b
(y ) H(X )) * first guess values linearly interpolated in time

* 2 options investigated for the choice of the soil type to assign
to an ASCAT observation:

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

Because of the assumption of no bias and * model values calculated using the
gaussianity for the ensemble-based DA, COMET-LETKF system

their distribution in terms of bias and

symmetry will be analyzed * 10 km resolution

* Quantity directly used in the LETKF algorithm
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Evaluation of results (CDF)

Chosen method (as a starting point):
Local regression + soil type of the nearest grid point

HMS0TIL_OC_D_COF_soiltypl_nodell
180880

168688

1668

1688

bias: 0.0008242
stdv: 0.0840188

symm: -0.3009857
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Quality Control before assimilation
of ASCAT soil moisture DATA

Soil moisture cannot be estimated if the fraction of dense vegetation, open water,
snow/frozen soils, mountains, sand dunes and/or wetlands dominates the
scatterometer footprint

ASCAT data is rejected where:

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

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

*wetlands: the inundation and wetland amount has a value greater than 15%

*mountains: the topographic complexity has a value greater than 20%

*ASCAT estimated error: the 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 vegetation
and sand dunes.

*Ens.mean Observation Increments > 2.5 ¢

( o estimated from 1 year statistics for each soil type)
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KENDA soil moisture assimilation

TEST 1 :soil moisture observations influence ONLY the low level atmospheric variables :
|_soil _ana = false , Ih_wso=25 (~100 km), Iv_ws0=0.3 (~ 10 lower levels)

TEST 2 :soil moisture observations influence BOTH the low level atm (Ih_wso=25, Ilv_wso0=0.3)
+ soil variables (I_soil_ana = true ,lh_soil=25, Iv_soil=0.3)

TEST 3 :as TEST2 but wso analysis without rh2m T2m

KENDA@ 10km (COSMO-ME) pre-operational test suite
coarse grid (rf=2,nzr=40)
6h-data assimilation cycle
e _0O= 2 x BUFR estimated error (suggested by P. De Rosnay ECMWF=> to be

estimated by Desroziers statistics after data assimilation cycle)

from 22 jun 2016 to 23 jul 2016
(selected period for TS test cases in SRNWP-EPS project)
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Verification results with respect SYNOP observations

TEST-1
from 22 jun 2016 to 23 iul 2016
TO rrse n} . _ !
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Synop
2m dew point temperature:
A little improvement of rmse and bias is observed
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No impact for other variables (not shown)
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TEST-1

WIND: Verification results with respect TEMP observations
from 22 jun 2016 to 23 jul 2016
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T+00--Temperature T+12--Temperature T+24--Temperature T+36--Temperature T+48—-Temperature
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Verification results with respect SYNOP observations
from 22 jun 2016 to 23 jul 2016
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Verification results with respect SYNOP observations

from 22 jun 2016 to 23 jul 2016
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Forecast verification results

Relative difference (%) in RMSE,
computed against IFS analysis, with respect to TEST1 run

(wso influence only low atm)
for 00 UTC COSMO forecasts from 22 jun 2016 to 23 jul 2016

negative value = positive impact
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Soil moisture assimilation: future developments
(end of the fellowship feb 2019)

1. Soil moisture assimilation tests and improvements
2. Normalization vs CDF tests

3. High resolution (2.8km) test

h
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Thank you!

Contacts:

Francesca Marcucci: francesca.marcucci@aeronautica.difesa.it

Lucio Torrisi: lucio.torrisi@aeronautica.difesa.it

Paride Ferrante: parideferrante @yahoo.it

Valerio Cardinali: valerio.cardinali6é @ gmail.com
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