Algorithms Theoretical Baseline Docume
smelhieApghoccc‘zI:;_‘oer; é H SAF for prOdUCt |_27

Support to Operational
Hydrology and Water
t

g Verson 0.4, 07 Februarg017

EUMETSAT Satellite Application Facility on
Support to Operational Hydrology and Water Management

The EUMETSAT
Network of

Satellite Application
Facilities

Support to Operational
Hydrology and Water
Management

Algorithm Theoretical Baseline Document (ATBD)
Product H27

Soil Wetness Index in the roots region
Data Record

Version: 0.4
Date: 07 Feéoruary2017



Algorithms Theoretical Baseline Docume
=50 | O H SAF for product H7
nagamen Verson 0.4, 07 Februarg017

Revision history

Revision | Date Author(s) Description
0.1 2015 11 02 | Clément Albergel | First draft, Adopted content for H27 ATBD
0.2 2016 0928 Patricia de Rosnay Updateexecutive summangrinciple of the

product and main charactercstjupdated
referencesupdate and structure the EKF
descriptionaddsubsectiors for EKF equation,
Jacobians, error specificaticsata assimilation
window, input and atput dataAdd
appendices, list of acronyms.

0.3 2017 01 20 | Patricia de Rosnay Pagenumbering added, updated references,
improved quality of equations, more detail or
the liquid water index vs volumetric soil
moisture relation, more details on the
assimilation cycling, acronyms clarification,
define all terms of equations, clarify
differences between H27 and H14, clarificati
of the rescaling approach, clarify figures 3 ar
4 purposes, clarify masked areas, added tab
to describe scatterometers products used fo
each period with clarified references. Quality,
control clarified in sectio 4.3.1.

0.4 2017 02 07 | Patricia de Rosnay Fixed swapped dates in tabl@2d corrected
typos.




Algorithms Theoretical Baseline Docume
é H SAF for product H27

nagemen

Verson 0.4, 07 Februarg017

Table of Content

Contents
1 EXECULIVE SUMIMALY......iiiiiiiiiiiitieieeeeeeeteeeeeeeaeaaaeeasasaasnnsinnnsssnnsbsssseeeeaaaaeeesssmnmeeseessessannnnnssssnneils
P22 |10 To [1 o 1o DA PP PPUTUTPTRITRTY 4
2.1 Purpose Of the QOCUMEIL.......c.oiii it iiiieeee ettt e e e e e e e e e s e ennneneeeeees 7
2.2 Targeted QUAIENCE..........ooi ittt eeei ettt e e e e e e e e e e e rmmne e e e e et e et e e s eneteeaeaaaaeeaaaaans 7
2.3 HSAF root zone soil MOIStUre PrOUUCT.........ccciiiiieiii et e e e e e e 8
3 Presentation of the root zone soil wetness data record.H27.............ccccoimeaeiiiiiine, 8.
3.1 Principle of the PrOoQUCL.........cooiiiiieieeeeeeen et ere e 8
3.2 MaiN ChAraCLEIISHICS. ....ccii ittt eeeee ettt e e e e e e e e e e e e e emmmr e e e e e e e e e e e aans 8
3.3 Product uniqueness and heritage..............oevvviiiiiieeniee e eeeeeeeeeeeereee e 10
4 ProducCtion CR@IM........ooiii ettt e e e e e e e e e e e e e e e 11
4.1 H-TESSEL Land Surface MOUEL..........uuiiiiiiiiiii et 11
4.2  Extended KalMman Filler...... ..ot eeensse e 11
N R =Y (U =0 [ = U1 o] o F USSR 11
A N T (oo o 1= 01V ) OO PR RUPTPP 12
4.2.3  EIrrOr SPECIICALIONS .. .cciiiiiie it eee et e s e e ener e e e 13
4.2.4 Data assimilationvindowlength and CYClING...........uuuereiiiiiiiiiieeeieiiiiiii e 14
4.3 INpuUt data and PEBIOCESSING ....uuuuiiiieieeiieeeeeeeeeeeiiir s s s s e e e e e e e e e eeensssansnaaas e e e e eeeeeeennns 14
4.3.1 Remotely sensed surface SOil MOISIULE........ccoeeeiieeiii i 14
O T (1T ox |1 o PSP 17
4.3.3 Screen Level Variables {@eter temperature and relative humidity)...............c....... 20
I O 10 11010 [ e F= = PSSP PR 20
5.1 H27 production chain oUtpUt data.............c.euuuiiiiiieeeiiiiiiee e 20
5.2 EXAMPIE OF H27 ALA......ceeeiiiiiiieee ettt e e e 20
B REIEIENCES. ... e 24
Y o] 01T o [T OSSP STPPRPR 27
AL INTrOdUCTION 1O HSAF ...ttt me e r e e e e e e emmr e e e e e e e e e eeans 27
B. PUIrPOSE OFf tNe BB AF ... .ot rree e e e e e e e e et ettt et e e e e e nnaraeeaaaeaeaaeeees 27
C. Products / Deliveries Of tNE-BIAF...........oo e 28
D. SYSIEM OVEIVIEW. ....ccciiiiiiiieiieeeeeeteeee e et e e e et ettt ettt rena s e e e e e e e e e e eeaeeaeeeee et anaesasaaaaaaeaaeaeaaaaeees 29



Algorithms Theoretical Baseline Docume
& HSAF for product H27

suppert fo Operational
Hydrology and Water
Management

Verson 0.4, 07 Februarg017

List of Tables

Tablel: Accuracy equirements for product H14 and HZZC].
Table2: H27 input scatterometer SSM products.

List of Figures

Figurel: lllustration of the H2production chain based on ER® andASCAT-A satellite
derived surface soil msture data assimilation

Figure 2: lllustration of Jacobians for one site located in theAUSorresponding to the
stationLos Alamos of the USCRN [U.S. Climate Reference Network] network, 35-86°N
106.25°W), Top part represents treeobian of SSM to perturbatiomssoil moisturdayers 1

(a), 2(b) and 3(c).

Figure 3: Longitudinal monthly mean of satellite dertvesurface sdimoisture from
ERS1/2 (top) and ASCATA (bottom) over 1992006 and 2002014 respectively.

Figure 4. Correlations (leff and anomaly correlations (right) betwedre ASCAT-A
operational SSM product and irsitu measugments against correlations between
ASCAT-A reprocessed product and the samsito measurements. Each seasons of each
years over 2012013 are represented,-gitu measurements belong to the USCRN
network (114 stations) spanning all over the USA.

Figure 5: Linear rescalingparameters BA (top left and right, respectively) for the
month of June and impact on ASCAN data for one site in southwestern France
(X=1.17E,Y=43.82N).

Figure6: same as Figure for February.

Figure 7. Surface soil moisture frequency of distribution expresseddegree of

saturation for (i) the first layer f@cm] of soil of the HTESSEL hnd surface model
used[top left], (i) ASCAT-A satellite derived surface soil moistup@p right] before

rescaling (iii) same as (ii) after rescalinfpottom left] and (iv) dstribution of

differences between HIESSEL and ASCATJA before rescalinggreen histogram and
red fit), after rescalingblue histogram and cyan fit).

Figure 8: H27 production chaimanalysis increments for the first meter of soil; monthly
sum for Februaryl996. Colours from red to yellow (green to blue) indicates that the
analysis removed (added) water. Legend is expressed in mm.

4



Algorithms Theoretical Baseline Docume
& HSAF for product H27

suppert fo Operational

Verson 0.4, 07 Februarg017

Figure9: same as Figure ®r June 1996.
Figure A.1. Conceptual scheme of the EUMETSAT Application Ground Segment.

FigureA.2. Current composition of the EUMETSAT SAF Network.

List of Acronyms

AMI Active Microwave Instruments

ASCAT Advanced Scatterometer

ATBD Algorithm Theoretical Baseline Document

DSMW Digital Soil Map of the World

CDOP First Continuous Development and @gations Phase

CDOP-2 SecondContinuous Development and Operations Phase

CDF Cumulative Distribution Function

ECMWEF European Centre for Mediunange Weather Forecasts

EKF Extended Kalman Filter

ERS European Remotsensing Satellite (1 and 2)
EUMETCast EUMET SAT6s Broadcast System for Environme
EUMETSAT European Organisation for the Exploitation of Meteorological Satellites
FAO Food and Agriculture Organization

FTP File Transfer Protocol

H-SAF SAF on Support to Operational Hydrology and Water Managéme
H-TESSEL Hydrology Tiled ECMWF Scheme of Surfaéexchanges over Land
LDAS Land Data Assimilation System

Météo FranceNational Meteorological Service of France

Metop Meteorological Operational Platform

NRT Near Reallime

NWP NumericalWeather Prediction

PUM Product User Manual

PVR Product Validation Report

SAF Satellite Application Facility



Algorithms Theoretical Baseline Docume
@ H SAF for product H27

suppert fo Operational
Hydrology and Water

Managemant VerSOﬂ 04, 07 Februa@017

SSM Surface Soil Moisture
TU Wien Technische Universitat WieV{enna University of Technology)
UNESCO United Nations Educational, scientific and Cultural Orgaronat



Algorithms Theoretical Baseline Docume
& HSAF for product H27

suppert fo Operational
Hydrology and Water
Management

Verson 0.4, 07 Februarg017

1 Executive summary

The Algorithm Theoretical Baseline Document (ATBD) provides a detailed description of the
algorithm used to produce the $AF scatterometer root zone soil moisture profile product
H27. The concept of the H27 productiohamn is basedn scatterometer Surface Soil
Moisture (SSM) data assimilation in a dedicatédnd Data Assimilation System (LDAS)
used to propagate the scatterometer surface soil moisture informatiothe vertical
dimensionto the root zoneand in time dimensiorat the daily time scaleThe input
information is the surface soil moisture derived fromEoeopean Remote Sensing Satellites
(ERS) 1/2 Active Microwave Instruments (AMlfor 19922006 and the Advanced
SCATterometeron-board MetopA (ASCAT-A) for 20072014, as well as information
contained in observations closed to surface (screen level variabtesteR temperature and
relative humidity). The H27 chainis an offline data assimilation system that allows a
consistentre-processingof the scatterometer root z@rproductfor the entire 1992014
period at reasonable computing timdt uses the ECMWF land surface modelTHSSEL
(Hydrology Tiled ECMWF Scheme of Surface Exchangesr Land constrainedy the best
stateof-the-art quality reandysed atmosphericdidsprovided by ERAInterim.

The H27 scatterometeroot zone soil wetness is multi-year time series(19922014)
available daily at global scaldt consists in a root zone soil moisture profile, provided on
four soil layers,which is of high relevancéor hydrological applications, water budget
investigations antlydrological trend studies.

An introduction (setion 2) is followed by a descriptioof the HSAF root zone data record
product (section 3)The production chain is described in section 4 anotput data are
illustrated in section 5. Section 6 provides scientific and technical references.

2 Introduction

2.1 Purpose of the document

The Algorithm Theoretical Baseline Document (ATBD) is intended to provide a detailed
description of the scientific backagund and theoretical justification for the algorithms used to
produce the Soil Wetness Index in the roots rediome Series Data reco(éi27).

2.2 Targeted audience
This documethmainly targets:

1. Hydrology and water managemeaaxperts,

2. Operational hydrologgndNumericalWeatherPredictioncommunities
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3. Users of remotely sensed soil moisture for a range of application [(sngtec
modelling validationtrend analysis)

2.3 HSAF root zone soil moisture product

In the framework of the FBAF project several soil omsture products, with different
timeliness(e.g. near real time products athaka records), spatial resolution, format (e.g. time
series, swath orbit geometry, global image) or the representation of the water content in
various solil layers (e.g. surfagept-zone), are generated on a regular basis and distributed to
users. A list of all available soil moisture products, as well as otfeAH products (such as
precipitation or snow) can be looked up on the&SAF website (hsaf.meteoam.ifJhis
document decribes theproduction chain of théd27 root zone soil wetnessata record
product related to this ATBD.

3 Presentation of the root zone soil wetness data record
H27

3.1 Principle of the Product

H27 isa root zone soil moisture product retrieved from scattetemsurface soil moisture
observations. The H27 production chain uaesoffline sequentiabased on d.and Data
Assimilation System (LDASYased on an Extended Kalman Filter (EKF) approtet
follows the approach of de Rosnay et(aD13. The EKF costitutes the central component
of the H27 production chaifhe H-TESSEL Land Surface Model is used to propagate in
time and space the soil moisture information through the root zone, accounting for
physiographic information (soil texture, orography), rmedogical conditions and land
surface processes such as for example soil evaporation and vegetation transfuaatidan
Hurk et al. 2000, van den Hurk and Viterbo 20BaIlsamo et al., 20Q09Essentiallythe H27
production suiteretrieves root zone #omoisture from ERS1/2 Active Microwave
Instruments andSCAT-A surface soil moisturéor the period from 1992 to 201Fhe H27
production chairalso usescreen level parameters close to the surfageeters temperature
and relative humidityjo ensureconsistency of the retrieved Scatterdeneoot zone and the
near surface observed weather conditidiie system is driven by ERBterim atmospheric
fields (Dee et al., 2011)The H27LDAS production suites illustrated by Figuréd.

3.2 Main characteristics

H27 is produced on a Gaussian reduced grid at a horizontal resolution of about 16km
(TL1279). It is produced on four vertical layers in the sikface to 7 cm, 7 cm to 28 cm,
28 cm to 100 cm, and 100 cm to 289 cni27 relies on a data assimilatiapproach that
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propagates the information in time and space (on the vertical dimension in the root zone). So,
it enables to propagate the swath surface soil moisture scatterometer products to daily root
zone soil moisture with a global coverage. H27 isily gg@oduct valid at OOUTC. Root zone

soil moisture is expressed as a liquid soil wetness index, ranging from O for residual soil
moisture values to 1 for saturated soil moistute.is computed in HTESSEL using the
fraction of liquid water content artle soil texture information of the modelaving the H27
product inindex value of liqud soil moisture content makes it consistent with all the other
ASCAT soil moisture products, that are available for the surface and which all given the
information abat liquid soil water index. Being independent from a specific model soll
texture, it makes iflexible to be used in various areas of application or with various models.

Observations :

ERS & ASCAT
g 3 T2M & RH2M
'2? b w ! ! Observations
g g E <+ errors
b e 35 EKF Soil Moisture
£ .2 § Analysis
=5 S
é % g Background
i g:g H-TESSEL Land errors
g = Surface Model

¥

H27/SM-OBS-3
Liquid Root-Zone Soil Moisture

Figurel: lllustration of the H2#oot zone soil moisturproductionchain based on ER%/2 and
ASCAT-A satellite derived surface soil meture data assimilation

The accuracyof H27 estimated using in situ station data record, available in the US.
Following the H14 validation approach it is assessed using mettiengdord correlation
against ground measurements which validates the accuracy of the product in terms of
temporal variability. Table 1 presents the soil moisturear requirements adopted ihe H

SAF Second Continuous Development and Operations RbBsd¥*2 andused for H14 and

H27.
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Tablel: Accuracy equirements for product H14 and HACC]
Unit threshold target optimal
Dimensionless | 0.50 0.65 0.80

Details on H27 validation are given in the corresponding Product Validation Report (PVR 2016)

3.3 Product uniqueness and heritage

H27 is the first historical consisterstatterometerderivedroot zonesoil moistureprofile
database.tlis a unique reprocessed satelb@sedroot zonesoil moigure data recordlhe
productsresult from data assimilation which enabtespropagate the surface soil moisture
information observed by sdterometers (ERS1/fr 19922006 and ASCATA for 2007%
20149 to the root zone, taking into accouhe consistency with atmospheric fieldsed to
force the offline LDAS which is the basi$ the H27 production chain. This makes the H27
productparticularly relevant for operational hydrology applicatioReot zone information
can only be retrieved by assimilation approaches.

Using theECMWF H-SAF dedicated DAS to achieve this objectiveralady provedduring
the First Continuous Development and Operations Pl{g$2OP) and CDOP2 for the H14
product,that the method is robust, reliable and that it provides high qualityzone soil
moistureproductsin NRT. H27 is a reprocessed versionf the H14 root zone productt is
developedusing a consistent version of the ECMWF Land Surface data Assimilation System
and using the reprocessed versiohthe global surfaceoil moisture produstfrom BRS1/2
and from ASCATA (see section 4.3.1 forare details on the input observatian#)s forthe
others HSAF soil moisture products (e.Bl08, H16 and H1} having the H27 product in
index value of liquid soil moisture content makes it flexible to be used in various areas of
application or with vanus models.
Whereas the production of H14 has been based on the ECNPAAF LDAS system
(versions 38R1 to 43R1 in 2017), the system used to produce the H27 reprocessed root zone
product was designed in 2015 and adapted to process long times series. theuses
externalised FSAF LDAS version 41R1. The differences between the H14 and the H27
production chains are summarised below
Period: 2012present for H14, 1992014 for H27
Soil Moisture observationsee section 4.3.1 for H27 observations)

0 H14 uses tt NRT ASCATA and ASCATFB SSM products (EUMETSAT

CAF)

0 H27uses th&aRS1/2and ASCATA reprocessed SSM.
- DA system: for H14 ECMWF FSAF LDAS with regular update of versions (38R1 to

43R1), for H27 fixed (frozen) version of the ECMWF externalise8AF LDAS

(version 41R1) as described below.
- Resolution: 25km for H14 and 16 km for H27

10
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4 Production chain

The main components of th27 productioras presented in Figureate detailedhereafter.
They include the HTESSEL land surface model, the EKF data assimiladystem and the
observation prgrocessing.

4.1 H-TESSEL Land Surface Model

In the H27 production chainthe time and verticapropagationof soil moisturefrom the
surface soiltoward the root zone is driven ltlge H-TESSELland surface moddglvan den

Hurk et al. 2000,van den Hurk and Viterbo 200Balsamo et al. 2009 The H-TESSEL
formulation of the soil hydrological conductivityna diffusivity accounts forspatal
variabilities following global soil texture map [Food and Agriculture Organization
(FAO)/United Nations Educational, scientific and Cultural Organization (UNESCO) Digital
Soil Map of the World DSMW); FAO 2003. A monthly leaf area index (LAl)lienatology

is used as described Bousseta et al. 2013urface runoff is based on variable infition
capacity. The soil heat budget follows a Fourier diffusion law, modified to take into account
soil water freezing/melting according Yoterbo et al. (1999)The energy equation is solved

with a net ground heat flux as the top boundary conditionaaneto flux at the bottom. The
water balance at the surface (i.e., the change in water storage of the soil moisture,
interception reservoir, and accumulated snowpack) is computed as the difference between the
precipitation and (i) the evaporation of seigetation, and interception water and (ii) surface
and subsurface runoff. First precipitation is collected in the interception reservoir until it
saturated. Then, excess precipitation is partitioned between surface runoff and infiltrtatio

the soil ceumn. Bare ground evapation over dry lands uses a lovatiress threshold than for

the vegetationallowing a higher evaporatioAlbergel et al. (2012)This is in agreement

with the experimental findings dflahfouf andNoilhan (1991)and results in moreealistic

soil moisturefor dry land(Balsamo et al. 2011).

4.2 Extended Kalman Filter

4.2.1 EKF equation

A point-wise simplified Extended Kalman Filter is used to assimilate scatterometer surface
soil moisture to produce the H27 root zone soil moisture. The BKBtitutes the core of the
H27 production chain.On each grid point the key update equation of the EKF is expressed
as:

11
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X=X +8H (HBH R '(y H# %) @)

where x is the control state vector which is the vertical soil moisture gile for the n
analysedayers of the land surface mogsl is the observation vectoB is the background

error covariance matrixR is the observation error covariance matmixiad is theJacobian
of the obseration operator. Their transpose matrices are indicated by the supefscripts
the observation operator, whittansforms the model control variables at time t =t@r{®of
assimilation window) into the observation space at the observation tBubgcriptsa and
f indicate analysed and forecast state vector, respecthaetlye H27 production chain n=3

with the t@ three layers being analysegb is the observation véor which containsp
observations of twaneter temperature, two meter relative humidity and surface soil moisture
scatterometer observatioasailablewithin the data assimilation windowrhe observabn

operator hallows to computéhe modelcounterpart of the observatioh.h e f a o0, Af o art
subscriptsdenote analysis, forecast and observation, respectively. B is the background error
covariance matrix and R the observation error covariance matrix.

4.2.2 Jacobian Matrix

Since h can be nédimear, the Jacobiamatrix of h, H (and its transposeHare usedn

Equation 1 H is a matrix of dimension n times phe elements of the Jacobian matrix are
estimated by finite differences, by individually pertudpi@ach component xj of the control
vector x by a small amount Uxj to get for ea

" _y(x+ax) -y(¥ @
J ax

J

As in Drusch etal. (2009) and de Rosnhay et gR013 a 0.01m3ra3 soil moisture
pertubation is used itd-TESSEL forthe H27 production chain as it was shown to provide a
good approximation of the linear behaviour.

In this configuration, for every-@lay analysis cycle, the model trajectory is run founesto
compute the Jacobian matredementsof Equation 2 (1) to get the modelnperturbed
trajectory (short range background);32) perturbing the soil moisture initial condition of
first, second and third layer.

The elements of the Jacobiamatrix are governed by the physic of the deb Their
examination is importartb understand the data asdation systenperformancesBarbu et
al., 2011).As Illustrated by histograms of Figur2 for one site located in the USA
(corresponding to the stations Los Alamos of tl®CRN[U.S. Climate Reference Network,
Bell et al., 2013] network 35.86°N106.25°W),the sensitivityof SSM to changes isoil

12
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moisture of the first layer of soil is higher than that of the se@md third layer of soil
(Figure 2 a, b and c, respectivelyevealing that td assimilation system will be more
effective in modifyingsoil moisture from the first layer. This sensitivity is reduced close to
threshold values like the field capacigs(illustrated by Figur2, d).

900 dSMI1/dSMI1 1000 dSbﬂl/dSMlZ 1200 dSMI1/dSMI3
800} 3 1 b) © m
1000
700 800
600 800
600
< 500
3 600
8 a00 o
300 400
200
200 200
= b 1
n iy, —_ | o PO —r - T

0 0 0
-10 =05 00 05 1.0 15 =02 =01 00 01 02 03 -0.04 -0.02 000 0.02 004
Smarts

15

dSMI1/dSMIL

WP FC

-1,
BAO 01 02 03 04 05 06
SML1 {m3m-3)

Figure2: lllustration of Jacobians for one slteated in the USA (corresponding to the station Los Alamos of
the USCRN [U.S. Climate Reference Network] network, 35.8898.25°W), Top part represents the Jacobian
of SSM to perturbations in soil moisture layers 1 (a), 2(b) and 3(c).

4.2.3 Error specifications

The description of the error matrices is a key aspect of data assimil@tmm and Reichle,
2008; Reichle et al., 2008The correction of the system state depends on the background and
observation errorspecifications The soil moisture component dhe observatiomrror
matrix R varies both in time argpace, as the ERS1/2 and ASGAThoise leveinformation
(Scipal et al., 2008)s used as observation err@bservationerror covariances for RH2M
and T2M are set to 4% and 2 Kelvin, respectively.

The background error covariance matixis a diagonal matrix which values vary in space
depending on the soil texture following the approactDddper et al., (2009), Mahfouf,
(2010. The background error standard deviation ise&% of the water holding capacity
(difference of soil moisture betweeielfl capacity and wilting point)Off-diagonal terms in
the B matrix are set to zero-or each gd point theB matrix is constat in time and for the
vertical soil profile.

13
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4.2.4 Data assimilation window length and cycling

The H27 production chain relies on 24h data assimilation window, covering 00 UTC to 24
UTC daily. Analysed screen level variablésvo-meter temperature and relailhumidity)
available at06:00, 12:00 and 18:00UTG@nd satterometers SSM observations available at
00:00 (+£3h), 06:00(+/3h), 12:00 (+3h) and 18:00(+/-3h) UTC are assimilatedThe
increments are applied at the beginning of theh@dr data assimilatn window, as inthe
equivalent simplified 2Bvar described irBalsamo et al. (2004).

So, r each24-hour analysis cyclethe H27 production suite rurfsve trajectories ofH-
TESSEL:

- The first trajectory provies the model background,

- The secongdthird and fourth trajectorieare produced by perturbing the soil moisture
initial condition of first, second anditd layer, respectively,

- Thefifth trajectoryis produced with the analysis incremeafgplied at the beginning
of the 24-hour window. It is theanalysed trajectoryits step 24h provides the initial
conditions of the next data assimilation window.

4.3 Input data and pre-processing

4.3.1 Remotely sensed surface soil moisture

Scdterometersurface soil moisturgroductsfrom ERS1/2 (from 1992 to 2006)Active
Microwave Instruments (AMIand theASCAT-A from 2007 to 2014re used as the main
input of the H27 production chaifiable 2 below gives the details on the scatterometers SSM
products used as input of the H27 production suite. As shown in Table 2stmer@verlap
between ERS1/2 and ASCAA observations used to produce H27.

To ensure a consistent data record time seepocessed datasedf each product are used
and provided by TeWien and EUMETSAT HSAF partners. fiey are illustrated byigure 3

that represents longitudinatonthly mean of SSM from ERE2 AMI (top) and ASCAT on
board MetopA (bottom). It illustrates the long time series of scatterometer soil moisture used
as input of H27."

The sensors operate at similegquencies (5.3 GHz-Band)and share a similar design. ERS
AMI hasthree antennas (forenid-, and aftbeam) only on one side of thestrumentwhile
ASCAT-A has thenon both sidesyhich more than doubldbe area covered per swath. ERS
AMI data coverage is variable spatiadigdtemporally because of conflicting operations with
the synthetic aperture radar (SAR) mode of the instrument. In adddimto the failure of

the gyroscope of ER&, the distribution of scatterometer data was temporarily discontinued
from January 2001 (@policchio,et al.2005) whereas in June 2003 its tape drive fajsed

14
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seen Figure3). Completefailure of ERS1 and ERS occurred in 2000 an@011,
respectively. Estimates of soil moisture are computed uem§VARP 5.2 change detection
method Naeimi et al., 2009; Wagneet al, 1999 which provides a soil moisture fraction
between completely dry condition®%) and full saturation (100%) for the topmost
centimetres of the soiBoth ascending and descending overpasses were used

H27 Scatteometer SSM product used in H27

Period Sensor Producer Reference

04-2014 ERS1/2 AMI | TU Wien ASCAT-A SOMO: ASCAT-A 25km

to 50 km sampling SSM product produced by CAF

12-2014 reference EO:EUM:DAT:METOP:SOMO?2f
(https://www.eumetsat.int/ossi/pgd/gds _mg¢
p.html)

01-2007 | ASCAT-A EUMETSAF | ASCAT-A 25km sampling SSM data recor(

to 25km CAF Earlyreleaseof H107 prototypeproduced by

032014 | sampling SSM EUMETSAT CAF as a prototype of H107

data record (internal HSAF product that will

be released in the future)

01-1992 | ASCAT-A EUMETSAT- | ERS1/2 AMI WARP 5.5 R1.1: ER8/2

to 25km CAF AMI 50km Soil moisture time series produ

12-2006 | sampling SSM user manual, version 0.2, TU Wien,
(https://rs.geo.tuwien.ac.at/products/)

Table 2 H27 input scattameter SSM produs.

ASCAT-A reprocessed dataset has been chosen for its consistency over the whole period of
time (20072014). Compared to its operational counterpart, it has a better match with in situ
measurements of soilatsture asllustratedby Figure4. Figure4 illustrates correlations (left

panel) and anomaly correlations (right panel) between ASBAperational product and-in

situ measurements of surface soil moisture against correlations between MASCAT
reprocessed product and the USCRN netwbrls. ClimateReference Network, Bell et al.,
2013) in-situ measurements for 20P013. Symbols above the diagonal indicate that the
ASCAT-A reprocessed dataset better matches trmtunmeasurement3.he figure shows

that the reprocessed version of ASCATSSM is in lketter agreement with in situ data that

the operational version that was used in H14. So, it shows that the observation input used in
H27 has an improved quality compared to that of H14.

A quality control is applied to filter inplERS 1/2 and ASCA-A SSM observationsso that
only observationsvith a noise level lower than 15 are used for HR7the quality control

also reject ERS 1/2 and ASCAA SSM observation for pixels with a water fraction larger
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than 15% and with a topographic complexity largemt28%, as well as observations in
frozen soil and/or snow covered surface conditions.
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Figure 3: Longitudinal monthly mean of satellite derived sudail moisture from the ER$/2 (top)
and ASCATA (bottom) over 19922006 and 2002014, respectively.
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Ascat oper vs. in situ

Ascat oper vs. in situ

Figure4: Correlations (left) and anomaly correlations (right) between AS@Adperational
product and irsitu measurements of surface soil moisture against correlations between ASCAT

A reprocessed product and the samsitn measurements. Each sessof each years over
20102013 are represented,-situ measurementselong to the USCRN network (114 stations)

spanning all over the USA.
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4.3.2 Rescaling

In the context of the assimilation of soil moisture data, the considered observations need to be
re-scalel to be consistent with the model climatolo@gipal et al., 200&Reichle and Koster,
2004 Drusch et al., 2005 Each soil moisture data set is characterized by its specific mean
value, variability and dynamical range-THESSEL has its own soil moistuimatology

with a specific dynamical range controlled by the values at wilting point and field capacity
(functions of soil texture typesASCAT-A SSM product(index) has to be transformedto
model equivalent volumetric SSMhe approach described #cipal et al., 200§using a
simplified form of aCumulative Distribution Function, CDHs usedhere It is a linear
rescaling technique designed to match the mean amhearof the model and observations.
The two parameters of thimear relationship,hte intercepfA and the slop®, vary patially

but are constant in time:

A=g, B ¥ (3)
B=3m 4)
S

Where g, and g, stand for the means of model and observasarface soil moisture

respectively, whilelln and G, represent the standadiviationof model and observations,
respectivelyBarbu et al. 2014, Draper et al(2009 discussed the importance of accounting

for seasonal cycle in the bias correctidnrandB parametersvere derivedn a seasonal bes

by using a threenonth movingvindow over2007 to 2013 after screening of (1) the ASCAT

A SSM data using their own quality flags and (2) presence of snow and soil temperature
below Q°C.

Figure5 illustrates A (top left) and B (top right) parameters tltee month of June, they are
computed using soil moisture informations from May to July from years 2007 to RgLge

5 bottom illustrateshte impact of the linear rescaling ASCAT-A satellite derived surface
soil moisture for May to June 2007 for onkecation in Southwestern France
(X=1.17E,Y=43.82N.

Figure 6 is the same as Figure 5 for the month of February. Parameters A and B are computed
using soil moisture informations from January to March from years 2007 to 2013. The snow
line is visible in tle North Hemisphere These maps show that the ASCATSSM
observations are not used over tropical forest and they are not used in frozen or in snow
covered conditionsnor in complex topography areas or where large water bodies are
expected to contaminatihe signal(see previous section)In these conditions the H27
production of the root zone soil moisture entirely relies on the land surface mbubl

ensure physically based soil moisture evolution when there are gaps in the ABCAT
observations.
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Figure5: Linear rescalingparameters B, A (top left and right, respectively) for the month of June
and impact on ASCAJA data for one site in southwestern France (X=1.17E,Y=43.82N).
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Figure 6: same as Figurb for February.
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The histogram of the disbution of ASCAT-A SSM indexis displayed in Figur& with the
H-TESSELmodelcounterpart (in terms afegree of saturatigrior all data available idune
2012 Thetwo productsexhibit important differenceghat is why theyneed to beescaled
before omparison and/or data assimilati@Mahfouf, 2010. It is done usinghe above
described linear rescalinghe ASCAT-A SSM distribution before rescalingFigure 7 top
right) has different modes;two corresponohg to the lower and upper physical bounds
(araund 0% and 100%), one below 20% and one around 85¥&$SEL (Figure/ top left)
distribution has three modes; below2dCaround 30% and 80%. Figurébottom lef) shows
that after rescalinghe three modes of FIESSEL distribution are well representedthe
new ASCATA SSM distribution. The histogram of the distribution dhe departure;
ASCAT-A SSM (before rescaling green, after in blue) minus-HESSEL SSM is displayed
in figure 7 (bottom right) It illustrates the impact of the rescaliran the AS@T-A SSM
with the mean and standard deviation of the departures decreasingbtfghto-1.13 and
24.48 t0 17.46 (expressed in degree of saturation).
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Figure7: Surface soil moisture frequency of distribution expressed as degree of saturation for (i)
thefirst layer [0-7cm] of soil of the HTESSEL land surface model used at ECMWF [top left],
(if) ASCAT-A satellite derived surface soil moistutep right] before rescaling, (iii) same as (ii)
after rescalingbottom left] and (iv) distribution of differeres between HTESSEL and ASCAT
A before rescalinggreen histogramand red fit), after rescalin@plue histogram and cyan fit).
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4.3.3 Screen Level Variables (2-meter temperature and relative humidity)

The H27 production chaialso make use of screen level vables (2meter temperature and
relative humidity). Most current operational soil moisture analysis systems relyatysed
screerlevel variables2m tenperature and relative humiditgdd Rosnay et al., 2013, 2014
In the absence of a neagattime glokal network for providing soil moisture information,
screerlevel data is the only source of information that has leeatinuously available in real
time for NWP soil moisture analysis systems.shown by Mahfouf (1991andDouville et
al. (2000),screerlevel parameters provide indirect, but relevant, information to analyse soil
moisture. Analysed fields of2-meter temperatur€T2M) and 2-meter relative humidity
(RH2M) from ERAlInterim reanalysisee et al., 2011are used in the H27 production
chain usd as input of the Extended Kadm filter. They were obtained in ERIAterim using
anoptimal interpolation methodsading to a global coverage thie two variablesSimilarly
T2m and RH2m field are also usiecthe production oH14.

5 Output data

5.1 H27 production chain output data

The H27 output data is provided in GRIB format at a resolution of 16km. For each date a single
GRIB file is provided, providing four field of global soil moisture index for each soil layer.

A more detailed description of thdata formatand structurecan be found in the H27 Product
User Manual (PUMH27 2016.

5.2 Example of H27 data

This sedbn illustrates H27; Figures 8 arfdrepresent monthly sum of analysis increments
over the first meter of soil expressed in nfne., impact d assimilating satellite derived
surface soil moisture and screen level variable in the sydtanbebruary (Figure 8) and
June (Figur®) 1996.From FigureB (monthly sum of analysis increments for the 3 first layer
of soil, 3100 cm for February 199@®ne can see the snow line in the North hemisphere as no
data are assimilated in presence of snbrem Figure9, it is possible to see that for the
month of June 1996, the analysis removed water over e.g. theesmtéin part of the USA
and most of the Krian Peninsula. It added water e.g. over the western part of the USA,
north-west of Australia.

Figures 10 andll are H27 previews for 2 days; 15 June 2014 and 15 December 2014
respectively. The four layers of H27 are represented ¢th, 728 cm, 28100cm and 100
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289 cm from top to bottom). Note that only the first three layers are analysed. As H27
represents the liquid part of the surface and root zone soil moisture, one may notige that i
winter (Figurell) the Northern areas (affected by snow and ¢eldperatures) share the
same colour code as dry areas (e.g. the Sahara desert in Africa).

Figure8: H27 analysis increments for the first meter of soil; monthly sum for February 1996.
Colours from red to yellow (green to blue) indicates that the armahgsnhoved (added) wate
Legend is expressed in mm.

Figure9: same as Figur8 for June 1996.
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