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1 Executive Summary

The System Verification Report provides details of the results of all tests undertaken after
the implementation of the prototypesoil moistureessential climate variable production
system

The System Verification Report provides an overview of the prototype and its objectives
before outlining the scope and details of the tests that are implemented for the system
verification.

The scope of testén this verification are limited to ascertaining that the prototype is
compliant to the following four requirements as detailed in the S[AR2].

1) System implements a processing chain as shown in the detailsckgsing model
(DPM).

2) System has a data flow as described in the Input Output Data Description (I0DD)
3) The processes within the system have been verified
4) Product is as described in product specific document (PSD)

System verification activities undertakencinde the use of traceability matrix to assess
status of compliance with standards or specifications, #mel use ofstatic and dynamic
verificationtechniquesfor software including inspection, analysis and test method.

Theresults of theverificationconclude that:

1) the gystemimplements the main processes as outlined in the DPM dmn#s not
implement the processing chaiexactlyas shown in the detailed processing model
(DPM).

2) the system has a data flow as described in the Input Output Data Descrip@ariD()
but the common data structure within the system differs from the IODD.

3) after implementation of 93 testshie processes within the system have been verified
and result in 9 action items that are recommended to be implemented to resolve
current test falures.

4) the product islargelyas described in product specific document (P®L) 7 global
variables in the NetCDF product requiring updating, 3 local variables requiring to be
added to the NetCDF format, and an update to the NetCDF version being seen as
preferred by the DSWG standards.

In essence the functionality of the PECVPS is as presented in DPM version Eidcéut
documentation of the Soil Moisture CCI project tracks the evolution of the PE@\PS,
implementation of the functionalityreported oth here and in the System Prototype
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Description (SPD3 differentthan in the DPMAnN interim update to the DPM, version 1.1
will be released end of September 2013, with a version 2.0 revision being due for delivery
December 2013. A revision to th€©DD will be produced with version 2.0 beindue
December 2013
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2 Introduction

System verification is the confirmation that a model does what it is supposed (NGO SE

2004, or specifically that the sysin conforms to its design and complies with the system
requirements (Bahill 200%. In the case ofthe prototype soil moisture essential climate

variable production systePECVPS) KSNBI FUGSNJ I f 42 RSYy20GSR WiK:¢
design is provided by the Detailed Processing Model and the Input Output Data Description,

and its fundamental requirementsare simply to generate a product complaint with the

product specification document (PSDJYhe DPM provides an overview of the
implementation of the algorithms as selected in the Product Validation and Algorithm
Selection Report (PVASR), and describetenAITBD, whilst the IODD defines the data items

and flow within the PECVPS.

The aim of the report is to verify that the prototype produces products that are compliant
with the Product Specification Document, that the system is compliant with the Input
Output Data Description and in line with the Detailed Processing Model. The verification
report shows that the prototype meets with its intended purpose and correctly implements
the algorithms selected through the round robin exercise and as reported in théupt
validation and algorithm selection report (PVASR).

Referring to the SOWAD-2] the SVR includes:
1 a description of the objectives and scope of the processor (Segfion

1 a list d all elements and components of the prototype that have been tested
(subsections in Sectio8) including a description of the platform, the network, and
the interfaces with other systems (Sectibri)

1 a description of all test activities carried out and of the criteria on how the prototype
was tested to ensure that the requirements are fulfiled and that the system
performs as specified (sub sections in secpn

1 asumnary description of all test cases, test procedures, and test data used (s&ction
and in protocols noted in sectialR)

1 arecord of all test results (Secte8to 13)

1 a description of all acceptable and stated limitations in the prototype system and the
steps taken to workaround anomalous, inappropriate, wndesired operating
conditions(Sectionl4).
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2.1 Purpose of the document

The System Verification Report (SVR) provides a report on all activities that have been
undertaken in the technical assessment of the prototype soil moisture ECV production
system PECVPS).

2.2 Targeted audience

This document tagets mainly

1 System Design Engineargerested in understanding, or further implementinthe
Prototype Essential Climate Variable Production System (PECVPS) for Soil Moisture

1 Scientist of other Essential Climate Variable (ECV) grouperested in the
documentation of ECV prototype systems.

3 Documents

3.1 Applicable documents

The documents outlined here detail the scope and focus for the work that is reported in this
document.

[AD-1]Phase 1 of the ESA Climate Change InitiativeNoisture- cci. ESRIN Contract
No: 4000104814/11ANB

[AD-2]ESA Climate Change Initiative Phase 1, Statement of Work for Soil Moisture and
Ice Sheets, European Space Agency, EJREOPSW11-0001.

[AD-3] Technical Proposal (Part 3) in response to ESA Climate Change Initiative Phase 1
ESRIN/AOKBE782/11/I-NB, Vienna University of Technology.

3.2 Reference documents

Thissection providesnformation aboutreferences documents upon whithis document is

either based, or igequired to be referenced by the reader in order to obtain the full
information ntended by the authors. Where relevant some parts thEse reference
documentsmay have been included in this document in a verbatim fashion. These sections

I NB y2GSR o6& GKS dzaS 2F LI ANB 2F aiay3datsS |dz
verbatim text being detailed in italic fonand full attribution to the appropriate referral

document.

[RD1]Climate Modelling User Group, Requirement Baseline Document, August 2011,
CMUG_D1.2 URD_v1.5.pdf (URLtp://www.esa-cmug-cci.org)
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[RD2] PSDProduct Specification Document, Version 1.0, 26 November 2012, ESA Climate
Change Initiative Phase 1 Soil Moisture Project, http://www-gsdmoisture
cci.org/node/119, 20121126 _ECV_SM_Product_Specification_Document_1.0.pdf

[RD3] DPMDetaiked Processing Model, Version 1.0, 28 August 2012, ESA Climate Change
Initiative Phase 1 Soil Moisture Project, http://www.esailmoisture
cci.org/node/119, 20121126 CCI_Soil_Moisture_D2.7_DPM_v.1.0.pdf

[RD4] 10DDInput/Output Data Definition Document, VersidnO, 21 December 2012, ESA
Climate Change Initiative Phase 1 Soil Moisture Project, http://www.esa
soilmoisturecci.org/node/119, 20121221 CCI_Soil_Moisture_D2.8_10DD_v1.0.pdf

[RD5]ATDBAIgorithm Theoretical Baseline Document, Version 1, 14 February 2013, ESA
dimate Change Initiative Phase 1 Soil Moisture Project, http://www.esa
soilmoisturecci.org/node/119, 20130214 CCI_Soil_Moisture_ ATBD1.v1.0.pdf and
20130214 CCI_Soil_Moisture_ ATBD1_Annex1.v1.0.pdf

[RD6] PVAS®2.4 Product Validation and Algorithm Selection Repeersion 1.0, 27 June
2013,ESA Climate Change Initiative Phase 1 Soil Moisture Project, http://www.esa
soilmoisturecci.org/node/119,CCl_Soil_Moisture_D2.5 PVASR_v1.0.pdf

[RD7] SPDSystem Prototype Description. Version 1.8, July 2013, ESA Climate Chang
Initiative Phase 1 Soil Moisture Project, http://www.esailmoisture
cci.org/node/119, CCI_Soil_Moisture_D3.1_SPD_v.1.0.pdf

[RD8] DSWGData Standards Requirements for CCI Data Producers, Issue 1, Revision 1, 24
May 2013 http://46.137.76.174/?g=data%20standards
CCI_Data_Requirements_Iss1.1_May2013.pdf

3.3 Bibliography

A complete bibliographic list, detailing scientific text or publications that support arguments
or statements made within the current doment is provided in sectiohb.


http://46.137.76.174/?q=data%20standards

SystenmVerification Report ESA Climate Change Initiative Phase Version 1.0
(SVR Soil Moisture Date 2 August 2013

4 Processor objectives and scope

The processor objectives and scope are presentedetion 4 ofthe System Prototype
Description(SPD, [RD-7]

dThe Soil Moisture®/ production system starts from level 1 calibrated backscatter values
and level 1 calibrated brightness temperatures for scatterometers and radiometers,
respectively. The ECV production system requires a modular system design where new or
updated level 2latasets can be easily ingested, quality controlled, and assimilated in the ECV
production. In Phase | of the CCI SM project, only input level gr@d2icts based on the TU

Wien method (for scatterometers) and the VNASA LPRM algorithm (for radiomeseare
considered. This results in the following structure of the ECV production system:

A. Level 2 soil moisture retrieval for individual scatterometer datasets using the TU Wien
method as first provided byvagner, Lemoine et al. 1999

B. Level 2 soil moisture retrieval for single radiometer datasets using theNASA
method(Owe, de jeu et al. 2008

C. Fusion of he active Level 2 datasets into a homogenized active surface soil moisture
ECV.

D. Fusion of the passive Level 2 data into a homogenized passive surface soil moisture
ECV.

E. Fusion of the merged active and passive datasets from steps 2 and 3 into
homogenized aove+passive surface soil moisture ECV.

The prototype only concerns itself with the process from the level 2 data input data to the
generation of the level 3 ECV product (L3S) and therefore only addresses points C,D and E.

Level 2 derived soil moistureggiucts from active and passive space borne systems form the

main inputs to the merging algorithm of the ECV prototype production system and are
supported by a limited set of ancillary data. The prototype consists of the following modules
as shown irFigurel:

1 Processing Step 1: Resampling
Processing Step 2: Rescaling
Processing Step 3: Merging

Processing Step 4 Rescaling

= =2 =4 =4

Processing Step 5: Merging

A detailed view of the 5 main processing steps in the prototype, Iyamesampling,
rescaling, active merging and passive merging, rescaling to GLDAS climatology, and combing

6
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active and passive merged data are provided in the DRM3]and fuller details of data
flows are providd in IODORD4].€

Pre-Processing
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Figurel The modules and data flow of the Soil Moisture Prototype ECV Production Syster8PD)
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5 Test environment and scope of tests

5.1 Test Environment.

The test enronment is the same environment available to the prototype system, as
presented insection 6 othe System Prototyp®escription (SP[RD7]. The PECVPS is split
across a development and a processing environment. The dewaido@nvironment and
processing environment run on different platforms and under different operating systems
(OS). The development environment runs under Windows 7 environment with software being
developed in an IDL development environment version 8T2e8.processing environment

runs under Windows Server 2003, or Windows Server 2008 (R2), x64, and within this
environment processing is deployed using IDL run time virtual machines.

dThe hardware environment in which the PECVPS is deployed consists ofrttdab vi
networks, a DMZ and an internal Gigabit network, with two separate firewalls comprising
numerous computers and associated networking installations, and backup archive
capacitiest

GThe internal Network runs on a Windows Active Dogainl y R & éfficiert gtdeszdS
the 600 TByte fileserver the files system of the fileserver is enabled via a distributed file
aeadsSy o5C{l0é¢o

5.2 Scope of Tests
The scope of tests in this verificatiare limited to ascertaining that the prototype is

compliant to the follaving four requirements as detailed in the SQMD-2].

5) System implements a processing chain as shown in the detailed processing model
(DPM).

6) System has a data flow as described in the Input Output Data Description (I0DD)
7) The praesses within the system have been verified
8) Product is as described in product specific document (PSD)

All tests are carried out in both the development and processing environments, with the
tests being implemented by the PECVPS development team.

6 Test description: Processing Chain

A traceability matrix is used to show that the processing chain is implesderst provided in
the detailed processing model. The traceability matrix provides a reference between the
core system functionprovided in the DPMnd the code that implements those functions.
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7 Test description: Data Flow

The data flow through the prototype is determined by inspection of input and output data at
each of the five main process interfaces and by analysis of the data structures found at those
interfaces.The data flow is compared with the flow as described in the Input Output Data
Description (IODORD4].

8 Test description: System Modules

Two types of software verification are applied which result in three typetests being
employed. Static verification entails a physical inspection of source code whilst dynamic
verification entail checks that are performed durjr@ resulting fromthe execution of the
software. Thehree tests are briefly outlined in the folleing paragraphs and are detailed as
GiSaild YSUiK2Raé¢ Ay (KS ¢OTARbleSokkided in theSdllawing vy R
sub-sections.

Inspection: This is atatic verification by physical inspection of codespectionis used for

two types of veffication. An initial verification ensures that athplementedcode follows

the appropriate code conventions; in the case of the PECVPS this implies that all code must
follow conventiongelevant to the WARP FramewdrfWFW).A second verification ensures
that the code meets its requirements as defined by the ORM&3], the IODORD4] and the
parent ATDBRD5] and PVASHRD6] documents.

Analysis In this dynamic verification the code under test is executed the resulting
output is visualised in some mannefhe resultant visualisation is analysed to verify its
content (i.e. by comparison to earlier visualisations/graphics)

Test The firal type of dynamic verification is a functional mathematical or logical test of
code to determine if the code produces the expected results.

8.1 Pre-Processing

The PreProcessing step takes care of converting the data sets provided by external
institutions toa common gridded time series format. As the first and resampling step of the
PECVPS will cover the spatial resampling, there are no constraints on the target grid
resolution. Nevertheless the grid resolution should not be lower that the one that is used in
the PECVPS. Howeubie same grid size resolution is favourable. More important at this
starting point is that the source data sets will be brought into a time series data file format
which the PECVPS is capable of reading. The active microwave datgAléis/S and

! Please see SPD section 5.1 for more informationthe WAPR Framework employed by the PECVPS
developers
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ASCAT), for which TUWIEN is the data provider, are already available in gridded time series
format. So there is no need to pfgocess the active microwave data sets. Therefore testing

and verification of the PHrocessing step will be carriedt only on the passive data sets.

Tablel Preprocessingautinesfor testing

tuw_amsre_swath2ts

convert AMSKE Level 2 swath data to gridded dat

tuw_tmi_swath2ts

convert TMI Level 2 swath data to griddeatal

Ipf_smmr_vua_daily2ts

convert SMMR daily to time series

ssmi_vua_reggrid2ts

convert SSM/I daily to time series

8.1.1 Ciriteria, Test, and Acceptance Pre-processing

Table2 CTA Table faduw_amsre_swath2ts and tuw_tmi_swath2ts

1 Input data No file corruption in| Check files against providg No corrupt data in soue
source data files CRC checksum; (currently C| files
checksum are provided alon
only for AMSFE and TMI)
2 System Swath files resample( Inspect code: check grid siz Grid size is at least 0.2f
function either to 0.25° or highel definition in source code and not lower
degree resolution
3 System Gridded data files irf Check data file for gridded| data files in time series
function time series format time series format (one time serieg
per pixel)
4 Intermediate | Data files readable by Check for readability by usin Data variable exists and
data PECVPS / IDL appropriate  IDL  progran| populated ¢ data content
routines is in system
5 Intermediate | Time period of| check time span Time period of input datg
data converted time series matches
YI G§OKSa& RI
specification
6 Intermediate | Time series correctly (L tirre_ S Dok Visual comparison of
compare with plots from
data converted from the| g|der, (time period)| New data plot and old

10
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source data files

incomplete data sets

data plot shows no
significant differences
the

between time

series.

Table3 CTA for ipf_smmr_vua_dailyZaed ssmi_vua_reggrid2ts

1 System Swath files resample( Inspect code: check grid siz Grid size is at les 0.25°
function either to 0.25° or highel definition in source code and not lower
degree resolution
2 System Gridded data files irf Check data file for gridde( data files in time series
function time series format time series format (one time series
per pixel)
3 Intermediate | Time period of| check time span Time period of input dats
data converted time series matches
matches data S
specification
4 System PECVPS can read tin IDL  function/procedure Data variable exists, is
function series data files can read data files populated, and data
content is in system

8.2 Data Objects

These routines populate objects for the input data streams dependent upon the
instrument/sensor type. When data from a new sensor is to be integrated into the PECVPS
then a new data object routine for that sensor has to be written and brought in to the
PECVPS.

Table4 Data Obijects routines for testing

tuw_cci_amsre_ts | WFW data set definition and AMS&Rspecific handling routines

tuw_cci_tmi_ts WFW data set definition and TMI specific handling routines

tuw_cci_ssmi ¢ WFW data set definition and SSM/I specific handling routine

tuw_cci_smmr_ts | WFW data set definition and SMMR specific handling routing

11
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tuw_cci_ascat_ts

WFW data set definition and ASCAT specific handling routin

tuw_cci_ers_ts

WFW data set definitin and ERS specific handling routines

8.2.1 Criteria

, Test, and Acceptance Data Objects

Table5 CTA for tuw_cci_amsre_ts

1 Intermediate | variable sensor set t4 Check time series data files | Data contentsensor is 4
eetE Inspect code Source code show
appropriate assignment
2 Intermediate | { SG Tt I 3 {2 Inspect code Source  code  show,
data when land  surface appropriate assigment
temperature below 0°
Celsius
3 Intermediate | Select only descendin| Inspect code Source code show
data overpasses: variable d| Check time series data files appropriate assignment;
setto 68 (orbit direction) Data content for dir is 68
4 Intermediate | Frequency band (x or | Inspect code Source code show
data band) correctly set appropriate assignment
5 Intermediate | Soil moisture values leg Inspect code Source code show
data equal zero or greatel appropriate assignment
than 100 are flagged
6 Intermediate | Based on RFI mdnly | Inspect code Source code show
data counts soil moisture appropriate assignment
values from C or X ban
are selected
7 System Returns measurement{ Inspect code Source  code  show
function which are selected an( appropriate data selection
not flagged based on th¢
above criteria
8 Intermediate | Original time stamp ig Inspect code Source code show
data stored in the variable appropriateassignments
jdo.

12
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Table6 CTA for tuw_cci_tmi_ts

Intermediate
data

Variable sensor set to 3

Check time series data files

Inspect code

GaSyaz2NE Ydz

Intermediate
data

{SG FtIr3 G2
when land  surface
temperature below 0°
Celsius

Inspect code

Source code shows

appropriate assignment

Intermediate
data

Select only observatiot
during night time, and
therefore set dir to 68

(orbit direction)

Inspect code

Check time series data files

Source code show|

appropriate selection.

Data content for dir is 68

Intermediate
data

Variable fregband set t(
1

Check time series file: variab

freqband

Inspect code

Data content for fregbang
is1
Source code show

appropriate assignment

Intermediate

Soil moisture values les

Inspect code

Source code show|

data equal zero or greatel appropriate selection.
than 100 are flagge

System Returns measurement; Inspect code Source code show

function which are selected an( appropriate data selection

not flagged based on th¢
above criteria

Intermediate
data

Original time stamp is
stored in the variable

jdo.

Inspect code

Source code show
appropriateassignments

Table7CTA for tuw_cci_ssmi_ts

Intermediate

data

Variable sensor $é¢o 2

Check time series data file

Inspect code

Data content for sensor i
2

Source code show|

13
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appropriate assignment
2 Intermediate | Variable flag is set to ( Check time series datadil Data content for flag is (
data for all valid soil moisture for non NaN soil moistur¢
Inspect code
(non NaN) values values
default for SSM/I Source code show
appropriate assignment
3 Intermediate | Variable dir is set to 64 Check time series data file | Data content for dir is 68
CELE (el CNiEEely Inspect code Source code shows
appropriate assignment
4 Intermediate | Variable fregband set t¢ Check time series data file | Data content for fregbang
data 2 is 2
Inspect code
Source code show
appropriate assignment
5 Intermediate | Soil moisture values leg Inspect code Source code show
data equal zero or greater appropriate selection.
than 100 are flagged
6 System Returns measurement| Inspect code Source code show
function which are selected an( appropriate data selection
not flagged based on th
above criteria
7 Intermediate | Original time stamp ig Inspect code Source code show
data stored in the variable appropriateassignments
jdo.

Table8 CTA for tuw_cci_smmr_ts

1 Intermedate Variable sensor setto 1| Check time series data file Data content for sensor i
eElE Inspect code L
Source code show|
appropriate assignment
2 Intermediate | Variable flag is set to ( Check time series data file | Data content for flag is (
data for all valid soil moisture for non NaN soil moisturg
Inspect code
(non NaN) values values

14
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default for SMMR Source code show

appropriate assignment

Intermediate

data

Variable dir is copied
from the original time
ASNRS&Q DI
direction)

Inspect code

Source code show

appropriate assignment

Intermediate
data

Variable fregband set tg
0

Check time series data file

Inspect code

Data content for fregband
is 0
show

Source code

appropriate assignment

Intermediate

Soil moisture values les

Inspect code

Source code show|

data equal =zro or greater appropriate selection.
than 100 are flagged

System Returns measurement) Inspect code Source code show

function which are selected an( appropriate data selection

not flagged based on th¢

above criteria

Intermediate
data

Original time stamp is
stored in the variable

jdo.

Inspect code

Source code show|

appropriateassignments

Table9 CTA for tuw_cci_ers ts

Intermediate

data

Variable sensor set to 5

Check time series data file

Inspect code

Data contentsensor is 5

Source code show

appropriate assignment

Intermediate
data

{SG Ftr3a G2
when advisory flag is se
to2

Inspect code

Fows

appropriate assignment

Source code

Intermediate
data

Variable dir is copied
from the original time
ASNRSaQ DI
direction)

Inspect code

Source code show|

appropriate assignment

Intermediate

Variable fregband set td

Check time series data file

Data content for fregband

15
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data 0 Inspect code is0
Source code show,
appropriate assignment
System Returns measurement) Inspect code Source code show
function which are selected an( appropriate data selection

Intermediate

data

Original time stamp is
stored in the variable

jdo.

Inspect code

Source code show

appropriateassignments

Intermediate
data

Tablel0 CAT for tuw_cci_ascat_ts

Variable sensor set to 6

Check time series data file

Inspect code

Data content: sensor &

Source code show|

appropriate assignment

Intermediate

data

{SG Ftr3a G2
when surface state flag
is set to 2

Inspect code

Source cod shows

appropriate assignment

Intermediate
data

Variable dir is copied
from the original time
aSNASaQ O f

Inspect code

Source code show

appropriate assignment

Intermediate

Variable fregband set t(

Check time series data file

Data content for fregband

eElR ¢ Inspect code 50
Source code show
appropriate assignment
System Returns measurement| Inspect code Source code show
function which are selected an( appropriate data selection

not flagged based on th¢
above criteria

Intermediate
data

Original time stamp is
stored in the variable

jdo.

Inspect code

Source code show|

appropriateassignments
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8.3 Resampling

8.3.1 Spatial Resampling

Nearest neighbour resampling is performed to convert the various grid systems into the
common regular grid. For each drpoint in the reference (regular grid) dataset, this
resampling technique receives the value of the closest grid point in the input dataset (spatial
resampling).Noting that the nput data sets are not necessarily in generic 1/0 cell based
format, but ouput data files after this processing step, and all later processing steps, are
read and written in this common data file format as described in the SPD v1.0 section 5.1.1.

Tablel1 Routines for Spatial Resampling

tuw_resampling_input025

Resampling AMSR and TMI

tuw_resampling_inputdgg

Resampling AMWS and ASCAT

tuw_resampling_smmr

Resampling SMMR

tuw_resampling_ssmi

Resampling SSM/I

tuw_cci_resample_SSF_T| Resample AMWS and ASCAT to retrieve surface esthhg and advisory flag
add-on for tuw_resampling_inputdgg

8.3.2 Ciriteria, Test, and Acceptance Spatial Resampling

Tablel2 CTAfor tuw_resampling_input025

1 Sysem Find nearest pixel withirf Log file: check correspondin Log file shows messagg
function a cell log messages when nearest pixe
Inspect code found/not found
Identify source code line
implementing nearest
pixel search
2 System Only consider earest| Log file: check correspondin Log file shows informatior
function pixel ~ with  minimal| log messages about the distance to the
distance not more than Inspect code nearest pixel
fe S s G Identify source code line
implementing nearest

17
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pixel search
3 System If no nearest pixel found| Log file: check correspondin Log file shows informatior
function output error log messages about the distance to thg
Inspect code nearest pixel
Identify source code line
implementing
4 System Output data fie format | Check output data files Output data file are saveq
function Aa a3aSYySNRQ Ay a3ISYySNRO
based based format

Tablel3 CTA for tuw_resampling_inputdgg

1 System Find nearest pixel withirf Log file: check correspondin Log file shows messagg
function a cell log messages when nearest pixe
Inspect code found/not found
Identify source code line
implementing nearest
pixel search
2 System Only consider neares Log file: check correspondin Log file shows informatior
function pixel with  minimal| log messages about the distance to the
distance not more than Inspect code nearest pixel
LTS T F G el Identify source code line
implementing nearest
pixel search
3 System If no nearest pixel found| Log file: check correspondin Log file shows informatior
function output error log messages about the distance to the
Inspect code nearest pixel
Identify source code line
implementing
4 System Output data file format| Check output data files Output data file are saveq
function Aa a3aSYySNRQ Ay a3ISYySNRO
based based format
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Tablel4 CTA for tuw_resampling_smmr

1 System Find nearest pixel withiff Log file: check correspondin Log file shows messagg¢
function a cell log messages when nearest pixe
found/not found

Identify source code line
implementing nearest

pixel search
2 System Only consider neares| Log file: check correspondin Log file shows informatior
function pixel with  minimal| log messages about the distance to the

distance not more than nearest pixel

0 . .

A0 @if e (bl Wiy Identify source code line
implementing nearest
pixel search

3 System If no nearest pixel found| Log file: check correspondin Log file shows informatior

function output error log log messages about the distance to the
nearest pixel

Identify source code line
implementing

4 System Output data fle format | Check output data files Output data file are save(

function Aa a3aSySNRQ Ay a3ISYySNRO
based based format

Tablel5 CTA for tuw_resampling_ssmi

1 System Find nearest pixel withirf Log file: check correspondin Log file shows messagg
function a cell log messages when nearest pixe
found/not found
Identify source code line
implementing nearest
pixel search
2 System Only considr nearest| Log file: check correspondin Log file shows informatior
function pixel with  minimal| log messages about the distance to the
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distance not more than nearest pixel

0 . .
130% of the pixel width Identify source code line

implementing nearest

pixel search
3 Systen If no nearest pixel found| Log file: check correspondin Log file shows informatior
function output error log log messages about the distance to the

nearest pixel

Identify source code lines

4 System Output data file format| Check output data files Output data file are save
function Aa &3Sy SNgeld Ay a3ISYySNRO
based based format

Tablel6 CTA for tuw_cci_resample_SSF_TS

1 Intermediate | For each CCI SM pix Inspect code Identify source code lines
data find the nearest AMI
WS/ASCAT pixel within
cell and save the surfac
state flag and advison
flag for the found AMI
WS and ASCAT pixel

8.3.3 Temporal Resampling

The temporal resolution of thenerged product is one day. The reference time for the
merged dataset set at 0:00 UTC. For each day, the observations within the reference time of
0:00 UTC %12 hours are considered. If more than one observation falls within this period, the
observation closst in time is selected.

Tablel7 Routines for Temporal Resampling

tuw_cci_temporalResampling| At 00:00 find nearest valid value withiri2hours time window
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8.3.4 Ciriteria, Test, and Acceptance: Temporal Resampling

Table 18 CATfor tuw_cci_temporalResampling

1 System Find nearest  valid Check time series data files | No NaN values in save
function retrieval at 0:00 UTC time series data files;
Inspect code
within £12 hours tim . .
t ours time Identify source code lines
window. Valid in this

context means

1 NaN values nol
considered

1T RFI  + lang
surface
temperature for
the passive date
sets are filtered

 Surface state

flag und
advisory flag for
ASCAT/ERS
filtered
2 Intermediate | Set timestamp to 0:00 Check time series data files | Time series data files sho
data UTC timestamps for retrievalg
Inspect code
set to 0:00 UTC
Identify source code lines
3 Intermediate | Original timestamp kepi Check time series data files | Time series data files sho
data in vaiable jdO original timestamps

Inspect code
Identify source code lines

8.4 Rescaling

Due to different observation frequencies, observation principles, and retrieval techniques,
the contributing soil moisire datasets are available in different observation spaces.
Therefore, before merging can take place at either level, the datasets need to be rescaled
into a common climatology.

21



(/R

SystemVerification Report

ESA Climate Change Initiative Phase
Soil Moisture

Version 1.0
Date 2 August 2013

Tablel9 Routines for Rescaling

tuw_cci_rescaleTS

Rescaling by CDF matching

tuw_cci_calcCDFparametel

Calculate CDF parameters

tuw_cci_decompose_ts

Calculate seasonality, anomaly for SSM/I, ANESF

tuw_cci_reconstruct_ts

Reconstruct time series according to (Liu, 2012)

8.4.1 Ciiteria, Test, and Acceptance Rescaling

Table20 CAT for tuw_cci_decompose_ts

1 System Calculate and  sav( Inspect code Identify source code lines
function anomaly

2 Systen Calculate and  sav| Inspect code Identify source code lines
function seasonality

Table21 CAT fotuw_cci_reconstruct_ts

1 System
function

anomaly and seasatity
by,
tuw_cci_decompose_ts

calculated

are add up and saved

Inspect code

Identify source code lines

Table22 CAT for tuw_cci_calcCDFparameter

1 System Save scaling parametq Inspect code Identify source code lines
function calculated by linea
piece wise CDF matchin
2 System Parameters are Ingect code Identify source code lines
function calculated within Invoke function with an
overlapping time period example
and with  matching
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observation within time
+ 12 hours time window
3 Intermediate | Parameters consist of Check saved parameters Saved parameter file
data slope, intercept, Inspect code contain slpe, intercept,
percentile of reference percentile of reference
data, percentile of] and source data
S CEIE) Identify source code lines
4 Intermediate | Ensure  that slope| Check saved parameters Invoking function provideg
data intercept, and Inspect code and execut expected results for slopg
percentiles are correctly function with appropriate test intercept, and percentiles
calculated
values

Table23 CAT for tuw_cci_rescaleTS

1 System

function

For each time serieload
rescaling parameters
and rescale soil moistur
values:

sm_rescaled=sm*slope+

ntercept

sm_noise_rescaled=
sm_rescaled/sm*sm_no|

se

Inspect code and execut
function with appropriate test

values

Invoking function provides
expected results for slopg
intercept, and percentiles

8.5 Merging

For the common time period between the active and passive datasets {2007 to 2007
05-31) when merging the rescaled ASCAT with the rescaled¥®tlataset, the following
approach is applied: AMNS data is used to fTNSCAT data gaps if available.

The same approach is also applied when merging the passive datasets, where due to

atmospheric effects SSM/I data is least preferred and A&MIata most preferred, if there
is any overlapping time period when merging SSMRI/ISEMI, and ASMIE data.
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Table24 Routines for Merging

tuw_cci_mergeTS

Merge according to SPD v1.0 Section 7.3

tuw_cci_extractTS

Extract a time period from a time series; this module is used to selecteagmiod for

merging with different time series data file

8.5.1 Ciiteria, Test, and Acceptance: Merging

Table25 CAT for tuw_cci_mergeTS

1 System
function

time series are

Two
merged by appending
them appropriately in
regard to their starting
and ending time period
and also to their spatia
availability (SSM/I, TMI
and AMIWS)

check timestamp of

series data files

check sensor variable

time

time span of merged time
series extended to the
minimum and maximurm
time stamp of the two
time

newly appended

series.

Sensor variable shows th

newly appended sensor.

Table26 CAT for tuw_cci_extractTS

1 System

function

Extract from a time
series data file all dat:
within a time period and
save the data as ney

time series file

check timestamp of

series data files

time

Specified time span of th
output time series datq
file is correct.

8.6 Blending merged active and merged passive data sets

In this final merging step the correlation coefficient R map, and the vegetation optical depth
map are required for the data selection between active and passive microwave data when
merging these two prducts. The selection algorithm between the active merged or passive
merged data is described in the SPD v1.0 Section 7.5.
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Table27 Routines for Blending Merged

tuw_cci_blendingMergedTS| Merge according to SPD .@01Section 7

8.6.1 Criteria, Test, and Acceptance Blending Merged datasets

Table28 CAT for tuw_cci_blendingMergedTS

1 Merged 1.11.1978 ¢ 31.8.1987:| Check sensor variable in tim| Within this time period
product SMMR series data files value in sensor is 1
Inspect code Identify source code lines
2 Merged 1.9.1987 ¢ 30.6.1991:| Check sensor variable in tin] Within this time period
product SSM/I series data files value in sensor is 2
Inspect code Identify source code lines
3 Merged 1.7.1991 ¢ 31.12.1997:| Check sensor variable in tim] Within this time period
product SSM/I or AMMWS series data files value in sensor is 2 or 5 ¢
7
Inspect code
Identify source code lines
4 Merged 1.1.1998 ¢ 30.6.2002:| Check sensor variable in tim] Within this time period
product TMI or AMIWS above series data files value in sensor is 2 or 3 (
40N and south 40S 5o0r7or8
Inspect code
S IR AT LS Identify source codéines
regions
5 Merged 1.7.2002 ¢ 31.12.2006:| Check sensor variable in tim] Within this time period
product AMSRE or AMIWS series data files value in sensor is 4 or 5
9
Inspect code
Identify source code lines
6 Merged 1.1.2007 ¢ 31.12.2012:| Check sensor variable in tim] Within this time period
product AMSRE a ASCAT; note series data files value in sensor is 4 or 6 (
AMSRE available until 10
Inspect code
S DA Identify source code lines
7 Merged Mask Merged Product | Check to see if mask | Visual comparison with
mask template, or suitablé
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product correctly applied product
8 Merged Data coverage show| Visual analysis of coverag Coverage is comparable t
product maximum coverage fo| maps known coverage
each sensor

8.7 Ancillary data sets generation

The poduction of the SM product requires that a number of ancillary products are brought
into the PECVPS.

Table29 Routines for Ancillary data set generation

tuw_cci_gldas2cell Converting GLDAS Noah data to celdshdata structure, so that the PECVP
capable of reading the data.

tuw_cci_calcVODmap Generates annual mean VOD from AMSHr the period 20022011

tuw_cci_calcRmap Generates global map of correlation coefficient between merged passive
mergedactive data set

tuw_cci_calcPorosityMap| Generates porosity global map from HWSD

8.7.1 Ciiteria, Test, and Acceptance Ancillary data sets generation

Table30 CAT for tuw_cci_gldas2cell

1 System Save GLDAS time seri Inspect code Identify source code lines
function data into 5°x5° cell bas
data structure

Table31 CAT for tuw_cci_calcVODmap

1 System Generates global maj Inspect code Identify source code lines
function with annual mean VOI
from AMSRE for the
period 2002 2011
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Table32 CAT for tuw_cci_calcRmap

1 System Generate global map fo| Inspect code Identify source code lines
function R between the mergec
active and merged
passive data set

Table33 CAT for tuw_cci_calcPorosityMap

1 System Generate global porosity Inspect code Identify source code lines
function map from the HWSD

9 Test Method: Product Specification

Product compliance with the product specification will beniaged by inspection of the
product metadata andariable attributesusing a standard NetCDF viewer (Panoply).

10 Test Results: Processing Chain

The followingtraceabilitymatrix provides a cross reference to the routines that implement
the core functionalityas presented in the DPMhe source code routines argsociatedile
names are provided in the tablesAmnex 1:

Table34 Processing Chain Implementation Traceability Matrix

Processing Step 1: Resamplin Annex 1 Table3,Annex 1
Table4

Processing Step 2: Rescaling| Annex 1 Tablé

Processing Step 8lerging Annex 1 Tablé

Processing Step 4 Rescaling | Annex 1 Tablé

Processing Step 5: Merging | Annex 1 Tabl&

Note: The DPMversion 1.0, 28August 2012)s outdated, and the prototype, as currently
implemented and verified in this report, reflects the advaatnade in the intervening
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months of work. The DPM will be revised to reflect the system as implemented, and a new
versian of DPM, version 2, is due for delivery in Dec 2013.

11 Test Results: Data Flow

The data flow, as provided in the IODD and as found by inspection of the prototype is
provided in Figure 2. The shht differences betwen the two (i.e. preprocessing, and
position of merged active, and merged passive produaighlight errors in the IODD rather
than discrepancies in the pratype. The 10DD will be revised.

)

:‘ “n
I it

AAAAAA

£
| R
F]

WA A

Figure2 Data flow through Prototyp (left) as provided in IODD, (right) as found by inspection in
prototype The right hand side figure is copied frbigurel

11.1 Analysis of data at module interfaces

The input and output data for each module is presented in the 1ODAD
analysigobservation of the dataat the interface between each module within the PECVPS
was undertaken and the results are presented able35.

Table35 Test results for IODD compliance

Resampling | Input SMMR, SSM/I, TMI, AMERAMIWS, ASCAT Pass

Resampling | Output resampled to 0.25 degree regular grid: SMMR, SSM/I, | Pass
AMSRE AMIWS, ASCAT

Rescaling Input AMIWS, ASCAT (awmpled active) SMMR, SSM/I, TM| Pass
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ASCAT (sampledpassive)
Rescaling Output rescaled: AMIWS ASCABMMR, SSM/I, TMI Pass
Merging Input AMIWS, ASCAT (rescaledtige); SMMR, SSM/I, TN Pass

(rescaled passive)

Merging Output merged active soil moisture produaierged passive so| Pass

moisture product

Rescaling Input Merged active microwave product, merged pass| Pass

microwave product

Rescaling Output Rescaled merged active and rescaled merged pag Pass

microwave product

Merging Input Rescaled active miowave and passive microwave prody Pass

Merging Output final merged product Pass

11.2 Inspection of Data Structure at module interfaces

Once data is within the PECVPS a common data structure is adhered to, as mandated by the
Warp Framework (WFW)lable 36 presents an example of the data structure used as
defined within the 10DD, an@lable37 presents theresults of the inspection of theommon

data structure as implemented within the PECVPS.

Table36 Data Structure after resampling (I0DD)

JD Double precisior O 1 2443813.5 2455561.5 day -999999.
float | 01-NOWV1991 31-DEG2010

SM Float 0 1 C C C -99999.

SM_NOIS| Float 0 1 0 C C -9999909.

FLAG Byte 0 1 0 255 G 255

SENSOR | Byte 0 1 1 M Q G 255

Three new variables are seen within the data structure in the PECVPS. The attributes of
these variables JDO, DIR, Fregband are present&dbie37.

1 JDO: Julian Day of Original Observation (original observation timestamp)
1 DIR: Direction of satellite overpass (A, D)

1 Fregband: Spectral Frequency Band of observation:Baftl), 1 (*8and), and 2 (ku
Band)

29



Version 1.0
Date 2 August 2013

SystenmVerification Report ESA Climate Change Initiative Phase
(SVR Soil Moisture

Table37 Data Structure found by inspection

JDO Double precisior 0 2443813.5 2455561.5 day -999999.
float 01-NOW1991 31-DEG2010 |

JD Double precisior O 2443813.5 2455561.5 day -999999.
float 01-NOV1991 31-DEC2010

SM Float 0 C C C -999999.

SM_NOIS| Float 0 0 C C -9999909.

DIR Byte 0 65 255 C 255

FLAG Byte 0 0 255 C 255

SENSOR | Byte 0 1 MAaQ C 255

fregband | Byte 0 0 255 G 255

12 Test Results: System Modules

The following subsection provides a brief test protocol for each test detailed in se®tion
along with the result of each test. Each test that fails is further documented, noting the
require actions tomitigate the failure, in sectiorfi4.1 The subsections are organised
according to each processing step in the PEQWRS table providing the results of all tests
for each routinedentified in that processingtep.

12.1 Pre-Processing

Table38 Protocol and resultsuw_amsre_swath2ts

Test# | Test Protocol Result

1 Calculated CRC checksum are checked against checksums provided in XML files passs

2 Grid size (0.25) defined in source code [ii@e pass

3 Data files are in time series format. Cell files 1323.dat and 1313.idx were checked pass
contain per pixel time series entries; pixel number and time stamp sorted

4 Time series data files are read with IDL library function read_gertsia pass

5 Data file 1323.idx and 1323.dat contains time series with time span matching origina| pass
aS3G0a aLlSOA DUN2A00Z 0R:294Y to BENIF2011 M 2iB4:38
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6 Figure3 shows plot of old (LIRM v03) over plotted to new (LPRM v05) data set pass

AMSR-E VUA LPRMvO03 and LPRMvOS C-Band SSM for Grid Point 0740847, Lat: 38.625, Lon: -8.125

100PIHHHI RN RN LA Um LN vmumuumcunmunmunmmnmonmmmnmmnommmmmmmoimmmmmm

80

Surface Soilmoisture [H'lE m s]

LPRM v05 | 20 ——

LPRM v03 L
i w
!

LT |\|\|\I\ HI‘IHH
002 2003 2004

H|\|\|\ \I‘IHH\ I\I\|H\I | HH‘IHH I\I\|\|HHI\|H‘HIIH |\|\|HI\I\HHI
2005 2006 2007 2008 2009 2010 2011 2012

Figure 3 AMSRE VUA LPRMvO3 (black) and LPRM v05 (bhoand surface soil moisture at
[38.625N, 8.125W]

Table39 Protocol and resultgsuw_tmi_swah?2ts

Test# | Test Protocol Result
1 Calculated CRC checksum are checked against checksums provided in XML files pass
2 Grid size (0.25) defined in source code line 104 pass
3 Data files are in time series format. Cell files 1249.dat and 1249.idx werkezhdsiles contair| pass

per pixel time series entries; pixel number and time stamp sorted

4 Time series data files are read with IDL library function read_generic_data pass

5 Data file 1249.idx and 1249.dat contains time series with time span matchigmal data| pass
aSiQa &aL)SOA DERIIT 00:23/4% to FAUR201348/03:37

6 Figure4 shows plot of old (LPRM v03) over plotted to new (LPRM vO05) data set pass
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TMI VUA LPRMvO3 and LPRMvOS X-Band SSM for Grid Point 0740847, Lat: 38,625, Lon: -8.125
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Figure4 TMI VUA LPRMvO3 (black) and LPRM v05 (btbeh& surface soil moisture at [38.625N,
8.125W]

Table40 Protocol and resultspf_smmr_vua_daily2ts

Test# | Test Protocol Result
1 Grid size is 0.25. Source data set is already (0.&i&jegt (daily image). pass
2 Converted data files are saved per file for each grid point. pass
3 Time period for SMMR time series data files: frorAQ&-1978- 20-Aug-1987 pass
4 50 GF FAESa INB &l @SR Ay G3ISYSNRO Lkhé R pass

Table41 Protocol and resultssmi_vua_reggrid2ts

Test# | Test Protocol Result
1 Grid size is 0.25. Source data set is already (0.25) gridded (daily image). pass
2 Converted data files are saved per file for each grid point. pass
3 Time periodior SSM/I time series data files: from-08-1987- 30-JUN2008 pass
4 Data files are saved in IDL binary data file format pass

12.2 Data objects

Table42 Protocol and resultguw_cci_amsre_ts

Test# | Protocol Result

1 Data file forcell 1323 checked; showing sensor is set to 4. pass

Source code line 53 showing appropriate variable assignment
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2 Variable flag is set in source code line 104, when soil is frozen pass
3 Descending overpasses are selected in line 185 pass
4 Seleced frequency band is marked in line 78 and 93 pass
5 Invalid measurements are flagged in line 114 pass
6 Source code from line 57 to 99 takes care for RFI mapping. Based on monthly RF pass
monitoring soil moisture values from either C or X band arectetl.
7 Source code from line 118 to 125 is selecting and returning only valid measurements pass
8 Source code line 50 stores the original time stamp of each measurement in variable jd0. | pass
Table43 Protocol and resultguw_cci_tmi_ts
Test# | Protocol Result
1 Data file for cell 1323 checked; showing sensor is set to 3. pass
Source code line 51 showing appropriate variable assignment
2 Data set quantity Ist has not been take car of and flag has not been set accordihgly évg.| N/A
soil is frozen.
3 Night time overpasses are selected from lines 72 to 75 pass
4 frequency band is set to 0 in line 54 pass
5 Invalid measurements are flagged from line 79 to 81 pass
6 Source code from line 85 to 92 is selecting and retgrinly valid measurements pass
7 Source code line 48 stores the original time stamp of each measurements in variable jd0| pass
Tabled44 Protocol and resultduw _cci_ssmi_ts
Test# | Protocol Result
1 Data file for cell 1323 checigshowing sensor is set to 2. pass
Source code line 51 showing appropriate variable assignment
2 Variable flag is set in source code line 62, defaulting aaN values as valid pass
3 Variable dir is set to 68 in line 63; defaulting all AdaN vales as valid pass
4 frequency band is set to 2 in line 55 pass
5 Invalid measurements are flagged from line 68 to 70 pass
6 Source code from line 74 to 81 is selecting and returning only valid measurements pass
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7 Source code line 49 stores the origitiale stamp of each measurement in variable jdO. pass

Table45 Protocol and resultduw_cci_smmr_ts

Test# | Protocol Result

1 Data file for cell 1323 checked; showing sensor is set to 1. pass
Source code line 48 showing appropriate valéaassignment

2 Variable flag is set in source code line 56, defaulting aaN values as valid pass

3 The orbit direction has been taken over from the original time series data file in line 61 pass

4 frequency band is set to 2 in line 49 pass

5 Invalid measurements are flagged from line 65 to 67 pass

6 Source code from line 74 to 81 is selecting and returning only valid measurementq pass
descending orbit direction

7 Source code line 47 stores the original time stamp of each measuremgatiable jdO. pass

Table46 Protocol and resultgauw_cci_ers_ts

Test# | Protocol Result

1 Data file for cell 1323 checked; showing sensor is set to 5. pass
Source code line 54 showing appropriate variable assignment.

2 In line72/73 flag is set to 1 when surface state flag or advisory flag for ASCAT is 2 pass

3 The orbit direction has been taken over from the original time series data file from line | pass
80

4 frequency band is set to 0 in line 51 pass

5 Invalid measurments are flagged from line 58 to 64 pass

6 Source code from line 85 to 92 is selecting and returning only valid measurements pass

7 Source code line 48 stores the original time stamp of each measurement in variable jd0. | pass

Table47 Protocol and resultduw_cci_ascat_ts

Test# | Protocol Result

1 Data file for cell 1323 checked; showing sensor is set to 6. pass
Source code line 54 showing appropriate variable assignment.

2 In line 72/73 flag is set to 1 when surface state flagavisory flag for ASCAT is 2 pass
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3 The orbit direction has been taken over from the original time series data file from line | pass
80
4 frequency band is set to O in line 51 pass
5 Invalid measurements are flagged from line 58 to 64 pass
6 Souce code from line 85 to 92 is selecting and returning only valid measurements pass
7 Source code line 48 stores the original time stamp of each measurement in variable jd0. | pass
12.3 Resampling Process
12.3.1 Spatial resampling
Table48 Protacol and resultstuw_resampling_input025
Test# | Protocol Result
1 Nearest neighbour is found by using library function arc_length calculating the dis| pass
between points within the same cell (line 33 to 44). Log files also indicate that nearest
are either found or not found.
2 The maximum distance of 130% of the pixel width is defined in line 47. The corresp( pass
distance for each nearest neighbour can be retrieved in log files.
3 In cases where no nearest neighbour can be found a Ity &1made in line 48. pass
4 As required all output data files are in generic I/O cell based format. pass
Table49 Protocol and resultsuw_resampling_inputdgg
Test# | Protocol Result
1 Nearest neighbour is found by using librafunction arc_length calculating the distan| pass
between points within the same cell (line 123 to 148). Log files also indicate that nearest
are either found or not found.
2 The maximum distance of 130% of the pixel width is defined in line T32.corresponding pass
distance for each nearest neighbour can be retrieved in log files.
3 In cases where no nearest neighbour can be found a log entry is made in line 153. pass
4 As required all output data files are in generic I/O cell based format. pass
Table50 Protocol and resultguw_resampling_smmr
Test# | Protocol Result
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1 Nearest neighbour is found by using library function arc_length calculating the dis| pass
between points within the same cell (line 25 to 46) Log fdk® indicate that nearest pixel
are either found or not found.
2 The maximum distance of 130% of the pixel width is defined in line 51. The corresp( pass
distance for each nearest neighbour can be retrieved in log files.
3 In cases where nonearest neighbour can be found a log entry has been made (line 153) | pass
4 As required all output data files are in generic I/O cell based format. pass
Table51 Protocol and resultsuw_resampling_ssmi
Test# | Protocol Result
1 Nearest neighbour is found by using library function arc_length calculating the dist pass
between points within the same cell (line 23 to 35). Log files also indicate that nearest
are either found or not found.
2 The maximum distance of 130% dfet pixel width is defined in line 39. The correspond| pass
distance for each nearest neighbour can be retrieved in log files.
3 In cases where no nearest neighbour can be found a log entry has been made (line 41) | pass
4 As required all output data fifeare in generic 1/O cell based format. pass
Table52 Protocol and resultguw_cci_resample_SSF_TS
Test# | Protocol Result
1 Nearest neighbour within a cell is found by using the library function arc_length (line | pass
Pixels within a cell are determined in line 119. Advisory flag and surface state flag are
from line 155 to 222. Flags data content are saved in line 226.
12.3.2 Temporal resampling
Table53 Protocol and resultsuw_cci_temporalResampling
Test# | Protocol Result
1 Measurements which are nearest to 0:00 UCT withild hour time window are identifieq pass
from line 218 to 244. Depending on which data object is being used, valid measuremer
NBGONRSOSR dzLl2y Ay @21 AY Bking e seRds data filesac@Brosith
only soil moisture values are within 0 and 100 ranges.
2 Time stamps are set to 0:00 UTC in line 218. These time stamp are saved in the vari| pass

(Source code line 249)
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3 The original time stampsilvbe taken over from the data object that has been invoked by | pass
object.

12.4 Rescaling Process

Table54 Protocol and resultsuw_cci_decompose_ts

Test# | Protocol Result

1 The SSM/lI and AMSER seasonalities are calculated ovbe overlapping period July 2002 | pass
December 2007. This period is applied in line 46 to the time series, and the seasonality
calculated in lines 62 83. For each pixel the seasonality time series is saved in line 96.

2 The SSM/I and AMSR anomaly is calculated over the overlapping period July 20( pass
December 2007 in line 92. For each pixel the anomaly time series is saved in line 105.

Table55 Protocol and resultiaw_cci_reconstruct_ts

Test# | Protocol Result

1 Seasonality and anomaly values calculated with tuw_cci_decompse ts are now ug pass
reconstruct the SSM/I data set. Line 29 reads the AMS$easonality, line 43 reads tf
NBalOlt SR {{akL ly2YlFftASasz 020K | N8B (KSy
series data (line 75 and 87).

Table56 Protocol and resultguw_cci_calcCDFparameter

Test# | Protocol Result

1 Scaling parameters are calculated by linear piece wise CDF matching between refl pass
(AMSRE / ASCAT) andwrce data set (line 118146).

2 Parameters are calculated within overlapping time period (line¢726). Each Observatio| N/A
values are not temporally matched withintd2 hours time window.

3 Slope, intercept, and percentiles for reference asmlirce data are saved in an approprig pass
data structure, line 149.

4 Figure 5.shows IDL development console print an exampling for slope and inte| Pass

calculation. Parameters are correctly saved using WFVésy&inctions.
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; write cdf parameter
bl (*self.output).cdfparameter-:>WritePos, POS=cell lut[gpi], DATA=cdfPara_var, %
STATUS_MSG_O=status_msg_o, STATUS_ O=status_
if (status_o ne @) then begin

self-rwriteLog, MTYPE='ERROR', MESSAGE=status_msg_o -

e Bl J T | _'I_I
B8 oL Consale B3 IED Command History Ef._ Pmblems| el History| =0
CurrentDirectory:IC:'I,LIsers'l,clc j = aH Gk
[2813-87-31 B3:36:24|CELL_INFO|dc@DC|TUW WARP_PROCESS: :WRITELOG]: Cell# @165 started. |

[2813-87-31 83:36:25 |WARNING |dc@DC | TUW_WARP_PROCESS::WRITELOG]: GPI 627936 not found in time series index

file: R:\Datapool_processed\ECV_SM\w@l.2\@ll_resampled_temporallamsre\@165.idx

% Breakpoint at: TUW_CCI_CALCCDFPARAMETER::CALC 149 D:'\swdvlp\IPF_IDL\USER_DEV\dc\28128181_cci\28138582_proc
essor\processhtuw_cci_calcCDFparameter__define.pro

IDL> print, cdfPara_var.perc ref

15.ae68 15. @868 19.aeae 22 . @eee 24 . peae 25.6e68 27 .aeee 29.aeae
3l.ae68 32.6e608 34.1e68 36.aea8 46, aeea
IDL> print, cdfPara_var.perc src
51.ea68 55.@aa88 56. 8888 58.eaa8 6@, eeaa 62,8068 63.@aa8 63,8888
64,8200 65. 8288 67 .8800 69.Baae 78.e008
IDL> print, cdfPara_var.slope
@.75e6e888 1.@ae80608 1.5e668808 1.@aea008 &.5ee80008 2. Raaaae
4.eaeeaae 4.Bae00080 1.eaaae00 1.@499992 @.95e8e876 @.44444445
IDL> print, cdfPara_var.interc
-23.256888 -37.eaae0a -65. paaaae -36. BaaeRa -6.@eaaaa0 -99. aaaaee
-225. Baaan -225.Baeea -33.peaaaR -36.249958 -29.558853 5.3333335
IDL> print, (18.0000-15.0000) / (55.0000-51.0000)
@.758888 1
IDL> print, 15.0000 - (51.0000%0.75000000)
-23.2568
IDL> id|
oo % | =

Figure5 Scaling parameter calculation for TMI at pixel 627937 [19.125N, 155.625Wih w&ithIDL
command line console

Figure5 shows theihear piece wise CDF matching between refieeedata and source data
by calculating slope and intercept (y=slope*x+intercept). E.g. the slope between the first two
percentiles is 0.75, whereas the corresponding interceg23s25.

Table57 Protocol and resultgsuw_cci_resckeTS

Test# | Protocol Result

1 Time series data are rescaled by loading the previously calculated and saved | pass
parameters and applying them to the equation sm_rescaled=sm*slope+intercept
sm_noise_rescaled= sm_rescaled/sm*sm_noise (ling $15). The percentiles are calculate
by using a library function.) S&&gure6 showing the IDL development console.
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; rescale sm values greater than last percentile
indval = where(ts.sm gt scaleParameter.perc_srec[n_perc-1],nfound)
if nfound gt @ then begin

ts_out[indval] = ts[indVal]

ts_out[indVal].sm = (ts[indVal].sm * scaleParameter.slope[n_perc-2]) + &
scaleParameter.interc[n_perc-2]

endif -
1| | | 4| | 3

B oL consale B3 IED Command History | 7.1 Problems| el History| =0
CurrentDirectory:IC:'I,LIsers'l,clc j = aH Gk
R:\Datapool processed\ECV_SM\v@l.@\828_ cdf_parameters\tmi\@165_cdfParameter.dat ﬂ

% Breakpoint at: TUW_CCI_RESCALETS::CALC 57 D:\swdvlp\IPF_IDL\USER_DEV\dc\281281@1 cci\2813@582 processor\p
rocesshtuw_cci_rescaleTS_ define.pro

% Breakpoint at: TUW_CCI_RESCALETS::CALC 98 D:\swdvlp\IPF_IDL\USER_DEV\dc\28128181_ cci\28138582_processor\p
rocesshtuw_cci rescaleTs  define.pro
IDL> print, scaleparameter.perc_src

51.ae68 55.@8688 56.@668 58 . 6888 6. Baaa 62,6068 63.68688 63.a668
64 . 8a68 65.aaa8 67 .aea8 69.aaa8 78. 8088
IDL> print, scaleparameter.slope
@.75e00800 1.eeae008 1.5e80880 1.epaa00e 8.5eae0028 2.eeaa800
4.paoea00 4.eeae0082 1.eeaoee0 1.8499992 @.95e88876 @.44444445
IDL> print, scaleparameter.interc
-23.25660608 -37.6eeeee -65. 6000 -36. 600000 -6.Baaaaae -99. eeaeae
-225. 66000 -225.6aeea -33.eea000 -36.249958 -29.558853 5.3333335
IDL> print, ts[@:3].sm
67 .8a68 6@.aaae 76. 8888 64, Baae
IDL> print, ts_out[@:3].sm
34,1800 24, Baas 36.4444 31. o288 1
IDL> print, 67%1.8499992 +(-36.249950)
34.1eae
IDL> d|
J 0 % | Writable | Smart Insert ‘ 83:8 J =

Figure6 Rescaling TMI soil moisture (sm) data at pixel 627937 [B8,1255.625W] within an IDL
command line consel

In Figure6 each slope/intercept value is assigned to sm values that falls in between two
consecutive percentiles. In this example ts[0]=67 falls in between tHeatid 12" percertile

(the 10" percentile range[6Z 69]). So the 19 slope and intercept are selected, and applied

to the equation sm_rescaled=sm*slope+intercept, which results in a rescaled sm value 34.1.

12.5 Merging Process

Table58 Protocol and rsults:tuw_cci_mergeTS

Test# | Protocol Result

1 Merging two time series data sets is by checking their time span and availability fq pass
specified time period, and finally joined to a new time series data set. Time series data fil
showing the new the span correctly, also sensor variable are correctly taken over.

Table59 Protocol and resultguw_cci_extractTS

Test# | Protocol Result

1 For a given time series data file and a specified time period (start and end time)y dime | pass

series data file is extracted for that time period saved.
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12.6 Rescaling Process

For rescaling the merged passive and merged active data set to the GldaASlimatology
the same rescaling routine (tuw_cci_rescaleTS) is usedsastion 8.4. The tests and results
for the scaling routine are presented in sectib?.4.

12.7 Merging Process

Table60 Protocol and resultgsuw_cci_blendingMergedTS

Test# | Protocol Result
1 1.11.1978¢ 31.8.1987: SMMR Fail
2 1.9.1987¢ 30.6.1991: SSM/I Fail
3 1.7.1991¢ 31.12.1997: SSM/I or ANV/S Fail
4 1.1.1998¢ 30.6.2002: TMI or AMIVS between Latitude[40N,40S]; SSM/I or AN® other| Fail
regions
5 1.7.2002¢ 31.12.2006: AMSE or AMHIWS Fail
6 1.1.2007¢ 31.12.2012: AMSE or ASCAT; note: AM&Rvailable until 3.10.2011 Fail
7 Masking of merged product Fail
8 Visual comparison is made between Fail

Figure7 showsthe results of tests 1 to 6 with time seies plot where sensor numbers are
correctly identified for each relevant period, but a temporal shift is noted in the merged
dataset. This results in all tests for the merging prodesisg noted adailing, as it is not
possible to correctly resolve thest. See sectioh4.1for further notes on this.

The result of tesB are seen by a comparison betweé&igure8 and Figure9 to Figurel5.
The figures showa good agreement betweethe global coverage for each sensor and the
total global coveragbetween PECVPS and ECV SM version 0.1 products

Note: Instead ofusing a static preomputed R mapto provide correlation valuesthe
correlation between themerged active and merged passive datassis calculated during
runtime
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Figure7 Time series plot for pixel 740847 at location [38.625N; 8.125W] (above) and sensor usage for
the each time periods (1=SMMR, 2=SSM/I, 3=TMI, 4=AMSEAMIWS, 6=ASCAT, 7=2+5, 8=3+5,
9=4+5, 10=4+5

Figure8 Sensor Coverage for ECV SM version 0.1 data product, as provided in Annex[RD%SIBD
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