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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 prototype soil moisture essential 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 tests in this verification are limited to ascertaining that the prototype is 

compliant to the following four requirements as detailed in the SOW [AD-2]. 

1) System implements a processing chain as shown in the detailed processing model 

(DPM). 

2) System has a data flow as described in the Input Output Data Description (IODD) 

3) The processes within the system have been verified 

4) Product is as described in product specific document (PSD) 

System verification activities undertaken include the use of traceability matrix to assess 

status of compliance with standards or specifications, and the use of static and dynamic 

verification techniques for software including inspection, analysis and test method. 

The results of the verification conclude that: 

1) the system implements the main processes as outlined in the DPM but does not 

implement the processing chain exactly as shown in the detailed processing model 

(DPM). 

2) the system has a data flow as described in the Input Output Data Description (IODD), 

but the common data structure within the system differs from the IODD. 

3) after implementation of 93 tests the processes within the system have been verified, 

and result in 9 action items that are recommended to be implemented to resolve 

current test failures. 

4) the product is largely as described in product specific document (PSD) with 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 1.0, but since 

documentation of the Soil Moisture CCI project tracks the evolution of the PECVPS, the 

implementation of the functionality reported both here and in the System Prototype 
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Description (SPD) is different than in the DPM. An 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 the IODD will be produced with version 2.0 being due 

December 2013. 
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2 Introduction  

System verification is the confirmation that a model does what it is supposed to do (INCOSE 

2004), or specifically that the system conforms to its design and complies with the system 

requirements (Bahill 2005). In the case of the prototype soil moisture essential climate 

variable production system (PECVPS)Σ ƘŜǊŜŀŦǘŜǊ ŀƭǎƻ ŘŜƴƻǘŜŘ ΨǘƘŜ ǇǊƻǘƻǘȅǇŜΩΣ ǘƘŜ ǇǊƻǘƻǘȅǇŜ 

design is provided by the Detailed Processing Model and the Input Output Data Description, 

and its fundamental requirements are simply to generate a product complaint with the 

product specification document (PSD). The DPM provides an overview of the 

implementation of the algorithms as selected in the Product Validation and Algorithm 

Selection Report (PVASR), and described in the ATBD, 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 the product 

validation and algorithm selection report (PVASR). 

Referring to the SOW [AD-2] the SVR includes: 

¶ a description of the objectives and scope of the processor (Section 4) 

¶ a list of all elements and components of the prototype that have been tested 

(subsections in Section 8) including a description of the platform, the network, and 

the interfaces with other systems (Section 5.1) 

¶ a description of all test activities carried out and of the criteria on how the prototype 

was tested to ensure that the requirements are fulfilled and that the system 

performs as specified (sub sections in section 8) 

¶ a summary description of all test cases, test procedures, and test data used (section 8 

and in protocols noted in section 12)  

¶ a record of all test results (Sections 9 to 13) 

¶ a description of all acceptable and stated limitations in the prototype system and the 

steps taken to workaround anomalous, inappropriate, or undesired operating 

conditions (Section 14). 
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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 targets mainly 

¶ System Design Engineers interested in understanding, or further implementing, the 

Prototype Essential Climate Variable Production System (PECVPS) for Soil Moisture.  

¶ Scientist of other Essential Climate Variable (ECV) groups interested 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 Initiative Soil- Moisture- cci. ESRIN Contract 

No: 4000104814/11/I-NB. 

[AD-2] ESA Climate Change Initiative Phase 1, Statement of Work for Soil Moisture and 

Ice Sheets, European Space Agency, EOEP-STRI-EOPS-SW-11-0001. 

[AD-3] Technical Proposal (Part 3) in response to ESA Climate Change Initiative Phase 1 

ESRIN/AO/1-6782/11/I-NB, Vienna University of Technology. 

3.2 Reference documents  

This section provides information about references documents upon which this document is 

either based, or is required to be referenced by the reader in order to obtain the full 

information intended by the authors. Where relevant some parts of these reference 

documents may have been included in this document in a verbatim fashion. These sections 

ŀǊŜ ƴƻǘŜŘ ōȅ ǘƘŜ ǳǎŜ ƻŦ ǇŀƛǊǎ ƻŦ ǎƛƴƎƭŜ ǉǳƻǘŀǘƛƻƴ ƳŀǊƪǎ ΨΩ όƛƴǾŜǊǘŜŘ ŎƻƳƳŀΩǎύΣ ǿƛǘƘ ǘƘŜ 

verbatim text being detailed in italic font and full attribution to the appropriate referral 

document. 

[RD-1] Climate Modelling User Group, Requirement Baseline Document, August 2011, 

CMUG_D1.2_URD_v1.5.pdf (URL: http://www.esa-cmug-cci.org/) 

http://www.esa-cmug-cci.org/
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[RD-2]  PSD Product Specification Document, Version 1.0, 26 November 2012, ESA Climate 

Change Initiative Phase 1 Soil Moisture Project, http://www.esa-soilmoisture-

cci.org/node/119, 20121126_ECV_SM_Product_Specification_Document_1.0.pdf 

[RD-3]  DPM Detailed Processing Model, Version 1.0, 28 August 2012, ESA Climate Change 

Initiative Phase 1 Soil Moisture Project, http://www.esa-soilmoisture-

cci.org/node/119, 20121126_CCI_Soil_Moisture_D2.7_DPM_v.1.0.pdf 

[RD-4]  IODD Input/Output Data Definition Document, Version 1.0, 21 December 2012, ESA 

Climate Change Initiative Phase 1 Soil Moisture Project, http://www.esa-

soilmoisture-cci.org/node/119, 20121221_CCI_Soil_Moisture_D2.8_IODD_v1.0.pdf 

[RD-5] ATDB Algorithm Theoretical Baseline Document, Version 1, 14 February 2013, ESA 

Climate Change Initiative Phase 1 Soil Moisture Project, http://www.esa-

soilmoisture-cci.org/node/119, 20130214_CCI_Soil_Moisture_ATBD1.v1.0.pdf and 

20130214_CCI_Soil_Moisture_ATBD1_Annex1.v1.0.pdf 

[RD-6] PVASR D2.4 Product Validation and Algorithm Selection Report, Version 1.0, 27th June 

2013, ESA Climate Change Initiative Phase 1 Soil Moisture Project, http://www.esa-

soilmoisture-cci.org/node/119, CCI_Soil_Moisture_D2.5_PVASR_v1.0.pdf 

[RD-7] SPD System Prototype Description. Version 1.0, 4th July 2013, ESA Climate Change 

Initiative Phase 1 Soil Moisture Project, http://www.esa-soilmoisture-

cci.org/node/119, CCI_Soil_Moisture_D3.1_SPD_v.1.0.pdf 

[RD-8]  DSWG, Data Standards Requirements for CCI Data Producers, Issue 1, Revision 1, 24 

May 2013, http://46.137.76.174/?q=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 document is provided in section 15.  

http://46.137.76.174/?q=data%20standards
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4 Processor objectives and scope  

The processor objectives and scope are presented in section 4 of the System Prototype 

Description (SPD), [RD-7] 

άThe Soil Moisture ECV 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 2 datasets can be easily ingested, quality controlled, and assimilated in the ECV 

production. In Phase I of the CCI SM project, only input level 2 (L2) products based on the TU 

Wien method (for scatterometers) and the VUA-NASA LPRM algorithm (for radiometers) are 

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 by (Wagner, Lemoine et al. 1999). 

B. Level 2 soil moisture retrieval for single radiometer datasets using the VUA-NASA 

method (Owe, de jeu et al. 2008).  

C. Fusion of the 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 active+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 moisture products 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 in Figure 1: 

¶ Processing Step 1: Resampling 

¶ Processing Step 2: Rescaling 

¶ Processing Step 3: Merging 

¶ Processing Step 4 Rescaling 

¶ Processing Step 5: Merging 

A detailed view of the 5 main processing steps in the prototype, namely resampling, 

rescaling, active merging and passive merging, rescaling to GLDAS climatology, and combing 
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active and passive merged data are provided in the DPM [RD-3]and fuller details of data 

flows are provided in IODD [RD-4].έ 

 

Figure 1 The modules and data flow of the Soil Moisture Prototype ECV Production System (from SPD) 
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5 Test environment and scope of tests  

5.1 Test Environment.  

The test environment is the same environment available to the prototype system, as 

presented in section 6 of the System Prototype Description (SPD)[RD-7]. άThe PECVPS is split 

across a development and a processing environment. The development environment 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 8.2.3. The 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.έ 

άThe hardware environment in which the PECVPS is deployed consists of two virtual 

networks, a DMZ and an internal Gigabit network, with two separate firewalls comprising 

numerous computers and associated networking installations, and backup archive 

capacities.έ 

άThe internal Network runs on a Windows Active Domainέ ŀƴŘ ά¢ƻ ŜƴǎǳǊŜ efficient access to 

the 600 TByte fileserver the files system of the fileserver is enabled via a distributed file 

ǎȅǎǘŜƳ ό5C{ύέΦ 

5.2 Scope of Tests 

The scope of tests in this verification are limited to ascertaining that the prototype is 

compliant to the following four requirements as detailed in the SOW [AD-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 (IODD) 

7) The processes 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 implemented as provided in 

the detailed processing model. The traceability matrix provides a reference between the 

core system functions provided in the DPM and the code that implements those functions.  



System Verification Report 
(SVR) 

ESA Climate Change Initiative Phase I 

Soil Moisture 

Version 1.0 

Date 2 August 2013 

 

9 

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 (IODD) [RD-4]. 

8 Test description: System Modules  

Two types of software verification are applied which result in three types of tests being 

employed. Static verification entails a physical inspection of source code whilst dynamic 

verification entail checks that are performed during, or resulting from, the execution of the 

software. The three tests are briefly outlined in the following paragraphs and are detailed as 

άǘŜǎǘ ƳŜǘƘƻŘǎέ ƛƴ ǘƘŜ ά/ǊƛǘŜǊƛŀΣ ¢Ŝǎǘ ŀƴŘ !ŎŎŜǇǘŀƴŎŜέ (CTA) tables provided in the following 

sub-sections. 

Inspection: This is a static verification by physical inspection of code. Inspection is used for 

two types of verification. An initial verification ensures that all implemented code follows 

the appropriate code conventions; in the case of the PECVPS this implies that all code must 

follow conventions relevant to the WARP Framework1 (WFW). A second verification ensures 

that the code meets its requirements as defined by the DPM [RD-3], the IODD [RD-4] and the 

parent ATDB [RD-5] and PVASR [RD-6] documents. 

Analysis: In this dynamic verification the code under test is executed and the resulting 

output is visualised in some manner. The resultant visualisation is analysed to verify its 

content (i.e. by comparison to earlier visualisations/graphics) 

Test: The final 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 Pre-Processing step takes care of converting the data sets provided by external 

institutions to a 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. However the 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 data sets (AMI-WS and 

                                                      
1
 Please see SPD section 5.1 for more information on the 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 pre-process the active microwave data sets. Therefore testing 

and verification of the Pre-Processing step will be carried out only on the passive data sets. 

Table 1 Pre-processing routines for testing 

Routine Name Purpose 

tuw_amsre_swath2ts convert AMSR-E Level 2 swath data to gridded data 

tuw_tmi_swath2ts convert TMI Level 2 swath data to gridded data 

Ipf_smmr_vua_daily2ts convert SMMR daily to time series 

ssmi_vua_reggrid2ts convert SSM/I daily to time series 

8.1.1 Criteria, Test, and Acceptance: Pre-processing 

Table 2 CTA Table for tuw_amsre_swath2ts and tuw_tmi_swath2ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Input data No file corruption in 

source data files 

Check files against provided 

CRC checksum; (currently CRC 

checksum are provided along 

only for AMSR-E and TMI) 

No corrupt data in source 

files 

2 System 

function 

Swath files resampled 

either to 0.25° or higher 

degree resolution 

Inspect code: check grid size 

definition in source code 

Grid size is at least 0.25° 

and not lower 

3 System 

function 

Gridded data files in 

time series format 

Check data file for gridded 

time series 

data files in time series 

format (one time series 

per pixel) 

4 Intermediate 

data 

Data files readable by 

PECVPS / IDL 

Check for readability by using 

appropriate IDL program 

routines 

Data variable exists and is 

populated ς data content 

is in system 

5 Intermediate 

data 

Time period of 

converted time series 

ƳŀǘŎƘŜǎ Řŀǘŀ ǎŜǘΩǎ 

specification 

check time span Time period of input data 

matches 

6 Intermediate 

data 

Time series correctly 

converted from the 

make time series plots 
compare with plots from 
older, (time period) 

Visual comparison of 

new data plot and old 
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source data files incomplete data sets data plot shows no 

significant differences 

between the time 

series. 

 

Table 3 CTA for ipf_smmr_vua_daily2ts and ssmi_vua_reggrid2ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Swath files resampled 

either to 0.25° or higher 

degree resolution 

Inspect code: check grid size 

definition in source code 

Grid size is at least 0.25° 

and not lower 

2 System 

function 

Gridded data files in 

time series format 

Check data file for gridded 

time series 

data files in time series 

format (one time series 

per pixel) 

3 Intermediate 

data 

Time period of 

converted time series 

matches data sŜǘΩǎ 

specification 

check time span Time period of input data 

matches 

4 System 

function 

PECVPS can read time 

series data files 

IDL function/procedure 

can read data files 

Data variable exists, is 

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. 

Table 4 Data Objects routines for testing 

Routine Name Purpose 

tuw_cci_amsre_ts WFW data set definition and AMSR-E specific handling routines 

tuw_cci_tmi_ts WFW data set definition and TMI specific handling routines 

tuw_cci_ssmi_ts WFW data set definition and SSM/I specific handling routines 

tuw_cci_smmr_ts WFW data set definition and SMMR specific handling routines 



System Verification Report 
(SVR) 

ESA Climate Change Initiative Phase I 

Soil Moisture 

Version 1.0 

Date 2 August 2013 

 

12 

tuw_cci_ascat_ts WFW data set definition and ASCAT specific handling routines 

tuw_cci_ers_ts WFW data set definition and ERS specific handling routines 

8.2.1 Criteria, Test, and Acceptance: Data Objects 

Table 5 CTA for tuw_cci_amsre_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

variable sensor set to 4 Check time series data files 

Inspect code 

Data content: sensor is 4 

Source code shows 

appropriate assignment 

2 Intermediate 

data 

{Ŝǘ ŦƭŀƎ ǘƻ м όҐάŦǊƻȊŜƴέύ 

when land surface 

temperature below 0° 

Celsius 

Inspect code 

 

Source code shows 

appropriate assignment 

3 Intermediate 

data 

Select only descending 

overpasses: variable dir 

set to 68 (orbit direction) 

Inspect code 

Check time series data files 

Source code shows 

appropriate assignment; 

Data content for dir is 68 

4 Intermediate 

data 

Frequency band (x or c 

band) correctly set 

Inspect code Source code shows 

appropriate assignment 

5 Intermediate 

data 

Soil moisture values less 

equal zero or greater 

than 100 are flagged 

Inspect code Source code shows 

appropriate assignment 

6 Intermediate 

data 

Based on RFI monthly 

counts soil moisture 

values from C or X band 

are selected 

Inspect code 

 

Source code shows 

appropriate assignment 

7 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

8 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 
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Table 6 CTA for tuw_cci_tmi_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

Variable sensor set to 3 Check time series data files 

Inspect code 

άǎŜƴǎƻǊέ Ƴǳǎǘ ōŜ ǎŜǘ ǘƻ о 

2 Intermediate 

data 

{Ŝǘ ŦƭŀƎ ǘƻ м όҐάŦǊƻȊŜƴέύ 

when land surface 

temperature below 0° 

Celsius 

Inspect code Source code shows 

appropriate assignment 

3 Intermediate 

data 

Select only observation 

during night time, and 

therefore set dir to 68 

(orbit direction) 

Inspect code 

Check time series data files 

Source code shows 

appropriate selection. 

Data content for dir is 68 

4 Intermediate 

data 

Variable freqband set to 

1 

Check time series file: variable 

freqband 

Inspect code 

Data content for freqband 

is 1 

Source code shows 

appropriate assignment 

5 Intermediate 

data 

Soil moisture values less 

equal zero or greater 

than 100 are flagged 

Inspect code Source code shows 

appropriate selection. 

6 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

7 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 

Table 7CTA for tuw_cci_ssmi_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

Variable sensor set to 2 Check time series data file 

Inspect code 

Data content for sensor is  

2 

Source code shows 
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appropriate assignment 

2 Intermediate 

data 

Variable flag is set to 0 

for all valid soil moisture 

(non NaN) values; 

default for SSM/I 

Check time series data file 

Inspect code 

Data content for flag is 0 

for non NaN soil moisture 

values 

Source code shows 

appropriate assignment 

3 Intermediate 

data 

Variable dir is set to 68 

(orbit direction) 

Check time series data file 

Inspect code 

Data content for dir is 68 

Source code shows 

appropriate assignment 

4 Intermediate 

data 

Variable freqband set to 

2 

Check time series data file 

Inspect code 

Data content for freqband 

is 2 

Source code shows 

appropriate assignment 

5 Intermediate 

data 

Soil moisture values less 

equal zero or greater 

than 100 are flagged 

Inspect code Source code shows 

appropriate selection. 

6 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

7 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 

Table 8 CTA for tuw_cci_smmr_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

Variable sensor set to 1 Check time series data file 

Inspect code 

Data content for sensor is  

1 

Source code shows 

appropriate assignment 

2 Intermediate 

data 

Variable flag is set to 0 

for all valid soil moisture 

(non NaN) values; 

Check time series data file 

Inspect code 

Data content for flag is 0 

for non NaN soil moisture 

values 
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default for SMMR  Source code shows 

appropriate assignment 

3 Intermediate 

data 

Variable dir is copied 

from the original time 

ǎŜǊƛŜǎΩ ǾŀƭǳŜ όƻǊōƛǘ 

direction) 

Inspect code Source code shows 

appropriate assignment 

4 Intermediate 

data 

Variable freqband set to 

0 

Check time series data file 

Inspect code 

Data content for freqband 

is 0 

Source code shows 

appropriate assignment 

5 Intermediate 

data 

Soil moisture values less 

equal zero or greater 

than 100 are flagged 

Inspect code Source code shows 

appropriate selection. 

6 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

7 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 

Table 9 CTA for tuw_cci_ers_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

Variable sensor set to 5 Check time series data file 

Inspect code 

Data content: sensor is  5 

Source code shows 

appropriate assignment 

2 Intermediate 

data 

{Ŝǘ ŦƭŀƎ ǘƻ м όҐάŦǊƻȊŜƴέύ 

when advisory flag  is set 

to 2 

Inspect code 

 

Source code shows 

appropriate assignment 

3 Intermediate 

data 

Variable dir is copied 

from the original time 

ǎŜǊƛŜǎΩ ǾŀƭǳŜ όƻǊōƛǘ 

direction) 

Inspect code Source code shows 

appropriate assignment 

4 Intermediate Variable freqband set to Check time series data file Data content for freqband 



System Verification Report 
(SVR) 

ESA Climate Change Initiative Phase I 

Soil Moisture 

Version 1.0 

Date 2 August 2013 

 

16 

data 0 Inspect code is 0 

Source code shows 

appropriate assignment 

5 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

6 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 

Table 10 CAT for tuw_cci_ascat_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

Variable sensor set to 6 Check time series data file 

Inspect code 

Data content: sensor is 6 

Source code shows 

appropriate assignment 

2 Intermediate 

data 

{Ŝǘ ŦƭŀƎ ǘƻ м όҐάŦǊƻȊŜƴέύ 

when surface state flag  

is set to 2 

Inspect code 

 

Source code shows 

appropriate assignment 

3 Intermediate 

data 

Variable dir is copied 

from the original time 

ǎŜǊƛŜǎΩ ǾŀƭǳŜ 

Inspect code Source code shows 

appropriate assignment 

4 Intermediate 

data 

Variable freqband set to 

0 

Check time series data file 

Inspect code 

Data content for freqband 

is 0 

Source code shows 

appropriate assignment 

5 System 

function 

Returns measurements 

which are selected and 

not flagged based on the 

above criteria 

Inspect code Source code shows 

appropriate data selection 

6 Intermediate 

data 

Original time stamp is 

stored in the variable 

jd0. 

Inspect code Source code shows 

appropriate assignments. 
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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 grid point 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 input data sets are not necessarily in generic I/O cell based 

format, but output 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. 

Table 11 Routines for Spatial Resampling 

Routine Name Purpose 

tuw_resampling_input025 Resampling AMSR-E and TMI 

tuw_resampling_inputdgg Resampling AMI-WS and ASCAT 

tuw_resampling_smmr Resampling SMMR 

tuw_resampling_ssmi Resampling SSM/I 

tuw_cci_resample_SSF_TS Resample AMI-WS and ASCAT to retrieve surface state flag and advisory flag; 

add-on for tuw_resampling_inputdgg 

8.3.2 Criteria, Test, and Acceptance: Spatial Resampling 

Table 12 CTAfor  tuw_resampling_input025 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Find nearest pixel within 

a cell 

Log file: check corresponding 

log messages 

Inspect code 

Log file shows messages 

when nearest pixel 

found/not found 

Identify source code lines 

implementing nearest 

pixel search 

2 System 

function 

Only consider nearest 

pixel with minimal 

distance not more than 

130% of the pixel width 

Log file: check corresponding 

log messages 

Inspect code 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing nearest 
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pixel search 

3 System 

function 

If no nearest pixel found, 

output error log 

Log file: check corresponding 

messages 

Inspect code 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing 

4 System 

function 

Output data file format 

ƛǎ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based 

Check output data files Output data file are saved 

ƛƴ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based format 

Table 13 CTA for tuw_resampling_inputdgg 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Find nearest pixel within 

a cell 

Log file: check corresponding 

log messages 

Inspect code 

Log file shows messages 

when nearest pixel 

found/not found 

Identify source code lines 

implementing nearest 

pixel search 

2 System 

function 

Only consider nearest 

pixel with minimal 

distance not more than 

130% of the pixel width 

Log file: check corresponding 

log messages 

Inspect code 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing nearest 

pixel search 

3 System 

function 

If no nearest pixel found, 

output error log 

Log file: check corresponding 

messages 

Inspect code 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing 

4 System 

function 

Output data file format 

ƛǎ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based 

Check output data files Output data file are saved 

ƛƴ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based format 
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Table 14 CTA for tuw_resampling_smmr 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Find nearest pixel within 

a cell 

Log file: check corresponding 

log messages 

Log file shows messages 

when nearest pixel 

found/not found 

Identify source code lines 

implementing nearest 

pixel search 

2 System 

function 

Only consider nearest 

pixel with minimal 

distance not more than 

130% of the pixel width 

Log file: check corresponding 

log messages 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing nearest 

pixel search 

3 System 

function 

If no nearest pixel found, 

output error log 

Log file: check corresponding 

log messages 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

implementing 

4 System 

function 

Output data file format 

ƛǎ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based 

Check output data files Output data file are saved 

ƛƴ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based format 

Table 15 CTA for tuw_resampling_ssmi 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Find nearest pixel within 

a cell 

Log file: check corresponding 

log messages 

Log file shows messages 

when nearest pixel 

found/not found 

Identify source code lines 

implementing nearest 

pixel search 

2 System 

function 

Only consider nearest 

pixel with minimal 

Log file: check corresponding 

log messages 

Log file shows information 

about the distance to the 
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distance not more than 

130% of the pixel width 

nearest pixel 

Identify source code lines 

implementing nearest 

pixel search 

3 System 

function 

If no nearest pixel found, 

output error log 

Log file: check corresponding 

log messages 

Log file shows information 

about the distance to the 

nearest pixel 

Identify source code lines 

4 System 

function 

Output data file format 

ƛǎ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ cell 

based 

Check output data files Output data file are saved 

ƛƴ άƎŜƴŜǊƛŎ Lκhέ ŀƴŘ ŎŜƭƭ 

based format 

Table 16 CTA for tuw_cci_resample_SSF_TS 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Intermediate 

data 

For each CCI SM pixel 

find the nearest AMI-

WS/ASCAT pixel within a 

cell and save the surface 

state flag and advisory 

flag for the found AMI-

WS and ASCAT pixel 

Inspect code Identify source code lines  

8.3.3 Temporal Resampling  

The temporal resolution of the merged 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 closest in time is selected. 

Table 17 Routines for Temporal Resampling 

Routine Name Purpose 

tuw_cci_temporalResampling At 00:00 find nearest valid value within ±12hours time window 
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8.3.4 Criteria, Test, and Acceptance: Temporal Resampling 

Table 18 CAT for tuw_cci_temporalResampling 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Find nearest valid 

retrieval at 0:00 UTC 

within ±12 hours time 

window. Valid in this 

context means: 

¶ NaN values not 

considered 

¶ RFI + land 

surface 

temperature for 

the passive data 

sets are filtered  

¶ Surface state 

flag und 

advisory flag for 

ASCAT/ERS 

filtered 

Check time series data files 

Inspect code 

No NaN values in saved 

time series data files; 

Identify source code lines 

2 Intermediate 

data 

Set timestamp to 0:00 

UTC 

Check time series data files 

Inspect code 

Time series data files show 

timestamps for retrievals 

set to 0:00 UTC 

Identify source code lines 

3 Intermediate 

data 

Original timestamp kept 

in variable jd0 

Check time series data files 

Inspect code 

Time series data files show 

original timestamps 

Identify source code lines 

8.4 Rescaling 

Due to different observation frequencies, observation principles, and retrieval techniques, 

the contributing soil moisture 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. 
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Table 19 Routines for Rescaling 

Routine Name Purpose 

tuw_cci_rescaleTS Rescaling by CDF matching 

tuw_cci_calcCDFparameter Calculate CDF parameters 

tuw_cci_decompose_ts Calculate seasonality, anomaly for SSM/I, AMSR-E 

tuw_cci_reconstruct_ts Reconstruct time series according to (Liu, 2012)r 

8.4.1 Criteria, Test , and Acceptance: Rescaling 

Table 20 CAT for tuw_cci_decompose_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Calculate and save 

anomaly 

Inspect code Identify source code lines 

2 System 

function 

Calculate and save 

seasonality 

Inspect code Identify source code lines 

Table 21 CAT for tuw_cci_reconstruct_ts 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

anomaly and seasonality 

calculated by 

tuw_cci_decompose_ts 

are add up and saved 

Inspect code Identify source code lines 

Table 22 CAT for tuw_cci_calcCDFparameter 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Save scaling parameter 

calculated by linear 

piece wise CDF matching 

Inspect code Identify source code lines 

2 System 

function 

Parameters are 

calculated within 

overlapping time period 

and with matching 

Inspect code 

Invoke function with an 

example 

Identify source code lines 
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observation within time 

± 12 hours time window 

3 Intermediate 

data 

Parameters consist of: 

slope, intercept, 

percentile of reference 

data, percentile of 

source data 

Check saved parameters 

Inspect code 

Saved parameter files 

contain slope, intercept, 

percentile of reference 

and source data 

Identify source code lines 

4 Intermediate 

data 

Ensure that slope, 

intercept, and 

percentiles are correctly 

calculated 

Check saved parameters 

Inspect code and execute 

function with appropriate test 

values 

Invoking function provides 

expected results for slope, 

intercept, and percentiles 

Table 23 CAT for tuw_cci_rescaleTS 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

For each time series load 

rescaling parameters 

and rescale soil moisture 

values: 

sm_rescaled=sm*slope+i

ntercept 

sm_noise_rescaled= 

sm_rescaled/sm*sm_noi

se 

Inspect code and execute 

function with appropriate test 

values 

Invoking function provides 

expected results for slope, 

intercept, and percentiles 

8.5 Merging  

For the common time period between the active and passive datasets (2007-01-01 to 2007-

05-31) when merging the rescaled ASCAT with the rescaled AMI-WS dataset, the following 

approach is applied: AMI-WS data is used to fill ASCAT 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 ASMR-E data most preferred, if there 

is any overlapping time period when merging SSMR, SSM/I, TMI, and ASMR-E data. 
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Table 24 Routines for Merging 

Routine Name Purpose 

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 select a time period for 

merging with different time series data file  

8.5.1 Criteria, Test, and Acceptance: Merging 

Table 25 CAT for tuw_cci_mergeTS 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Two time series are 

merged by appending 

them appropriately in 

regard to their starting 

and ending time period, 

and also to their spatial 

availability (SSM/I, TMI, 

and AMI-WS) 

check timestamp of time 

series data files 

check sensor variable 

time span of merged time 

series extended to the 

minimum and maximum 

time stamp of the two 

newly appended time 

series. 

Sensor variable shows the 

newly appended sensor. 

Table 26 CAT for tuw_cci_extractTS 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Extract from a time 

series data file all data 

within a time period and 

save the data as new 

time series file 

check timestamp of time 

series data files 

Specified time span of  the 

output time series data 

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 products. 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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Table 27 Routines for Blending Merged 

Routine Name Purpose 

tuw_cci_blendingMergedTS Merge according to SPD v1.0 Section 7 

8.6.1 Criteria, Test, and Acceptance: Blending Merged datasets 

Table 28 CAT for tuw_cci_blendingMergedTS 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 Merged 

product 

1.11.1978 ς 31.8.1987: 

SMMR 

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 1 

Identify source code lines 

2 Merged 

product 

1.9.1987 ς 30.6.1991: 

SSM/I 

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 2 

Identify source code lines 

3 Merged 

product 

1.7.1991 ς 31.12.1997: 

SSM/I or AMI-WS  

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 2 or 5 or 

7 

Identify source code lines 

4 Merged 

product 

1.1.1998 ς 30.6.2002: 

TMI or AMI-WS above 

40N and south 40S; 

SSM/I or AMI-WS other 

regions 

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 2 or 3 or 

5 or 7 or 8 

Identify source code lines 

5 Merged 

product 

1.7.2002 ς 31.12.2006: 

AMSR-E or AMI-WS 

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 4 or 5 or 

9 

Identify source code lines 

6 Merged 

product 

1.1.2007 ς 31.12.2012: 

AMSR-E or ASCAT; note: 

AMSR-E available until 

3.10.2011 

Check sensor variable in time 

series data files 

Inspect code 

Within this time period 

value in sensor is 4 or 6 or 

10 

Identify source code lines 

7 Merged Mask Merged Product Check to see if mask is Visual comparison with 

mask template, or suitable 



System Verification Report 
(SVR) 

ESA Climate Change Initiative Phase I 

Soil Moisture 

Version 1.0 

Date 2 August 2013 

 

26 

product correctly applied product 

8 Merged 

product 

Data coverage shows 

maximum coverage for 

each sensor 

Visual analysis of coverage 

maps 

Coverage is comparable to 

known coverage 

8.7 Ancillary data sets generation  

The production of the SM product requires that a number of ancillary products are brought 

into the PECVPS. 

Table 29 Routines for Ancillary data set generation 

Routine Name Purpose 

tuw_cci_gldas2cell Converting GLDAS Noah data to cell based data structure, so that the PECVPS is 

capable of reading the data. 

tuw_cci_calcVODmap Generates annual mean VOD from AMSR-E for the period 2002 - 2011 

tuw_cci_calcRmap Generates global map of correlation coefficient between merged passive and 

merged active data set 

tuw_cci_calcPorosityMap Generates porosity global map from HWSD 

8.7.1 Criteria, Test, and Acceptance: Ancillary data sets generation  

Table 30 CAT for tuw_cci_gldas2cell 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Save GLDAS time series 

data into 5°x5° cell base 

data structure 

Inspect code Identify source code lines 

Table 31 CAT for tuw_cci_calcVODmap 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Generates global map 

with annual mean VOD 

from AMSR-E for the 

period 2002 ς 2011 

Inspect code Identify source code lines 
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Table 32 CAT for tuw_cci_calcRmap 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Generate global map for 

R between the merged 

active and merged 

passive data set 

Inspect code Identify source code lines 

 

Table 33 CAT for tuw_cci_calcPorosityMap 

Test# Test Object Criteria Test Method Acceptance Condition 

(Test pass) 

1 System 

function 

Generate global porosity 

map from the HWSD 

Inspect code Identify source code lines 

9 Test Method : Product Specification  

Product compliance with the product specification will be achieved by inspection of the 

product metadata and variable attributes using a standard NetCDF viewer (Panoply). 

10 Test Results: Processing Chain 

The following traceability matrix provides a cross reference to the routines that implement 

the core functionality as presented in the DPM. The source code routines and associated file 

names are provided in the tables in Annex 1: 

Table 34 Processing Chain Implementation Traceability Matrix 

Process Routines/functions 

Processing Step 1: Resampling Annex 1 Table 3,Annex 1 

Table 4 

Processing Step 2: Rescaling Annex 1 Table 5 

Processing Step 3: Merging Annex 1 Table 6 

Processing Step 4 Rescaling Annex 1 Table 5 

Processing Step 5: Merging Annex 1 Table 7 

Note: The DPM (version 1.0, 28 August 2012) is outdated, and the prototype, as currently 

implemented and verified in this report, reflects the advances made in the intervening 9 
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months of work. The DPM will be revised to reflect the system as implemented, and a new 

version 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 slight differences between the two (i.e. pre-processing, and 

position of merged active, and merged passive products) highlight errors in the IODD rather 

than discrepancies in the prototype. The IODD will be revised. 

  

Figure 2 Data flow through Prototype (left) as provided in IODD, (right) as found by inspection in 
prototype. The right hand side figure is copied from Figure 1 

11.1 Analysis of data at module interfaces  

The input and output data for each module is presented in the IODD. An 

analysis/observation of the data at the interface between each module within the PECVPS 

was undertaken and the results are presented in Table 35. 

Table 35 Test results for IODD compliance 

Module Interface Point Observation Compliant 

with IODD 

Resampling Input SMMR, SSM/I, TMI, AMSR-E, AMI-WS, ASCAT Pass 

Resampling Output resampled to 0.25 degree regular grid: SMMR, SSM/I, TMI, 

AMSR-E AMI-WS, ASCAT 

Pass 

Rescaling Input AMI-WS, ASCAT (resampled active); SMMR, SSM/I, TMI, Pass 
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ASCAT (resampled passive) 

Rescaling Output rescaled: AMI-WS, ASCAT,SMMR, SSM/I, TMI Pass 

Merging Input AMI-WS, ASCAT (rescaled active); SMMR, SSM/I, TMI 

(rescaled passive) 

Pass 

Merging Output merged active soil moisture product, merged passive soil 

moisture product 

Pass 

Rescaling Input Merged active microwave product, merged passive 

microwave product 

Pass 

Rescaling Output Rescaled merged active and rescaled merged passive 

microwave product 

Pass 

Merging Input Rescaled active microwave and passive microwave product 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). Table 36 presents an example of the data structure used as 

defined within the IODD, and Table 37 presents the results of the inspection of the common 

data structure as implemented within the PECVPS. 

Table 36 Data Structure after resampling (IODD) 

Variable Type Offset Scale Min physical value Max physical  

value 

Unit Missing 

Value 

JD Double precision 

float 

0 1 2443813.5 

01-NOV-1991 

2455561.5 

31-DEC-2010 

day -999999. 

SM Float 0 1 ς ς ς -999999. 

SM_NOISE Float 0 1 0 ς ς -999999. 

FLAG Byte 0 1 0 255 ς 255 

SENSOR Byte 0 1 1 млΩ ς 255 

Three new variables are seen within the data structure in the PECVPS. The attributes of 

these variables JD0, DIR, Freqband are presented in Table 37. 

¶ JD0: Julian Day of Original Observation (original observation timestamp) 

¶ DIR: Direction of satellite overpass (A, D) 

¶ Freqband: Spectral Frequency Band of observation: 0 (C-Band), 1 (X-Band), and 2 (Ku-

Band) 
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Table 37 Data Structure found by inspection 

Variable Type Offset Scale Min physical value Max physical  

value 

Unit Missing 

Value 

JD0 Double precision 

float 

0 1 2443813.5 

01-NOV-1991 

2455561.5 

31-DEC-2010 

day -999999. 

JD Double precision 

float 

0 1 2443813.5 

01-NOV-1991 

2455561.5 

31-DEC-2010 

day -999999. 

SM Float 0 1 ς ς ς -999999. 

SM_NOISE Float 0 1 0 ς ς -999999. 

DIR Byte 0 1 65 255 ς 255 

FLAG Byte 0 1 0 255 ς 255 

SENSOR Byte 0 1 1 млΩ ς 255 

freqband Byte 0 1 0 255 ς 255 

12 Test Results: System Modules 

The following subsection provides a brief test protocol for each test detailed in section 8 

along with the result of each test. Each test that fails is further documented, noting the 

require actions to mitigate the failure, in section 14.1. The subsections are organised 

according to each processing step in the PECVPS with a table providing the results of all tests 

for each routine identified in that processing step. 

12.1 Pre-Processing 

Table 38 Protocol and results: tuw_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 line 78 pass 

3 Data files are in time series format. Cell files 1323.dat and 1313.idx were checked. Files 

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

pass 

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

5 Data file 1323.idx and 1323.dat contains time series with time span matching original data 

ǎŜǘΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴΥ ŦǊƻƳ мф-JUN-2002 02:19:47 to 03-OCT-2011 12:34:38 

pass 
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6 Figure 3 shows plot of old (LPRM v03) over plotted to new (LPRM v05) data set pass 

 

 

 

Figure 3 AMSR-E VUA LPRMv03 (black) and LPRM v05 (blue) C-band surface soil moisture at 
[38.625N, 8.125W] 

Table 39 Protocol and results: tuw_tmi_swath2ts 

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 were checked. Files contain 

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

pass 

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 matching original data 

ǎŜǘΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴΥ ŦǊƻƳ лу-DEC-1997 00:43:44 to 12-JUN-2013 18:03:37 

pass 

6 Figure 4 shows plot of old (LPRM v03) over plotted to new (LPRM v05) data set pass 
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Figure 4 TMI VUA LPRMv03 (black) and LPRM v05 (blue) X-band surface soil moisture at [38.625N, 
8.125W] 

Table 40 Protocol and results: ipf_smmr_vua_daily2ts 

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 period for SMMR time series data files: from 26-Oct-1978 - 20-Aug-1987 pass 

4 5ŀǘŀ ŦƛƭŜǎ ŀǊŜ ǎŀǾŜŘ ƛƴ άƎŜƴŜǊƛŎ Lκhέ Řŀǘŀ ŦƛƭŜ ŦƻǊƳŀǘ pass 

Table 41 Protocol and results: ssmi_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 period for SSM/I time series data files: from 08-JUL-1987 - 30-JUN-2008 pass 

4 Data files are saved in IDL binary data file format pass 

12.2 Data objects 

Table 42 Protocol and results: tuw_cci_amsre_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 4. 

Source code line 53 showing appropriate variable assignment 

pass 
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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 118 ς 125 pass 

4 Selected 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 RFI value 

monitoring soil moisture values from either C or X band are selected. 

pass 

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 

Table 43 Protocol and results: tuw_cci_tmi_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 3. 

Source code line 51 showing appropriate variable assignment 

pass 

2 Data set quantity lst has not been take car of and flag has not been set accordingly (when e.g. 

soil is frozen. 

N/A 

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 returning only valid measurements pass 

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

Table 44 Protocol and results: tuw_cci_ssmi_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 2. 

Source code line 51 showing appropriate variable assignment 

pass 

2 Variable flag is set in source code line 62, defaulting all non-NaN values as valid pass 

3 Variable dir is set to 68 in line 63; defaulting all non-NaN values 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 original time stamp of each measurement in variable jd0. pass 

Table 45 Protocol and results: tuw_cci_smmr_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 1. 

Source code line 48 showing appropriate variable assignment 

pass 

2 Variable flag is set in source code line 56, defaulting all non-NaN 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 measurements with 

descending orbit direction 

pass 

7 Source code line 47 stores the original time stamp of each measurement in variable jd0. pass 

Table 46 Protocol and results: tuw_cci_ers_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 5. 

Source code line 54 showing appropriate variable assignment. 

pass 

2 In line 72/73 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 77 to 

80 

pass 

4 frequency band is set to 0 in line 51 pass 

5 Invalid measurements 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 

Table 47 Protocol and results: tuw_cci_ascat_ts 

Test# Protocol Result 

1 Data file for cell 1323 checked; showing sensor is set to 6. 

Source code line 54 showing appropriate variable assignment. 

pass 

2 In line 72/73 flag is set to 1 when surface state flag or advisory 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 77 to 

80 

pass 

4 frequency band is set to 0 in line 51 pass 

5 Invalid measurements 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 

12.3 Resampling Process 

12.3.1 Spatial resampling  

Table 48 Protocol and results: tuw_resampling_input025 

Test# Protocol Result 

1 Nearest neighbour is found by using library function arc_length calculating the distance 

between points within the same cell (line 33 to 44). Log files also indicate that nearest pixels 

are either found or not found. 

pass 

2 The maximum distance of 130% of the pixel width is defined in line 47. The corresponding 

distance for each nearest neighbour can be retrieved in log files. 

pass 

3 In cases where no nearest neighbour can be found a log entry is made in line 48. pass 

4 As required all output data files are in generic I/O cell based format. pass 

Table 49 Protocol and results: tuw_resampling_inputdgg 

Test# Protocol Result 

1 Nearest neighbour is found by using library function arc_length calculating the distance 

between points within the same cell (line 123 to 148). Log files also indicate that nearest pixels 

are either found or not found. 

pass 

2 The maximum distance of 130% of the pixel width is defined in line 152. The corresponding 

distance for each nearest neighbour can be retrieved in log files. 

pass 

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 

Table 50 Protocol and results: tuw_resampling_smmr 

Test# Protocol Result 
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1 Nearest neighbour is found by using library function arc_length calculating the distance 

between points within the same cell (line 25 to 46) Log files also indicate that nearest pixels 

are either found or not found. 

pass 

2 The maximum distance of 130% of the pixel width is defined in line 51. The corresponding 

distance for each nearest neighbour can be retrieved in log files. 

pass 

3 In cases where no nearest 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 

Table 51 Protocol and results: tuw_resampling_ssmi 

Test# Protocol Result 

1 Nearest neighbour is found by using library function arc_length calculating the distance 

between points within the same cell (line 23 to 35). Log files also indicate that nearest pixels 

are either found or not found. 

pass 

2 The maximum distance of 130% of the pixel width is defined in line 39. The corresponding 

distance for each nearest neighbour can be retrieved in log files. 

pass 

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 files are in generic I/O cell based format. pass 

Table 52 Protocol and results: tuw_cci_resample_SSF_TS 

Test# Protocol Result 

1 Nearest neighbour within a cell is found by using the library function arc_length (line 148). 

Pixels within a cell are determined in line 119. Advisory flag and surface state flag are read 

from line 155 to 222. Flags data content are saved in line 226. 

pass 

12.3.2 Temporal resampling  

Table 53 Protocol and results: tuw_cci_temporalResampling 

Test# Protocol Result 

1 Measurements which are nearest to 0:00 UCT within a ±12 hour time window are identified 

from line 218 to 244. Depending on which data object is being used, valid measurements are 

ǊŜǘǊƛŜǾŜŘ ǳǇƻƴ ƛƴǾƻƪƛƴƎ ǘƘŜ Řŀǘŀ ƻōƧŜŎǘΩǎ ƳŜǘƘƻŘΦ /ƘŜcking time series data files confirms that 

only soil moisture values are within 0 and 100 ranges. 

pass 

2 Time stamps are set to 0:00 UTC in line 218. These time stamp are saved in the variable jd. 

(Source code line 249)  

pass 
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3 The original time stamps will be taken over from the data object that has been invoked by this 

object. 

pass 

12.4 Rescaling Process 

Table 54 Protocol and results: tuw_cci_decompose_ts 

Test# Protocol Result 

1 The SSM/I and AMSR-E seasonalities are calculated over the overlapping period July 2002 ς 

December 2007. This period is applied in line 46 to the time series, and the seasonality itself is 

calculated in lines 62 ς 83.  For each pixel the seasonality time series is saved in line 96. 

pass 

2 The SSM/I and AMSR-E anomaly is calculated over the overlapping period July 2002 ς 

December 2007 in line 92. For each pixel the anomaly time series is saved in line 105. 

pass 

Table 55 Protocol and results:tuw_cci_reconstruct_ts 

Test# Protocol Result 

1 Seasonality and anomaly values calculated with tuw_cci_decompse_ts are now used to 

reconstruct the SSM/I data set. Line 29 reads the AMSR-E seasonality, line 43 reads the 

ǊŜǎŎŀƭŜŘ {{aκL ŀƴƻƳŀƭƛŜǎΣ ōƻǘƘ ŀǊŜ ǘƘŜƴ ŀŘŘŜŘ ǳǇ ŀƴŘ ǎŀǾŜŘ ŀǎ άǊŜŎƻƴǎǘǊǳŎǘŜŘ {{aκLέ ǘƛƳŜ 

series data (line 75 and 87). 

pass 

Table 56 Protocol and results: tuw_cci_calcCDFparameter 

Test# Protocol Result 

1 Scaling parameters are calculated by linear piece wise CDF matching between reference 

(AMSR-E / ASCAT) and source data set (line 118 ς 146). 

pass 

2 Parameters are calculated within overlapping time period (line 72 ς 96). Each Observation 

values are not temporally matched within a ±12 hours time window. 

N/A 

3 Slope, intercept, and percentiles for reference and source data are saved in an appropriate 

data structure, line 149. 

pass 

4 Figure 5.shows IDL development console print an exampling for slope and intercept 

calculation. Parameters are correctly saved using WFW system functions. 

Pass 
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Figure 5 Scaling parameter calculation for TMI at pixel 627937 [19.125N, 155.625W] within an IDL 
command line console 

Figure 5 shows the linear piece wise CDF matching between reference data 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 intercept is -23.25. 

Table 57 Protocol and results: tuw_cci_rescaleTS 

Test# Protocol Result 

1 Time series data are rescaled by loading the previously calculated and saved scaling 

parameters and applying them to the equation sm_rescaled=sm*slope+intercept and 

sm_noise_rescaled= sm_rescaled/sm*sm_noise (line 61 ς 115). (The percentiles are calculated 

by using a library function.) See Figure 6 showing the IDL development console. 

pass 
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Figure 6 Rescaling TMI soil moisture (sm) data at pixel 627937 [19.125N, 155.625W] within an IDL 
command line console 

In Figure 6 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 the 11th and 12th percentile 

(the 10th percentile range[67 ς 69]). So the 10th 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 

Table 58 Protocol and results: tuw_cci_mergeTS 

Test# Protocol Result 

1 Merging two time series data sets is by checking their time span and availability for the 

specified time period, and finally joined to a new time series data set. Time series data files are 

showing the new time span correctly, also sensor variable are correctly taken over. 

pass 

Table 59 Protocol and results: tuw_cci_extractTS 

Test# Protocol Result 

1 For a given time series data file and a specified time period (start and end time) a new time 

series data file is extracted for that time period saved. 

pass 
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12.6 Rescaling Process 

For rescaling the merged passive and merged active data set to the GLDAS-Noah climatology 

the same rescaling routine (tuw_cci_rescaleTS) is used as in section 8.4. The tests and results 

for the scaling routine are presented in section 12.4. 

12.7 Merging Process 

Table 60 Protocol and results: tuw_cci_blendingMergedTS 

Test# Protocol Result 

1 1.11.1978 ς 31.8.1987: SMMR Fail 

2 1.9.1987 ς 30.6.1991: SSM/I Fail 

3 1.7.1991 ς 31.12.1997: SSM/I or AMI-WS Fail 

4 1.1.1998 ς 30.6.2002: TMI or AMI-WS between Latitude[40N,40S]; SSM/I or AMI-WS other 

regions 

Fail 

5 1.7.2002 ς 31.12.2006: AMSR-E or AMI-WS Fail 

6 1.1.2007 ς 31.12.2012: AMSR-E or ASCAT; note: AMSR-E available until 3.10.2011 Fail 

7 Masking of merged product Fail 

8 Visual comparison is made between  Fail 

Figure 7 shows the results of tests 1 to 6 with a time series 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 process being noted as failing, as it is not 

possible to correctly resolve the test. See section 14.1 for further notes on this. 

The result of test 8 are seen by a comparison between Figure 8 and Figure 9 to Figure 15. 

The figures show a good agreement between the global coverage for each sensor and the 

total global coverage between PECVPS and ECV SM version 0.1 products. 

Note: Instead of using a static pre-computed R map to provide correlation values, the 

correlation between the merged active and merged passive data sets is calculated during 

runtime 
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Figure 7 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=AMSR-E, 5=AMI-WS, 6=ASCAT, 7=2+5, 8=3+5, 
9=4+5, 10=4+5 

 

Figure 8 Sensor Coverage for ECV SM version 0.1 data product, as provided in Annex to ATBD [RD-5] 


























