
 

 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 

 

 

 

 

 

System Verification Report (SVR)  

Ref: D3.3 

Date: 19 August 2021 

Issue: 3.0  

For: ESA / ECSAT 

Ref: CCIWV.REP.014 

 

 

 

 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

ii 

This Page is Intentionally Blank 

 



 

   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

iii 

 

Project :  Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 

Document Title:  System Verification Report (SVR) 

Reference :  D3.3 

Issued :  19 August 2021 

Issue :  3.0  

Client : 
 

ESA / ECSAT 

Authors       :  
Olaf Danne (Brockmann Consult), Michaela Hegglin (University of Reading), 

Hao Ye (University of Reading) 

Copyright       :  Water_Vapour_cci Consortium and ESA 
 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

iv 

Document Change Log  

 

Issue/ Revision Date Comment 

0.1 April 2019 Initial issue 

0.2 3 June 2019 First version for internal review 

1.0 7 June 2019 First submitted version 

1.1 31 August 2019 Revision based on v1.0 RIDs 

2.0 31 July 2020 Scheduled document update 

3.0 19 August 2021 Scheduled document update 

 

 

 

 



 

   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

v 

TABLE OF CONTENTS 

1. INTRODUCTION ...................................................................................................................... 11 

1.1 Purpose ............................................................................................................................. 11 
1.2 Scope ................................................................................................................................ 11 

2. SYSTEMS UNDER TEST ......................................................................................................... 12 

3. VERIFICATION APPROACH ................................................................................................... 13 

3.1 TCWV Processing System................................................................................................ 13 
3.1.1 Preprocessing ......................................................................................................... 13 
3.1.1.1 Code sanity checks .............................................................................................. 13 
3.1.1.2 Unit-level testing .................................................................................................. 14 
3.1.1.3 Monitoring ............................................................................................................ 16 
3.1.1.4 Visual inspection .................................................................................................. 18 
3.1.2 TCWV L2 processing .............................................................................................. 22 
3.1.2.1 Code sanity checks .............................................................................................. 22 
3.1.2.2 Unit-level testing .................................................................................................. 23 
3.1.2.3 Monitoring ............................................................................................................ 27 
3.1.2.4 Visual inspection .................................................................................................. 28 
3.1.3 TCWV L2 file transfer JASMIN Ą Calvalus ........................................................... 33 
3.1.4 TCWV L3 processing .............................................................................................. 33 
3.1.4.1 Code sanity checks .............................................................................................. 33 
3.1.4.2 Unit-level testing .................................................................................................. 34 
3.1.4.3 Monitoring ............................................................................................................ 34 
3.1.4.4 Visual inspection .................................................................................................. 36 
3.1.4.5 Product Merging ................................................................................................... 46 
3.1.4.6 Code sanity checks .............................................................................................. 46 
3.1.4.7 Unit-level testing .................................................................................................. 46 
3.1.4.8 Monitoring ............................................................................................................ 46 
3.1.4.9 Visual inspection .................................................................................................. 48 
3.1.5 Final Products ......................................................................................................... 58 
3.1.5.1 CF- and CCI compliance...................................................................................... 58 
3.1.5.2 Completeness ...................................................................................................... 60 
3.1.5.3 Dissemination to users......................................................................................... 60 
3.1.6 Advanced verification ............................................................................................. 61 

3.2 VRWV Processing System ............................................................................................... 61 
3.2.1 VRWV CDR-3 ......................................................................................................... 61 
3.2.1.1 Preprocessing ...................................................................................................... 61 
3.2.1.2 VRWV bias correction processing ....................................................................... 63 
3.2.1.3 VRWV seasonal correction processing ............................................................... 65 
3.2.1.4 VRWV product merging ....................................................................................... 66 
3.2.2 VRWV CDR-4 ......................................................................................................... 67 
3.2.2.1 Preprocessing/ingestion....................................................................................... 67 
3.2.2.2 VRWV bias correction processing ....................................................................... 68 
3.2.2.3 VRWV L3 processing ........................................................................................... 69 
3.2.2.4 VRWV product merging ....................................................................................... 74 
3.2.3 Final products ......................................................................................................... 77 
3.2.3.1 CF- and CCI compliance...................................................................................... 77 

APPENDIX 1: REFERENCES ....................................................................................................... 80 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

vi 

APPENDIX 2: GLOSSARY ........................................................................................................... 81 

APPENDIX 3: PROCESSING LOGS AND REPORTS ................................................................. 83 

APPENDIX 4: NETCDF óNCDUMPô EXAMPLE ........................................................................... 93 

 

 

 

INDEX OF FIGURES 

Figure 2-1: Symmetric system definition of the TCWV and VRWV processing systems. Taken 

from [4]. ................................................................................................................. 12 

Figure 3-1: SNAP Product Explorer: MERIS IdePix pixel classification product [1], and same 

product after ingestion of ERA Interim ancillary variables [2]. .............................. 19 

Figure 3-2: Example of a MERIS IdePix pixel classification product (20081023_085102) in the 

Mediterranean area with ingested ERA Interim ancillary variables: RGB (left), 

pixels flagged as cloud (yellow, centre), ERA Interim prior TCWV (right, on a 

scale 0ï40 kg m-2). ............................................................................................... 20 

Figure 3-3: Example of cloud identification for MODIS (MOD021KM.A2011196.1050) over 

Western Europe: RGB (upper left), pixels flagged as cloud in MOD35 L2 cloud 

product (upper right), pixels flagged as cloud by IdePix in 'cloud conservative' 

mode (lower left) and 'clear sky conservative' mode (lower right). ....................... 21 

Figure 3-4: Example of an OLCI IdePix pixel classification product 

(S3A_OL_1_ERR____20160715T100417) over Western Europe: RGB (top), 

pixels flagged as cloud by IdePix (bottom). .......................................................... 22 

Figure 3-5: MERIS TCWV L2 retrieval for the same product as in Figure 3-2 (20081023_085102): 

left image shows pixels flagged as cloud (yellow) and cloud buffer (red), centre 

image shows again ERA Interim prior TCWV, right image TCWW retrieved from 

WV_cci algorithm (same scale, 0ï40 kg m-2). ...................................................... 29 

Figure 3-6: MODIS TCWV L2 retrieval for product MOD021KM.A2011196.0930: RBG (left) pixels 

flagged as cloud (yellow, centre), and TCWW retrieved from WV_cci algorithm 

(right, on a scale from 0ï40 kg m-2). ..................................................................... 30 

Figure 3-7: Comparison of MERIS and MODIS TCWV L2 retrieval: collocation of óDataset 1ô 

products MER_RR__1PRACR20110715_075104 and 

MOD021KM.A2011196.0930) along the Namibian coast: MODIS left, MERIS 

right. TCWW values are on the same scale. ........................................................ 30 

Figure 3-8: Comparison of MERIS and MODIS TCWV L2 retrieval: same as Figure 3-7, but 

obtained from recent óDataset 2ô after algorithm improvements. .......................... 31 



 

   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

vii 

Figure 3-9: TCWV L2 retrieval for the OLCI RR product S3A_OL_1_ERR____20160715T100617. 

RGB (upper left), pixels flagged as cloud by IdePix (upper right), TCWV prior 

(lower left), and TCWV retrieval (lower right). ...................................................... 32 

Figure 3-10: MERIS TCWV L3 daily aggregate for July 15th, 2011 (greyscale, 0ï70 kg m-2). 

Yellow indicates no data. ...................................................................................... 37 

Figure 3-11: Number of MERIS TCWV L2 retrievals in L3 daily aggregate for July 15th, 2011. 

Colour scale is 0ï250. .......................................................................................... 37 

Figure 3-12: MERIS TCWV quality flag in L3 daily aggregate for July 15th, 2011. Colours are 

explained in the table. ........................................................................................... 38 

Figure 3-13: MERIS TCWV L3 monthly aggregate for July 2011 (greyscale, 0ï70 kg m-2). .......... 38 

Figure 3-14: Number of MERIS TCWV L2 retrievals in L3 monthly aggregate for July 2011. Colour 

scale is 0ï2500. .................................................................................................... 39 

Figure 3-15: MODIS TCWV L3 daily aggregate for July 13th, 2016 (greyscale, 0ï70 kg m-2). ...... 40 

Figure 3-16: Number of MODIS TCWV L2 retrievals in L3 daily aggregate for July 13th, 2016. 

Colour scale is 0ï250. .......................................................................................... 40 

Figure 3-17: MODIS TCWV quality flag in L3 daily aggregate for July 13th, 2016. Colours are 

explained in the table. ........................................................................................... 41 

Figure 3-18: MODIS TCWV L3 monthly aggregate for July 2016 (greyscale, 0ï70 kg m-2). ......... 41 

Figure 3-19: Number of MODIS TCWV L2 retrievals in L3 monthly aggregate for July 2016. Colour 

scale is 0ï5000. .................................................................................................... 42 

Figure 3-20: OLCI TCWV L3 daily aggregate for July 13th, 2016 (greyscale, 0ï70 kg m-2). Yellow 

indicates no data. .................................................................................................. 43 

Figure 3-21: Number of OLCI TCWV L2 retrievals in L3 daily aggregate for July 13th, 2016. 

Colour scale is 0ï250. .......................................................................................... 43 

Figure 3-22: OLCI TCWV quality flag in L3 daily aggregate for July 13th, 2016. Colours are 

explained in the table. ........................................................................................... 44 

Figure 3-23: OLCI TCWV L3 monthly aggregate for July 2016 (greyscale, 0ï70 kg m-2). ............. 44 

Figure 3-24: Number of OLCI TCWV L2 retrievals in L3 monthly aggregate for July 2016. Colour 

scale is 0ï2500. .................................................................................................... 45 

Figure 3-25: HOAPS TCWV L3 daily product for July 15th, 2011 (greyscale, 0ï70 kg m-2). ......... 45 

Figure 3-26: MERIS/MODIS TCWV L3 daily merge for July 15th, 2011 (greyscale, 0ï70 kg m-2). 

Yellow indicates no data. ...................................................................................... 49 

Figure 3-27: Number of MERIS+MODIS TCWV L2 retrievals in L3 daily aggregate for July 15th, 

2011. Colour scale is 0ï500. ................................................................................ 49 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

viii 

Figure 3-28: MERIS/MODIS TCWV L3 monthly merge for July 2011 (greyscale, 0ï70 kg m-2). 

Yellow indicates no data. ...................................................................................... 50 

Figure 3-29: Number of MERIS+MODIS TCWV L2 retrievals in L3 daily aggregate for July 2011. 

Colour scale is 0ï7500. ........................................................................................ 50 

Figure 3-30: MERIS/MODIS/HOAPS TCWV L3 daily merge for July 28th, 2011 (greyscale, 0ï70 

kg m-2). Yellow indicates no data. ......................................................................... 51 

Figure 3-31: Number of MERIS+MODIS+HOAPS TCWV L2 retrievals in L3 daily aggregate for 

July 28th, 2011. Colour scale is 0ï500. ................................................................ 51 

Figure 3-32: MERIS/MODIS/HOAPS TCWV L3 monthly merge for July 2011 (greyscale, 0ï70 kg 

m-2). Yellow indicates no data. .............................................................................. 52 

Figure 3-33: Number of MERIS+MODIS+HOAPS TCWV L2 retrievals in L3 monthly aggregate for 

July 2011. Colour scale is 0ï7500. ....................................................................... 52 

Figure 3-34: OLCI/MODIS/HOAPS TCWV L3 daily merge for July 11th, 2016 (greyscale, 0ï70 kg 

m-2). Yellow indicates no data. .............................................................................. 53 

Figure 3-35: Number of OLCI+MODIS+HOAPS TCWV L2 retrievals in L3 daily aggregate for July 

11th, 2016. Colour scale is 0ï500. ....................................................................... 54 

Figure 3-36: OLCI/MODIS/HOAPS TCWV L3 average (top) and retrieval (bottom) uncertainty for 

July 11th, 2016. Colour scale is 0ï5 kg m-2 for both. Grey indicates no data. ...... 55 

Figure 3-37: L3 surface type flag for July 11th, 2016. Colours are explained in the bottom figure.

 .............................................................................................................................. 56 

Figure 3-38: OLCI/MODIS/HOAPS TCWV L3 monthly merge for July 2016 (greyscale, 0ï70 kg m-

2). Yellow indicates no data. .................................................................................. 57 

Figure 3-39: Number of OLCI+MODIS+HOAPS TCWV L2 retrievals in L3 monthly aggregate for 

July 2016. Colour scale is 0ï7500. ....................................................................... 57 

Figure 3-40: CF compliance check result for MERIS July 2011 monthly 0.5-degree aggregate 

product. ................................................................................................................. 59 

Figure 3-41: Example IDL code that generates an error message if a given instrumentôs file 

ingestion fails. ....................................................................................................... 62 

Figure 3-42: MIPAS and Aura-MLS crossections for January 2005. .............................................. 63 

Figure 3-43: QSUMs for differences between each observational dataset and the CCM CMAM. . 64 

Figure 3-44: Differences between the water vapour time series at 50 hPa and for the tropics from 

CDR-3 and SWOOSH. The differences between the datasets are time-dependent 

and thus indicating an inhomogeneity in the representation of the seasonal cycle 

amplitude, especially during the ENVISAT period (grey shading). Ideally, the 

differences between the two climate data records would show a similar pattern 

over the whole time period. ................................................................................... 65 

Figure 3-45: Merged ESA WV_cci product for January 2005. ........................................................ 66 



 

   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

ix 

Figure 3-46: Aura MLS L3 monthly VRWV before bias correction on 150 hPa in January 2010. .. 70 

Figure 3-47: Aura MLS L3 monthly VRWV before bias correction on 250 hPa in January 2010. .. 71 

Figure 3-48: Aura MLS L3 monthly VRWV before bias correction on 150 hPa in July 2010. ........ 71 

Figure 3-49: Aura MLS L3 monthly VRWV before bias correction on 250 hPa in July 2010. ........ 72 

Figure 3-50: Aura MLS L3 monthly VRWV after bias correction on 150 hPa in January 2010. ..... 72 

Figure 3-51: Aura MLS L3 monthly VRWV after bias correction on 250 hPa in January 2010. ..... 73 

Figure 3-52: Aura MLS L3 monthly VRWV after bias correction on 150 hPa in July 2010. ........... 73 

Figure 3-53: Aura MLS L3 monthly VRWV after bias correction on 250 hPa in July 2010. ........... 74 

Figure 3-54: L3 monthly VRWV merged product on 150 hPa in January 2010. ............................ 75 

Figure 3-55: L3 monthly VRWV merged product on 250 hPa in January 2010. ............................ 75 

Figure 3-56: L3 monthly VRWV merged product on 150 hPa in July 2010. ................................... 76 

Figure 3-57: L3 monthly VRWV merged product on 250 hPa in July 2010. ................................... 76 

Figure 3-58: Report from CF-compliance checker for an early version of WV_cci CDR-3 that failed 

several checks. ..................................................................................................... 77 

Figure 3-59:  Report from CF-compliance checker for the final CDR-3 v3.0 file, now with previous 

problems resolved and of final CDR-3 v3.0 fully compliant. ................................. 78 

Figure 3-60: ncdump example to check content of final CDR-4 v3.0 data file is consistent with CCI 

information. CDR-3 v3.0 data file exhibits the same information content. ............ 79 
 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

x 

This Page is Intentionally Blank 

 

 



 

   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

11 

1. INTRODUCTION 

1.1 Purpose 

Verification is the process to demonstrate that the system meets the specified 

requirements [1]. With regard to the ESA Climate Change Initiative (CCI) WV_cci 

project this means that the processing systems are able to generate the water vapour 

output products as specified in the Product Specification Document [2] and to provide 

the final data products to users. This comprises the identification of what shall be 

verified, the definition of how it shall be verified, the execution, and the reporting on 

pass or failure. Verification methods used are tests, inspection, and monitoring. 

The systems to be verified consist of the dedicated subsystems for the generation of 

(a) TCWV products and (b) VRWV products with their corresponding subcomponents 

as described in the System Specification Document [3]. 

1.2 Scope 

This System Verification Report (SVR) v3.0 documents the system verification 

activities of the ESA Climate Change Initiative (CCI) WV_cci project for its elements 

used over the project period. 
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2. SYSTEMS UNDER TEST 

The systems under test are the dedicated subsystems for the generation of (a) TCWV 

products and (b) VRWV products with their corresponding subcomponents as shown 

in Figure 2-1. Both systems are described in more detail in [3]. 

 

Figure 2-1: Symmetric system definition of the TCWV and VRWV processing 
systems. Taken from [4]. 
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3. VERIFICATION APPROACH 

3.1 TCWV Processing System 

3.1.1 Preprocessing 

The preprocessing steps applied in the TCWV retrieval are (see [3]): 

¶ Pixel classification (i.e. cloud identification, land/water flagging) and reflectance 

band1 subsetting for TCWV retrieval from MERIS and MODIS L1b data; 

¶ Radiance-to-reflectance conversion in case of MERIS; 

¶ Ingestion of ancilliary variables from ERA Interim datasets [5]; 

¶ Temporal interpolation and spatial collocation of ERA Interim onto L1b product 

grid.  

3.1.1.1 Code sanity checks 

A number of code sanity checks have been introduced into the pre-processing code. 

The most important ones are: 

¶ the pixel classification fails if the input product is regarded as invalid (i.e. does not 

follow the corresponding L1b product specifications); 

¶ the pixel classification fails if ancillary data (e.g. neural nets, MERIS L2 auxdata) 

cannot be loaded; 

¶ the pixel classification fails if additional input products (e.g. MODIS cloud product, 

Land/Water mask product) do not follow specifications; 

¶ the MERIS and OLCI radiance-to-reflectance conversion fails if geometry tie point 

grind (i.e. SZA) are missing in the source product; 

¶ any of the preprocessing steps fails if the source product(s) have no geo-

information; 

¶ in case of MODIS, any of the preprocessing steps fails if the L1b source product 

is not flagged as a 'Day' product. 

                                                      

1 The term 'band' is used throughout this document. It follows the SNAP naming conventions and is 

equivalent to a NetCDF variable containing 2D raster data.  
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3.1.1.2 Unit-level testing 

The preprocessing modules have been subsequently unit-level tested. The reports 

are given below in a summary format. As for all other processing modules, all these 

tests must pass successfully in order to build and deploy the software on the 

dedicated processing systems (JASMIN for MODIS L2 processing, and Calvalus for 

all other steps).  

[INFO] ------------------------ -------------------------------  

[INFO]  T E S T S  

[INFO] -------------------------------------------------------  

[INFO] Running org.esa.s3tbx.idepix.core.util.IdepixIOTest  

[INFO] Tests run: 7, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0 s  

[INFO] Results:  

[INFO] Tests run: 7, Failures: 0, Errors: 0, Skipped: 0  

 

[INFO] -------------------------------------------------------  

[INFO]  T E S T S  

[INFO] -------------------------------------------------------  

[INFO]Running 

org.esa.snap.idepix.meris.dataio .nc4.IdepixMerisNc4WriterLoaded

AsServiceTest  

writerPlugIn.Class = class 

org.esa.snap.idepix.meris.dataio.nc4.IdepixMerisNc4WriterPlugIn  

writerPlugIn.Descr = SNAP IDEPIX - MERIS NetCDF4 products  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

el apsed: 0.141 s  

[INFO] Running org.esa.snap.idepix.meris.IdepixMerisOpTest  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.19 s  

[INFO] Results:  

[INFO] Tests run: 2, Failures: 0, Errors: 0, Skipped: 0  

 

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

 T E S T S  

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

[INFO] Running 

org.esa.snap.idepix.modis.dataio.nc4.IdepixModisNc4WriterLoaded

AsServiceTest  

writerPlugIn.Class = class 

org.esa.snap.idepix.modis.dataio.nc4.Idepix ModisNc4WriterPlugIn  

writerPlugIn.Descr = SNAP IDEPIX - MODIS NetCDF4 products  
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[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.169 sec  

[INFO] Running org.esa.snap.idepix.modis.IdepixModisOpTest  

[INFO] Tests run: 1, Failures: 0, Error s: 0, Skipped: 0, Time 

elapsed: 0.169 sec  

[INFO] Results :  

[INFO] Tests run: 2, Failures: 0, Errors: 0, Skipped: 0  

 

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

 T E S T S  

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

[INFO] Running org.esa.snap.idepix.olci.IdepixOlciOpTest  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.238 s -  in org.esa.snap.idepix.olci.IdepixOlciOpTest  

[INFO] Running org.esa.snap.idepix.olci.IdepixOlciUtilsTest  

[INFO] Tests run: 6, Failure s: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.047 s -  in 

org.esa.snap.idepix.olci.IdepixOlciUtilsTest  

[INFO] Running 

org.esa.snap.idepix.olci.TensorflowNNCalculatorTest  

 

[INFO] Tests run: 3, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.701 s -  in 

org .esa.snap.idepix.olci.TensorflowNNCalculatorTest  

[INFO]  

[INFO] Results:  

[INFO]  

[INFO] Tests run: 10, Failures: 0, Errors: 0, Skipped: 0  

 

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

T E S T S  

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

[INFO] Running org.esa.s3tbx.processor.rad2refl.Rad2ReflTest  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.17 s  

[INFO] Results:  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0  

 

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

T E S T S  

-------------------------------------------------------  
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[INFO] Tests run: 4, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.169 s  

[INFO] Running org.esa.s3tbx.meris.l2auxdata.AuxFileTest  

[INFO] Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0 s  

[INFO] Running org.esa.s3tbx.meris.l2auxdata.UtilsTest  

[INFO] Tests run: 2, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0.17 s  

[INFO] Results:  

[INFO] Tests run: 7, Failures: 0, Errors: 0, Skipped: 0  

 

3.1.1.3 Monitoring 

The preprocessing is executed on both JASMIN and Calvalus processing systems 

using the PMonitor Python framework (see [3]) initializing the parallel processing 

using a dedicated number of nodes. This framework provides various options for job 

monitoring as well as for logging and reporting on different levels of detail.  

As an example, this is illustrated for one month (31 days) of MERIS preprocessing on 

Calvalus. This task consists of 62 jobs (31 jobs for pixel classification including 

radiance-to-reflectance conversion, and 31 jobs for ingestion of ERA Interim products 

with interpolation/colocation). Each of these jobs subsequently processes the single 

MERIS L1b of one day (usually ~13 products).  

When the processing is initiated, a status file is generated which is monitoring the 

status of running, finished, and queued jobs. The file is updated every 10 seconds. 

Here it looks like this: 

Every 10.0s: less tcwv_meris_ preprocessing .status                     

Mon Apr 29 15:06:34 20 19 

62 created, 31 running, 31 backlog, 0 processed, 0 failed  

 

Every 10.0s: less tcwv_meris_ preprocessing .status                     

Mon Apr 29 15:10:14 2019  

62 created, 11 running, 8 backlog, 43 processed, 0 failed  

 

Every 10.0s: less tcwv_meris_ preprocessi ng.status                     

Mon Apr 29 15:12:30 2019  

62 created, 0 running, 0 backlog, 62 processed, 0 failed  

Initially, 31 (of max. 32) jobs are running. These 31 jobs are doing the pixel 

classification. For each day, the pixel classification job must be finished before the 

ERA Interim ingestion job can be started, as the pixel classification output is needed 
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as mandatory input. The waiting jobs are kept in a backlog. The PMonitor also takes 

care for this kind of processing conditions. After a while, a bunch of jobs (43) has 

been processed successfully, with a few jobs still running and a few in the backlog. 

The final state should always look like in the last line, with all created jobs finally 

processed successfully.  

For each job, a dedicated log file is written, and in case of successful processing an 

entry is generated in a report file. Examples for those are given in Appendix 3: 

Processing logs and reports. 

As a final check, it must be verified that the number of generated preprocessed 

products is as expected. For MERIS on Calvalus it is the same as the number of L1b 

input products: 

ls /calvalus/eodata/MER_RR__1P/r03/2011/08/*/*.N1 |wc - l  

444  

ls /calvalus/projects/wvcci/idepix - era -

interim/meris/2011/08/*/*.nc |wc - l  

444  

For MODIS Terra on JASMIN we have to keep in mind that only 'Day' products are 

preprocessed. For the other products, the pixel classification processes will 

immediately terminate with an 'expected failure' with no output generated. 

ls 

/gws/nopw/j04/esacci_wv/odanne/WvcciRoot/L1b/MODIS_TERRA/2011/0

8/*/*.hdf |wc - l  

8928  

l s 

/gws/nopw/j04/esacci_wv/odanne/WvcciRoot/ IdepixEraIn terim /MODIS

_TERRA/2012/08/01/*.nc |wc  

3438  

 

We have a total number of 8928 (31*288) L1b inputs, as there are 288 products per 

day (1 every 5 minutes), but the number of preprocessed products is just 3438. Now 

we need to verify that the number of missing products is consistent with the exclusion 

of non-'Day' products. This check is being logged in each single process, so we count 

the occurrence of this specific log output from all log files (pattern *.out): 

grep " SKIP nightly  product" *. out |wc  

5490  

This makes sense, as 5490 is the number of excluded products (8928 ï 3438). 
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3.1.1.4 Visual inspection 

There have been lots of visual inspections of single preprocessing result products, i.e. 

the pixel classification products should provide a correct flagging of land/sea pixels, 

and a 'reasonable' cloud detection2. After the ingestion of ERA Interim products, the 

ancillary variables for temperature, pressure, wind speed, and prior TCWV should be 

present in the result products, which in return serve as input products for the L2 

TCWV retrieval. Figure 3-1 shows an example for MERIS: after the ERA Interim 

ingestion, the pixel classification product contains the additional variables t2m 

(temperature in 2m height), msl (mean sea level pressure), u10/v10 (horizontal wind) 

and tcwv (prior total column of water vapour). Together with the TOA reflectances in 

MERIS bands 13ï15, they are mandatory input for the L2 TCWV retrieval.  

For visual inspection of the generated NetCDF products we usually use the SNAP 

desktop application. For inspecting product metadata (global and variable attributes), 

ncdump is a useful tool as well.  

                                                      

2 An improvement/optimisation of the MERIS, OLCI and MODIS cloud detections is not part of this 

verification step. This is done in separate projects/activities (e.g. continuous work on the IdePix 

pixel classification processor at BC). For WV_cci, we use the cloud masking regarded as currently 

'best available' (see text for more details). 
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Figure 3-1: SNAP Product Explorer: MERIS IdePix pixel classification product 
[1], and same product after ingestion of ERA Interim ancillary variables [2]. 

 

Figure 3-2 shows the IdePix cloud classification for the MERIS RR product 

20081023_085102. The cloud identification works obviously well over both land and 

water. The challenge in this example was the separation of clouds from sun glint 

which is present over the water surface in the left half of the image. The image on the 
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right gives an idea of the distribution of the corresponding prior TCWV from ERA 

Interim. 

 

 

Figure 3-2: Example of a MERIS IdePix pixel classification product 
(20081023_085102) in the Mediterranean area with ingested ERA Interim 

ancillary variables: RGB (left), pixels flagged as cloud (yellow, centre), ERA 
Interim prior TCWV (right, on a scale 0ï40 kg m-2).  

Figure 3-3 shows the cloud classification for the MODIS product 

MOD021KM.A2011196.1050. The upper right image shows the pixels flagged as 

cloud in MOD35 L2 cloud product, the lower images show pixels flagged as cloud by 

IdePix in a 'cloud conservative' mode (left) and a 'clear sky conservative' mode (lower 

right). In WV_cci, the MOD35 L2 cloud product is used as default cloud classification, 

as it is known to have good quality with a very comprehensive algorithm behind [6]. 

Moreover, for the MODIS Terra target years in WV_cci (2011ï2017), the MOD35 L2 

dataset is fully available from the NEODC database for the processing on the 

JASMIN cluster at Harwell/UK. In case single MOD35 L2 products are not available, 

the IdePix classification for MODIS is used as fallback. The algorithm behind it was 

developed at BC and is based on a neural net with some additional threshold tests for 

certain conditions. As we can see from Figure 3-3, the classification in 'cloud 

conservative' mode looks quite similar to the MOD35 L2 classification. 
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Figure 3-3: Example of cloud identification for MODIS 
(MOD021KM.A2011196.1050) over Western Europe: RGB (upper left), pixels 
flagged as cloud in MOD35 L2 cloud product (upper right), pixels flagged as 

cloud by IdePix in 'cloud conservative' mode (lower left) and 'clear sky 
conservative' mode (lower right). 

 

Figure 3-4 shows the IdePix cloud classification for the OLCI RR product 

S3A_OL_1_ERR____20160715T100417. As for the other sensors, the cloud 

identification works obviously well over both land and water. It is rather conservative 

which is an advantage as the TCWV retrieval can be quite sensitive to undetected 

cloudy pixels which are not removed in advance. 
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Figure 3-4: Example of an OLCI IdePix pixel classification product 
(S3A_OL_1_ERR____20160715T100417) over Western Europe: RGB (top), 

pixels flagged as cloud by IdePix (bottom). 

 

 

3.1.2 TCWV L2 processing 

3.1.2.1 Code sanity checks 

A number of code sanity checks have been introduced into the TCWV L2 processing 

code. The most important ones are: 

¶ the TCWV L2 processing completely fails if the input product is regarded as 

invalid (i.e. does not contain the input bands required for the retrieval); 

¶ the TCWV L2 processing completely fails if any of the source products have no 

geo-information; 

¶ the TCWV L2 processing completely fails if ancillary data (e.g. neural nets, 

MERIS L2 auxdata) cannot be loaded; 
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¶ the TCWV L2 processing fails for single pixels if one or more input reflectances 

are outside their valid range specified by the algorithm; 

¶ the TCWV L2 processing fails for single pixels in case of retrieval failures (e.g. 

numerical issues); 

¶ if a MOD35 L2 cloud product is available and used for processing, it must fulfil its 

product specifications. Otherwise the fallback (IdePix for MODIS) is used. 

 

3.1.2.2 Unit-level testing 

The TCWV L2 processing module has been comprehensively unit-level tested. Again, 

all these tests must pass successfully in order to build and deploy the software on the 

dedicated processing systems (JASMIN for MODIS L2 processing, and Calvalus for 

all other steps).  

3.1.2.2.1 Testing of subcomponents 

The TCWV L2 processing module consists of various subcomponents (data 

input/output, numerics for interpolation and optimal estimation, lookup table access 

etc.). The reports of the unit-level tests of these components are given below in a 

summary format. 

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

 T E S T S  

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

Running 

org.esa.snap.wvcci.tcwv.dataio.erainterim.EraInterimProductRead

erLoadedAsServiceTest  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.191 sec  

 

Running 

org.esa. snap.wvcci.tcwv.dataio.erainterim.ScripGeocodingWriterL

oadedAsServiceTest  

writerPlugIn.Class = class 

org.esa.snap.wvcci.tcwv.dataio.erainterim.ScripGeocodingWriterP

lugIn  

writerPlugIn.Descr = NetCDF following SCRIP convention  

Tests run: 1, Failures: 0, Erro rs: 0, Skipped: 0, Time elapsed: 

0.008 sec  
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Running 

org.esa.snap.wvcci.tcwv.dataio.mod35.ModisMod35L2ReaderLoadedAs

ServiceTest  

readerPlugIn.Class = class 

org.esa.snap.wvcci.tcwv.dataio.mod35.ModisMod35L2ProductReaderP

lugIn  

readerPlugIn.Descr = MODIS35 Form at  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.002 sec  

 

Running 

org.esa.snap.wvcci.tcwv.dataio.mod35.ModisMod35L2UtilsTest  

p.getStartTime() = 15 - JUL- 2011 10:55:00.000000  

p.getEndTime() = 15 - JUL- 2011 10:55:00.000000  

Tests run: 2, Failu res: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.482 sec  

 

Running 

org.esa.snap.wvcci.tcwv.dataio.nc4.SnapWvcciNc4WriterLoadedAsSe

rviceTest  

writerPlugIn.Class = class 

org.esa.snap.wvcci.tcwv.dataio.nc4.SnapWvcciNc4WriterPlugIn  

writerPlugIn.Descr = SNAP WV_cci  NetCDF4 products  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running 

org.esa.snap.wvcci.tcwv.dataio.nc4.WvcciNc4ComplianceWriterTest  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running 

org.esa.snap.wvcci.tcwv.interpolation.TcwvInterpolationUtilsTes

t  

Tests run: 6, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.151 sec  

 

Running org.esa.snap.wvcci.tcwv.oe.OptimalEstimationTest  

Tests run: 7, Failures: 0, Errors: 0, Skipped: 0, Time elap sed: 

0.01 sec  

 

Running org.esa.snap.wvcci.tcwv.oe.OptimalEstimationUtilsTest  

Tests run: 6, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvIOTest  
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Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvLutTest  

time = 12.0 ms  

Tests run: 3, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvMerisLandLutTest  

Tests run: 2, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

1.1 51 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvMerisOceanLutTest  

Tests run: 2, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.339 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvModisLandLutTest  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvModisOceanLutTest  

Tests run: 2, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.432 sec  

 

Running org.esa.snap.wvcci.tcwv.TcwvOpTest  

Tests run: 1, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0 sec  

 

Running 

org.esa.snap.wvcci.tcwv.util.MergeIdepixEraInterimOpTest  

Tests run: 2, Failures: 0, Errors: 0, Skipped: 0, Time elapsed: 

0.016 sec  

 

Results :  

 

Tests run: 39, Failures: 0, Errors: 0, Skipped: 0  

 

3.1.2.2.2 Numerical verification against Python breadboard code 

The most essential part of the verification of the TCWV retrieval is the per-pixel 

comparison of the computed TCWV values with the corresponding breadboard code 
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which has been developed by Spectral Earth in line with the algorithm development 

and closely following the ATBD. This breadboard code was developed in Python and 

provides the full TCWV retrieval algorithm for single cloud-free pixels over ocean or 

over land, using the corresponding lookup tables. The TCWV L2 retrieval code used 

for the processing in WV_cci is basically a translation of the breadboard code into 

Java which allows a much more performant processing on the JASMIN and Calvalus 

platforms.  

For the verification of the Java code, specific unit tests were developed which do a 

full TCWV retrieval for given input for single pixels over both land and water for all 

sensors (MERIS, OLCI and MODIS Terra. These tests must provide (within numerical 

tolerances) the same TCWV values as the breadboard code. In addition, these tests 

make use of all the subcomponents tested in the previous subsection, so this is 

another confirmation that the subcomponents work correctly.  

The key lines of code in all these unit tests look like: 

final TcwvResult result = TcwvAlgorithm.compute(é); 

 

// breadboard TCWV result for ocean pixel is 28.007:  

final double pythonBreadboardResult = 28.007;  

 

assertEquals( pythonBreadboardResult , result.getTcwv( ), 1.E - 3);  

 

System.out.println("MERIS OCEAN TCWV = " + result.getTcwv());  

 

The reports of the 'full algorithm for one pixel' unit-level tests are given below in a 

summary format. 

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

 T E S T S  

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

 

Running org.esa.snap.wvcci.tcwv.TcwvFullAlgoForOneLandPixelTest  

MERIS LAND TCWV = 7.169919573465825  

OLCI LAND TCWV = 9 . 484049274929402  

MODIS TERRA LAND TCWV = 6.513026760857524  

Tests run: 3, Failures: 0, Errors: 0, Skipped: 2, Time elapsed: 

23. 147  sec  

 

Running 

org.esa.snap.wvcci.tcwv.TcwvFullAlgoForOneOceanPixelTest  

MERIS OCEAN TCWV = 28.007106576980792  

OLCI OCEAN TCWV = 33 . 396730957209482  

MODIS TERRA OCEAN TCWV = 46.252915803931 38 
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Tests run: 3, Failures: 0, Errors: 0, Skipped: 1, Time elapsed: 

9. 175  sec  

 

3.1.2.3 Monitoring 

The TCWV L2 processing is also executed on both JASMIN (MODIS Terra) and 

Calvalus (MERIS) processing systems using the PMonitor Python framework.  

As an example, this is again illustrated for one month (31 days) of MERIS TCWV L2 

processing on Calvalus. This task consists of 31 'per day' jobs, each of these jobs 

subsequently processes the single preprocessed products (see previous section) of 

one day.  

Again, when the processing is initiated, a status file is generated which is monitoring 

the status of running, finished, and queued jobs. Here it looks like this: 

Every 10.0s: less tcwv_meris.status                     Mon Apr 

30 16: 16: 21 2019  

31 created, 31 running, 0 backlog, 0 processed, 0 failed  

 

Every 10.0s: less tcwv_meris.status                     Mon Apr 

30 16: 24:14 2019  

31 created, 11 running, 0 backlog, 20 processed, 0 failed  

 

Every 10.0s: less tcwv_meris.status                     Mon Apr 

30 16: 42: 10 2019  

31 created, 0 running, 0 backlog, 31 processed, 0 failed  

Initially, 31 (of max. 32) jobs are running. Here we have no conditions for sequential 

processing (no jobs in backlog). After a while, a bunch of jobs (11), and finally all 

created jobs were processed successfully again.  

As for the preprocessing, for each job a dedicated log file is written, and in case of 

successful processing an entry is generated in a report file. Examples for those are 

also given in Appendix 3: Processing logs and reports. 

As a final check, we need to verifiy the number of generated TCWV products. For 

MERIS on Calvalus it is the same as the number of L1b input products as well as the 

number of preprocessed products: 

>ls /calvalus/eodata/MER_RR__1P/r03/2011/08/*/*.N1 |wc - l  

>444  
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>ls /calvalus/projects/wvcci/idepix - era -

interim/meris/2011/08/*/*.nc |wc - l  

>444  

>l s /calvalus/projects/wvcci/tcwv/meris/l2/2011/08/*/*. nc  |wc -

l  

>444  

For MODIS Terra on JASMIN it is the same as the number of preprocessed 'Day' 

products: 

>l s 

/gws/nopw/j04/esacci_wv/odanne/WvcciRoot/ IdepixEraInterim /MODIS

_TERRA/2011/08/01/*.nc |wc  - l  

>3438  

>l s 

/gws/nopw/j04/esacci_wv/odanne/WvcciRoot/ Tcwv/MODIS_TERRA/201 1/

08/01/*.nc |wc  - l  

>3438  

In case the numbers are not as expected, the missing final products (e.g. due to 

corrupt inputs) are identified by appropriate comparisons of directory listings, and a 

reprocessing is done if possible. 

3.1.2.4 Visual inspection 

A number of TCWV L2 products from MERIS, OLCI and MODIS has been visually 

inspected. At verification stage the checks are: 

¶ the products must contain all bands as specified in the PSD; 

¶ the TCWV values should overall be in an expected range. For example, they 

should be roughly in line with the TCWV prior pattern (however, there can be 

significant differences on smaller scales, of course); 

¶ the TCWV images should not contain significant artefacts (unless the specific 

reason is known); 

¶ the TCWV images should be in line with the preprocessed products (i.e. cloudy 

pixels should have been removed from the retrieval). 

 

Figure 3-5 shows the TCWV L2 retrieval for MERIS for the same product as in Figure 

3-2. The right image shows TCWV retrieved for non-cloudy pixels. TCWV values over 

water are higher than over land in this case, as would be expected from the prior field 

shown in the centre image. 
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Figure 3-5: MERIS TCWV L2 retrieval for the same product as in Figure 3-2 
(20081023_085102): left image shows pixels flagged as cloud (yellow) and cloud 

buffer (red), centre image shows again ERA Interim prior TCWV, right image 
TCWW retrieved from WV_cci algorithm (same scale, 0ï40 kg m-2). 
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Figure 3-6: MODIS TCWV L2 retrieval for product MOD021KM.A2011196.0930: 
RBG (left) pixels flagged as cloud (yellow, centre), and TCWW retrieved from 

WV_cci algorithm (right, on a scale from 0ï40 kg m-2).  

 

 

Figure 3-7: Comparison of MERIS and MODIS TCWV L2 retrieval: collocation of 
óDataset 1ô products MER_RR__1PRACR20110715_075104 and 

MOD021KM.A2011196.0930) along the Namibian coast: MODIS left, MERIS right. 
TCWW values are on the same scale.  
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Figure 3-8: Comparison of MERIS and MODIS TCWV L2 retrieval: same as 
Figure 3-7, but obtained from recent óDataset 2ô after algorithm improvements.  

 

Figure 3-6 to Figure 3-8 illustrate the evolution and quality improvements of the 

TCWV retrievals during the WV_cci project  Figure 3-6 shows the TCWV L2 retrieval 

from MODIS along Southwest Africa for product MOD021KM.A2011196.0930. The 

data were taken from the first test processing cycle (óDataset 1ô). The land part is 

totally cloud free in this case. The TCWV image shows a significant difference of 

relatively low values all over the land compared to higher values over water. A direct 

comparison with the MERIS retrieval for the same day over the same region is shown 

in Figure 3-7 (small subset region of product MOD021KM.A2011196.0930). There is 

obviously good agreement over land, whereas the MERIS retrieval does not show the 

increase over water at all. Moreover, the MODIS retrieval shows an even stronger 

increase in a narrow stripe on the water side of the coastline. 

The TCWV differences in MERIS and MODIS retrievals observed in óDataset 1ô were 

regarded as a critical issue and were subject to further investigation. For the next test 
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processing cycle (óDataset 2ô), several fixes were applied in the algorithm, including 

the use of recompiled lookup tables for all sensors. The same result as in in Figure 

3-7 but now obtained from óDataset 2ô is shown in Figure 3-8. The alignment over 

water has been significantly improved, the TCWV values from MODIS are just slightly 

higher. The TCWV values over land are now nearly the same for MERIS and MODIS. 

 

Figure 3-9 shows the TCWV L2 retrieval for the OLCI RR product 

S3A_OL_1_ERR____20160715T100617. The upper row shows RGB and IdePix 

cloud classification, the lower row shows TCWV prior (left) and retrieval from 

algorithm (right). The product was taken from óDataset 2ô. It can be seen that the 

cloud detection works again quite well for most parts of the image. However, there 

are obviously some very thin, high clouds over parts of the Bay of Biscay and the 

Mediterranean Sea which are not detected and which lead to reduced values in 

TCWV retrieval. On the other hand, the order of magnitude of the retrieved values is 

in good agreement with the prior values. 

 

Figure 3-9: TCWV L2 retrieval for the OLCI RR product 
S3A_OL_1_ERR____20160715T100617. RGB (upper left), pixels flagged as 

cloud by IdePix (upper right), TCWV prior (lower left), and TCWV retrieval (lower 
right). 
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A more detailed quantitative analysis of the TCWV values from the different sensors 

is subject to the validation activities. 

3.1.3 TCWV L2 file transfer JASMIN Ą Calvalus 

An essential preparatory step for the TCWV L3 processing and the merge of products 

from the different sensors is the transfer of MODIS TCVW L2 products from the 

JASMIN cluster to Calvalus where the MERIS products are generated, the OLCI 

products will be generated, and the CM SAF HOAPS TCWV provided by DWD are 

ingested. This data transfer is done via rsync command, using the hpxfer high speed 

data transfer service provided by CEDA. As simple verification steps for a correct 

transfer, the number of files (e.g. per one month of MODIS TCWV L2) is counted on 

the outgoing and incoming sides, and the corresponding MD5 checksums are 

generated and compared. 

3.1.4 TCWV L3 processing 

For all sensors MERIS, OLCI and MODIS Terra, the TCWV L3 processing is 

executed on the Calvalus processing system using the PMonitor Python framework.  

As an example, this is again illustrated for one month (31 days) of MERIS TCWV L3 

processing on Calvalus. This task consists of 31 'per day' jobs, each of these jobs 

subsequently processes the single preprocessed products (see previous section) of 

one day. 

3.1.4.1 Code sanity checks 

A number of code sanity checks have been introduced into the TCWV L3 processing 

code. The most important ones are: 

¶ the TCWV L3 basic processing (a daily spatial and/or a monthly temporal 

aggregation) is not initiated if the corresponding L2 input products are not 

completely available as expected and specified in the startup script; 

¶ the TCWV L3 post processing (i.e. generating the final CF- and CCI-compliant 

NetCDF4 products) is not initiated if the corresponding basic processing did not 

terminate successfully; 
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¶ any of the L3 processing may fail due to a variety of conditions checked by the 

underlying Calvalus L3 core software. A detailed technical description of Calvalus 

is beyond the scope of this document, more information can be found in [7]. 

3.1.4.2 Unit-level testing 

A large number of unit level tests are performed in the Calvalus L3 core software. 

Again, see [7] for more details. This software fully provides the means needed for our 

purposes, so there are no further specific L3 unit level tests for WV_cci. 

3.1.4.3 Monitoring 

The monitoring of the L3 processing on Calvalus follows the same principles as for 

the MERIS L2 processing described in Section 3.1.2.3. 

The TCWV L3 processing also uses the PMonitor Python framework. As an example, 

this is illustrated for one month (31 days) of MODIS TCWV L3 with 0.5-degree target 

resolution, which consists of the spatial aggregation per day of all L2 products and 

their reprojection onto the 0.5-degree Plate Carrée global grid, and as second step 

the monthly temporal aggregation of the single days3. This task consists of 64 

separate jobs: 

¶ 31 spatial aggregations and reprojection for every day; 

¶ 31 generations of daily final CF- and CCI compliant NetCDF products (this will be 

described in more detail in Section 3.1.5.1); 

¶ 1 monthly temporal aggregation; 

¶ 1 generation of a monthly final CF- and CCI compliant NetCDF product. 

Again, when the processing is initiated, a status file is generated which is monitoring 

the status of running, finished, and queued jobs. Here it looks like this: 

Every 10.0s: less tcwv_modis_terra_chain.status                                                                                           

Thu May  2 18:32:00 2019  

64 created, 31 running, 33 backlog, 0 processed, 0 failed  

 

Every 10.0s: l ess tcwv_modis_terra_chain.status                                                                                           

Thu May  2 18:39:46 2019  

64 created, 25 running, 24 backlog, 15 processed, 0 failed  

                                                      

3 The monthly L3 products are not part of the initially agreed products to be delivered, but have 

been added as they were identified as a very useful add-on. 
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Every 10.0s: less tcwv_modis_terra_chain.status                                                                                            

Thu May  2 1 9: 23: 24 2019  

64 created, 0 running, 0 backlog, 64 processed, 0 failed  

 

Initially, 31 (of max. 32) jobs are running. After a while, a bunch of jobs (15), and 

finally all created jobs were processed successfully. The conditions for sequential 

processing are: 

¶ the jobs for final NetCDF4 generation have to wait until the corresponding 

aggregation job has successfully finished; 

¶ the job for the monthly aggregation has to wait until all daily aggregations have 

successfully finished. 

As for the L2 processing, for each job a dedicated log file is written, and in case of 

successful processing an entry is generated in a report file.  

As final check, we need to verify again the number of generated TCWV L3 products. 

Here we simply must have 31 daily aggregated products, 31 corresponding final 

products, 1 monthly aggregated product and 1 corresponding final product: 

>l s /calvalus/projects /wvcci/tcwv/modis_terra/l3 -

daily/05/2011/07/*/*.nc |wc - l  

>31 

>l s /calvalus/projects/wvcci/tcwv/modis_terra/l3 - daily - final -

nc /05/2011/07/*/*.nc |wc - l  

>31 

 

>l s /calvalus/projects/wvcci/tcwv/modis_terra/l3 -

month ly/05/2011/07/*.nc |wc - l  

>1 

 

>l s /calvalus/pr ojects/wvcci/tcwv/modis_terra/l3 - month ly - final -

nc /05/2011/07/*.nc |wc - l  

>1 

 

In case the numbers are not as expected, the missing final products (e.g. due to 

corrupt inputs) are identified by appropriate comparisons of directory listings, and a 

reprocessing is done if possible. 

In case of CM SAF HOAPS TCWV data, the daily aggregation is not required, as 

these products were delivered by DWD already as daily L3 products on both 0.5-

degree and 0.05-degree Plate Carrée global grid. Also, a monthly aggregation of 
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HOAPS TCWV products is not foreseen. Therefore these products can be taken 'as 

they are' and directly be used for the sensor merge (see Section 3.1.4.5). 

 

3.1.4.4 Visual inspection 

A number of final TCWV L3 products from MERIS, OLCI and MODIS have been 

visually inspected. At verification stage the checks are: 

¶ the products must contain all bands as specified in the PSD; 

¶ the TCWV values should overall be in an expected range; 

¶ there should be TCWV values only over land, coastal regions over ocean, and 

sea ice (if identified) 

¶ ónum_obsô (the number of TCWV L2 retrievals contributing to L3 grid cell) should 

have reasonable values. For example, highest values are expected over cloud-

free deserts, values should overall be higher in monthly than in daily products 

¶ the TCWV images should be given on a 0.5-degree or 0.05-degree Plate Carrée 

global grid; 

¶ the TCWV images should not contain significant artefacts (unless the specific 

reason is known). 

Figure 3-10 to Figure 3-14 show MERIS July 2011 examples for daily and monthly 

aggregates for both TCWV and TCWV counts for 0.05-degree resolution. The 

products were taken from the second test processing cycle (óDataset 2ô). Overall we 

observe what is expected. We have most TCWV L2 retrievals over the deserts. As 

expected in July, we have samples in the Arctic, but no samples in the Antarctic. 

There are also no samples over the oceans and also no samples over sea ice, as for 

the MERIS data period (2002ï2012) there was no sea ice information available yet 

from the CM SAF L3 mask (see PUG [9]). The number of observations is much higher 

in the monthly than in the daily product. Also, we have no data regions within the 

swaths due to the exclusion of cloudy pixels. Overall, the global data coverage for a 

single day is rather poor from MERIS only. In the monthly aggregate, this coverage is 

much better, however, there are data gaps remaining as we have some regions with 

continuous cloud cover (e.g. in tropical convergence zone). This is also true for 

Greenland, as probably many bright pixels over clear ice are misinterpreted as 

clouds. The data quality is overall good, as indicated by the TCWV quality flag (Figure 

3-12), which shows only a few greid cells with an enhanced cost function value. 
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Figure 3-10: MERIS TCWV L3 daily aggregate for July 15th, 2011 (greyscale, 0ï
70 kg m-2). Yellow indicates no data. 

 

 

Figure 3-11: Number of MERIS TCWV L2 retrievals in L3 daily aggregate for July 
15th, 2011. Colour scale is 0ï250. 
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Figure 3-12: MERIS TCWV quality flag in L3 daily aggregate for July 15th, 2011. 
Colours are explained in the table. 

 

 

Figure 3-13: MERIS TCWV L3 monthly aggregate for July 2011 (greyscale, 0ï70 
kg m-2). 
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Figure 3-14: Number of MERIS TCWV L2 retrievals in L3 monthly aggregate for 
July 2011. Colour scale is 0ï2500. 

Figure 3-15 to Figure 3-19 show the same as Figure 3-10 to Figure 3-14, but for 

MODIS. The coverage for a single day as well as for the month is better than for 

MERIS. Although the majority of TCWV values have a good quality, we have more 

grid cells with an enhanced cost function here (Figure 3-17). Again, we have 

remaining gaps of data even in the monthly product due to permanent cloud 

coverage. In contrast to MERIS, we have now sea ice pixels included (information 

available for 2016), as well as a high number of pixels over Greenland. Obviously, the 

MODIS cloud mask does not misinterpret ice as clouds here, but the other way round. 

The distinction of clouds and snow/ice is a difficult task and a well known issue in 

most cloud mask schemes. In the number of L2 retrievals in the daily product (Figure 

3-16), we can see that the numbers decrease from the centre of the swaths to the 

edges, which is caused by the bow-tie effect from the MODIS scan geometry [10].  
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Figure 3-15: MODIS TCWV L3 daily aggregate for July 13th, 2016 (greyscale, 0ï
70 kg m-2). 

 

 

Figure 3-16: Number of MODIS TCWV L2 retrievals in L3 daily aggregate for 
July 13th, 2016. Colour scale is 0ï250. 
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Figure 3-17: MODIS TCWV quality flag in L3 daily aggregate for July 13th, 2016. 
Colours are explained in the table. 

 

 

Figure 3-18: MODIS TCWV L3 monthly aggregate for July 2016 (greyscale, 0ï70 
kg m-2). 
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Figure 3-19: Number of MODIS TCWV L2 retrievals in L3 monthly aggregate for 
July 2016. Colour scale is 0ï5000. 

 

Figure 3-20 to Figure 3-24 show the same as the previous figures for MERIS and 

MODIS, but now for OLCI. The coverage for a single day as well as for the month is 

similar to MERIS. Compared with MERIS, we have many more TCWV samples over 

Greenland for OLCI. The reason is that the distinction of clouds and snow/ice in the 

IdePix classification could be significantly improved within the activities in the ESA 

SICE and S3-Snow projects [11]. As for MODIS, sea ice is included for OLCI. 

However, the TCWV values over sea ice in very high latitudes are obviously higher 

than the ones from MODIS. They correspond with enhanced cost function values 

(Figure 3-22), thus, these retrievals may be doubtful. The reason for this is not yet 

clear. Otherwise, the data quality is overall good. Again, we have overall remaining 

gaps of data even in the monthly product due to permanent cloud coverage.  
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Figure 3-20: OLCI TCWV L3 daily aggregate for July 13th, 2016 (greyscale, 0ï70 
kg m-2). Yellow indicates no data. 

 

 

Figure 3-21: Number of OLCI TCWV L2 retrievals in L3 daily aggregate for July 
13th, 2016. Colour scale is 0ï250. 
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Figure 3-22: OLCI TCWV quality flag in L3 daily aggregate for July 13th, 2016. 
Colours are explained in the table. 

 

 

Figure 3-23: OLCI TCWV L3 monthly aggregate for July 2016 (greyscale, 0ï70 
kg m-2). 
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Figure 3-24: Number of OLCI TCWV L2 retrievals in L3 monthly aggregate for 
July 2016. Colour scale is 0ï2500. 

 

Figure 3-25 shows the TCWV from the HOAPS TCWV L3 product for July 15th, 2011. 

As specified, TCWV is provided over ocean only, but clouds are not excluded here. 

An introduction and more details on the retrieval and generation of these products 

can be found in [8]. 

 

Figure 3-25: HOAPS TCWV L3 daily product for July 15th, 2011 (greyscale, 0ï70 
kg m-2). 
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3.1.4.5 Product Merging 

One of the main goals of the TCWV retrieval part within WV_cci is the merging of the 

TCWV data of the available sensors in order to fill all data gaps in global products as 

far as possible, and to identify regional, temporal, or systematic differences and 

discontinuities when bringing the data together. This should ideally result in an 

improvement of the underlying algorithms algorithms and the elimination of existing 

problems. 

3.1.4.6 Code sanity checks 

A number of code sanity checks have been introduced into the TCWV L3 product 

merging processing code. TCWV L3 product merging fails if: 

¶ the number of input products is not equal to 2; 

¶ one of the input products does not fulfill the expected specifications; 

¶ the input products are not given on the same grid or have a different size; 

¶ the time range (i.e. the reference day) of the input products is different. 

 

3.1.4.7 Unit-level testing 

The merging processing module also contains a couple of unit-level tests, which 

check in particular the correct application of the merging rules. The report is again 

given below in a summary format.  

[INFO] -------------------------------------------------------  

[INFO]  T E S T S  

[INFO] -------------------------------------------------------  

[INFO] Running org.esa.snap.wvcci.tcwv.l3.L3MergeSensorsOpTest  

[INFO] Tests run: 3, Failures: 0, Errors: 0, Skipped: 0, Time 

elapsed: 0 .159  s 

[INFO] Results:  

[INFO] Tests run: 3, Failures: 0, Errors: 0, Skipped: 0  

 

3.1.4.8 Monitoring 

The monitoring of the TCWV L3 product merging on Calvalus follows the same 

principles as for the MERIS/OLCI L2 and the L3 processing described earlier. 
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The merging is performed for the sensor combinations: 

¶ MERIS + MODIS 

¶ OLCI + MODIS 

¶ MERIS + CM SAF HOAPS 

¶ MODIS + CM SAF HOAPS 

¶ (MERIS + MODIS) + CM SAF HOAPS 

¶ OLCI + CM SAF HOAPS 

¶ MODIS + CM SAF HOAPS 

¶ (OLCI + MODIS) + CM SAF HOAPS 

The TCWV L3 product merging also uses the PMonitor Python framework. As an 

example, this is again illustrated for one month (31 days) of MERIS and MODIS 

TCWV L3 with 0.5-degree target resolution.. This task again consists of 64 separate 

jobs: 

¶ 31 merges per day of all MERIS with all MODIS L3 daily products; 

¶ 31 generations of daily final CF- and CCI compliant NetCDF products; 

¶ 1 monthly aggregation of the daily merged products; 

¶ 1 generation of a monthly final CF- and CCI compliant NetCDF product. 

Again, when the processing is initiated, a status file is generated which is monitoring 

the status of running, finished, and queued jobs. Here it looks like this: 

Every 10.0s: less tcwv_m erge .status                                                                                           

Fri  May  3 14: 12:0 3 2019  

64 created, 31 running, 33 backlog, 0 processed, 0 failed  

 

Every 10.0s: less tcwv_ merge .status                                                                                           

Fri  May  3 14: 16: 24 2019  

64 created, 2 1 running, 2 0 backlog, 23 processed, 0 failed  

 

Every 10.0s: less tcwv_ merge .status                                                                                           

Fri  May  3 14: 22: 51 2019  

64 created, 0 running, 0 backlog, 64 processed, 0 failed  
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Initially, 31 (of max. 32) jobs are running. After a while, a bunch of jobs (23), and 

finally all created jobs were processed successfully The conditions for sequential 

processing are: 

¶ the jobs for final NetCDF4 generation have to wait until the corresponding merge 

job has successfully finished; 

¶ the job for the monthly aggregation has to wait until all daily merge jobs have 

successfully finished. 

As for the previously described processing steps, for each job a dedicated log file is 

written, and in case of successful processing an entry is generated in a report file.  

As a final check, we need to verify again the number of generated merged TCWV L3 

products. Here we simply must have 31 daily merged products, 31 corresponding 

final products, 1 monthly aggregated product and 1 corresponding final product: 

>l s /calvalus/projects/wvcci/tcwv/ meris - modis_terra/l3 -

daily/05/2011/07/*/*.nc |wc - l  

>31 

>l s /calvalus/projects/wvcci/tcwv/ meris - modis_terra/l3 - daily -

final - nc /05/2011/07/*/*.nc |wc - l  

>31 

 

>l s /calvalus/projects/wvcci/tcwv/ meris - modis_terra/l3 -

month ly/05/2011/07/*.nc |wc - l  

>1 

 

>l s /calvalus/projects/wvcci/tcwv/ meris - modis_terra/l3 - month ly -

final - nc /05/2011/07/*.nc |wc - l  

>1 

 

In case the numbers are not as expected, the missing final products are identified by 

appropriate comparisons of directory listings, and a reprocessing must be initiated. 

 

3.1.4.9 Visual inspection 

The TCWV L3 merged products should basically look exactly like the non-merged L3 

products, now with the TCWV data complementing each other. This is illustrated in 

Figure 3-26 to Figure 3-29, showing the merge of MERIS and MODIS TCWV L3 daily 

and monthly products for July 2011. 
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Figure 3-26: MERIS/MODIS TCWV L3 daily merge for July 15th, 2011 (greyscale, 
0ï70 kg m-2). Yellow indicates no data. 

 

 

Figure 3-27: Number of MERIS+MODIS TCWV L2 retrievals in L3 daily aggregate 
for July 15th, 2011. Colour scale is 0ï500. 

 



   

ESA / ECSAT 
CCIWV.REP.014 

Water Vapour Climate Change Initiative (WV_cci) - CCI+ Phase 1 
 

D3.3 

 

50 

 

Figure 3-28: MERIS/MODIS TCWV L3 monthly merge for July 2011 (greyscale, 
0ï70 kg m-2). Yellow indicates no data. 

 

 

Figure 3-29: Number of MERIS+MODIS TCWV L2 retrievals in L3 daily aggregate 
for July 2011. Colour scale is 0ï7500. 

 

Figure 3-30 to Figure 3-33 shows the merge of the MERIS/MODIS merges with CM 

SAF HOAPS, so we have the combination of all three sensors. As we would expect, 

the TCWV pattern over water is dominated by the HOAPS data, as MERIS/MODIS 

retrievals are used here only for gap filling, i.e. near the coasts (Figure 3-30, Figure 

3-32). The number of TCWV retrievals are in line with this (Figure 3-31, Figure 3-33). 
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Figure 3-30: MERIS/MODIS/HOAPS TCWV L3 daily merge for July 28th, 2011 
(greyscale, 0ï70 kg m-2). Yellow indicates no data. 

 

 

Figure 3-31: Number of MERIS+MODIS+HOAPS TCWV L2 retrievals in L3 daily 
aggregate for July 28th, 2011. Colour scale is 0ï500. 
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Figure 3-32: MERIS/MODIS/HOAPS TCWV L3 monthly merge for July 2011 
(greyscale, 0ï70 kg m-2). Yellow indicates no data. 

 

 

Figure 3-33: Number of MERIS+MODIS+HOAPS TCWV L2 retrievals in L3 
monthly aggregate for July 2011. Colour scale is 0ï7500. 

 

Figure 3-34 to Figure 3-39 show the merge of the OLCI/MODIS merges with CM SAF 

HOAPS, so we have the combination of all three sensors. As we would expect, the 

TCWV pattern over water is again dominated by the HOAPS data, as OLCI/MODIS 

retrievals are used here only for gap filling, i.e. near the coasts (Figure 3-34, Figure 

3-38), and over sea ice. The number of TCWV retrievals are in line with this (Figure 

3-35, Figure 3-39). Figure 3-36 shows the TCWV L3 daily average (top) and retrieval 
































































