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1. ACRONYMS AND TERMS 
 
 
ABBREVIATION MEANING 
ALTERRA Alterra: environmental Science Institute of Wageningen University 

Research Centre 
AMDAC Actual Meteorological Database Construction, software extracts, 

decodes and processes the GTS data  
AVHRR Advanced Very High Resolution Radiometer, LR-sensor on-board of 

the NOAA-satellites 
AWC Available Water Capacity, the amount of water between field capacity 

(wet soil) and wilting point (no water available for plants anymore) per 
unit length rooting depth  

BIL Band Interleaved by Line, 3D (multiband) image format: first line 1 of 
band 1, then line 1 of band 2, etc. Then the same for the following lines.  

BIP Band Interleaved by Pixel, 3D-image format: first all spectral data of 
pixel 1, then those of pixel 2, etc. 

BSQ Band Sequential, 3D-image format: first all band 1-data, then all band 2-
data, etc. 

CAP Common Agricultural Policy of the European Union 
CGMS Crop Growth Monitoring System, the combination of an 

agrometeorological crop growth simulation model WOFOST, a 
database, and a yield prediction routine 

CNDVI Corine-NDVI, RS-derived regional crop status indicator (Genovese et 
al., 1999) 

CTIV Centre de Traitement d’Images VEGETATION (VGT processing & 
archiving centre, hosted at VITO) 

DG-VI Directorate General Agriculture of the EU 
DMP Dry Matter Productivity (kgDM/ha/day), RS vegetation-indicator 

derived with the Monteith-approach 
EAGGF European Agricultural Guarantee Guideline Fund, an important 

instrument in the CAP 
EC European Commission 
EMU Elementary Mapping Unit, the intersection of climatic grid cell, SMU 

and NUTS region at level 2 
EOLISA ESA's Earth observation multi-mission online catalogue and ordering 

system 
EOS Earth Observation Sciences, private company in London, main 

developers of SPACE-II/SpacePC 
ESA European Space Agency, Rome (EU + Canada)  
EU European Union 
EUROSTAT Statistical Office of the European Commission 
fAPAR Fraction of Absorbed Photosynthetically Active Radiation (400-700 nm) 
FOV Field-of-view (sensor characteristic) 
FTP File Transfer Protocol, fast method to transfer large files over the 

internet 



  

  6 
 

FUB Freie Universität Berlin (Dirk Koslowski): their antenna registers the 
AVHRR-data for MARSOP 

FUL   
GAC Global Area Coverage: transmission format of NOAA-AVHRR data, 

entire orbit but in degraded form 
GCP Ground control point, accurate tie point between image pixel and map 

locations, defined manually or automatically (chip matching), used for 
geometrical registration /correction of remote sensing images. 

GIS Geographical Information System, software for storage of geographical 
data, mostly in vector format 

GUI Graphical User Interface, contact between user and software 
GTS Global Telecommunication System 
IRSA-JRC Institute for Remote Sensing Application (later called SAI-JRC) 
IPSC-JRC Institute for the Protection and Security of the Citizen of JRC (until 1 

Sep 2001 called SAI-JRC) 
JRC Joint Research Centre of the European Union at Ispra, Italy 
HDF Hierarchical data format , a general data format developed by NCSA 

(USA) 
HR High-Resolution imagery (pixels of 10-30 m), parcel structure visible 
HRPT High Resolution Picture Transmission: main transmission format of 

NOAA-AVHRR data 
LAADS L1 and Atmospheres Archive and distribution system for MODIS imagery 

LAC Local Area Coverage: same as HRPT but with delayed transmission 
(areas beyond antenna scope) 

LR Low-Resolution imagery (pixels of 1 km), parcel structure invisible, 
mixed pixels 

MARS Monitoring Agriculture by Remote Sensing, EU-JRC programme 
started in 1988 

MARS-CAP MARS actions supporting to the Common Agricultural Policy 
MARS-FOOD MARS actions supporting the European Food Aid and Food Security 

policy 
MARSOP Current project for the operation of part of the MCYFS-activities 

(consortium of Alterra, MeteoConsult and VITO, sponsored by JRC). 
MARS-STAT MARS actions supporting the assessment of Agricultural Statistics 
MCYFS MARS Crop Yield Forecasting System, an important instrument of the 

MARS-STAT team to assess the crop yields 
METAMP Methodology Assessment of MARS Predictions, a study to document 

the MCYFS, compare this system with other systems and an analysis of 
possible improvements 

MIR Middle infrared range of the spectrum, roughly from 3 to 7 µm 
MVC Maximum Value Compositing, used with NDVI to create S1/S10/S30-

syntheses (minimising clouds) 
NDVI Normalised Difference Vegetation Index, RS-indicator for the amount 

of standing vegetation 
NGDC National Geophysical Data Centre of NOAA 
NIR Near infrared range of the spectrum, roughly from 780 nm to 1100nm 

(upper range of Silicium-detectors) 
NOAA US National Oceanographic and Atmospheric Administr. 
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NUTS Nomenclature Universelle de Territoires Statistiques, numbering of EU-
regions used by EUROSTAT 

OSS Observation du Sahel Sub-saharien, French institute active in North-
African Sahel-region (SPACE-user) 

PAR Photosynthetically Active Radiation 
QL Quick look, a low resolution jpg image of the actual image, usefull for 

quick assessments and reports 
RS Remote sensing: earth observation with imaging sensors on-board of 

space/airborne platforms  
RUM Regional unmixed mean 
S1, S10, S30 Mosaic image, synthesised over a given region, from the raw 

registrations of a certain day/dekade/month 
SAA Solar Azimuth Angle 
SZA Solar Zenith Angle 
SAI-JRC Space Applications Institute of JRC (since 1 Sep 2001 called IPSC) 
SCOT French private company (validation of SpacePC-software) 
SHARP1 Standard-family HRPT Archive Request Product: ESA’s distribution 

format of AVHRR HRPT/LAC-data 
SMU Soil Mapping Unit, the most detail spatial soil unit of the European soil 

map. A SMU consists of one or more STU’s 
SPACE (SpacePC) Software for the Processing of AVHRR-images for the Communities of 

Europe, JRC-software package 
SPG Soil Physical Group, describes the soil physical characteristics of a STU 
SPOT Systeme Probatoire d’Observation de la Terre, series of satellites 

monitored by CNES-France 
STU Soil Typological Unit, a soil type identified on the basis of the legend 

described by FAO-UNESCO (1974) 
SW Short wave 
SWIR Shortwave infrared range of the spectrum, roughly from 1100 nm to 

3000nm 
TBUS TIROS Bulletin United States: files (1 per satellite/day) with 

orbital/navigation parameters (“ephemeris”) 
TIR Thermal infrared range of the spectrum, roughly from 7 to 50 µm 
TM Thematic Mapper, HR-sensor on-board of the US LANDSAT-satellite 

series 
VAA Viewing Azimuth Angle 
VZA Viewing Zenith Angle 
VGT VEGETATION, LR-sensor on-board the SPOT4/5-satellites 
VIS Visual range of the spectrum, roughly from 380 to 780 nm  
VITO Vlaamse Instelling voor Technologisch Onderzoek (Flemish Institute 

for Technological Research), Belgium 
WOFOST World Food Studies crop growth model, a crop growth simulation 

model 
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2. INTRODUCTION 
 
2.1 Reading guide 
 
This document describes the current (May 2007) state of the processing chains that have been 
developed at VITO for processing satellite imagery from the NOAA- AVHRR, SPOT-VGT, 
TERRA-MODIS, ENVISAT-MERIS and MSG-SEVIRI sensors and that are being used for 
ASEMARS and MARSOP. In a first introductory section, general aspects are addressed such 
as characteristics of the sensors and their platforms, the adopted standards for the product file 
formats and the projection system and the general processing chain structure.  The processing 
chain generally consists of a preprocessing and a post processing subchain where the 
preprocessing is executed on a linux based server and the postprocessing occurs on a 
Windows desktop. Separate sections are devoted to describing the preprocessing and 
postprocessing parts where each section starts out by describing aspects common to all 
sensors/platforms followed by specific details for the sensors.  
 
 
2.2 Platforms and sensors 
 
2.2.1 Overview 
 
The processed satellite imagery, their specifications and data providers are listed in Table 
2-1.  
 
Table 2-1: Overview of the characteristics of the used satellite data. The coverage and period are those 
valid for the archive used for MARSOP and ASEMARS. 

 
 
2.2.2 The NOAA-AVHRR Earth Observation System 
 
The AVHRR or Advanced Very High Resolution Radiometer is the main sensor on-board of 
the NOAA satellite platforms, which spin around the earth in a near-polar orbit at a height of 
about 833 km and a frequency of about 14.1 cycles per day. The AVHRR is an imaging 
sensor which measures the radiance emitted or reflected by the earth-atmosphere system in 5 
spectral bands, with a spatial resolution of 1.1 km sub-nadir and a swath width of 2922 km so 
that that the NOAA-AVHRR system registers the full earth surface once every day.  

Sensor SPOT-VGT TERRA-
MODIS 

NOAA-AVHRR MSG-SEVIRI ENVISAT-MERIS 

Provider CTIV NASA / 
LAADS 

JRC / FU-Berlin EUMETSAT / 
LandSAF /JRC 

ESA (via JRC) 

Processing 
Level 

Preprocessed  
scenes + S10 

Preprocessed 
scenes 

Raw registrations preprocessed 
registrations 

Preprocessed 
registrations 

Format HDF HDF-EOS SHARP1 / 
Level1B 

HDF MERIS-specific 

Resolution 1°/112 250m / 500m 
/ 1 km 

± 1 km ± 5 km (Europe) RR (1.2km)/FR (300m) 

Coverage global Europe Europe Africa, Europe 
and small part of 
South America 

Tuscany, Italy 

Period 1998 -  Sept. 2003 -  1981 -  2005 - 03/2005 – 11/2005 
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Since 1978, 13 different NOAA-satellites were launched. After the first version (TIROS-N), 
they were renamed to NOAAn and numbered from n=6 until 17, and so far only one of them 
failed - not surprisingly NOAA13. Over the years, they were equipped with three different 
types of AVHRR-sensors (AVHRR1 to AVHRR3). The main characteristics of these 
platforms and of the spectral bands installed on the different AVHRR-types are summarised 
in Table 2-2 and Table 2-3. Regardless the sensor type, the number of registered and 
transmitted spectral bands has always been 5, with as classical sequence (for AVHRR2): VIS, 
NIR, MIR, TIR1, TIR2. For the older AVHRR1, which lacked the TIR2-band, a copy of TIR1 
was transmitted as a substitute. For the most recent AVHRR3 which actually has 6 spectral 
detectors, only the SWIR-band (3A) is transmitted during the daytime orbital trajectory, 
while at night the classical MIR (3B) is used. 
 
Table 2-2  Overview of all NOAA-AVHRR systems. EQTAN/DN are the (nominal) local times when the 
satellite crosses the equator in the ascending/northward/sunlit and descending/ southward/night parts of the 
orbit. 

Platform Operational period EQTAN EQTDN OrbitType AVHRR 
TIROS-N 19/10/1978 – 30/01/1980 15h00 03h00 Noon AVHRR1 
NOAA6 27/07/1979 – 05/03/1983 

03/07/1984 – 16/11/1986 
19h30 07h30 Evening AVHRR1 

NOAA7 19/08/1981 – 07/06/1986 14h30 02h30 Noon AVHRR2 
NOAA8 20/07/1983 – 12/06/1984 

01/07/1985 – 31/10/1985 
19h30 07h30 Evening AVHRR1 

NOAA9 25/02/1985 – 07/11/1988 14h20 02h20 Noon AVHRR2 
NOAA10 17/11/1986 – 16/09/1991 19h30 07h20 Evening AVHRR1 
NOAA11 08/11/1988 – 11/04/1995 13h40 01h40 Noon AVHRR2 
NOAA12 14/05/1991 – 14/12/1998 19h30 07h30 Evening AVHRR2 
NOAA13 09/08/1993 – 21/08/1993 failed failed Noon AVHRR2 
NOAA14 30/12/1994 – begin 2001 13h40 01h40 Noon AVHRR2 
NOAA15 13/05/1998 – present 07h30 19h30 Morning AVHRR3 
NOAA16 21/09/2000 – present 14h00 02h00 Noon AVHRR3 
NOAA17 24/06/2002 – present 10h00 22h00 Morn./Noon AVHRR3 
NOAA18 29/08/2005 – present 14h00 02h00 Noon AVHRR3 

 
Table 2-3  Characteristics of the AVHRR spectral bands. 

Band 
Nr. 

Bandwidth 
(nm) 

Spectral  
domain 

Band 
abbreviation 

Available for  
AVHRR-type (1-3) 

1 580 – 680 Shortwave VIS or RED All 
2 725 – 1000 Shortwave NIR All 

3A 1580 – 1640 Shortwave SWIR AVHRR3: during day 
3B 3550 – 3930 Middle infrared MIR All (AVHRR3: during night) 
4 10300 – 11300 Longwave thermal infrared T4 or TIR1 All 
5 11500 – 12500 Longwave thermal infrared T5 or TIR2 AVHRR2 and AVHRR3  

 
Based on their daytime equatorial crossover times (EQTAN), the NOAA-AVHRR’s are 
commonly classified into morning, noon, and evening types. So far, the MCYFS has only 
exploited the imagery of NOAA’s with a noon orbit, which means that in practice only 
NOAA7, 9, 11, 14 and 16 and 18 are used.  
It must be mentioned that the times in Table 2-2 are only nominal values, valid on the launch 
dates. Although all NOAA’s were designed as heliosynchronous systems (with fixed 
crossover times), in practice orbital drifts are inevitable, leading to a gradual delay in the 
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crossover times. For instance, from 1989 to 1995 NOAA11’s equatorial crossover time 
steadily shifted from 13h40’ to about 17h00’. 
 
Besides the AVHRR the NOAA-platforms carry a number of other sensors such as the 
TIROS Operational Vertical Sounder (TOVS) and the Space Environment Monitor (SEM). 
For more information on the NOAA-systems and their sensors, the reader is referred to Planet 
(1988), Cracknell (1997) and the “POD-Guide” (Kidwell, 1997).  
 
 
2.2.3 ENVISAT-MERIS 
 
MERIS (MEdium Resolution Imaging Spectrometer) is a synoptic sensor on board of the 
ESA-platform ENVISAT, which was launched in the summer of 2002, in a near-polar sun-
synchronous orbit at an altitude of about 800 km and which crosses the equator at 10h30’ 
local time and has a repeat cycle of about 35 days. MERIS yields image data of the earth in 
15 narrow spectral bands (mostly ∆λ=10nm), spread over the Visual and NIR part of the 
spectrum (400-900nm). The characteristics of the sensor are listed in Table 2-4. 
 
The sensor operates simultaneously in two modes: 
 
• MERIS_RR: In the standard, “reduced resolution” mode, it has a swath width of about 

1150 km with a sub-nadir pixel size of 1.2 km, thereby guaranteeing full global coverage 
in 3 days.  

• MERIS_FR: In addition, 10% of the area is also scanned at a “full resolution” of 300m, 
but this increases the global coverage periodicity. It thus must be stressed that in the 
MERIS_FR mode, every 300m-pixel is only registered with a frequency of about 15 days.  

The MERIS_RR data is stored on tape recorders onboard and then transmitted to ground for 
the entire daytime orbit. This globally acquired data is processed systematically for all orbits. 
The MERIS_FR data will be available on average for 20 minutes per orbit. This MERIS_FR 
data is either stored onboard on solid state recorders or transmitted via Data Relay Satellite or 
X-band receiving stations when in view of the satellite. The MERIS_FR data represents the 
regional mission in which data is processed only on request from users. 

Table 2-4  Characteristics of the MERIS spectral bands. 

Band 
Nr. 

Band Wavelength 
(nm) 

Bandwidth 
(nm) 

Spectral  
domain 

1 412.5 10 Shortwave / VIS 
2 442.5 10 Shortwave / VIS 
3 490 10 Shortwave / VIS 
4 510 10 Shortwave / VIS 
5 560 10 Shortwave / VIS 
6 620 10 Shortwave / VIS 
7 665 10 Shortwave / VIS 
8 681.25 7.5 Shortwave / VIS 
9 705 10 Shortwave / VIS 

10 753.75 7.5 Shortwave / VIS 
11 760 2.5 Shortwave / VIS 
12 775 15 Shortwave / VIS 
13 865 20 Shortwave / NIR 
14 890 10 Shortwave / NIR 
15 900 10 Shortwave / NIR 
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2.2.4 TERRA-MODIS 
 
The satellite platforms TERRA and AQUA are part of the American Earth Observation 
System (EOS). Both follow a standard, near-polar, sun-synchronous orbit at a 705 km altitude 
and a frequency of about 14.6 cycles per day, with the following differences: 
 
• TERRA was launched in December 1999 and has a morning orbit (10h30’ at equator, 

descending node). 
• AQUA was launched in May 2002 and has an afternoon orbit (13h30’ at equator, 

ascending node). 
 
Both platforms carry the same MODIS-sensor (MODerate resolution Imaging Spectrometer), 
which simultaneously operates in 3 different modes: 
 
• 1 km resolution, with 29 bands covering the full spectral range from Visible to Thermal 

Infrared (400 – 14 000nm). 
• 500 m resolution, with 5 bands from the Visible to the Shortwave Infrared (450 - 

2200nm). 
• 250 m resolution, with 2 bands: RED (620-670nm) and NIR (841-867nm). 
 
Thanks to its large swath width of 2330 km, MODIS provides global coverage every 1 - 2 
days. The characteristics of the  36 available bands are listed in Table 2-5. 

More information can be found: http://edcdaac.usgs.gov/modis/table2.asp. 

 
Table 2-5  Characteristics of the MODIS spectral bands. 

Band 
Nr. 

Bandwidth 
(nm) 

Spectral domain Spatial 
res. (m) 

Primary use 

1 620 – 670 Shortwave / VIS  250 Land/Cloud/Aerosols Boundaries 
2 841 – 876 Shortwave / NIR 250  
3 459 – 479 Shortwave / VIS 500 Land/Cloud/Aerosols Properties 
4 545 – 565 Shortwave / VIS 500  
5 1230 - 1250 Shortwave / NIR 500  
6 1628 - 1652 Shortwave infrared/ SWIR 500  
7 2105 - 2155 Shortwave infrared/ SWIR 1000  
8 405 - 420 Shortwave / VIS 1000 Ocean Color/ Phytoplankton 
9 438 - 448 Shortwave / VIS 1000  
10 483 - 493 Shortwave / VIS 1000  
11 526 - 536 Shortwave / VIS 1000  
12 546 - 556 Shortwave / VIS 1000  
13 662 - 672 Shortwave / VIS 1000  
14 673 - 683 Shortwave / VIS 1000  
15 743 - 753 Shortwave / VIS 1000  
16 862 - 877 Shortwave / NIR 1000  
17 890 - 920 Shortwave / NIR 1000 Atmospheric / Water Vapor 
18 931 - 941 Shortwave / NIR 1000  
19 915 - 965 Shortwave / NIR 1000  
20 3660 – 3840 Longwave thermal infrared/ TIR 1000 Surface/Cloud Temperature 
21 3929 – 3989 Longwave thermal infrared/ TIR 1000  
22 3929 - 3989 Longwave thermal infrared/ TIR 1000  
23 4020 – 4080 Longwave thermal infrared/ TIR 1000  
24 4433 – 4498 Longwave thermal infrared/ TIR 1000 Atmospheric Temperature 
25 4482 – 4549 Longwave thermal infrared/ TIR 1000  

http://edcdaac.usgs.gov/modis/table2.asp
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26 1360 – 1390 Shortwave / NIR 1000 Cirrus Clouds / Water Vapor 
27 6535 - 6895 Longwave thermal infrared/ TIR 1000  
28 7175 - 7475 Longwave thermal infrared/ TIR 1000  
29 8400 - 8700 Longwave thermal infrared/ TIR 1000 Cloud Properties 
30 9580 - 9880 Longwave thermal infrared/ TIR 1000 Ozone 
31 10780 - 11280 Longwave thermal infrared/ TIR 1000 Surface/Cloud Temperature 
32 11770 - 12270 Longwave thermal infrared/ TIR 1000  
33 13185 - 13485 Longwave thermal infrared/ TIR 1000 Cloud Top Altitude 
34 13485 - 13785 Longwave thermal infrared/ TIR 1000  
35 13785 - 14085 Longwave thermal infrared/ TIR 1000  
36 14085 - 14385 Longwave thermal infrared/ TIR 1000  

 
 
2.2.5 MSG-SEVIRI 
 
Meteosat Second Generation (MSG) is the most recent version of European geostationary 
meteorological satellites, operated by EUMETSAT in the frame of the World Meteorological 
Organisation. The first MSG (Meteosat-8) was launched on 28 August 2002 and started its 
routine weather forecasting operations in January 2004. A second satellite (Meteosat-9) was 
launched in December 2005 and a third MSG will be launched in the future so that European 
meteorological data collection needs are covered until at least 2012.  
 
The MSG platform has a geostationary orbit, with a fixed above earth point with Lon=0°, 
Lat=0° at a height of 35 874 km.  MSG carries different sensors, the most relevant for our 
purpose being the SEVIRI (Spinning Enhanced Visible & InfraRed Imager) which has 11 
spectral bands spread over the Visible to Thermal Infrared part of the spectrum with a 
resolution of 3 km sub-nadir and a single HRV (High Resolution Visible) band following the 
heritage of the previous Meteosat satellite generation. The characteristics of these bands are 
found in Table 2-6. The geostationary orbit guarantees a permanent sight of the African and 
European continents (only). SEVIRI provides imagery of the full “earth disk” with a sub-
nadir resolution of 3 km. The HRV reaches 1 km, but only covers half of the disk so that only 
a limited part of Europe is covered. Of course, due to the perspective view, the actual 
resolution degrades with the angular distance from the sub-nadir point. For instance along the 
meridian of Greenwich, the SEVIRI-pixels have actual sizes of 3.62, 6.03 and 20.90 km, 
respectively at the Latitudes of 28°, 50° and 72° (lower, central, upper part of the ASEMARS 
ROI). Both SEVIRI and HRV retrieve images every 15 minutes. The high frequency of data 
acquisition, the spectral characteristics and the improved spatial resolution of MSG offer new 
possibilities for the generation of meteorological and biophysical parameters which can be 
used in crop growth simulation models. However, given its low resolution near the poles, the 
MSG will be complemented with the EUMETSAT Polar/Platform System (EPS).  
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Further information on MSG and SEVIRI can be found on: 
http://www.eumetsat.de/en/index.html?area=left4b.html&body=/en/area4/msg/missions/211_
mis_obs_spectrch.html&a=412.1&b=2&c=412&d=410&e=0 

Table 2-6  Characteristics of the SEVIRI  spectral bands. 

Band 
Nr. 

Bandwidth 
(nm) 

Spectral domain Band 
name 

Primary use 

1 485 – 785 Shortwave / VIS  VIS 0.6 Land/Cloud/Aerosols 
2 670 – 950 Shortwave / NIR VIS 0.8 Land/Cloud/Aerosols 
3 1360 – 1920 Longwave Thermal/ TIR IR 1.6 Differentiate clouds / snow;  ice/water 

clouds 
4 3040 – 4800 Longwave Thermal/ TIR IR 3.9 Cloud coverage; Temperature cloud, 

land, sea  
5 4450 – 8050 Longwave Thermal/ TIR WV 6.2 Water vapour 
6 6350 – 8350 Longwave Thermal/ TIR WV 7.3 Water Vapour 
7 7900 – 9500 Longwave Thermal/ TIR IR 8.7 Cloud coverage; Temperature cloud, 

land, sea  
8 9010 –10220 Longwave Thermal/ TIR IR 9.7 Ozone 
9 8800 – 12800 Longwave Thermal/ TIR IR 10.8 Cloud coverage; Temperature cloud, 

land, sea  
10 10000 – 14000 Longwave Thermal/ TIR IR 12.0 Cloud coverage; Temperature cloud, 

land, sea  
11 11400 – 15400 Longwave Thermal/ TIR IR 13.4 Carbon dioxide 
12 450 – 1050 Shortwave (broadband)  HRV (High Resolution Visible band) 

 
 
2.2.6 SPOT-VEGETATION  
 
The series of SPOT-satellites are a French initiative with minor contributions of the Belgian, 
Italian and Swedish public and private sectors. SPOT1, 2 and 3 were respectively launched in 
1986, 1990 and 1993 and only carried the high resolution HRV sensor with 20m-resolution in 
the multi-spectral mode (Green, Red, NIR) and 10m for the panchromatic band. With SPOT4 
which was placed in orbit in 1998, the HRV was extended with a SWIR band and renamed to 
HRVIR, but also a new low resolution sensor was added: VEGETATION (aka VGT). On 24 
May 2002, SPOT5 was launched successfully with as payload an upgraded version of the 
HRVIR (10m/4m-resolution) and a copy of the previous VGT-sensor.  
The SPOT-platform follows a near-circular, heliosynchronous orbit at a height of ±830 km 
and a frequency of 14.1 cycles per day. SPOT scans the daylight/sunlit part of the earth 
during the descending part (north to south) of its track, and the local overpass times are 
situated in the late morning (10h30’ at the equator) which statistically increases the likelihood 
of acquiring cloud free images. The VGT-sensor registers 1728 pixels in line, with a sub-
nadir resolution of 1.15 km which corresponds to a swath width of about 2200 km. Given the 
orbital frequency, this results in a nearly complete daily coverage of the earth surface (some 
gaps remain near the equator. Instead of a rotating mirror as used in AVHRR, the VGT-
sensor uses the push-broom technology, in which an entire scanline is simultaneously 
registered by a linear array of 1728 fixed detectors. This reduces the geometric deformations 
near the image edges. The VGT-sensor simultaneously registers in 4 shortwave bands: 
BLUE, RED, NIR and SWIR. The SWIR-band agrees with the one of the recent AVHRR3-
sensor (3A). Compared to the VIS and NIR of AVHRR, the RED and NIR channels of VGT 
are narrower and their position is better adapted to the absorbance/reflectance spectrum of the 
plant pigments (chlorophyll). This explains why in general the VGT NDVI-values are 
somewhat higher than those of AVHRR (the AVHRR-VIS not only covers the RED but also 
part of the GREEN). Contrary to AVHRR, VGT monitors the sensor calibration by means of 
on-board calibration standards which are measured at regular intervals. On the other hand, the 

http://www.eumetsat.de/en/index.html?area=left4b.html&body=/en/area4/msg/missions/211_mis_obs_spectrch.html&a=412.1&b=2&c=412&d=410&e=0
http://www.eumetsat.de/en/index.html?area=left4b.html&body=/en/area4/msg/missions/211_mis_obs_spectrch.html&a=412.1&b=2&c=412&d=410&e=0
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lack of thermal bands limits the application domain and the opportunities for cloud screening 
of the data.  
 
Band 
Nr. 

Bandwidth 
(nm) 

Spectral domain Band name 

1 430 – 470 Shortwave / VIS  B0 
2 610 - 680 Shortwave / VIS B2 
3 790 - 890 Shortwave / NIR B3 
4 1580- 1750 Shortwave / SWIR MIR 

 
 
2.3 Map formats 
 
All intermediate and delivered images follow a single and widely accepted image format: 
ENVI, though with “enriched header information”. The images are stored in flat, binary files 
(*.IMG) without header/trailer bytes, while the annotation (geo-referencing, decoding of the 
values, ...) is described in associated ASCii HDR-files with the same basic name (*.HDR). To 
save disk space the images are stored in the most compact data type taking into account 
accuracy and the possibility of negative values. Many images can therefore be stored as byte 
images (i.e. 1 byte per pixel).  
 
The main “enrichment” (non-ENVI) concerns the treatment of the image values. At the level 
of the digital image values (V), clear distinction is made between the “significant range” 
(Vlo-Vhi) and all values beyond this range, which are treated as “flags” (codes to indicate 
special cases). To this goal, the HDR-files contain the following two additional items:  
 

1) Values = { Yname, Yunit, Vlo, Vhi, Vmin, Vmax, Vint, Vslo } 
 
With: 
 
• Yname/unit = Name/Unit of the represented physical variable Y. e.g. NDVI (-)  or DMP 

(kgDM/ha/day).  
• Vlo/hi  = Significant range of digital values to be treated as representing this physical 

variable.  
• Vmin/max = Observed extremes for image at hand, with: Vlo ≤ Vmin ≤ Vmax ≤ Vhi.  
• Vint/slo = Intercept/slope of linear relation between digital value, V and physical 

variable, Y:  
Y = Vint + Vslo.V.  
 

2) Flags = { Vf1=Vf1,txt, Vf2=Vf2,txt, …} 
 
With: 
 
• Vfi  = Flag digital number (beyond significant range Vlo-Vhi)  
• Vfi, txt = Meaning of this flag (textual)  
 
As far and as soon as possible, at the level of the flags, all images are made conform to the 
“UNIflags” system described in Table 2-7. An exception to this are the images containing the 
land surface temperature (LST, °C) for which negative values are meaningful. 
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Table 2-7: Unified flags used in most images (UNIflags) 
 

 IMG TYPE 
 BYTE INTEGER 
Significant range for which linearity holds (Y = Vint + Vslo.V) 0 – 250 0 – 32767 
Missing value over land (data error, missing meteo, division by 0) 251 -5 
Cloud over land 252 -4 
Snow/Ice over land 253 -3 
Sea 254 -2 
Background (no information at all, mostly: no data) 255 -1 
 
 
2.4 Georeferencing system 
 
An image is only “geo-referenced” if the following parameters are known: the geodetical 
datum, the map projection and its specific parameters, the image resolution, extension 
(number of columns/records) and anchoring (map co-ordinates of the top-left image corner). 
All this information is stored in the ENVI annotation files (*.HDR).  
 
The different images issued from different sensors each use their own georeferencing system. 
This impedes the intercomparison and simultaneous analysis of data from different sensors. 
Moreover, in view of the further operations all ancillary rasters must be maintained in the 
different geo-referencing systems if the data are not remapped to a common system. Hence, a 
single, fixed system was selected for all the image data.   
 
In view of the INSPIRE initiative the following system was adopted for the European region 
of interest (ROI) for MARSOP and ASEMARS.: 
 
• Geodetical datum: ETRS89 (same as WGS84) 
• Map Projection:  

- Family: Lambert Azimuthal Equal Area (LAEA), with the formulae holding for the 
ellipse (Snyder, 1987).  

- Projection ellipse: GRS80 (same as WGS84) 
- True origin at Lon0 = 10.00°, Lat0 = 52.00° 
- Map shift: false easting X0 = 4 321 000 m, false northing Y0 = 3 210 000 m 

• The Image Framing: 
- LAEA X/Y-co-ordinates of image edges: Xmin=2 275 000 m, Xmax = 7 682 000 m 

Ymin = 765 000 m, Ymax = 5 415 000 m 
- Pixel size (spatial resolution): ∆x = ∆y = 1000 m (or 250 m for MODIS, 5000 m for 
SEVIRI)  

- Numbers of columns/records/pixels: Ncol = 5 407, Nrec = 4650, Npix = 25 142 550 
 
For the global products and products for ROI’s  outside Europe the following georeferencing 
system is used: 
 
• Geodetical datum: WGS84 
• Map Projection:  

- Family: Geographic Lon/Lat  
- Projection ellipse: WGS84 
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• The Image Framing depends on the ROI 
 
To illustrate the image framing, the values for the European ROI are presented for the 
different sensors in  
Table 2-8. 
 
Table 2-8 Output-framing for the images of the different sensors for the European ROI. All values in 
INSPIRE-LAEA X/Y-meters. ∆x/∆y=pixel size, Xmin … Ymax=co-ordinates of extreme image edges, 
Ncol/Nrec/Npix= numbers of columns, records and pixels. 

SENSOR 
IN-Resolution 

∆x=∆y 
(m) 

Xmin Xmax Ymin Ymax Ncol Nrec Npix 

SEVIRI 
3km sub-nadir 

5 000.000 +2 275 000 +7 680 000 +765 000 +5 415 000 1 081   930    1 005 330 

AVHRR 

 

1 000.000 +2 275 000 +7 682 000 +765 000 +5 415 000 5 407 4 650 25 142 550 

MODIS 250m 250.000 +2 275 000 +7 682 000 +765 000 +5 415 000 21 
628 

18 600 402 280 800 

MERIS (FR) 300.000 +2 275 000 +7 681 900 +765 000 +5 415 000 18023 15500 279 356 500 

VGT 1 000.000 +2 275 000 +7 682 000 +765 000 +5 415 000 5 407 4 650 25 142 550 

 
 
2.5 General outline of the processing chains 
 
The processing chains at use in the context of MARSOP and ASEMARS vary in complexity 
from the processing of raw imagery requiring an orbital model and radiometric corrections 
such as used for NOAA/AVHRR to the postprocessing of the VGT-S10 products which 
‘merely’ requires a remapping step and the calculation of the derived products required for 
MARS. A common structure is however apparent allowing the processing to be subdivided in 
a preprocessing and a post processing step. These 2 steps also emanate from the software 
development process where the preprocessing step focuses on the conversion of raw imagery 
to a set of geometrically and radiometrically corrected products in a standard format and the 
postprocessing handles the MARS specific product requirements such as projection system 
(INSPIRE LAEA) and the production of derived products such as the DMP or VPI products. 
The implementation of the processing environment also resulted in two physically disparate 
systems where the calculation intensive preprocessing is handled by a linux based server 
system and the post processing is executed in a Windows PC environment. This general pre/ 
post processing pattern is depicted in Figure 2-1. 
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Figure 2-1 General overview  of the 'generic' processing chain 
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3. PREPROCESSING 
 
3.1 Introduction 
 
As pointed out in 2.5 two stages have being distinguished in the processing based on the 
processing environment used.  The first step or “preprocessing” takes place in a linux based 
server environment. For NOAA-AVHRR this step consists of a comprehensive processing 
system consisting of some 20 different modules and capable of ingesting in an error tolerant 
fashion the many different file formats on offer for this sensor. For other sensors this step is 
less extensive (MODIS, MERIS, VGT-P) while for SPOT-VGT-S10 and the MSG-SEVIRI 
the processing is confined to the Windows desktop and the preprocessing step is completely 
missing. 
 
 
3.2 Common aspects 
 
Each of the preprocessing chains handles one or more of the following processing steps: 
 
• File format conversion (import): The different sensor products are supplied as one or 

more files in different file formats which are sometimes compressed or gathered in single 
archives (e.g. zip archive for SPOT-VGT) . The preprocessing converts these to ENVI 
type files with the appropriate header information needed by the postprocessing. 

• Spectral/Radiometric: Calibration and atmospheric correction of the shortwave bands to 
surface reflectances, conversion of the thermal bands to brightness temperatures, and 
identification/labelling of the pixels covered by clouds or snow or containing missing 
values. 

• Spatial (remap): Geometric correction of the raw registrations towards a region of 
interest, whose parameters (projection, resolution, framing, etc.) are specified by the user.  

• Temporal (composite): The final output consists of  time integrated “mosaic” or 
“synthetic” images covering the template region that are representative for an user 
specified period such as 1 day (S1), 10 days (S10) or a month (S30). Each mosaic is 
established by application of a compositing procedure on all the pre-processed 
registrations over the specified period. The compositing strategy favours cloud free 
measurements, registered with minimal scan angles.  

 
 
3.3 NOAA-AVHRR 
 
3.3.1 Overview 
 
For a good, more in-depth description of NOAA-AVHRR processing methods, we refer to 
Eerens et al., 2004. A general overview of the work flow in the VITO NOAA-AVHRR chain 
is given in Figure 3-1 . This chain is executed in a commercial environment (AppWorx ). All 
AppWorx masters are run on a single server (pf0.intern.vgt.vito.be). On the server, the 
following two AppWorx environments are used: CVB_MST3 for the Data Transfer service 
and  CVB_MST2 for the Product Factory Service. During processing AppWorx uses a 
number of ‘agents’. When the system is fully operational eight processing agents will be 
made available one of which is dedicated to the Data Transfer service (CVB_MST3) for 
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collecting RT/NRT data and the rest for the actual processing which is confided to the 
Product Factory Service.  
 

 
Figure 3-1 AVHRR RT/NRT Synthesis Production Services 

 
 
3.3.2 Input data 
 
All data registered and transmitted by the NOAA-satellites may be captured freely, and for 
this purpose several antenna types are commercially available, ranging from low-budget 
handheld devices to expensive dish antennas which automatically follow the satellite along its 
overpass trajectory. The NOAA-data are transmitted in 4 different formats: 
 
• High Resolution Picture Transmission (HRPT): This is the normal operation mode, 

where the complete data stream (all bands/pixels of AVHRR, multiplexed with the 
information of the other NOAA-sensors) is received by a ground antenna in real time 
(hence covering only the area in the wide surroundings of the receiving station). 

• Local Area Coverage (LAC): The satellite contains an on-board magnetic tape device 
which temporarily can store all data registered during a pre-selected period of 10 minutes 
along the current orbit. This stored information is transmitted to the earth in LAC-format. 
The format and contents are identical to HRPT, only the covered area differs. 

• Global Area Coverage (GAC): This format is as well registered on-board and can be 
captured by any station on earth, but it contains the AVHRR-data of the entire previous 
orbit, though only in a degraded form with a spatial resolution of about 5 x 3 km². This is 
realised on-board by selection of every third scanline, while for every 5 pixels along the 
line the mean value is computed from the first 4 of them. The data reduction involved by 
the GAC format was intended to facilitate the creation of global mosaic images. 

Collect Raw and Auxiliary Data

Archive Raw Data Archive Synthesis

Initial state

End state

Data Transfer

Archive

Product Factory

Notify Catalogue (Optional)

Calculate Synthesis

Catalogue
Global Workflow

Time based (schedules)
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• Analog Picture Transmission (APT): This analog format can directly be displayed on 
low-budget TV-monitors (mainly on ships for nautical purposes). It only contains a 
selection of two spectral bands, in degraded form (4 x 4km²). APT is seldom used for 
analytical purposes. 

 
Of these formats the processing chain developed at VITO only deals with HRPT. Except for 
the delay in the data transmission there is no significant difference between HRPT and LAC. 
A complete description of the HRPT/LAC-format is provided by Planet (1988). 
 
It should be noticed that most other polar platforms such as LANDSAT and SPOT scan the 
sunlit/daytime earth surface during their descending southbound trajectory, and along each 
scan line their sensors (MSS/TM, HRVIR/VGT) register subsequent pixel values from west 
to east. All commercial software is adapted to this (arbitrary) scheme. For instance, all 
software packages visualise the first image pixel (normally corresponding to the north-
western corner) on the top left corner of the screen, thereby adhering to our traditional 
mapping standards (north=top, west=left). However, NOAA-AVHRR follows the opposite 
scheme: the daytime images are registered from south to north (along track) and from east to 
west (across track). To be compatible with the normal software standards the original images 
need to be swapped/mirrored in both directions. 
 
Roughly summarised, raw HRPT/LAC-images contain the following information for every 
scanline: 
 
• the registration date and GMT-time in milliseconds (although the on-board clock is 

periodically reset by the ground control station, it may show errors of up to one second).  
• the earth-scan video-data: the spectral measurements for 2048 pixels x 5 bands, in a 10-

bit packed, BIP format (Band-Interleaved per Pixel). 
• the ”HRPT-header” contains additional spectral measurements of “deep space” and of the 

“internal calibration target”, needed for the thermal calibration. 
• a number of quality flags (0/1-bits), indicating different settings or errors. 
• the “TIP-record” with the information of the other NOAA-sensors (TOVS, SEM, etc.). 

Due to their very low resolution, the data amounts are negligible compared to those of 
AVHRR.  

 
By convention, the HRPT/LAC data is further upgraded by the ground receiving stations into 
a number of distribution formats, amongst which the “Level1B” is certainly the best known 
(Kidwell, 1997). The Level1B-format is identical to HRPT, but for each scanline a number of 
bytes are added with the slopes and intercepts of the thermal band calibrations (derived from 
the HRPT-header) and additional “grid” information: the latitude, longitude and solar zenith 
angle for 51 systematically selected image pixels (for pixels 25 to 2025 with an interdistance 
of 40). The grid data are computed with an orbital model similar to the one described in 
3.3.3.2. Over the years, the Level1B-format was slightly modified (Kidwell, 1997). For the 
most recent AVHRR3-sensor an improved version is proposed (Level1B-KLM, see: 
http://www2.ncdc.noaa.gov/docs/klm/index.htm). 
 
On the other hand, ESA also developed its own format called SHARP1 (Standard-family 
HRPT Archive Request Product, ESA-1989). SHARP1-data also contain the thermal band 
calibration factors and grid information, but the grid is configured in a different way (i.e. 
downsampled to 16 lines x 32 pixels-per-line). Other important differences with respect to 
Level1B are: 

http://www2.ncdc/
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• The earth-scan data (10 bit) are repacked to a multiple byte  16-bit integer format. The 6 

additional, most significant bits are optionally used to embed additional vector 
information (coastlines, state boundaries, etc.) over the imagery, a reminiscent of a time 
when memory was an expensive commodity. 

• Daytime AVHRR registrations are already swapped/mirrored in both directions so as to 
conform to the normal image standards. 

• The SHARP1-grid contains the full angular information: not only the solar zenith angle 
SZA, but also the view zenith angle VZA and the sun and view azimuth angles (SAA and 
VAA). 

• Whereas for Level1B all the information is contained in a single file, for SHARP1 it is 
spread over five different files. 

• The SHARP1 images contain at most 1440 scan lines (or 4 minutes of AVHRR-
registration - remind that the scan rate equals 6 lines/second). But as a normal antenna 
scan involves the reception of about 10 to 12 minutes of HRPT-data, each captured image 
track must be subdivided into 3 different SHARP1 file sets. ESA’s argument for this 
approach at the time of conception was that the data amount of a 1440 lines single 
SHARP1 scene exactly fits on a single high-density tape. 

 
 
3.3.3 Processing steps 
 
3.3.3.1  Import 
 
The NOAA-chain supports 4 input formats: 
 
• Level1B – AIJ 
• Level1B – KLMN 
• SHARP1 
• HRPT 
 
Some deviating formats are also supported by the VITO chain: corrupt SHARP1 images from 
the old SPACE software, different packing of the data, etc. Also, the level1B data format 
differs among providers. Level1B products from Dundee SRS, FU Berlin and CLASS are 
supported by the current version of the importer. 
 
Quality tests are included addressing (1) gaps in the video data, (2) switches from channels 
3A to 3B and (3) corrupt PRT data. 
 

1. Gaps in the video data 
The time information of each scan line is screened for the occurrence of gaps. 
If erroneous time information is detected, the time information is corrected where 
possible to identify gaps. 
Empty lines are added if a gap occurs. 
A user specified number of lines before and after the gap can be removed 
additionally. In the MARS processing, the previous and following line are removed. 

2. 3A/3B switch 
The software screens the data for the occurrence of a switch between channel 3A/3B. 
If only one line differs from the previous or following lines, that line is replaced with 
an empty line. 
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If one file contains multiple switches, the file is considered erroneous and is omitted 
from further processing. 
The image is cut off at the switch and only the first part is retained  

3. Corrupt PRT data 
The quality of the PRT, internal blackbody temperature and cold space temperature 
values is evaluated by calculating their average and standard deviation for each 
channel. If the standard deviation is too large, the data from the nearest group of 4 
good lines are used. 
If the telemetry data is not present on the scanlines, the coefficients provided in the 
image are used for calibration. 

 
During testing with a large series of test images a number of severe errors in the Level 1B 
input images were found: missing scan lines that are not marked as such, erroneous start/stop 
times, missing or erroneous PRT readings, ... These are detected by the importer and 
corrected to the extend possible. 
 
Besides the imagery itself the following auxiliary data are needed in the NOAA.cfg file: 
• launch and end dates of sensors 
• agreement between NOAA letters and numbers 
• date of switch between channel 3A and 3B for NOAA-16 and -18 
 
Documentation can be found in the POD- and KLM-Guides: 
(http://www2.ncdc.noaa.gov/docs/intro.htm), the SHARP1-format description and Eerens et 
al., 2004.  
 
 
3.3.3.2  Orbital model 
 
The orbital model used is the SGP4-model.. The output of running the orbital model consists 
of 6 images containing the latitude (lat), the longitude (lon), the view zenith angle (vza), the 
view azimuth angle (vaa), the solar zenith angle (sza) and the solar azimuth angle (saa) for 
the image pixels respectively. The auxiliary data for the model are the TLE obtained from 
http://www.celestrak.com . The orbital model is documented by Walliéz. The interested 
reader is also referred to the POD- and KLM-Guides: 
http://www2.ncdc.noaa.gov/docs/intro.htm. 
 
 
3.3.3.3  Calibration 
 

     A. Optical (channels 1,2 and 3A) 
The symbols used are: 

 
Symbol Unit Explanation 
L W/m²/sr/µm Radiance 
C counts 

(0-1023) 
Input digital number in raw input file (for a certain pixel) 

C0 counts 
(0-1023) 

input digital number, measured for an absolutely dark target 
(deep space) with R=0 

S counts/(W/m²/sr/µm) Gain factor , expressed in % albedo = units of % reflectance 

http://www2.ncdc.noaa.gov/docs/intro.htm
http://www.celestrak.com/
http://www2.ncdc.noaa.gov/docs/intro.htm
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per unit count. 
F W/m²/µm Integrated solar irradiance 
w µm Equivalent band width 
d AU sun-Earth distance 
θs degrees Solar zenith angle 
R % spectral reflectance factor at top of atmosphere (TOA) 
D - Julian day 
 
NOAA-AIJ 
 

Radiance  ( )
w

FSCCL
⋅⋅

⋅⋅−=
π1000  

 

Reflectance ( )
s

dSCCR
θcos100

2

0 ⋅
⋅⋅−=  

 
with d = 1 - 0.01672 * cos(0.9856 * (D-4) * PI/180) 
 
 
NOAA-KLM  (dual slope calibration) 
 
Radiance 

Low reflectance range: ( )
w

FCCSR low ⋅⋅
⋅−⋅=

π1000  

 

High reflectance range: ( ) ( )[ ]
w

FCCSCCSR thighlowtlow ⋅⋅
⋅−+−⋅=

π100,0  

 
with Ct calculated from  ( ) ( ) highhightlowlowt SCCSCC ⋅−=⋅− ,0,0  
 
Reflectance 

Low reflectance range: ( )
s

low
dCCSR
θcos

2

0 ⋅−⋅=  

 

High reflectance range: ( ) ( )[ ]
s

thighlowtlow
dCCSCCSR
θcos

2

,0 ⋅−+−⋅=  

 
with Ct calculated from  ( ) ( ) highhightlowlowt SCCSCC ⋅−=⋅− ,0,0  
 
Auxiliary data 

• Configuration file for each NOAA: NOAA_nn.cfg 
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• Calibration coefficients sets: 

NOAA Calibration coefficient set Source 
7 VES7.txt Calwatch 
9 VES9.txt Calwatch 
11 MIT11.txt Calwatch 
14 VES14.txt Calwatch 
15 NOAA15.txt NESDIS 
16 NOAA16.txt NESDIS 
17 NOAA17.txt NESDIS 
18 NOAA18.txt NESDIS 

 
The choice of the NOAA-AIJ calibration coefficients is based on the comparison between 
different calibration coefficient sets performed by Swinnen and Veroustraete, in review. 
 
Description of the format of the calibration input files. 
 
For NOAA-AIJ 
Sat_id, channel, date, days_since_launch, gain, offset 
Parameters separated by one blanco 

Sat_id   : 2 digits (e.g. NOAA-9: 09) 
Channel  : 1 number: channel 1 ->1 and channel 2 -> 2 
Date   : ddmmyyyy 
Days_since_launch : launch = day 0 
Gain   : floating point value in format F9.7 (= S in equations above) 
Offset   : floating point value in format F5.2 (= dark count,C0) 

 
From NOAA-15: 
Sat_id, channel, date, days_since_launch, slope_low, slope_high, intercept_low, 
intercept_high, intersection_point 
Parameters separated by one blanco 

Sat_id   : 2 digits (e.g. NOAA-K: 15) 
Channel  : 1 number: channel 1 ->1, channel 2 -> 2 and channel 3 -> 3 
Date   : ddmmyyyy 
Days_since_launch : launch = day 0 
Slope_low  : floating point value in format F5.4 
Slope_high  : floating point value in format F5.4 
Intercept_low  : floating point value in format F6.2 
Intercept_high  : floating point value in format F6.2 
Intersection_point : in digital numbers 

 
Important remark: 
Offset is the dark count (C0), not the intercept provided by NESDIS ! 
NESDIS provides monthly updates for the more recent NOAA’s (from NOAA-16 on). These 
can be consulted at http://noaasis.noaa.gov/NOAASIS/ml/calibration.html  
The slope value is the same as the Gain in the calibration files, but the Intercept is not the 
same as the intercept required by the NOAA-chain! To obtain this intercept, use the 
following equation: 
 

http://noaasis.noaa.gov/NOAASIS/ml/calibration.html
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Slope
Intercept

Intercept NESDIS
chainNOAA −=−  

 
Documentation: 
For NOAA-AIJ: R.M. Mitchel, 1999; See also Calwatch website: 
http://www.dar.csiro.au/rs/CalWatch/ ) 
For NOAA-KLMN: http://noaasis.noaa.gov/NOAASIS/ml/calibration.html ; POD- and 
KLM-Guides: http://www2.ncdc.noaa.gov/docs/intro.htm 
 

B. Thermal (channels 3B,4,5) 
 
Symbols 
 

Symbol Unit Explanation 
LE W/m²/sr/cm Earth Radiance 
LLIN W/m²/sr/cm Earth Radiance without linearity correction 
C counts 

(0-1023) 
Input digital number in raw input file (for a certain pixel) 

I counts 
(0-1023) 

Intercept calculated from the PRT measurements in the image 

S counts/(W/m²/sr/µm) Slope calculated from the PRT measurements in the image 
c1 mW/(m²/sr/cm-4) 1.1910659E-05 
c2 cm.K 1.438833 
υ cm-1 Central wave number of the channel 
 

Methods 
 
Radiance 
 
NOAA-7 to -12 

ICSLE +⋅=  
 
(Equation 3.3.1-1 in POD Guide) 
 
NOAA-13 and -14 

ICSLLIN +⋅=  
 
Linearity corrections: 2

LINLINE LBLADL ⋅+⋅+=  
 
(D,A,B) = (p0,p1,p2) from .cfg files. 
 
(Equations 3.3.1-1 and 3.3.1.2-1 in POD Guide) 
 
 
From NOAA-15 on 

ICSLLIN +⋅=  
 

http://www.dar.csiro.au/rs/CalWatch/
http://noaasis.noaa.gov/NOAASIS/ml/calibration.html
http://www2.ncdc.noaa.gov/docs/intro.htm
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Linearity corrections: 2
210 LINLINCOR LbLbbL ⋅+⋅+=  

 
And    CORLINE LLL +=  
 

Thus:    ( ) 2
210 1 LINLINE LbLbbL ⋅+⋅++=  

 
With (b0,1+b1,b2) = (p0,p1,p2) 
 
(Equations 7.1.2.4-5, 7.1.2.4-6 and 7.1.4.5-7 in KLM Guide) 
 
 
Temperature 
 

NOAA-AIJ  
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with A,B from tables D.2-12 (NOAA-16) and D.4-7 (NOAA-18) in KLM-Guide. 
(Equations 7.1.2.4-8 and 7.1.2.4-9 in KLM Guide) 
 
 
Reflective part of channel 3B 
 
Symbol Unit Explanation 
Rch3 % Reflectance of channel 3B 
Lch3 W/m²/sr/cm Radiance of channel 3B 
Bch3(Tch4) °K Planck function of channel 3B based on the temperature 

derived from channel 4 
E°ch3 W/m²/µm Extra-terrestrial Solar irradiance for channel 3 
d AU sun-Earth distance 
θs degrees Solar zenith angle 
c1 mW/(m²/sr/cm-4) 1.1910659E-05 
c2 cm.K 1.438833 
υ cm-1 Central wave number of the channel 
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( )

( ) ( )432
3
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3

cos chchs
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chchch
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=
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 (Kerdiles, Software for Processing Avhrr data for the Communities of Europe (SPACE)) 
 

Auxiliary data 
Configuration file for each NOAA: NOAA_nn.cfg 
 

Documentation can be found in:  
POD- and KLM-Guides: http://www2.ncdc.noaa.gov/docs/intro.htm 
Kerdiles,1997. 
 
 
3.3.3.4  Chip matching 
 
The general principles of the used method are as follows: 
• Select a chip position (using a list of predefined chip positions or using a random 

generator). 
• Map the chip position to the reference window and retrieve the N1 x N1 chip window 

from the reference image. 
• Map the chip position to the warp image, giving (x0,y0), and search the position (x1,y1) in 

the N2 x N2 search window for which the correlation between the warp image and the 
chip image is maximal. 

• A match is found if certain conditions are fulfilled, e.g. the correlation value has to be 
above a certain threshold, the correlation peak has to be sharp enough, etc.. 

• Repeat the above steps until N matching chips have been found and determine the 
polynomials fx(x,y) and fy(x,y) that map the (x1,y1) coordinates into (x0,y0) coordinates: 

 fx(x1,y1) = x0 
 fy(x1,y1) = y0 
• Generate the warped image using the polynomials fx and fy to determine for each pixel 

position of the warped image the corresponding ‘nearest neighbour’ pixel in the warp 
image. Only the tiles with a sufficient fill level are warped and the others are removed 
from the image.  

 

 

reference image warp image 

chip 

search window 
match 

 

http://www2.ncdc.noaa.gov/docs/intro.htm
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The accuracy of the warp image is calculated from the (x0,y0) and (x1,y1) coordinates of the N 
matching chips: 
 

( ) ( )[ ]
N

yxyx
accuracy ∑ −

= 0011 ,,
 

 
The root mean square error provides a measure for the accuracy of the warping and is 
calculated as: 
 

( )( ) ( )( )[ ]
N

yyxfxyxf
RMSE yx∑ −−−

=
2

011
2

011 ,,
 

 
Tiling 
The performance of the polynomials on the whole image depend largely on the spatial 
distribution of the matching chips. Tiling, i.e. the subdivision of the image in blocks or tiles, 
is introduced to guarantee a good distribution and, at the same time, to give an indication of 
the percentage of the warp image for which the polynomials can be considered ‘valid’. 
 

 

chip found 
high bonus 
low bonus 
no bonus 

 
 
The basic idea behind the tiling is that when we can find TN matching chips in every tile, then 
the distribution of chips over the warp image is perfect. However, because it is expected that 
there are no discontinuities in the evolution of the ‘errors’ over the warp image (otherwise 
our approach using polynomials for the warping would fail), it is not necessary to really find 
TN matching chips in every tile: it suffices that the distribution of the chips found is good. 
 
This observation lead to the introduction of a ‘bonus’ system: when a matching chip is found 
in a tile, a ‘bonus’ is attributed to its neighbours and the amount of the ‘bonus’ is inversely 
proportional to the distance of the neighbour (see fig.). Hence, due to the introduction of the 
‘bonus’ system each matching chip results in the attribution of V ‘virtual’ chips: 
 
 V = 1 + ∑ bonus 
 
The original goal can now be rephrased as follows: when TN ‘virtual’ matching chips are 
found in every tile, then their distribution over the warp image is perfect. 
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Given that N matching chips should be found and knowing that 1 matching chip results in 
(maximally) Vmax ‘virtual’ chips being attributed, then a feasible value for TN can be 
determined as follows: 
 
 TN = (N * Vmax) / number of tiles 
 
One can get an indication of the percentage of the warp image for which the polynomials can 
be considered ‘valid’ as follows: 
 
 fill level = ∑ ‘virtual’ chips / (TN * number of tiles) 
 
The number of tiles depends on the image size. 
Tiles that are insufficiently covered with matching chips are excluded in the warping, because 
the polynomial is not valid for this part of the image.  
Sub-pixel matching 
When searching for the position (x1,y1) for which the correlation between the chip window 
and the search window is maximal, the chip window is always moved over the search 
window in steps of one pixel in x- and/or y-direction. As a result the position of the 
maximum is only determined with pixel precision. A specific sub-pixel matching step have 
been added in order to determine the position of the maximum with sub-pixel precision. 
 
Principle: 
 

- Drop from the 3x3 window centred on (x1,y1) the pixels with the lowest correlation 
values (with the added constraint that it is not allowed to drop a complete row or 
column) 

- Determine the coefficients for which the bivariate quadratic function s(x,y) passes 
through the 5 remaining pixels: 

 
s(x,y) = c0 + c1*x + c2*y + c3*x2 + c4*y2 

 

- Determine the position of the maximum of the surface s(x,y): 
 

 xmax = ( -2 * c1 * c4 ) / ( 4 * c3 * c4 ) 
 ymax = ( -2 * c2 * c3 ) / ( 4 * c3 * c4 ) 

 
Auxiliary data  
Monthly reference images from SPOT-VEGETATION : vm62<mm>i.img (mm:01 … 12) 
Land sea mask derived from GLC2000 map 
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Figure 3-2: Geometric correction – performance of the new VITO processing chain. From left to right: 1. 
result after application of the orbital model (SGP4), 2. result after chipmatching, 3. SPOT-VGT ref image 

 
Figure 3-3: Geometric correction – comparison of SpacePC results (left) and results of the new VITO 
processing chain (right) 
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3.3.3.5  Atmospheric correction 
 
For the atmospheric correction SMAC v4 (Rahman and Dedieu, 1994) is used. SMAC 
requires the following auxiliary data: 
• Ozone content is obtained from climatology data of the TOMS data. One global set is 

available for each month. The monthly data are considered to represent day 15 of the 
month. Resolution of the dataset is 0.25°.  

• Water vapour is derived from climatology data. Resolution of the dataset is 0.25° by 
0.25°. Monthly values are available and these represent day 15 of the month.  

• Tropospheric aerosol is a simple Gaussian curve from north to south. There is no 
variation in longitude, nor in time. Resolution of the dataset is 0.25°.  

• Stratospheric aerosol for the period January 1991 till December 1999 from Sato et al. 
(1993)  is used. It presents monthly values, which vary only with latitude. 

• Pressure is calculated from a DEM by means of the formula: 
 

31.5

16.288
0065.0125.1013 






 ⋅
−⋅=

altitudepressure  

 
The SMAC-coefficients for NOAA-7, -17 and -18 were calculated by Olivier Hagolle 
specifically for the MARS-project. 
The input data is interpolated in space to the resolution of the AVHRR images. The nearest 
input in time is always used.  
The climatology datasets of ozone and water vapour are from CTIV and are not documented. 
More information on the atmospheric correction can be found in the following articles:  
Rahman, H. and G. Dedieu, 1994; Sato et al. 1993. and Berry et al. 2004. 
 
 
3.3.3.6  Cloud detection 
 

Method:  Neural network (Paola, J.D. and R.A. Schowengerdt, 1995, 
Swinnen, E. 2004). A separate network is trained per NOAA. 

Inputs:  REDtoc, NIRtoc, BT4, BT5, month 
Architecture:  Normal Feed Forward Network with one hidden layer (5 nodes). 
Input functions: dot product 
Transfer functions:  To hidden layer: sigmoid function 
 To output layer: threshold (if output>0 then cloud) 
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Figure 3-4: Cloud detection with neural networks (left – clouds marked in light blue) and with simple 
threshold tests (right – clouds marked in green). Undetected clouds have a grey colour. 

 
Auxiliary data used in the cloud detection consists of a land sea mask and text files per 
NOAA platform containing the weights required by the neural network. 
 
 
3.3.3.7  Snow detection  
 
Method 
For the AIJ-series the method of Gesell (1989) is used to separate pixels detected by the 
cloud detection into cloud and snow pixels.  
 
For the KLM-series, the third channel is for some periods a SWIR channel, and for other 
periods a MIR channel. Depending on which part of the electromagnetic spectrum is sensed, 
another method for snow detection is applied. Also here, the method is only applied on the 
pixels detected by the cloud detection method.  
 
If channel 3 is MIR, snow detection is performed using the method of Gesell (1999). 
If it is a SWIR channel, a method based on the NDSII (Normalised Difference Snow and Ice 
Index) is used (Hall et al., 1995; Xiangming et al., 2001).  
 
Algorithm  
 

31

31
RR
RR

NDSII
+
−

=  

 
If (NDSII > 0.70) AND (NIR > 0.375) then SNOW 
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Auxiliary data in this step are a land sea mask (based on GLC2000) and cloud mask 
Documentation can be found in Gesell, 1999; Hall et al., 1995 and Xiangming Xiao et al., 
2001. 
 
 
3.3.3.8  Land and Sea surface temperature 

A. Land surface temperature (LST) 
In the LST calculation process the vegetation cover fraction is calculated using the NDVI. 
For each pixel the fraction is determined using the pixels within the imagery with maximum 
and minimum NDVI.  
The vegetation cover fraction (Pv 

) is calculated using the median of the pixels with the 5% 
highest NDVI values is NDVIv 

and the median of the pixels with the 5% lowest NDVI NDVI 
values is NDVIg. 
 

gv

g
v NDVINDVI

NDVINDVI
P

−

−
=  

 
with 
 

Pv : Vegetation fraction [-] 
NDVI : Normalized Difference Vegetation Index of the pixel [-] 
NDVIg : maximum Normalized Difference Vegetation Index of a bare soil pixel [-] 
NDVIv : minimum Normalized Difference Vegetation Index of a fully vegetated 

pixel [-] 
 
The calculation procedure consists of the following steps: 
 
1. Sort all pixels from the smallest to the largest value, leaving out doubles;  
2. Select pixels with the x % (default is 5%) highest and x % (default is 5%) lowest NDVI-

values. The median of the x % highest is NDVIv 
and the median of the x % lowest is 

NDVI
g 
;  

3. For each pixel calculate Pv.  
 
Land surface temperature 
For the determination of the land surface temperature a split window method is implemented. 
The brightness temperatures from ch4

 
and ch5

 
are combined with the surface emissivity 

(correcting for grey bodies) and the atmospheric water content is taken into account.  
 
The emissivity (ε, -) is calculated according to Valor and Caselles (1996) and Rubio et al. 
(1997):  
 

( ) ( )vvvgvv PPdPP −⋅⋅⋅+−⋅+⋅= 141 εεεε  
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with: 
 

ε : pixel emissivity [-] 
εv : the emissivity of a fully vegetated pixel [-] 
εg : the emissivity of a bare soil pixel [-] 
dε : the estimated mean error on the values of εv 

and εg [-] 
 
The difference of emissivity (∆ε) as a function of the vegetation cover fraction (Pv) is 
calculated as:  
 

( ) ( )( ) ( )001 === ∆+⋅∆−∆=∆
vvv PvPP P εεεε  

 
with: 
 

∆ε : pixel emissivity difference between channel 4 and 5  [-] 
∆ε(Pv=1) : the difference in emissivity of a fully vegetated pixel [-] 
∆ε(Pv=0) : the difference in emissivity of a bare soil pixel respectively [-] 

 
Corrections of the atmospheric influence on the brightness temperature:  
 

40178 23 +⋅+⋅−= WWWα  
 







 −⋅=

5.4
1150 Wβ  

 
( ) εβεα ∆⋅−−⋅= 1offset  

 
with: 
 

α, β and 
offset 

: corrections for emissivity and water content in the atmosphere [-] 

W : the water content in the atmosphere [g.cm
-2

] 
 
Finally the land surface temperature (LST) is determined according to the split-window 
principle (Coll and Caselles, 1997):  
 

( )[ ] ( ) offsetBTBTBTBTBTLST ++−⋅−⋅++= 56.0545439.034.14  
 
with: 
 

BT4, 
BT5 

: the brightness temperatures of channel 4 and 5 [K] 

 

B. Sea surface temperature (SST) 
 
The sea surface temperature is calculated identical as the land surface temperature (LST), but 
with the offset equal to zero.  
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( )[ ] ( ) offsetBTBTBTBTBTLST ++−⋅−⋅++= 56.0545439.034.14  

 
with offset = 0 
Parameters and their default values: 
 

parameter value Fixed/user defined 
εv 0.985 Fixed 
εg 0.960 Fixed 
Dε 0.02 Fixed 
∆ε(Pv=1) -0.0023 Fixed 
∆ε(Pv=0) -0.009 Fixed 

 
Additional details can be found in Coll C. and Caselles V. ,1997; Rubio et al.,1997 and Valor, 
E. and Caselles, V., 1996. 
 
 
3.3.3.9  Compositing 
 
The compositing rules, i.e. the rules to select the “best” observation, are: 
 
• a “clear” observation is preferred over a “ice/snow” observation, which itself is preferred 

over a “cloud” observation 
• in case of two observations that are equally “good” according to the previous rule, an 

observation with “good” viewing and solar zenith angles is preferred over an observation 
with only “acceptable” viewing and solar zenith angles (and note that observations with 
“bad” viewing and solar zenith angles are not considered for inclusion in the composite at 
all) 

• if two observations are still considered equally “good”, then the observation is slected 
with the max. NDVI in case of a land pixel and the min. NIR in case of a sea pixel.  A 
land/sea mask (derived from GLC2000) is added to discern between land and sea pixels. 

 
The processing parameters used for compositing are: 
 

 VZA SZA 
Good <40° <60° 
Acceptable 40°<VZA<45° 60°<SZA<75° 
Bad >45° >75° 

 
As auxiliary data a Land/sea mask is needed. This is again derived from GLC2000 map. 
 
 
3.3.3.10  Quality control 
 
The VITO NOAA-chain includes a basic quality control (QC) system. In the QC system 
quicklooks derived from RGB images using a combination of the different bands, overlayed 
with a vector with the coastlines and the lakes are produced for all segments as well as for the 
daily composite images. The quicklooks are stored in a database together with other "quality 
information" as the RMSE, fill level,… of the segments. This database is accessible through a 
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webinterface (http://avhrr.vgt.vito.be/noaaviewmaster/ ). Using the QC system an operator 
can quickly screen the preprocessing results and set aside bad segments/composites for 
further analysis so that these can be recomputed afterwards or removed from the archive. Of 
course not all types of errors can be detected from these quicklooks but it is an easy way to 
check for large geometric errors (large shifts) and important radiometrical problems (stripes, 
detector failures,…). The web-based approach has the added advantage that it allows JRC to 
check the results from the processing chain in a fast and easy way. Later on, when the 
complete archive will be reprocessed, the tool can be used for searching and visualizing the 
images of the 25-year archive. 
Some NOAA-16 scenes show a “wavy” pattern at the left side of the scene, but this can 
probably solved by removing some more columns at that side (adaptation of the viewing 
zenith angle (VZA) criterion). Note that the importer now removes all pixels with a VZA 
larger than 45°. Examples of errors that are detected by the QC system are shown in Figure 
3-5.  
 

 
Figure 3-5: Errors found in NOAA-16 input images, probably related to scan motor problems. Left: bar 
code effect, right: “waves”  

 
 
3.3.4 Output data 
 
3.3.4.1  Data  
 
Name Description Unit Data type Rescale factors Flag for  

noValue intercept slope 
B1_REF REDtoc reflectance - Byte 0 0.0025 255 
B2_REF NIRtoc reflectance - Byte 0 0.0025 255 
B3A_REF SWIRtoc reflectance - Byte 0 0.0025 255 
B3B_REF MIRtoc reflectance - Byte 0 0.0025 255 
B3B_RAD MIR radiance  Byte 0 0.0066667 255 
B3B_BT Brightness temperature  K Integer 0 0.1 -1 
B4_BT Brightness temperature 

(11μm) 
K Integer 0 0.1 -1 

B5_BT Brightness temperature 
(12μm) 

K Integer 0 0.1 -1 

VZA Viewing zenith angle Degrees Byte 0 0.5 255 

http://avhrr.vgt.vito.be/noaaviewmaster/
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SZA Solar zenith angle Degrees Byte 0 0.5 255 
VAA Viewing azimuth angle Degrees Byte 0 1.5 255 
SAA Solar azimuth angle Degrees Byte 0 1.5 255 
SM Status map - Byte 0 1  
TIME Day within synthesis period Day Byte 0 1 0 
TCO Total cloud free 

observations 
- Byte 0 1 0 

TVO Total valid observations - Byte 0 1 0 
ST Surface temperature K Byte 223.15 0.5 255 
COV Cover fraction % Byte 0 1  
NDVI Normalized difference 

vegetation index 
- Byte -0.08 0.004 255 

 
 
3.3.4.2  Status map 
 
BIT MEANING of STATUS MAP BITS (7=Most significant bit) 

0 1=Snow/ice 
1 1=Cloud 
2 1=Cloud OR buffer around cloud 
3 1=Sun and sensor zenith angles “good”.  
4 Always 0 
5 Always 0 
6 1=in the course of the concerned dekad, the pixel is covered by at least 1 “valid” 

observation (good SZA/VZA, no data error), although this can still be snow/ice or 
cloud/shadow. 

7 1=Land, 0=water (according to landsea mask of GLC2000)  
 
 
3.4 ENVISAT-MERIS 
 
3.4.1 Overview 
 
The different tools used in the preprocessing chain were programmed using VITO/TAP’s  
COMMON library. These tools are all called from a command shell with one or more input 
parameters. The correct calling syntax can be obtained by executing the tool without 
parameters.  
  
The preprocessing chain itself is implemented as a number of tcl scripts which execute the 
different components listed in Figure 3-6. The processing chain for MERIS level 2 products 
uses the following tcl scripts: 
 
• import.tcl for importing the data  
• remap.tcl: remapping of the results to Geographic projection  

– The above 2 scripts prepare the necessary input parameters required by each 
of the executable components in small ASCii text files with extension ‘dat’. 
The postfix ‘done’ is added to these ‘dat’ files after successful completion of 
the corresponding processing step. This allows a script that  is rerun to 
identify and skip completed tasks. 

• day.tcl script which is called with a date as argument, executes the above 2 scripts for all 
segments found for that particular date. 
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• composite.tcl script is used to composite results for a single day, a dekad or a user 
specified period . 

• processMerisL2.tcl script which executes the  day and composite scripts above for the 
user specified period (day, dekad, …). 
 

 

MERIS level 2 product  

import 
(import_meris2P) 

geometric correction 
(remap_meris2P) 

compositing 
(CmpServer) 

S10 

sea/land mask 

 
Figure 3-6 Overview of the MERIS preprocessing chain 

 
 
3.4.2 Input data 
 
ESA has defined the following data product levels relevant to MERIS data products:  

• Level 0 Product: is demultiplexed instrument source packet data. This is the data in its 
most raw format and will not generally be available to the users. 

• Level 1b Products:  is annotated engineering data which has been calibrated 
radiometrically and geolocated. For MERIS these are Top Of Atmosphere (TOA) 
calibrated radiances measured in mWm-2sr-1nm-1.  

• Level 2 Products:  contains both geolocated geophysical parameters and surface 
radiance/reflectance depending on the surface type.  

 
More information can be found http://envisat.esa.int/instruments/meris/data-
app/prodspread.html and http://envisat.esa.int/instruments/meris/data-app/dataprod.html. 
 
 

http://envisat.esa.int/instruments/meris/data-app/prodspread.html
http://envisat.esa.int/instruments/meris/data-app/prodspread.html
http://envisat.esa.int/instruments/meris/data-app/dataprod.html
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3.4.3 Processing steps 
 
3.4.3.1  Import 
 
The import step extracts the necessary data from the files in ESA N1 format and converts 
these to ENVI files. In the configuration file (config.tcl) the user can specify which output 
should be generated. 
 
 
3.4.3.2  Remap 
 
By means of the Lon/Lat-planes that are extracted together with the radiometric data from the 
N1 images in the import step, the images are remapped to the WGS84-Geographical Lat/Lon 
system (“unprojected”), with a step of 1/400° (which corresponds to a resolution of about 
250m on the equator). 
A “backward” remapping approach is used, i.e. for each pixel position in the result space the 
“nearest neighbour” pixel in the input space is searched (using the available (Lon,Lat) grid) 
and all the data associated with this pixel is then copied to the result space.   
 
3.4.3.3  Composite 
 
The compositing rules are the same as those for NOAA-AVHRR (see 3.3.3.9). 
 
 
3.4.4 Output data 
 
3.4.4.1  Data 
 
Name Description Unit Data type Rescale factors Flag for  

noValue intercept slope 
FAPAR fAPAR - byte 0 0.005 255 
NIR NIRtoc reflectance - byte 0 0.00333 255 
RED REDtoc reflectance - byte 0 0.0025 255 
SAA solar azimuth angle ° byte 0 1.5 255 
SM status map - byte 0 1 0 
SZA solar zeith angle ° byte 0 0.5 255 
TCO total clear observations - byte 0 1 0 
TIME observation day number  - byte 0 1 0 
VAA view azimuth angle ° byte 0 1.5 255 
VZA view zenith angle ° byte 0 0.5 255 
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3.4.4.2  Status map 
 
BIT MEANING of STATUS MAP BITS (7=Most significant bit) 

0 ice (= 0)/snow 
1 cloud 
2 shadow 
3 angle not OK(= 0) / OK  
4 selected on quality of angle (optional) 
5 selected based on maximum fAPAR criterium (optional) 
6 coverage  
7 sea (= 0) / land 

 
 
3.5 TERRA-MODIS 
 
3.5.1 Overview 
 
During the preprocessing, input files (MOD* in Figure 3-7) are imported and converted to 
ENVI files. These are then  used to calculate TOC reflectances and fAPAR using a method 
attributed to Nadine Gobron (JRC-IES GEM unit). The results are then remapped to the 
geographical Lat-Lon system aka Plate Carree projection. Alternatively, the fAPAR 
calculation can be skipped and SMAC can be used to perform the atmospheric correction 
step. As SMAC requires atmospheric data that is georeferenced the SMAC step is only 
possible after the remapping. This is illustrated in Figure 3-7 where the two alternatives – 
fAPAR and SMAC - are  grayed out. In a final step the results are composited to dekadal 
products. 
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MOD02 MOD03 MOD35 

import 
(SDIServer_Modis) 

fapar 
(faparServer_Modis) 

SMAC coefficients 

geometric correction 
(RmpServer) 

atmospheric correction 
(SmacServer) 

atmospheric data 

compositing 
(CmpServer) sea/land mask 

S10 

 
Figure 3-7 Overview of the MODIS preprocessing chain. 

The different tools used in the preprocessing chain were programmed using VITO/TAP’s  
COMMON library. These tools are all called from a command shell with one or more input 
parameters. The correct calling syntax can be obtained by executing the tool without 
parameters.  
 
The preprocessing chain itself is implemented as a number of tcl scripts which execute the 
different components listed in Figure 3-7. The MODIS processing chain uses the following 
tcl scripts in which x stands for either Q, H or 1 whether Q (250 m), H (500 m ) or 1 km 
resolution images should be handled: 
 
• importxKM.tcl  for importing the data The script accepts a date as input from the 

command line. 
• fAPARxKM.tcl : executes the fAPAR calculation using Nadine Gobron’s method 
• remapxKM.tcl: remapping of the results to Geographic projection  
 
The above three scripts prepare the necessary input parameters required by each of the 
executable components in small ASCii text files with extension ‘dat’. The postfix ‘done’ is 
added to these ‘dat’ files after successful completion of the corresponding processing step. 
This allows a script that  is rerun to identify and skip completed tasks. 
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• dayxKM.tcl script which is called with a date as argument, executes the above 3 scripts 

for all granules found for that particular date. 
• composite.tcl script is used to composite results for a single day, a dekad or a user 

specified period. 
• runxKM.tcl script which executes the   day and composite scripts above for the user 

specified period (day, dekad, …) 
 
As pointed out above the processing either uses the fAPAR or the SMAC step. This implies 
that different versions of the dayxKM.tcl scripts are needed. 
 
 
3.5.2 Input data 
 
The MODIS images are distributed in the HDF-EOS format. A description of the HDF 
format can be found on http://www.hdfgroup.org/  while more specific information on the 
HDF-EOS format is available from http://www.hdfeos.org/. 
 
MODIS Earth View observations are contained in so-called “granules”, covering an area of 
2330 km x 2030 km with one granule per 5 minute interval. This amounts to 288 granules / 
day assuming there are no data gaps. 
 
For each of the 5 minute observation intervals the required input for the MODIS processing 
chain consists of 4 files which are listed in Table 3-1.  
 
Table 3-1 MODIS  files needed by the processing chain 

MODIS/Terra MODIS/Aqua Product Contents 
MOD02QKM MYD02QKM calibrated Earth View data at 250m resolution  

(Level 1B) 
MOD02HKM 

 
 

MYD02HKM 
 
 

calibrated Earth View data at 500m resolution, 
including the 250m resolution bands aggregated to 
appear at 500m resolution (Level 1B) 

MOD03 MYD03 geolocation data (Level 1A) 
MOD35_L2 MYD35_L2 cloud-mask product (Level 2) 

 
Remarks: 
 

- The 500 m resolution product (M?D02HKM) is used by the fAPAR calculation step 
and is not needed if the atmospheric correction is based on SMAC. 

- The naming convention for the products is: 
 

<product name>.AyyyyDDD.HHmm.ccc.<processing time and ID>.hdf 
with: 

product name:  one of M[O|Y]D02[Q|H]KM ; M[O|Y]D03 ; M[O|Y]D35_L2 
yyyyDDD: year + day number e.g. 2007032 for the  
HHmm: hour + minute  e.g. 1355 
Ccc: the collection number for the data. MODIS data are organized in 

collections according to the version of the algorithms used in the 
processing. The current (March 2007) collection is 005. 

http://www.hdfeos.org/
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Taking these rules “MOD02QKM.A2007032.0915.005.2007033022846.hdf” is the 
name of a 250 m resolution TERRA MODIS product for February 1, 2007 9:15 a.m. 
and collection 5 processed on February 2, 2007.  
 

Further details on the used datasets are: 
 
 MOD02QKM 

- dataset EV_250_RefSB: The RED and NIR data is converted to TOA reflectance values 
with error codes being replaced by a -1, which is the ”no value” code adopted for the 
chain. 

 MOD02HKM 
- dataset EV_250_RefSB: as for the 250 m data; RED, NIR and BLUE band and -1 for 

“no value” 
- MOD03 

- datasets Longitude and Latitude: The 1 km resolution (Lon,Lat) grid is “resampled” to 
250 m which is the resolution of the radiometric data. 

- datasets SensorZenith and SensorAzimuth: Azimuth values are converted to values in 
the [0°..360°] range and resampled to 250 m. 

- datasets SolarZenith and SolarAzimuth: Azimuth values are converted to values in the 
[0°..360°] range and resampled to 250 m. 

Note that the resampling takes into account that the input data consists of swaths of 40 
lines, by not interpolating data associated with different swaths, i.c. at the bottom of each 
swath there are 3 lines being extrapolated rather than interpolated (see shaded area in 
Figure 3-8 ). Furthermore, the MODIS interband registration (see Figure 3-9) is correctly 
taken into account by resampling, while a ‘best fit’ registration is used by explosion (i.e. 
the top-left corners of the first 1km pixel and the ‘virtual’ 250m pixel (-1,0) are assumed 
to coincide). 

 

 

40 lines 4 lines 

start swath 1 

start swath 2 

 
Figure 3-8 Input data consists of swaths of 40 lines, Lon/Lat information is provided every 4 lines. 
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1st 1km pixel 2nd 1km pixel 

 
Figure 3-9 MODIS inter-band registration 

 
 MOD35_L2 

- dataset Cloud_Mask: It was decided not to use the 250m cloud flags in bytes 5 and 6, 
but the 1km flags in byte1 (250m cloud flags are only based on RED and NIR tests and 
do not contain information about the presence of ice/snow) with both “cloudy” and 
“uncertain” being output as “cloud” in the generated status map. 

 
The data are received through  a data subscription for MODIS data. NASA daily makes the 
data subset within the requested ROI available for ftp download and then sends an e-mail 
with the information needed to access the data. An automated procedure at VITO then 
processes these e-mails, downloads the data and reorganizes them in separate directories for 
each day. The number of images received and possible missing products are written to a log 
file which can be used by an operator to check if the data are being downloaded correctly. 
The same procedure applies to both TERRA and AQUA products. It is also possible to  back-
order data  from NASA. Data is however no longer provided on physical media by NASA 
and all data has to be downloaded by ftp. Access to older datasets is similar as for the near 
real time products with NASA sending e-mail notifications for the data as these become 
available for download. 
 
 
3.5.3 Processing steps 
 
3.5.3.1  Import 
 
The import step extracts the necessary data from the HDF-EOS files and converts these to 
ENVI files. In the configuration file (config.tcl) the user can specify which output should be 
generated. 
 
The products received from NASA use internal data compression. As compression is part of 
the HDF standard this has no implications for the user whom can open and read from these 
files as if they were uncompressed. However the compression has a significant drawback in 
terms of processing time. The files are therefore uncompressed before the actual import step 
using hrepack, a HDF internal compression/uncompression and/or chunking tool. An 
explanation on hrepack can be found on http://nsidc.org/data/hdfeos/hrepack.html. 
Other documentation (and associated links) concerning the data formats can be found in : 
 
• “MODIS Level 1B Product User’s Guide for level 1B version 4.3.0 (Terra) and version 

4.3.1 (Aqua.), MCST Document #PUB-01-U-0202-REV B 
http://www.mcst.ssai.biz/mcstweb/L1B/product.html  

http://nsidc.org/data/hdfeos/hrepack.html
http://www.mcst.ssai.biz/mcstweb/L1B/product.html
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• “Discriminating clear-sky from cloud with MODIS. Algorithm theoretical basis 
document (MOD35).”, version 4.0 (October 2002), MODIS Cloud Mask Team 

http://modis-atmos.gsfc.nasa.gov/_docs/atbd_mod06.pdf  
• “MODIS HDF file specification MOD35_L2: MODIS level 2 cloud mask product at 

1km and 250m spatial resolution” 
http://modis-atmos.gsfc.nasa.gov/MOD35_L2/format.html  

 
 
3.5.3.2  fAPAR 
 
Details can be found in Gobron et al., 2006.  Summarizing, the method uses calibrated 
spectral directional reflectances to estimate the Fraction of Absorbed Photosynthetically 
Active Radiation (fAPAR) in the plant canopy. In addition to the fAPAR product, so-called 
rectified reflectance values in the red and near-infrared spectral bands (MODIS Band 1 and 
Band 2) are calculated. These rectified channels are TOC reflectances and thus corrected for 
atmospheric and angular effects. The present procedure generates the rectified RED and NIR 
reflectance values at 250 m spatial resolution using ‘rectification factors’ based on MODIS 
data in the blue, red and NIR bands at 500 m.  
 
The method has been implemented in the program ‘fAPAR’ which is called from the 
fAPARxKM.tcl (x = Q, H, 1 according to resolution) script. In the dayxKM.tcl script 
fAPARxKM.tcl is called before the remap step as Nadine Gobron’s method for atmospheric 
correction, contrary to SMAC, does not use meteorological input from maps. This is an 
advantage as the file size tends to increase during remapping.  
 
 
3.5.3.3  Remapping 
 
By means of the Lon/Lat-planes obtained from the M[O|Y]D03 products, the “unpacked” 
images are remapped to the WGS84-Geographical Lat/Lon system (“unprojected”), with a 
step of 1/400° (which corresponds to a resolution of about 250m on the equator). 
A “backward” remapping approach is used, i.e. for each pixel position in the result space the 
“nearest neighbour” pixel in the input space is searched (using the available (Lon,Lat) grid) 
and all the data associated with this pixel is then copied to the result space. 
The algorithm used has been reviewed several times in order to find the most effective way to 
handle: 
 
• bow-tie effects 
• the fact that successive swaths partly ‘overlap’ each other (i.e. they partly contain data 

for the same region on earth) 
 
The processing parameters used for geometric correction can be found in Table 3-2. 
The results of the geometric correction consist of geo-corrected RED and NIR reflectance 
data, angle data, an updated status map and a coverage map. 
Table 3-2 Processing parameters used for geometric correction 

Projection   PLATE_CARREE_0.28KMG 
 Plate Carree projection with a step of 1/400°. 
MagicPixel   0.5   -0.5 
 The (dx,dy) to be applied to a pixel’s (x,y) coordinates in order to know the coordinates used in the 

remapping. With (dx,dy)=(0.5, -0.5) a pixel’s (x,y) coordinates correspond to the coordinates of it’s 

http://modis-atmos.gsfc.nasa.gov/_docs/atbd_mod06.pdf
http://modis-atmos.gsfc.nasa.gov/MOD35_L2/format.html
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top-left corner, while it’s value corresponds to the value at the center of the pixel. 
Xlimits   <xmin>   <xmax> 
Ylimits   <ymin>   <ymax> 

 The (x,y) “limits” of the Europe ROI, i.e. [-15°..60°] lon x [28°..72°] lat, in the Plate Carree 
0.28km projection: Xlimits   -6000   23999 
                 Ylimits   11201   28800 

DropColumns   <left>   <right> 
 Number of columns at the left/right of the “raw” segment to be “dropped” (i.e. not being used in 

the remapping). 
 
 
3.5.3.4  Atmospheric correction 
 
As pointed out above, the fAPAR step takes care of the atmospheric correction. When an 
alternative calculation procedure for fAPAR  is preferred or the fAPAR calculation is not 
used at all, the atmospheric correction can be performed by the SMACServer code. This code 
uses  SMAC v4 (see also 3.3.3.5). 
The input data is interpolated in space to the resolution of the MODIS images. The nearest 
input in time is always used. The climatology datasets of CTIV are not documented. Other 
information can be found on: http://data.giss.nasa.gov/modelforce/strataer/  
 
 
3.5.3.5  Compositing 
 
The compositing rules are the same as those for NOAA-AVHRR (see 3.3.3.9). 
 
For the MODIS compositing special attention was paid to selection of the view zenith angle 
(VZA) criterion. Experimental evidence indicated that it is not advisable to increase the VZA 
criterion to values in excess of 35°. 
In the compositing step a Land/sea mask derived from the GLC2000 map is used  
 
 

http://data.giss.nasa.gov/modelforce/strataer/
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3.5.4 Output data 
 
3.5.4.1  Data 
 
Name Description Unit Data type Rescale factors Flag for  

noValue intercept slope 
FAPAR fAPAR - byte 0 0.005 255 
NIR NIRtoc reflectance - byte 0 0.00333 255 
RED REDtoc reflectance - byte 0 0.0025 255 
SAA solar azimuth angle ° byte 0 1.5 255 
SM status map - byte 0 1 0 
SZA solar zeith angle ° byte 0 0.5 255 
TCO total clear observations - byte 0 1 0 
TIME observation day number  - byte 0 1 0 
VAA view azimuth angle ° byte 0 1.5 255 
VZA view zenith angle ° byte 0 0.5 255 
 
 
3.5.4.2  Status map 
 
BIT MEANING of STATUS MAP BITS (7=Most significant bit) 

0 ice (= 0)/snow 
1 cloud 
2 shadow 
3 angle not OK(= 0) / OK  
4 selected on quality of angle (optional) 
5 selected based on maximum fAPAR criterium (optional) 
6 coverage  
7 sea (= 0) / land 

 
 
3.6 SPOT-VEGETATION 
 
3.6.1 Overview 
 
Two different processing chains are used for producing the VGT based products for JRC. The 
first and oldest chain  takes the S10 products produced by CTIV as an input and is confined 
to a Windows desktop environment. It is therefore only described in the postprocessing 
section. The second VGT processing chain starts from VGT geometrically corrected  
segments aka P products. The preprocessing for transforming these  P products to daily S1 
and dekadal S10 composites is described in this chapter. In Figure 3-10 this preprocessing 
chain is illustrated. As for MERIS and MODIS the development is based on the VITO 
COMMON library. 
 
The preprocessing chain itself again consists of a number of tcl scripts: 
 
• unpack_vgt.tcl for unpacking the P1 product and importing the data 
• fAPAR.tcl: calculation of fAPAR using the method of Nadine Gobron 
• The above 2 scripts prepare the necessary input parameters required by each of the 

executable components in small ASCii text files with extension ‘dat’. The postfix ‘done’ 
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is added to these ‘dat’ files after successful completion of the corresponding processing 
step. This allows a script that  is rerun to identify and skip completed tasks. 

• day.tcl script which is called with a date as argument, executes the above 2 scripts for all 
segments found for that particular date. 

• composite.tcl script is used to composite results for a single day, a dekad or a user 
specified period . 

• processArchiveVgt.tcl script which executes the  day and composite scripts above for the 
files found in the archive. Alternatively the processRealtimeVgt.tcl script is used for 
processing the most recent segments as these become available. 

 

 VGT-P product  

import 
 (unpack_hdf + SDIServer_VGT) 

fAPAR 
(fapar) 

compositing 
(CmpServer) 

S10 

sea/land mask 

 
Figure 3-10 Overview of the VGT-P preprocessing chain. 

 
 
3.6.2 Input data 
 
For VGT all the data registered in an entire orbit are stored at full resolution in an on-board 
RAM memory. Every orbit, the satellite passes over Kiruna, Sweden near the pole and 
transmits all the information to this single receiving station. From there the data are sent 
online to the central processing and archiving facility CTIV (Centre de Traitement d’Images 
VEGETATION), which is hosted at VITO, Belgium and which further processes the imagery 
according to standardised procedures. This “centralised” approach is clearly distinct from the 
one of NOAA-AVHRR where every receiving station is responsible for the treatment of its 
own data. 
 
CTIV produces, archives and distributes three type of products: P, S1 and S10 (Figure 3-11). 
The P-products are individual registrations which have been geometrically corrected but not 
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radiometrically. However with the P-product all the required SMAC-parameters (H20, O3, 
τ550) are provided to facilitate radiometric correction by the user afterwards. The S1 and S10 
are daily and dekadal syntheses of geometrical and radiometrical corrected images.  
 
For MARS the VGT-P data are accessed through the so called freeP archive at CTIV. 
 

 
Figure 3-11 Overview of the VGT products available from CTIV 

 
 
3.6.3 Processing steps 
 
3.6.3.1  Import 
 
In this step the freeP archive is checked for files in the user specified period. These files are 
copied locally, unpacked using the unpack_hdf code and  converted to ENVI files using the 
SDIServer_VGT process. 
 
 
3.6.3.2  fAPAR 
 
Details can be found in Gobron et al., 2006. The method is the same as for MODIS (3.5.3.2). 
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3.6.4 Output data 
 
3.6.4.1  Data 
 
Name Description Unit Data type Rescale factors Flag for  

noValue intercept slope 
BLUE BLUEtoc reflectance - byte 0 0.0025 255 
FAPAR fAPAR - byte 0 0.005 255 
NIR NIRtoc reflectance - byte 0 0.00333 255 
RED REDtoc reflectance - byte 0 0.0025 255 
SAA solar azimuth angle ° byte 0 1.5 255 
SM status map - byte 0 1 0 
SZA solar zeith angle ° byte 0 0.5 255 
TCO total clear observations - byte 0 1 0 
TIME observation day number  - byte 0 1 0 
VAA view azimuth angle ° byte 0 1.5 255 
VZA view zenith angle ° byte 0 0.5 255 
 
 
3.6.4.2  Status map 
 
BIT MEANING of STATUS MAP BITS (7=Most significant bit) 

0 ice (= 0)/snow 
1 cloud 
2 shadow 
3 angle not OK(= 0) / OK  
4 selected on quality of angle (optional) 
5 selected based on maximum fAPAR criterium (optional) 
6 coverage  
7 sea (= 0) / land 

 
 
3.7 MSG-SEVIRI 
 
The MSG-products processing chain is executed on a PC and is therefore only treated in the 
postprocessing section (see). 
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4. POSTPROCESSING 
 
 
4.1 Introduction 
 
The preprocessing presented in the previous section results in a number of ENVI formatted 
images. These are in the postprocessing step further transformed as to conform to the 
standards adopted for MARSOP and ASEMARS (header, flags, projection system, …) and 
used to produce a number of derived products such as the dry matter productivity (DMP) or 
the regional unmixed  mean (RUM). 
 
 
4.2 Common aspects 
 
4.2.1 Basic inputs 
 
4.2.1.1  Meteorological data 
 
Meteo data are needed for computation of the images with Dry Matter Productivity (DMP). 
The meteo data available is listed in Table 4-1. 
 
Table 4-1: Meteorological data (all daily values).  

Source MeteoConsult MeteoConsult 
Intermediate - Alterra (CGMS) 
Coverage Global Europe 
Format Daily CSV-files Daily CSV-files 
Map System WGS84-Lon/Lat CORINE-CGMS 
Resolution 1.0° 50 km 
Period 1998 → present 1981 → present 
Variables CGMS-standard CGMS-standard 

 
Some remarks: 
 
• For MARSOP, a common comma separated file format (CSV) was agreed with 

MeteoConsult and Alterra. The file names have the form YYYYMMDD.CSV where the 
date is represented by YYYYMMDD. 

• MARS-FOOD: The global meteo-coverage does not extend as far north (50°S-72°N) as 
the “global” VGT-images (56°S-75°N) so that the “global” DMP-images contains empty 
zones at higher latitudes.  

• MARS-STAT: These files are delivered in the map system coined “CORINE-CGMS“ 
(with 50km resolution). For the European images, MARS opts for the INSPIRE-LAEA 
system necessitating a reprojection and resampling which obviously introduces small 
errors (spatial shifts).  

 
 
4.2.1.2  Administrative or Agro-Statistical Regions 
 
Vectorial files with the boundaries of the considered “regions” (whichever their nature: 
administrative, agro-statistical, agro-ecological) are needed to embellish the quick looks 
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(QLs) (4.5) and for the aggregation and computation of  “Regional Unmixed Means” (RUM) 
(4.6). In the latter case, the vector-files must be converted to rasters, spatially congruent with 
the satellite images to be processed. Table 4-2 lists the available “regions files”. All of these 
are available in the main formats (ARCView SHP, ENVI EVF, IDRISI VEC/DVC). 
 
Table 4-2: Files with boundaries of considered “regions” 

SOURCE MAP SYSTEM DESCRIPTION 
ESRI Administrative 
Regions of the World 

WGS84 – Lon/Lat ± 2600 administrative regions, with a large variety in size 

AFRICA districts  
from FAO 

WGS84 – Lon/Lat ± 1500 regions, quite detailed and uniform in size 

JRC WGS84 – Lon/Lat 513 NUTS2-regions 
 
 
4.2.1.3  Land use data 
 
Land use maps are needed for the computation of class-specific unmixed regional means 
(RUM-files, see 4.6). The data sets used are listed in Table 4-3.  
 
Table 4-3: Available land use data sets (AFI = Low-resolution Area Fraction Image; 1 per class) 

SOURCE MAP SYSTEM FORMAT CLASSES 
CORINE Lon/Lat, 1°/112 AFI 44 CORINE classes, only 12 considered 
GLC2000 Lon/Lat, 1°/112 Hard Classification 21 classes (original) + 2nd version with 5 

categories (forest, savannah, grass, agro, other) 
 
 
4.2.1.4  Other external inputs 
 
• Land/Sea masks (Byte images with 0=water, values > 0 are land):  

– CTIV provided its global land mask, used for the production of global VGT-S10. In 
this mask, a rim of about 10 sea pixels along the coasts is deliberately labelled as 
land.  

– For some purposes, the GLC2000 classification is used as improved land mask 
(without this rim and with more inland lakes).  

– The AVHRR mask was extracted from the Level3-images. For the non-covered 
areas (which appear after conversion to the INSPIRE-LAEA system), it was 
extended with the GLC2000 mask.  

• Altitudes: Digital elevation model GTOPO30 from USGS, converted from to VGT 
framing (from 1°/120 to 1°/112)  

• European Soil Map: This data set is needed for the improvement of SAVI (4.3.4) and 
fAPAR (4.3.2).  

 
 
4.2.2 Filename conventions 
 
A file naming scheme was adopted, taking into account that part of the processing still uses 
old DOS-programs which only support 8 character base names. Moreover, as filenames often 
have to be typed it was felt that the shorter the names, the better. The file naming does not 
contains an indication of the concerned ROI. This implies that the images have to be stored in 
separate directories, one for each ROI.  
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The 8-character filename has the following structure:  
 
    SPdateV[D].Ext  
- Ext= filename extension 
 IMG/HDR: ENVI/GLIMPSE-formatted image 
 PNG:  QuickLook 
 RUM:  RUM-file (ASCII-TXT)  

- S = Sensor or Source 
 A:  AVHRR 
 E:  MERIS 
 G:  MSG-SEVIRI 
 M:  MODIS 
 U:  SPOT-VGT products derived from VGT-P) 
 V:  SPOT-VGT products derived from VGT-S10 
 W:  Weather / Meteo  

- P = Periodicity  
 D:  Daily values 
 T:  10-daily, dekadal values (incl. cumulative images)  
 M:  Monthly values 

- date: Startdate of the concerned period. Three different formats (depending on P), for:  
 daily files: yyMdd 
 dekadal files: yytt  
 monthly files: yymm 
with: 
 yy:  year (50-99=1950-1999, 00-49=2000-2049). 50-63=exceptions (see 

below)  
 M:  month-character (A=January, L=December)  
 mm:  month_in_year (01-12)  
 tt:  dekad_in_year (01-36)  
 dd:   day_in_month (01-31)  

- V = Image Variable ()  
- D = Difference type (added only for difference images, not for normal images):  
 Differences with regard to previous year:  

a:  Absolute difference 
r:   Relative difference 

 Differences with regard to historical year  
0:  ADVI Absolute Difference VI 
1:  RDVI Relative Difference VI 
2:   SDVI Standardized Difference VI 
3:  RRVI   Relative Range VI   (= VCI when applied on NDVI) 
4:  HPVI  Historical Probability VI 
5:  HCVI Historical Class VI   (= VPI when applied on NDVI) 
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Table 4-4 Meaning of the variable codes used in file names. 

Variable 
code Meaning 

a fraction of absorbed photosynthetical absorbed radiation (fAPAR) 
e evapotranspiration 
f fraction of vegetation cover (FVC) 
g registration day in month 
i normalized difference vegetation index (NDVI) 
j soil adjusted vegetation index (SAVI) 
l leaf area index (LAI) 
n MSG: minimum land surface temperature (LST)  

other: number of clear observations 
o albedo 
p dry matter productivity (DMP) 
q snow cover 
r solar radiation  
s sunshine duration 
t average land surface temperature (LST) 
x maximum land surface temperature (LST) 
 
 
4.3 Derived indicators 
 
4.3.1 Normalized Difference Vegetation Index (NDVI) 
The computation of NDVI-images is a traditional and wide-spread practice in the world of 
low-resolution image processing. The NDVI or “Normalized Difference Vegetation Index” is 
a combination of the measured reflectance in the red and near infrared (NIR) parts of the 
spectrum: 

NDVI =  
Compared to the individual reflectances, the NDVI is less sensible to external influences 
related to atmosphere, viewing geometry and the state of the underlying soil. As a 
consequence it is a good indicator of the amount and the condition of the vegetation. The 
NDVI of terrestrial vegetation steadily increases with canopy cover from 0.15 (bare soils) up 
to 0.8 (dense canopies). Water bodies have negative NDVI, while clouds are characterized by 
values around zero. 
 
 
4.3.2 Fraction of absorbed Photosynthetic Active Radiation (fAPAR)   
 
The fAPAR calculation method of Gobron et al. (2002) Error! Reference source not 
found.is not applicable to the NOAA AVHRR and VGT-S10 based products. An alternative 
method developed in  the frame of the CYCLOPES-project by Fred Baret (INRA-France) and 
adapted for use on  S10 composites by Marie Weiss of NOVELTIS (France) was therefore 
used.  This method has the following characteristics: 
 
• Originally developed for application on VGT-P products using the RED, NIR and SWIR 

bands.  

REDNIR
REDNIR

+
−
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• Direct model: PROSPECT + SAIL (accounting for mixed pixels) + SMAC.  
• Inversion via Neural Network, with 7 inputs (Rtoa of RED/NIR/SWIR, 4 angles) and 1 

output: fAPAR  
• Lots of accessories: the estimates are standardized to 10h Local Solar Time, which 

seems the most representative for the daily mean fAPAR; definition of scenario’s 
accounts for mixed pixels (partly vegetation, partly soil);… 

 
Details can be found in Weiss et al., 2002 
 
 
4.3.3 Dry Matter Productivity (DMP) 
 
Monteith (1972) provided the following formula for the “Dry Matter Productivity” (DMP,  
kgDM/ha/day), that is the increase in dry matter biomass on a daily base: 
 

 
 
In this formula R1 is the incoming shortwave solar radiation (200-3000 nm) which on the 
average comprises 48% of PAR (Photosynthetically Active Radiation: 400-700nm), and 
fAPAR1 [-] is the PAR-fraction absorbed by the green vegetation. The efficiency term ε(T1) 
[kgDM/JPAR] accounts for the conversion of this absorbed energy into biomass (radiation use 
efficiency) and for the losses related to the transport of photosynthetates, the maintenance of 
the standing phytomass, etc. The definition of ε(T1) can be very complex - indeed most of the 
WOFOST model deals with this question - but here it is simply approximated as a function of 
the daily temperature T1 (Veroustraete et al., 2002). The factor 10 000 [m²/ha] transforms the 
square meters into hectares, a more common unit in agro-statistics. 
In practice, the DMP calculation procedure is implemented through a set of four ANSI-C 
programs for DOS: 
 
• MET2IMG: This module converts the “external” meteo-data to image format. It is quite 

flexible, as it works for all types of external meteo-sources (see Table 4-1), for all the 
days in a selected period, and for one or more user-specified meteo-variables. The 
resulting images follow the standard ENVI/GLIMPSE format and are (basically) 
projected in their native map system (see Table 4-1). But with some precautions, the data 
can simultaneously be reprojected as well. The latter is needed for the European 
information (from CORINE-CGMS to INSPIRE-LAEA). In practice, the program only 
converts the 3 variables, requested for the computation of DMP: Tmin (V=N), Tmax 
(V=X) and Solar Radiation (V=R).  

• PRODmax: The basic Monteith-approach is now implemented on these daily meteo-
images, which have a “very low resolution” (VLR) as compared to the “low resolution” 
(LR) satellite data. This results in a new, VLR and INTEGER image, called DMPmax,1 
(or WDyyMddP), which contains the DMP for the case fAPAR=1. 

• COMPOSIT: All DMPmax,1 scenes of a certain dekad are then composited with a 
mean filter to a new dekadal image DMPmax,10  

• PROD: computes the final DMP-image (LR, Integer, S10):  
– First input is the LR remote sensing image with fAPAR (or NDVI from which 

fAPAR is derived, see Myneni and Williams, 1994)  
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– Second input is the VLR DMPmax,10 – which at first is upgraded to the LR-resolution 
by means of bilinear interpolation.  

– Finally DMP10 is calculated by multiplying these: DMP10 = fAPAR * DMPmax,10. 
The output image is spatially conform to the LR remote sensing image.  

 
All produced images follow the standard format (flat, pure, binary) and have the 16-bit 
Integer data type. The scales and special codes are listed in Table 4-5. 
 
Table 4-5:  Scaling of the INTEGER DMP-images: relation between the physical values and the output 
digital numbers Wo. NB: For ΣDMP, the special Wo-codes(if any) are always those of the last considered 
DMP10 input image.  

IMAGE VARIABLE NORMAL Wo-RANGE SPECIAL Wo-CODES 
DMP10 
 [kgDM/ha/day] 

DMP10=Wo/100 
Wo:  0 … 32767 
DMP10: 0 … 327.67 

-1: water 
-2: NDVI<0.05 
-3: snow 
-4: cloud  
-5: no data (error in RED/NIR)  
-6: no meteo-data 
-7: error in meteo-data 

ΣDMP [kgDM/ha] ΣDMP=Wo*10 
Wo:  0 …10000 
ΣDMP:0 … 100000 

DMP30 
 [kgDM/ha/day] 

Same as for DMP10 -1: if any of the 3 DMP10 input  
     values is flagged (Wi<0) 

 
 
4.3.4 Soil adjusted vegetation index (SAVI) 
 
The “Soil Adjusted Vegetation Index” or SAVI was first proposed by Huete (1988) as an 
alternative for NDVI, because it is less sensitive to variations in the reflectance σ of the soil 
background (which are irrelevant for the estimation of the state of the vegetation itself).  

SAVI = (1+L) *  with L = 0.5 
 
Since Huete’s publication, numerous SAVI-variants have been proposed by different authors 
(TSAVI, MSAVI, GESAVI,…). The SAVI combines the best of two things: just like NDVI it 
can easily be computed from the RED and NIR reflectances without too much external 
information, and on the other hand, in the NIR vs. RED diagram the SAVI-isolines follow a 
configuration which closely resembles the one of the LAI-isolines, as predicted by 
complicated canopy reflectance models. In other words: without aiming to quantify the 
vegetation state (LAI, soil cover or fAPAR), SAVI is at least better correlated with the 
vegetation state than NDVI. 
 
4.4 Derived image products 
 
4.4.1 Compositing (S10 & S30) 
 
For compositing to dekadal (S10) and monthly (S30) images the general-purpose module 
COMPOSIT is used. The compositing inspects several input images, registered at different 
times/dates within a given period (day, dekad, month). These “inputs” must all be expressed 
in the same geo-referencing system (though possibly with varying extensions) and cover parts 
or the totality of a given target region. The procedure then creates a single output image (the 

LREDNIR
REDNIR

++
−
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composite or synthesis), by inspection of each pixel in the target area, scanning of the 
corresponding input-measurements and selection of the “best available measurement” 
according to a specified “compositing criterion”. In practice, the compositing is mostly 
performed with grouped input images. This means that each “input” relates to several image 
layers (spectral bands, NDVI, angles, ancillary info) – all with the same registration time and 
extension. The compositing criterion used in MARSOP and ASEMARS is either a 
conditioned NDVI-MVC (Maximum Value Compositing) or maximum fAPAR criterion. 
This gives preference to the values of the registration with the highest NDVI or fAPAR, as 
far as this is labelled as cloud free (SM) and falls within the accepted range of scan angles (or 
view angles). Once, this “best registration” is defined, all its values (bands, NDVI, angles, 
ancillary data,…) are copied to as many layers in (separate ENVI-images) the composite. 
 
The COMPOSIT program offers the following facilities: 
• User-defined specification of the compositing period (daily S1, dekadal S10, monthly 

S30), the target/output area, the composition criterion, and the list of images per 
registration to be treated together (bands, angles, ancillary information, …). 

• Automatic search of the available input registrations and associated images. 
• Creation of the composite (1 or more ENVI-images) by application of the selected 

compositing criterion on the set of (possibly grouped) input registrations. 
• Simultaneous creation of the three ancillary rasters: 

– SM is the new status mask 
– NC gives for each pixel the number of “good” measurements (free of 

clouds/errors) available in the considered period 
– TG indicates the registration time/date of the selected measurement. 

 
Notice: For MSG an additional compositing step from single observations to S1 is needed. 
This is achieved with a separate program (4.8.1.5). 
 
 
4.4.2 Cumulative Values 
 
The calculation of cumulative values is met by the following problems: 
 
• The ever-growing sums are unpredictable and quickly run beyond the fixed datatype 

(and scaling) of the individual input values (say Byte NDVI or Integer DMP). The 
simplest solution is to store all results in FLOAT (4 bytes per pixel), but this consumes 
excessive amounts of disk space. As an alternative, the scaling (Vint, Vslo) can be 
adapted (SUM = Vint + Vslo*V) whilst retaining the original data type.  

• Allowing images with variable scales (as proposed above), complicates creating 
QuickLooks, because the colour scheme and legend have to be adapted for each scene.  

• As in every time series analysis, a solution has to be defined for the missing values, due 
to clouds, snow/ice or data errors in some of the observations. The lacking 
measurements can for instance be replaced by interpolated values (linear, fourier,…) or 
by the historical means.  

 
The implementation using program CUMUL, has the following features: 
 
• The program accepts any time series (daily, S10, S30 – ranging between 2 dates) of any 

variable.  
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• It computes the mean of all valid measurements: µ=ΣX/N, with ΣX=sum of valid values, 
and N=sum of valid measurements.  

• The missing values are skipped, both in ΣX and N. This avoids the burden of 
interpolation and has more or less the same effect as if the mean were computed from a 
time series with linearly interpolated missing values.  

• The resulting means are stored in an output image with the same datatype and (initial !) 
scaling as the one of the inputs (Eg. Byte for NDVI, Integer for DMP).  

• But obviously, the cumulative sums ΣX are for 100% correlated with these means via 
ΣX=µ.Nd, with Nd the number of days in the concerned period (now neglecting missing 
values). In the HDR-file associated with the output IMG, the VALUES-scaling is 
adapted accordingly. It suffices to multiply the items “Yunit”, “Vint” and “Vslo” with 
the dimension “day”. For instance for DMP, “Yunit” is modified from “kgDM/ha/day” 
to “kgDM/ha”, and the scaling of the cumulative ΣX becomes: Y=(Nd.Vint) + 
(Nd.Vslo).V.  

• As a consequence, the IMG/HDR itself is completely correct: it really represents a 
cumulative sum. But at the same time, the QuickLooks can still be computed easily, with 
the same specifications (colour scheme, legend) as used for the original images.  

• The only problem, is that the title/units of the QuickLooks still  have to be expressed in 
terms of mean values (Eg. “Mean DMP over period from date1 to date2”, in 
“kgDM/ha/day”). But successive scenes from winter to spring will still show the same 
“greening” effect as those of real, cumulative images. The reader only has to transform 
the units in mind into the unit of cumulative sums.  

 
 
4.4.3 Historical Year 
 
For a number of variables, the “Historical Year” or “Long-Term Average” (LTA) has to be 
computed/ maintained. This is interesting “as such”, and as a reference for the computation of 
difference images. As an example, let’s consider the dekadal NDVI of SPOT-VGT for dekad 
10 (S=V, P=T, V=I, tt=10). Hence the involved images are termed: VTyy10I.img. The only 
variable is the year yy (currently from 1998 till 2006). For this case, 9 measurements are 
available (at most – the missing values due to clouds/snow/error must be excluded). From 
this limited sample, one can easily deduce (for each pixel) the historical NDVI-distribution 
by means of 14 parameters, which are stored in separate images and labelled via the years 
yy=50-63: 
 
• yy=50-60:  Deciles of variable (50=Min, 55=Median, 60=Max)  
• yy=61: Number of “good” measurements available to compute statistics  

(no snow/cloud/error)  
• yy=62: Mean value (sensu strictu, this is the Long Term Average LTA)  
• yy=63: Standard deviation 
 
Program HISTORY computes all this information. It works on any type of sensor, variable 
(NDVI, DMP, …), periodicity (dekad/month). The output scenes have the same radiometric 
features as the input images, but they only have 1 flag (255 for Byte, -32768 for Integer), 
which groups all types of missing values. The image with the number of good measurements 
is stored in the most compact datatype (mostly Byte). By default, HISTORY only computes 5 
outputs: Min, Max, Ngood, Mean, Standard Deviation. The other deciles are optional. In 
MARSOP, we only need them to compute the VPI over Europe. 
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4.4.4 Difference Images 
 
For MARSOP and ASEMARS difference images have to be computed for different ROI’s, 
sensors, variables (NDVI, SAVI, DMP, TS), periodicities (S10, S30) and with different 
references (previous year, historical year) and operators (absolute, relative, …).The different 
operators are listed in Table 4-6. 
 
Table 4-6: Difference Operators 

D = filename character 

X(y,p) = Value of variable X in period p (Dekad/Month) of year y 

MIN(p), MAX(p), µ(p), σ(p)= parameters of “Historical Year” for given variable X and period p 

REFERENCE D FORMULATION 
Previous Year A ADp(y,p)   = X(y,p) - X(y-1,p) 

R RDp(y,p)   = [X(y,p) - X(y-1,p)] / X(y-1,p) 
Historical Year 0 ADVI(y,p) = X(y,p) - µ(p) 

1 RDVI(y,p) = [X(y,p) - µ(p)] / µ(p) 
2 SDVI(y,p) = [X(y,p) - µ(p)] / σ(p) 
3 RRVI(y,p) = [X(y,p) - MIN(p)] / [MAX(p) - MIN(p)] 
4 HPVI(y,p) = Historical Probability of X(y,p)     [0% for MIN(p), …, 100% for MAX(p)] 
5 HCVI(y,p) = HPVI(y,p) classified in 5 or 10 probability classes 

 
When applied on NDVI, the RRVI (Relative Range Vegetation Index) corresponds with the 
VCI (Vegetation Condition Index), and the HCVI with the VPI (Vegetation Productivity 
Index ). Details on these variables can be found in Sannier et al., 1998. The principle of 
HCVI/VPI is explained in  
 
 
 

 

 

 

 

Figure 4-1, for the case of NDVI. The green line represents the cumulative histogram, which 
is derived from the historical values available for the considered period. The red line, which 
connects the selected set of percentiles, forms an approximation of the true histogram. These 
percentiles are derived and stored by program HISTORY. But while the figure only shows 6 
of these (P0, P20, …, P100), we work with 11 deciles  
(P0, P10, …). New observations are referenced to this (approximative) histogram, which 
allows deriving their historical probability. The example (blue point) has a relatively high 
NDVI and hence a high probability (89%). Sannier et al. immediately classified the 
probabilities in 5 groups (HCVI: 0-20%, …, 80-100%). We however keep the original 
probabilities (BYTE: in steps of 0.5%). The classification is only performed at the level of 
the QuickLooks. 
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Figure 4-1: Principle of the HPVI (or VPI when applied on NDVI) 

 
The difference images are computed with the programs INDEX and HISTORVI  for 
respectively the difference with the previous year and the historical year. Both accept any 
type of inputs (sensor, variable, datatype, …)., while the datatype and scaling of the output 
image can be specified by the user. To limit disk space the images are stored with byte 
datatype and deleted as soon as Quiklooks and possibly RUM file have been derived and the 
difference images are no longer needed. 
 
Remarks: 
 
• The chain is currently set up such that whenever a new image arrives, it is first included 

in the “historical year” (update of deciles, MIN, MAX, etc) and only then the differences 
are computed. This eliminates the chance that the RRVI and HPVI run beyond their 
natural limits (0% - 100%). In the opposite approach (fixed historical year), new 
observations  can fall beyond the historical MIN/MAX. For HPVI, the program clearly 
labels this kind of outliers. But for the other operators (RRVI), this is not the case.  

• The operators listed in Table 4-6 all yield difference images which are extremely 
correlated – and thus yield the same information. But logically, intuitively and 
scientifically (at least to our opinion), the HPVI (or VPI) appears the best of all.  
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4.5 QUICKLOOKS (QL) 
 
Quicklooks are downsized images, stored in graphical formats, plottable at A4-format, 
coloured with an adapted palette, incrusted by essential vector elements (territorial 
boundaries, …) and foreseen with the necessary information (title, logo, map scale, colour 
scale, explanations, …). They only occupy a limited amunt of disk space and thus can easily 
be imported in documents or transferred via Email. 
A new QL-generator has been written in JAVA  The program gets part of the required 
information from the image HDR-file (date, periodicity, map system, …). The remainder is 
read from two (fixed) specifications-files which must be prepared in advance: 
 
• For each ROI: a specific SPR-file which defines the spatial aspects: layout, annotation, 

optional vector overlays, LOGO’s, … 
• For each variable: a specific SPT-file, which defines the thematic aspects (colour 

scalings, legend,…).  
 
 
4.6 DATABASES WITH REGIONAL UNMIXED MEANS (RUM)  
 
4.6.1 Background 
 
This procedure computes databases with the mean values of any IMG-variable X, for a set of 
administrative regions. Optionally, these means are also “unmixed”, i.e. specific for each 
crop or land cover class. In this way the image data become compatible with the other agro-
statistical information such as official area/yield estimates, CGMS-outputs, … in a spatial and 
thematic sense. The agro-statistical region (or district) replaces the pixel as spatial unit, and 
the crop/class becomes the thematic unit. As an additional advantage the procedure also 
involves an important data reduction. 
Derivation of the RUM products required the following: 
 
• The necessary ancillary data sets (i.c. regions and land use maps) have to be prepared for 

each ROI.  
• A program was developed (IMG2RUM) which extracts the basic data from a specific 

image in the form of an ASCII-file (*.RUM).  
• An ORACLE database, which compiles all the data, was designed and SQL-procedures 

were written to ingest the RUM-files.  
 
It should be noticed that the RUM (Regional Unmixed Means) presented here is more general 
and extends the C-NDVI concept (Genovese et al., 1998), which concerns one specific case 
(NDVI, CORINE land use, Method of Weighted Means).  
 
 
4.6.2 Extraction of RUM-files with Program IMG2RUM 
 
The program IMG2RUM retrieves RUM-indicators for any kind of sensor, variable (NDVI, 
DMP, Ts, …), according to different methods. The program needs three types of image 
inputs. They all must be ENVI/GLIMPSE-formatted (with enriched HDR-info), follow the 
same geo-referencing (mapsys, framing, resolution), but the datatype may vary (Byte, 
Short/Long Integer, Float): 
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• Input IMG: This contains the X-variable for which RUM-values have to be computed 
(X=NDVI, DMP, …). 

• Regions IMG: This defines the “regions” to be considered: mostly agro-statistical 
districts, but other types are allowed as well (any stratification, meteo-grid, …). By 
default, all regions in the IMG are considered (Vlo-Vhi). This can be restricted via an 
optional ASCII-file which lists the regions to be included in the computation.  

• Land Use IMG(s): The land use information needed for the unmixing can be provided in 
three forms:  
– NONE: If no land use information is provided, the unmixing is omitted and the 

procedure only retrieves the overall means per region.  
– HARD: A single “hard” and Low Resolution classification IMG, whose legend 

comprises Nk classes. For instance GLC2000 or IGBP-DIScover (possibly with 
classes compiled to a few categories).  

– SOFT: A set of Nk AFI’s (Area Fraction IMGs), one for each of the Nk classes to be 
considered. AFI’s are LoRes IMG’s, derived from HiRes land use maps, and 
providing for each pixel the area fraction occupied by the different classes. For 
example: the 1km-resolution AFIs for MARS-STAT, derived from CORINE (as 
before).  

 
If the Land Use information is provided in SOFT form, thresholds can be specified to 
withdraw pixels from the computation if their area fraction (for a given class k) is below the 
specified threshold. If desired, variable threshold sets can be specified for each class. For 
instance for CORINE, more thresholds can be used for the important class 12 (Agro) than for 
the less relevant forest units. 
 
So far, three “unmixing methods” are available for the computation of RUM-values: 
 
• Met0:  Overall regional mean without unmixing. This is always applicable, even without 

land use info.  
• Met1:  Unweighted means, per region and per class.  

– Applicable for SOFT with different thresholds e.g. simple mean of all pixels which 
are covered for at least 75% with a specific land cover class. This procedure is used 
for B-CGMS with AFI’s from the Belgian IACS data set and one fixed threshold 
(50%). 

– Also applicable for HARD, though of course without thresholds. Possibly useful for 
the MARS-FOOD ROI’s, where GLC2000 is the only source of land use data (per 
region: separate means for each GLC2000 class).  

• Met2: Weighted means, per region and per class.  
– These are the so-called C-Indicators 
– Only applicable for SOFT (with several thresholds), not for HARD.  
– Applied for Europe with AFIs from Corine (possibly in Africa with AFI’s from 

AfriCover).  
 
For each class, different combinations of unmix methods and thresholds can be computed. 
However, the overall regional means (Met0) are always calculated. In the future, new 
unmixing methods can be included (GEOLAND-project): Met3 = linear unmixing through 
matrix inversion, Met4 = neural networks, … 
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For every “case” (specific combination of region, class, unmix method, threshold, X-variable, 
date, …), three different pixel/area counters are tracked: 
 
• NpixT: Total pixels in region (actually a constant)  
• NpixU: Sum of full pixels used in the computation, after elimination of flagged X-values 

(clouds, errors) and pixels with area fraction below threshold.  
• SUMaf: Sum of pixel area fractions used in computation.  
 
Of course, these counters depend on the pixel size (resolution). To eliminate this influence, 
the output-file only contains relative areas: RA1 = NpixU/NpixT, RA2=SUMaf/NpixT. The 
absolute areas (in km²) can be found by multiplying RA1/RA2 with the total area of the 
concerned region. The latter must be stored in the auxiliary REG0-database (see further, 
Table 4-7). In this way, the RUM-values of different sensors (AVH/VGT: 1km vs. MERIS: 
300m) can be mixed in the same database. 
 
The output *.RUM-files are ASCII-formatted and have the following characteristics: 
 
• One line per “case”, with 12 comma-separated values per case/line. Table 4-8 gives the 

detailed contents.  
• The means and standard deviations are automatically scaled to correct physical units 

(e.g. “kgDM/ha/day” for DMP, “-“ for NDVI, “°C” for TS, etc.).  
• Missing values are labelled with an unambiguous code: -999.999 (MARSOP1 used 

0.000, a potential NDVI-value).  
• The involved areas are expressed in relative terms (RA1/RA2) and thus independent of 

sensor/resolution.  
• Cases/lines with missing values (NpixU=0) are skipped to minimize the file size.  
 
To run the program, the following preparations must be made: 
 
• The ancillary data sets (regions/land use) must be prepared.  
• Although not explicitly needed by this program, all factors of influence (sensors, 

variables, regions, classes, methods) must clearly be identified and labelled. This 
automatically leads to the 5 “auxiliary tables”, listed in Table 4-7.  

• The program reads all project/ROI-specific, “stable” information from an ASCII-file 
with extension *.SPU, which must be prepared in advance (one per ROI). It specifies the 
names of the Regions and land use IMGs, the type (X) and generic names of the Input-
IMGs, the desired unmix methods and thresholds per class, etc. For each ROI, a 
dedicated SPU-file has to be made in advance. 
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Table 4-7 Contents of the five Auxiliary Databases 

TABLE FIELD DATA TYPE CONTENTS 
REG0 REG0_ID Integer Primary Key (same codes as in REGIONS.IMG) 

SHORT String Abbreviation (eg. NUTS2-codes, style ‘UK-16’) 
NAME String Full name of region 
AREA Float Area in km² 
REG1_ID Integer Pointer to Primary Key of Table REG1 with higher 

level Regions (Eg. countries) 
CLASSES CLASS_ID Integer Primary Key (same codes as in LU-IMG) 

SHORT String Abbreviation (eg. ‘CROPS’, ‘GRASS’, ‘URBAN’,…) 
NAME String Full name/description of land use class 

METHODS METHOD_ID Integer Primary Key = Unmixing Method_ID (0,1,2) 
SHORT String Abbreviation 
NAME String Full name/description of unmixing method 

SENSORS SENSOR_ID Integer Primary Key (eg. 1=AVHRR, 2=VGT, …) 
SHORT String Abbreviation (eg. ‘AVH’, ‘VGT’) 
NAME String Full name/description of sensor 

VARS VAR_ID Integer Primaty Key (eg. 1=NDVI, 2=DMP, …) 
SHORT String Abbreviation (eg. ‘NDVI’, ‘DMP’…) 
NAME String Full name/description of variable 
UNIT String Units (eg. ‘-‘ for NDVI , ‘kgDM/Ha/day’ for DMP) 

 
Table 4-8 Contents of the RUM-Files (ASCII, output of IMG2RUM) 

TABLE FIELD DATA TYPE CONTENTS 
MAIN REG0_ID Integer Linked to REG0_ID in table REG0 

CLASS_ID Integer Linked to CLASS_ID in table CLASSES 
NB: CLASS_ID=0 for METHOD_ID=0 

METHOD_ID Integer Linked to METHOD_ID in table METHODS 
THRESHOLD Integer Used threshold in % (integer nrs. in range 0-100) 

NB: THRESHOLD=0/100 for METHOD_ID=0/1 
SENSOR_ID Integer Linked to SENSOR_ID in table SENSORS 
VAR_ID Integer Linked to VAR_ID in table VARS 
PERIOD Integer 1=daily, 10=dekadal, 30=monthly, 360=yearly 
DATE Date (Start-) date of PERIOD (YYYYMMDD) 
RA1 Float Rel. area of full pixels, used in computation 

100 * (NpixU/NpixT)  
RA2 Float Rel. area of Area Fractions, used in computation 

100 * (SUMaf/NpixT) 
MEAN Float Mean  
SD Float Standard deviation 

 
 
4.6.3 The ORACLE Database 
 
A ORACLE database architecture was designed , which is able to store all the RUM-data. 
The design is outlined in Figure 4-2.  
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Figure 4-2: Design of the ORACLE database for the storage of the RUM-values. 
(PK=primary key, FK=foreign key, U=unique index, I=index) 

 
It is based on the following principles: 
 
• The scheme has to be repeated completely (and independently) for each ROI.  
• Notice the 5 auxiliary tables, which are also summarized in Table 4-7 Contents of the 

five Auxiliary Databases. SENSORS, VARIABLES and METHODS are fixed, while 
REG0 and CLASSES have to be adapted for each ROI.  

• The ancillary images (Regions and Land Use), used for the computation of the RUM-
files, are no longer needed at this level. However, the vector file with the regions 
(polygons) is still requested if the ORACLE-data are to be visualized and analyzed in a 
GIS environment – which is the ultimate goal. If possible, even together with the 
CGMS-outputs.  

• This vector file (and table REG0) contains the most detailed (atomic) regions, for which 
the RUM-means were computed. If desired, more tables can be added (REG1, REG2,…) 
with higher level regions (e.g. countries, continents). This will allow displaying and 
analyzing aggregated RUM-values. In this philosophy, for Europe, REG0 thus contains 
the NUTS2-units, REG1 the NUTS1 etc.  

• Table RUM_HEADERS stores all (ever-observed) “cases” or combinations of the 
primary parameters (sensor, variable, method, region, class – and also threshold) and 
assigns a unique ID to them: RUM_ID.  

• The real data (date, RA1, RA2, Mean, Standard Deviation for all cases) are stored in 4 
separate tables: RUM10_VALUES/RUM30_VALUES for the actual S10/S30, and 
RUM10_LTA/RUM30_LTA for the corresponding “historical year” data. These tables 
contain all the available info (for the concerned ROI), i.e. for all sensors, variables, 
methods, regions, classes, thresholds and dates. Note that the LTA-tables don’t grow 
(there is only one “historical year”). All the four tables are linked to RUM_HEADERS 
via the primary key RUM_ID.  
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• The advantage of this approach is double. First, the primary parameters (sensor, class,…) 
only have to be stored once, in RUM_HEADERS, which yields an important data 
reduction. Second, the queries (which always deal with a specific combination of these 
primary parameters, i.e. a single RUM_ID) run much faster.  

 
Procedures were also developed to ingest the RUM-files into the ORACLE-database. New 
RUM-files are sent via FTP to a dedicated location. Whenever one or more new files are 
detected, they are (all together) automatically ingested in the auxiliary table IMPORT. As 
soon as this is finished, the RUM’s are deleted (otherwise the ingestion process would never 
stop). The data in IMPORT are first quality-checked (the ID’s must be declared in the 
auxiliary tables) and then transferred to the appropriate main tables. If a new “case” is 
observed (combination of sensor, variable, region, …), it is assigned an new RUM_ID and 
stored in RUM_HEADERS. New data always overwrite existing ones. This is necessary, 
because the historical values are to be updated systematically. Moreover, it provides the 
opportunity to include improved RUM-information (for instance if the new CORINE map 
arrives). Once the data are transferred to the main tables, IMPORT is emptied. Only the bad 
lines remain and the error cause is indicated via the ERROR-items in IMPORT. 
 
 
4.7 Implementation issues 
 
4.7.1 Synchronisation of pre and postprocessing chains 
 
The preprocessing chain is run on a linux workstation while the postprocessing occurs on a 
desktop PC. This implies that there must be a transfer of files from one environment to the 
other.  To enable synchronization of the two chains, each of the preprocessing chains 
described in section 3 writes a small ‘done’ file which contains the date of the product 
finalized to a location common to both chains. The postprocessing chain regularly checks for 
these done files and copies the results corresponding to the date indicated by the done file 
locally for further  processing. 
 
 
4.7.2 Scheduling 
 
The different preprocessing steps are called from DOS batch files. These batch files are 
scheduled using the Windows scheduler.   
 
 
4.7.3 Data transfer  
 
Results of the postprocessing are restructured according to the agreed directory structure, 
packed using WINZIP and uploaded by ftp to a ftp server that can be accessed by JRC and 
Alterra for download.  
 
 
4.8 MSG - SEVIRI 
The processing for MSG –SEVIRI differs somewhat from the other sensor processing chains  
in that is confined to a Windows PC desktop environment. In this chapter further details are 
given for this sensor. 
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4.8.1 Input data 
 
The EUMETSAT multimission ground segment consists of the following components: 
 
• a set of central facilities, located at EUMETSAT headquarters in Darmstadt, Germany 
• a primary and a back-up ground station for satellite control and data acquisition 
• a geographically distributed network of 7 so-called Satellite Application Facilities 

(SAFs).  
 
The MSG-products used for ASEMARS are received from the Land SAF located in Lisbon, 
Portugal.  The characteristics of these products can be found in Table 4-9.  
 
Table 4-9: Characteristics of the MSG Land SAF products requested for ASEMARS  
Full spatial resolution means: raw, non-resampled.  
EPS indicates whether or not the polar EPS data will be integrated in the products.  

 
Product  

Acro-
nym 

EPS 
incl. 

 
Units 

Values 
Range 

 
Accuracy 

Spatial  
resolution 

Temporal 
Frequency 

Available 
 

Downwelling 
surface SW flux DSSF Yes W/m² 0 − 

 1500 ± 10W/m² full 30 minutes 
 Yes 

Snow Cover SC Yes 5  
classes 0 − 4 

<3% falses, 
90% hits 

(forest:70%) 

full 
 daily Yes 

Surface albedo AL Yes - 0 − 1 ± 0-10% full daily 
 Yes 

Land Surface 
Temperature LST No 

(later) °C -80 − 
+70 < 2°C full 15 minutes Yes 

Evapo-
transpiration ET No mm/h ? 20% full 15 minutes Yes1 

Fraction of 
vegetation cover FVC Yes - 0 − 1 10% full 10-daily,  

monthly Yes 

Leaf Area Index LAI Yes M²/m² 0 − 10 10% full 10-daily,  
monthly Yes 

Fraction of 
absorbed PAR 

fAPA
R Yes - 0 − 1 10% full 10-daily,  

monthly Not yet2 

 
 
4.8.1.1  Processing steps 
 
For the processing a tcl script is used (MSGprocessor.tcl) which can be executed from a 
command prompt using the tcl interpreter (tclsh84). All configuration information for the 
script such as directory names, names of products to process, … is stored in a configuration 
file (config.tcl). The tcl script in turn relies on several programs to fulfill the different 
processing tasks. The most important ones are: MSGConverter, MSGCompositer, 
MSGCloudFreeHours, GRIDMAP and  IMG2RUM. The general workflow for the 
processing chain is shown in Figure 4-3. 

                                                 
1 Product can be downloaded but is not documented and considered ‘experimental’ 
2 fAPAR if it becomes available at all,  will be based on linear assumptions 



  

  69 
 

 
Figure 4-3: Workflow of the script used to process the MSG products 

 
 
4.8.1.2  Checking file availability 
 
The processing chain has been set up to allow automated scheduled operations. The first step 
in the chain therefore starts by checking if data is available for processing for a particular 
product and date. It is assumed that processing can start as soon as data is found for the last 
time step of the current processing interval. If this data is missing, processing will start as 
soon as more recent data is found i.e. we assume that the data are only delivered in 
chronological order. For example if we need to process for the time interval January 1 6:00 
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UTC to January 2 6:00 UTC and the data for January 2 6:00 UTC is missing, the processing 
will start as soon as data for 6:15 UTC or another time after this becomes available. 
To allow automation the chain can retrieve and update the date for processing from disk. The 
first time the chain is started it has to be called with a date. This date is then stored as the first 
processing date which can then be retrieved. The chain will process all dates starting with the 
last stored date until a date is reached for which not all data is available yet. After each date 
that has been processed the processing date on disk is updated.  Calling the chain with a date 
will overwrite the date stored on disk and start the chain from the specified date. To allow 
processing for a particular period the chain can be configured to run up to an end date 
specified in the config.tcl file. 
 
 
4.8.1.3  Transfer to a processing directory and decompression 
 
The data files needed for processing a particular date and product are copied to a temporary 
processing directory. The data are delivered in compressed format and need to be 
decompressed using bzip2 before they can be read as HDF5 files. 
 
 
4.8.1.4  Conversion to ENVI-format 
 
In this step the Land SAF products are converted from the HDF5 format in which they are 
delivered to the ENVI/GLIMPSE format using the program MSGConverter. The program 
extracts the necessary attributes and datasets from the HDF5 files needed to produce the 
ENVI/GLIMPSE header (HDR) and image data (IMG) files. Each of the HDF5 files contains 
a pair of datasets: one with the actual data and one with the data quality codes. These are 
transferred to a single ENVI/GLIMPSE file. In this file the actual values are limited to a 
‘valid’ data range and values outside this range are considered flags. The valid range is as 
usually for the ENVI/GLIMPSE format specified with the Vlo and Vhi values for the 
VALUES keyword in the header. Two flags have been retained: a land sea mask and a 
missing value flag. The land sea mask is for each of the products found as part of the quality 
flags. However for some of the products the land sea mask bits of the flags are not set when a 
pixel is marked as unprocessed or of poor quality.  MSGConverter therefore reads the land 
sea mask from a separate image which was extracted from the Q-Flag dataset of the albedo 
product. 
The albedo product (AL) contains various datasets. Of these the broadband bihemispherical 
albedo product (AL_BB_BH) is converted which is the albedo presented to the user on the 
Land SAF website. 
 
 
4.8.1.5  Calculation of daily values 
 
For the Land SAF products which are not delivered as daily values i.e. DSSF, ET and solar 
duration, daily values are calculated using the available images for a period covering the 
interval from 6:00 UTC for a particular date to 6:00 UTC the day after. For all products 
except solar duration the program MSGCompositer is used for the compositing. The tcl script 
creates a list of available files so that the required period is covered.  The list can contain a 
file dated before 6:00 UTC of the date or after 6:00 UTC of the date + 1 if files for these 
dates and times are missing. If there are no files for a time equal to or smaller than 6:00 UTC 
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of the date or equal to or larger than 6:00 UTC of date + 1, the program will use the values of 
the file with the nearest date and time and extrapolate these.  
MSGCompositer reads in the available files and then uses linear interpolation to fill in 
possible missing values. Interpolation is limited to land pixels and to series in which the 
fraction of missing values and the size of the maximum gap are limited to the values 
maxMissingFraction (-, currently set to 0.25) and maxSizeGap (minutes, currently set to 240) 
which are specified in config.tcl. If there are too many missing values the daily value is set to 
the missing value flag. From the interpolated time series MSGCompositer then calculates the 
average value and if needed also the minimum and maximum value (e.g. for LST). 
The solar duration is not delivered as such by the Land SAF but can be determined by 
counting the number of cloud free hours during day time. For this purpose the cloud mask is 
extracted from the quality information of the LST product and cloud free pixels are counted 
with the program MSGCloudFreeHours. To determine daytime MSGCloudFreeHours reads 
in images with the latitude and longitude of the pixels to calculate sunrise and sunset in UTC. 
The calculation uses the following formulas for the fractional year (γ, radians), equation of 
time (eqtime, minutes), the solar declination angle (δ,  radians) and the solar hour angle (ha, 
degrees): 
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For the positive value of ha the UTC time of sunrise in minutes is then: 
 

eqtimehalongitudesunrise −−+= )(4720  
 
The sunset time is obtained in the same way using the negative value of ha. Care has to be 
taken for situations where the product tan(δ)tan(latitude) is smaller than -1 or bigger than 1 
which respectively correspond to situations where the sun doesn’t rise (no day time) and 
doesn’t set (no night time).  
 
 
4.8.1.6  Remapping 
 
The products with daily values are still in satellite projection and have to be projected to 
INSPIRE-LAEA for the output framing of the ASEMARS images. The data of the pre-
operational phase will only cover the latitude range from +34° to +60°. Along the Greenwich 
meridian, the corresponding pixel sizes are 4.09 km and 8.71 km. In the centre (Lat = +47°) 
the resolution amounts to 5.43km. Hence, framing the output images at 5 km seems a logical 
choice for the European ROI.  
For the reprojection of the Land SAF products two datasets are available that contain the 
latitude and the longitude of each pixel respectively. These two datasets which are time 
invariant, were first converted to two new datasets that for each of the pixels of the final 
projected ROI contain the column and row index in the original image. These can then in a 
second step be used to resample the raw product to the final ROI. For the resampling 
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GLIMPSE was extended with two programs GRIDINV and GRIDMAP which respectively 
convert the latitude and longitude images to row and column index images and resample the 
images in satellite projection to the final projected ROI. GRIDINV is only used once to 
convert the latitude/longitude planes to column/row datasets. 
 
 
4.8.1.7  RUM 
 
For the regions and land use JRC provided updated maps, resp. NUTS2 CGMS 2006 and 
CLC2000. As the CLC2000 doesn’t cover the whole ROI, GLC2000 is also used for the land 
use. These maps were first converted to raster form, with the same output framing as the 
MSG-images and 5 km resolution. The procedure for unmixing has already been explained in 
4.6 and can be realized with existing GLIMPSE modules. The averaging is performed both 
for the NUTS2 regions map as well as the CGMS 50 km grid where each 50 km grid cell acts 
as a region. For the CGMS 50 km grid the top left corner was shifted 2 km north and east and 
the grid was resampled to the 5 km grid size.  
The following databases are then obtained: 
 
• mean daily values per 50x50km grid cell for DSSF, AL, LST, ET (average, minimum 

and maximum), SC for the land cover classes 12, 13, 14, 18, 19, 20, 21, 22 of CLC2000 
and the classes 13, 16, 17 and 18 of GLC2000 

• mean daily values per region (NUTS2 CGMS 2006) for DSSF, AL, LST, ET (average, 
minimum and maximum), SC for the land cover classes 12, 13, 14, 18, 19, 20, 21, 22 of 
CLC2000 and the classes 13, 16, 17 and 18 of GLC2000 
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