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DOCUMENT OBJECTIVES 

This document describes the SPOT-VGT Collection 3 products in terms of data content, format, and 
changes to the Collection 2 data set. The Collection 3 data set resulted from a reprocessing action 
that was performed in 2015-2016 after the entire data set had been acquired. In order for the user 
to understand better the changes to the products, the full description of the Collection 2 data set is 
provided first. Such comprehensive description was lacking in the past, although most information 
could be found on the SPOT-VGT website. 
 
The following topics are highlighted: 
 

¶ Brief overview of the SPOT-VGT instrumental design 

¶ Overview of the original SPOT-VGT product suite (Collection 2) 

¶ Explanation of the various technical and scientific issues that were addressed in the 
reprocessing 

¶ An overview of the Collection 3 data content and availability, as well as details on the 
metadata attributes  

 
The document aims at giving a clear overview on the various modifications between SPOT-VGT 
Collection 2 and Collection 3 data products. The reader is referred to the reference documents 
below for further information on the various topics related to SPOT-VGT (observations, calibration, 
validation, etc.). 
 
Reference Topics 

Maisongrande et al., 2004: VEGETATION/SPOT: an operational 
mission for the Earth monitoring; presentation of new standard 
products, Int. J. Remote Sens., 25, 9 ς 14, DOI: 
10.1080/0143116031000115265. 

Standard products, improvements, 
new products 

{ŀƛƴǘΣ DΦΣ мффпΥ ά±9D9¢!¢Lhbέ ƻƴōƻŀǊŘ {th¢-4, mission 
specifications Version 3, European Commission Joint Research 
Centre (JRC), Ispra, 37 pp. Available from www.spot-
vegetation.com 

Mission specifications, scientific 
background, instrument design, 
spatial resolution 

{ŀƛƴǘΣ DΦΣ мффпΥ ά±9D9¢!¢Lhbέ ƻƴōƻŀǊŘ {th¢-4, Product 
Specifications Version 2, European Commission Joint Research 
Centre (JRC), Ispra, 14 pp. Available from www.spot-
vegetation.com 

Products specifications, input/output 
data, data format specifications 

FAQ list. Available from http://www.spot-
vegetation.com/faqnew/index.html  

Description of the products and their 
content 

SPOT-VEGETATION User Guide, available from http://www.spot-
vegetation.com/pages/documentation.htm  

Mission specifications, scientific 
background, instrument design, 
products specifications,  

http://www.spot-vegetation.com/
http://www.spot-vegetation.com/
http://www.spot-vegetation.com/
http://www.spot-vegetation.com/
http://www.spot-vegetation.com/faqnew/index.html
http://www.spot-vegetation.com/faqnew/index.html
http://www.spot-vegetation.com/pages/documentation.htm
http://www.spot-vegetation.com/pages/documentation.htm
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1. Introduction to SPOT-VEGETATION mission 

The VEGETATION Programme was developed jointly by France, the European Commission, Belgium, 
Italy, and Sweden. The satellite components of the programme (SPOT-4 and SPOT-5) were 
launched on 24 March 1998 and 4 May 2002, respectively. The VGT instruments performed 
measurements from 21 April 1998 until 31 May 2014 and were tailored to monitor land surface 
variables with a near-daily global coverage at a medium spatial resolution of 1 km.  
 
The VGT mission goals were to provide global data for surface parameter mapping, agricultural, 
pastoral and forest production and terrestrial biosphere mechanism monitoring and modelling.  
 
Its data have been used for many applications, see below the most important areas, with an 
example reference selection for further reading: 

¶ Retrieval of biophysical parameters, such as LAI, fAPAR, albedo: Pacholczyk et al., 2012, 
Garrigues et al., 2008, Verger et al., 2009 

¶ Land cover classification: Latifovic et al., 2004, Eva et al., 2004, Stibig et al., 2007 

¶ Agricultural monitoring and food security: Verdin et al., 2005, Rojas et al., 2005, Savin et 
al., 2007, Fernandes et al., 2011, Ivits et al., 2011 

¶ Burnt area detection: Tansey et al., 2004, Bartalev et al., 2007 

¶ Forest monitoring: Mayaux et al., 2005, Zhang et al., 2004 

¶ Environmental monitoring: Boschetti et al., 2013 
 

An exhaustive list of publications using SPOT-VGT data can be found at http://www.spot-
vegetation.com/. 
 

http://www.spot-vegetation.com/
http://www.spot-vegetation.com/
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2. SPOT-VGT instrument characteristics 

2.1. VEGETATION instrument design 

The VEGETATION instrument, hereafter referred to as VGT, with additions Ψ1Ω and Ψ2Ω for the 
instruments on-board SPOT-4 and SPOT-5, respectively, comprises 4 cameras that observed 
reflected solar radiation in the following bands: B0 (BLUE, 0.46 µm), B2 (RED, 0.68 µm), B3 (NIR, 
0.85 µm), and SWIR (1.66 µm). The cameras covered a field of view (FOV) of 101°, thereby 
observing a swath of 2,200 km. The nominal pixel resolution was 1.15 km at nadir, increasing to 
~1.7 km at the swath extremes. 

Each spectral band had its own optics with the associated detector unit in the focal plane. Each 
detector unit contained:  

¶ an interference filter for spectral selection  
¶ a 1728-detector linear array  
¶ a low-noise amplifier and CCD follower unit  
¶ a SWIR dedicated, closed loop active thermal control concept using a nearby Detection 

Interface Unit. 

Table 1 ǎƘƻǿǎ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ Ƴŀƛƴ payload and flight characteristics. 

Table 1: SPOT-VEGETATION payload and flight characteristics. 

Altitude [km] 832  

Local overpass time at launch [h] 10:30  

Inclination [
o
] 98.7  

Coverage [%] 
90 (daily, 100 for latitudes > ±35

o
), 100 (every 2 days for all 

latitudes) 

Payload mass [kg] 152  

Payload dimensions [m
3
] 0.7 × 1.0 × 1.0   

Designed lifetime [yr] > 5  

Instantaneous Geometric Field of View (IGFOV, 
[km]) 

 1.15 

Figure 1 shows the response functions of the four spectral bands for VGT1 and VGT2 and also 
includes typical vegetation and bare soil spectra. Full Width at Half Maximum (FWHM) spectral 
ranges and centre wavelengths are summarized in Table 2. The VGT1 response is slightly broader 
than VGT2 in B0 and B2 at the longer wavelengths, while the VGT1 NIR channel has slightly more 
response at the shorter wavelengths. The VGT1 SWIR channel is more or less entirely shifted to 
longer wavelengths, see Table 2 and Table 3 for more details on the spectral ranges, radiometric 
resolution and radiometric accuracy. 
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Figure 1: SPOT-VGT spectral response functions for channel B0 (blue), B2 (red), B3 (green), and 
SWIR (black) for VGT1 (solid line) and VGT2 (dashed line).Typical vegetation spectra for grass (solid 
dark green line), Maple leaf (dashed dark green line), and bare soil (sandy loam, dotted brown line) 
are plotted for reference. 

 

Table 2: Spectral ranges (Full Width at Half Maximum, FWHM) and centre wavelengths (in 
parentheses) for VGT1 and VGT2. 

Spectral band VGT1 
[µm] 

VGT2 
[µm] 

Surface reflectance 
range [-] 

BLUE (B0) 0.437 - 0.480 (0.459) 0.439 - 0.476 (0.458) 0.0 ς 0.5 

RED (B2) 0.615 - 0.700 (0.658) 0.616 - 0.690 (0.653) 0.0 ς 0.5 

NIR (B3) 0.773 - 0.894 (0.834) 0.783 - 0.892 (0.838) 0.0 ς 0.7 

SWIR (MIR) 1.603 - 1.695 (1.649) 1.584 - 1.685 (1.635) 0.0 ς 0.6 
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Table 3: Radiometric resolution (NEɲR), intra-image consistency, and radiometric calibration 
accuracy for all spectral channels. 

Radiometric resolution 
όb9ɲR)  

8 bits 

BLUE  0.003 for the entire spectral range  

RED  0.001 up to reflectance of 0.10, linear increase up to 0.003 for 
reflectance of 0.5  

NIR, SWIR  0.003 for the entire spectral range  

Intra-image consistency  within an entiǊŜ ƛƳŀƎŜΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀ b9ɲR of 0.005 for any 
reflectance value  

Calibration accuracy Inter-band and multi-temporal: <3%  
absolute: <5%.  

2.2. Geometric characteristics 

Table 4 lists the SPOT-VGT geometric characteristics and further provides information on the daily 
coverage. 
 

Table 4: SPOT-VGT geometric characteristics 

Spatial resolution  1.15 km at nadir for both viewing directions 

Field of view  maximum off-nadir observation angle of 50.5°  
swath width ~2200 km  

Geometric 
accuracies  

Local distortion  < 0.3 pixel (<0.35 km at nadir)  

Multispectral registration  0.3 km  

Collocation with HRVIR  0.3 km for simultaneous acquisitions  

Multi-temporal registration  0.5 km  

Location accuracy  1000 m  

Spatial coverage  About 90% of the equatorial areas imaged daily, the remaining 10%  the next day. 
Latitudes poleward of ~35° observed at least once per day. 
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3. Product overview 

The various SPOT-VGT Collections comprise the following products: 

¶ FreeP (Level 2 TOA data) 

¶ S1 products 

¶ S10 NDVI  - continental extracts 

¶ S10 Radiometric ς continental extracts 
 
Below a short description per product is given, users are referred to Section 7 for a more 
exhaustive description per product.  

3.1. VGT-P products 

VGT-P products comprise Top-of-Atmosphere (TOA) reflectance observations in the original 
segments over land. The data are adapted for scientific applications requiring highly accurate 
physical measurements. The data are corrected for system errors (error registration of the 
different channels, calibration of all detectors along the line-array detectors per spectral band, etc.) 
and projected to Plate Carrée. The pixel digital count (DN) is the ground area's apparent reflectance 
as seen at Top of Atmosphere (TOA). Auxiliary atmospheric data (on water vapour, ozone, and 
aerosols) supplied with the products allow users to process the original reflectance values using 
their own algorithms. Please note that these auxiliary data are not the actual ones, but a monthly 
climatology. The image products cover all or part of a VGT segment. Figure 2 shows an example of 
a VGT2 P segment. 
 

 

Figure 2: VGT2 segment (B2 channel) of 25 January 2014 over East Africa and the Middle-East. 
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3.2. VGT-S products 

3.2.1. VGT S1 products 

VGT-S1 products (daily synthesis) are composed of the 'best available' surface reflectance 
measurements of all segments received during one day for nearly ǘƘŜ ŜƴǘƛǊŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ƛǎ 
done for each image covering the same geographical area. High-latitude areas are more frequently 
observed and thus have more overlapping parts, so for these areas the best observation is selected 
from multiple observations. The S1 product provides data from all spectral bands (B0, B2, B3, and 
SWIR), the NDVI, and auxiliary data on image acquisition parameters. Figure 3 shows an example 
NDVI image from one day of VGT2 observations.  
 

 
 

Figure 3: NDVI image composed of VGT2 S1 observations on 5 January 2014. The colour scale runs 
from dark brown (low NDVI) to green (high NDVI). 

3.2.2. VGT S10 products 

The VGT-S10 are global, 10-day composite images composed from the 'best available' SPOT-VGT 
observations over a 'dekad' (i.e., from day 1 ς 10, 11 ς 20, and 21 ς end of the month). The 
products provide data from all spectral bands (SWIR, NIR, RED, BLUE), the NDVI, and auxiliary data 
on image acquisition parameters.  

 

Figure 4: NDVI image composed of VGT2 observations for 11 ς 20  January 2014. The colour scale is 
similar as in Figure 3. 
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3.3. Data availability 

All SPOT-VGT data are available in Hierarchical Data Format version 4 (HDF4) format from the VITO 
Earth Observation portal: http:/ /www.vito-eodata.be. More information on the data access and 
registration process can be found in Section 7. 
 
The Hierarchical Data Format, or HDF4, is a multi-object file format for sharing scientific data in a 
distributed environment. HDF was created at the National Centre for Supercomputing Applications 
(NCSA) to serve the needs of diverse groups of scientists working on projects in many fields. HDF 
was designed to address many requirements for storing scientific data, including: 
¶ Support for data and metadata commonly used by scientists. 
¶ Efficient storage of and access to large data sets. 
¶ Platform independence. 
¶ Extensibility for future enhancements and compatibility with other standard data formats. 

 
H5C ŦƛƭŜǎ ŀǊŜ ΨǎŜƭŦ-ŘŜǎŎǊƛōƛƴƎΩΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ Ŧor each data object there is information about the 
data type, the data amount, its dimensions, and its location in the file. Further, HDF supports 
incorporating multiple datatypes within a single file.  
 

http://www.vito-eodata.be/
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4. Collection 2 processing 

4.1. Introduction 

The VGT image quality relies not only on the satellite and the instrument, but also on the ground 
segment and in particular the image processing. All data acquired by the VGT instruments were 
downloaded at the Kiruna receiving station (Sweden) and transferred to the Central Processing 
Facility (Centre de Traitement des Images VEGETATION, CTIV) for processing and archiving. 

Figure 5 shows the main processing steps used in the VGT Image Processing Centre. The main steps 
of the processing from raw data received from Kiruna (Level1A) to synthesis data for end-users 
(Level 3) comprise the following: 

¶ Geometric correction 

¶ Radiometric correction 

¶ Pixel quality labelling 

¶ Atmospheric correction 

¶ Synthesis composition  

 

Figure 5: The SPOT-VGT data processing scheme. 

The separate processing steps are described in the following subsections. 
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4.2. Geometric correction 

As the main use of VGT data was in monitoring the vegetation evolution over a large time period, 
the need for a very accurate multi-temporal registration was translated in the following 
requirements:  

¶ absolute location accuracy less than 1 km 

¶ multi-temporal registration better than 500 m for 95% of the points (i.e., at 2 ˋ ƛƴ ŎŀǎŜ of a 
Gaussian distribution), with an objective of 300 m 

¶ multi-spectral registration better than 300 m 

Because the geometric calibration was done differently for VGT1 and VGT2, the processing steps 
will be explained for each of the instruments separately. 

 
Initial pre-flight assessment of the VGT1 geolocation accuracy revealed an Root Mean Square Error 
(RMSE) of ~1 km and initial post-launch geometrical performance was 800 m. In order to become 
compliant with the user requirements, it was decided to generate a Ground Control Points (GCPs) 
database to improve the geolocation accuracy at the start of every orbit. SPOT High Resolution 
Visible (HRVIR) instrument chip sets with an estimated geolocation accuracy of ~100 m, were used 
to increment the GCP database, which finally consisted of 3650 GCPs (Sylvander et al., 2003). 
Figure 6 shows the global distribution of the GCP database. 
 

 

Figure 6: Global distribution of the GCP database (from: Sylvander et al., 2003). 

Using the GCP database, the geometrical performance significantly improved, with a decrease of 
the absolute location RMS error from 725 m before March 1999 to 300 m in 2000 and further 
improving to 190 m afterwards. Likewise, the 95% absolute location error improved from 1380 m 
before March 1999 to 375 m after 2000. The multi-temporal registration error decreased from 885 
m RMSE (March 1999) to 220 m.    
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The VGT2 geolocation requirements were similar to those of VGT1. However, as the SPOT-5 
satellite carried a star tracker on-board, which provideŘ ŀƴ ŀŎŎǳǊŀǘŜ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ 
attitude, no GCP database was required for VGT2. The final geolocation RMS and 95% errors for 
VGT1 and VGT2 are summarised in Table 5. 

Table 5: RMS and 95% absolute location errors for VGT1 and VGT2. 

 Absolute Location Error Multi -Temporal registration 

Instrument RMS MAX(95%) RMS MAX(95%) 

VGT1 190 m 375 m 220 m 450 m 

VGT2 170 m 345 m 155 m 320 m 

 

4.3. Radiometric correction 

The user requirements with respect to the SPOT-VGT radiometric calibration were as follows (Table 
6). 
 

Table 6: SPOT-VGT calibration requirements (from: Henry and Meygret, 2001). 

 VGT calibration 
requirement [%] 

Absolute calibration accuracy 5 

Multi -temporal calibration 
accuracy 

3 

Interband accuracy 3 

HRVIR/VGT intercalibration 
accuracy 

3 

 
 
The operational calibration monitoring was initially performed using on-board calibration lamps 
(see Henry and Meygret, 2001, for more details), but at a later stage vicarious calibration was 
necessary due to degradation of the on-board lamps. This vicarious calibration was carried out 
monthly over stable desert sites and was validated using Rayleigh calibration [see e.g. Vermote and 
Kaufman (1995), Vermote et al., (1992) for more details on the methodology] and for the inter-
band calibration deep convective clouds [e.g. Doelling et al., (2013), Sterckx et al., (2013), Sohn et 
al. (2009)] and sun-glint areas [see e.g. Hagolle et al. (2004) and Vermote and Kaufman (1995)]. The 
results for VGT1 and VGT2 are summarised below.   
 
For VGT1, an extensive calibration was carried out by Henry and Meygret (2001). It consisted 
among others of available on-board calibration, vicarious calibration over desert sites, and 
calibration over deep convective clouds. Using these methods, it was demonstrated that the 
radiometric user requirements were met.     
  
For VGT2, several vicarious calibration efforts over desert sites were performed. In general, the 
VGT2 absolute radiometric calibration was found in good agreement with other sensors, such as 
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MODIS, MERIS, and AATSR. Reported inter-calibration differences are within ±4% [see e.g. 
Lachérade et al. (2013), Bouvet (2014)].  

4.3.1. TOA reflectance computation 

The top of atmosphere (TOA) reflectance computation is performed in several steps. To 
compensate for the differences between each detector of the viewing line, the normalization takes 
into account parameters computed at the Image Quality Centre (QIV) at CNES, which gives for 
every detector its characteristics. In the instruments, especially in the SWIR, some detectors were 
blind because they were located between two detector chips, while others were declared defective 
after being hit by protons. The observations given by these detectors were ignored and replaced by 
interpolated observations from the neighbouring detectors. Subsequently, the TOA radiance was 
computed from the normalized digital count, using the absolute calibration parameters from QIV. 
Finally, the TOA reflectance was computed, taking into account the solar irradiance model, the 
solar angles, and sun-earth distance. The TOA NDVI was also calculated for temporary use in the 
synthesis processing. 

Note that the Sun-Earth distance modelling was not performed accurately, which was 
communicated to the users on 12 June 2012 (see http://www.spot-
vegetation.com/pages/newsupdates.html). More information on this issue can be found in section 
5.1.  

4.4. Pixel quality labelling 

4.4.1. Snow/ ice and cloud detection 

4.4.1.1. Snow/ice detection 

In the initial version of the processing chain (version V1, which was operated until 11 May 2001), 
snow/ice was identified according to the following rules (see Table 7): 

Table 7: Threshold values for the SPOT-VGT snow/ice detection until 1999. 

start of operational use threshold values 

05/12/1997  B0 > 0.95; B2 > 0.46; B3 > 0.47; SWIR > 0.98 

12/01/1999 B0 > 0.337; B2 > 0.297; B3 > 0.2605; SWIR > 0.164 

 
For the snow/ice detection in Collection 2, a number of threshold tests were applied:  
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The decision tree for the V2 snow/ice detection is presented in Figure 7. 
 

 
Figure 7: Snow/ice detection decision tree for Collection 2. 

4.4.1.2. Cloud detection 

Version 1 (V1) of the cloud detection method consisted of a number of threshold tests applied to 
all spectral channels, see Table 8 for the threshold values. 
 

Table 8: Cloud detection threshold values applied until 1999.  

Date of operation  

26/11/1998 B0 > 0.29; B2 > 0.50; B3 > 0.50; SWIR > 0.50 

01/01/1999 B0> 0.1975; B2 > 0.147; B3 > 0.243; SWIR > 0.2245 

08/02/1999 B0 > 0.337; B2 > 0.2745; B3 > 0.2605; SWIR > 0.164 

 
For cloud detection version 2 (V2, from 12 May 2001 onwards), an algorithm proposed by Lissens 
et al. (2000) was implemented. The TOA reflectances were evaluated as follows: 
 
A pixel is declared ΨŎƭŜŀǊΩ if: 
RB0 < 0.2465 OR RSWIR < 0.09 
 
A pixel is declared ΨŎƭƻǳŘȅΩ if: 
RB0 җ лΦос !b5 RSWIR җ лΦтн  
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! ǇƛȄŜƭ ƛǎ ŘŜŎƭŀǊŜŘ ΨǳƴŎŜǊǘŀƛƴΩ if: 
It is not declared clear or cloudy by the previous two rules. 

4.4.2. Cloud shadow detection 

 
 
 

 

Figure 8: Depiction of solar, satellite, cloud, and cloud shadow geometries (image from Lissens et 
al., 2000). 

Cloud shadow detection is of importance to land surface research, as the dark areas casted at the 
Earth surface can lead to erroneous vegetation parameter retrievals. The methodology to screen 
for cloud shadows is a hybrid between the radiometric approach (see e.g. Zhu and Woodcock, 2012 
and Ackerman et al., 2010) and a geometric approach (see Simpson et al., 2000). 
 
The geometric part of the cloud shadow detection algorithm is presented in Lissens et al. (2000) . A 
cloud pixel is located at position p, with the actual cloud being at height h from the tangential 
plane, i.e., the intersection of the sun beam and the line of sight from the satellite to the cloud 
pixel. The cloud shadow can then be found as the intersection of the sun beam and the tangential 
plane at the centre. Solar zenith and azimuth angles are assumed to be equal in the cloud and 
cloud shadow pixels. It follows from Figure 8 that angle ˒  equals the sum of  and the viewing 
azimuth angle ˒av. When ˒  and the distance between the cloud and associated cloud shadow pixel, 
r, are known, their position can be calculated using geometry. 
 
Cloud heights are estimated using the gradient in NIR reflectance along the projected path from a 
cloud to its shadow in the image ( 
Figure 9). In case of a cloud shadow, the NIR reflectance will decrease towards a minimum from 
cloud to shadow edge. If this change is above a threshold of 20%, a shadow edge is detected. From 
the locations of the cloud and shadow edge, the cloud height can subsequently be calculated.  
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Figure 9: Concept of NIR reflectance tracing away from cloud edge to shadow edge (image from 
Lissens et al., 2000). 

4.5. Atmospheric correction 

The atmospheric correction is based on the use of the Simplified Model for Atmospheric Correction 
[SMAC, Rahman et Dedieu (1994], which is a simplified inversion of the 6S method (Tanré et al., 
1990). The SMAC parameters were derived for the VGT1 and VGT2 spectral bands (Berthelot and 
Dedieu, 1997). The auxiliary data used as SMAC input are water vapour, ozone, tropospheric 
aerosol and a digital elevation model. 

4.5.1. Water vapour 

Until 7 April 2008, the 6-hourly gridded total column water vapour from the global short term 
ARPEGE Numerical Weather Prediction (NWP) model of Metéo-France was used in the atmospheric 
correction. The model grid resolution was 1.5° × 1.5° (~170 × 170 km2). Geometrical interpolation 
was performed to obtain 8/112° × 8/112° (~8 × 8 km2) cells and temporal interpolation was 
performed between the two nearest NWP model outputs, taking into account the SPOT-
VEGETATION observation time. 

Since 8 April 2008, Water Vapour data are obtained from MeteoServices. These data consists 
essentially of the ECMWF total column water vapour 6-hourly data, but are gridded at a 0.25° × 
0.25° resolution.  

4.5.2. Ozone 

Ozone information is obtained from an ozone climatology from ǘƘŜ /ŜƴǘǊŜ ŘΩ;ǘǳŘŜǎ {ǇŀǘƛŀƭŜǎ ŘŜ ƭŀ 
Biosphère (CESBIO), which was composed from 11 years of TOMS data. One global set is available 
at 0.25° × 0.25o resolution for each month, with the data being representative for day 15. To 
calculate corrections for a certain day, the preceding and consecutive monthly climatology file is 
obtained and interpolated linearly.  

Shadow pixelscloud pixels

N

j r

cloud shadow 
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4.5.3. Tropospheric aerosol 

Until 10 May 2001, the SPOT-VGT images were corrected using a simple static aerosol model 
obtained from CESBIO, in which the Aerosol Optical Thickness (AOT) was solely dependent on the 
latitude of observation: 

( )( ) 05.0
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sin25.0cos2.0

3

550 +ö
÷

õ
æ
ç

å
+Ö-Ö=
p

t latitudelatitude (Eq. 1), 

ǿƛǘƘ ˍ ǊŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ !h¢Φ Ln order to improve the atmospheric correction, an AOT retrieval 
method using the VGT B0 and SWIR channels was used from 11 May 2001 onwards. 

The aerosol optical thickness (AOT) retrieval method is based on a method of Maisongrande et al. 
(2001), which utilises a relation between the TOA NDVI and the observed SWIR reflectance. The 
AOT retrieval is performed as follows: 
1. For each spectral channel, an initial atmospheric correction is calculated taking only gaseous 

absorption by water vapour and ozone and molecular scattering into account. This initial 
atmospheric correction is only applied to pixels that are labeled ŀǎ ΨŎƭŜŀǊΩ by the preceeding 
cloud screening algorithm ŀƴŘ ŦǳǊǘƘŜǊ ƴƻǘ ƭŀōŜƭŜŘ ŀǎ ΨǎƴƻǿκƛŎŜΩ. The obtained reflectances are 
herafter referred to as RTOC,mol. 

2. From the NIRTOA and REDTOA reflectances, the NDVITOA is calculated. 
3. From the NDVITOA, Ratio=RSWIR,TOC / RBLUE,TOC is derived, using the relation Ratio = 

1.305*exp(3.225*NDVITOA). This also gives information on RSWIR, TOC, because in the SWIR 
spectral range the atmospheric scattering is negligible and thus RSWIR,TOC = RSWIR,mol. 

4. RBLUE,TOC is calculated from Ratio and RSWIR,TOC obtained in the previous step. 
5. For aerosol optical thickness values of 0.05, 0.15, 0.30, and 0.50, the difference between 

reflectance from SMAC with full atmospheric correction (gaseous absorption + molecular 
scattering + aerosol contribution) and RBLUE,TOC obtained in step 4 is calculated. The retrieved 
aerosol optical thickness is one of the four AOT values above for which this difference is 
minimal.    

6. NDVITOC,mol and RSWIR,TOC,mol, are assessed against thresholds of > 0.2 and < 0.4, respectively.  For 
pixels fulfilling these criteria, the aerosol optical thickness follows from the retrieved value in 
step 5. For pixels outside these criteria, the  aerosol optical thickness is empirically estimated 
based on the latitudinal function of Eq. 1. 
 

Subsequently, the obtained AOT representative at 0.55 µm was converted to corresponding B0, B2, 
B3, and SWIR values using a continental aerosol model and full atmospheric corrections to all TOA 
reflectances were performed. 
 
It is noted that the AOT retrieval procedure was only applied to pixels complying to a number of 
criteria, i.e. no snow, NDVI above an empirical threshold (NDVI > 0.2) and the SWIR reflectance 
below an empirical threshold (SWIR < 0.4). If these conditions were not met (e.g. over deserts), 
then the original fixed latitudinal aerosol "climatology" of Eq. 1 was used. Note that due to 
computational restrictions the aerosol optical thickness was only retrieved with the above method 
for every 8th × 8th pixel. 
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4.5.4. Digital Elevation Model (DEM) 

The Altimeter Corrected Elevations (ACE) Digital Elevation Model (DEM), at 8/112o resolution was 
used to estimate air pressure. ACE DEM was composed from Radar Altimeter observations on-
board the European Remote Sensing Satellite 1 (ERS-1). See Berry et al. (2000) for more details. 

4.6. Compositing procedure 

The purpose of compositing is to optimally combine multiple observations over a given time 
interval into a single and cloud-free synthesis image. The operation starts from atmospherically 
corrected segment data (except for the TOA NDVI that is calculated for pixel compositing selection) 
and takes into account the variation in residual clouds and the sensor viewing and solar angle 
conditions. The compositing steps minimize the cloud effect and angular variations and maximize 
global coverage. This allows for depicting spatial and temporal variations in vegetation.  
Another reason to perform compositing is that daily descending SPOT-VGT orbits did not 
completely overlap, especially near the equator. To obtain global coverage, at least two orbiting 
days were needed.  
 
The compositing rules to arrive at 10-day syntheses are as follows: 
 

¶ Observations covered by all spectral bands are preferred over observations covered by 
only a few spectral bands. 

¶ Observations with a good pixel quality indicator for the B0, B2, and B3 bands are preferred 
over observations of less quality.  

¶ Cloud-free observations are preferred over ice/snow observations, which in turn are 
preferred over cloud observations. 

¶ In case two or more observations are still of equal quality, the observation yielding the 
maximum TOA NDVI value is preferred. 

 
Sea or lake is determined from a sea/land static indicator, derived from thŜ ά5ƛƎƛǘŀƭ /ƘŀǊǘ ƻŦ ǘƘŜ 
²ƻǊƭŘέ ώDCW, Danko (1992)], where land areas have been expanded by 5 km to cover the 
inaccuracy of the DCW, to cover cases of tides or growing river deltas, and not to alter real shore 
pixels by interpolating them with null data. 
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5. Collection 3 change summary 

The decision on reprocessing the entire SPOT-VGT archive was taken to further improve the data 
quality to the latest scientific and technical insights and to correct for known errors. The major 
reprocessing actions taken are listed below. 

5.1. Earth-Sun distance error correction 

As the Earth orbits the Sun in an elliptic orbit, the Sun ς Earth distance differs between 147.1 
million km (at 3 July) and 152.1 million km (at 3 January). As a result, the amount of solar irradiance 
that reaches the Top of Atmosphere (TOA) differs accordingly. The difference in solar irradiance 
between January and July is ~7%.  
 
During the preparation of the PROBA-V ground segment processing, a review of the VGT processing 
was performed. This revealed that the date used to calculate the Sun-Earth distance in the 
processing chain was fixed. In order to avoid disrupting operational applications based on multi-
annual VGT data analysis, it was decided not to change the processing chain at that time, but to 
postpone its correction until after the latest VGT acquisition (see also communication to users on 
12 June 2012 http://www.spot-vegetation.com/pages/newsupdates.html).  
 
The erroneous Sun-Earth distance modelling directly impacts the VGT-P products (TOA), and for 
these products, the correction factors were supplied to the users. For the synthesis products, the 
correction factor could not be applied directly because the ratio between TOA and TOC reflectance 
is not the same for the different bands and mainly depends on the actual atmospheric state.  
In Collection 3 VGT, the Sun-Earth distance modelling is correctly implemented. 
 
Figure 10 shows the relative difference between Collection 2 and Collection 3 TOA reflectances. 
The correction results in a seasonal reflectance change, with the largest change (7%) on 1 July and 
no change on 1 January (see Figure 10). This correction is thus identical from one year to the next 
and affects both instruments and all spectral bands in the same way. 
 

http://www.spot-vegetation.com/pages/newsupdates.html
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Figure 10: Difference (in %) between TOA reflectance values in Collection 2 and Collection 3 related 
to correction of Sun-Earth distance modelling. 

5.2. Cloud and snow/ice detection modifications 

In the Collection 2 VGT archive, the cloud and snow/ice detection changed from V1 to V2 on 11 
May 2001. This change resulted in a larger amount of detected clouds. Still, omission errors were 
present in the detection. In the Collection 3 dataset, this was further improved by adding a number 
of rules to the existing V2 cloud and snow/ice detection schemes in the processing chain. 
Additional rules were derived from Quesney (2008) and Berthelot (2004) for cloud and snow/ice 
detection, respectively. These are referred to as CLOUD V3 and SNOW/ICE V3, whereas the C2 
algorithms are both V2. 
 
The order of the detection is the following: 

¶ First, both the V2 methods are applied (CLOUD and SNOW/ICE). Outputs are a cloud_V2 
and snow_V2 flag. After this step, the cloud shadow detection is performed.  

¶ Next, the SNOW/ICE V3 detection is done, which creates a temporary output snow_V3 flag, 
as well as a flag for band saturation. 

¶ Then, the V3 cloud detection is added, which creates a temporary output cloud_V3 flag. No 
check is done in the following cases: 

Á LŦ /[h¦5 ±н ǊŜǘǳǊƴŜŘ ŀ άŎƭƻǳŘέ ƻǊ άǳƴŎŜǊǘŀƛƴέ ŦƭŀƎΣ ŀƴŘ  

Á If SNOW/ICE V3 resulted in a snow_V3 flag.  

¶ If a temporary cloud flag exists, it is first applied. Only after, a temporary snow flag is 
applied. Then, the cloud shadow is applied for the cloud_V3 flags. 

 
The result is that more clouds are detected. Visual checks have shown that there is a large 
improvement. A full validation of the cloud and snow/ice masking is planned. 
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5.3. High-frequency calibration correction 

Each VGT1 and VGT2 detector was calibrated during commissioning. However, over time, these 
detectors have evolved differently, while no calibration corrections were applied. This eventually 
resulted in stripes in the images. An investigation on the temporal evolution of the high-frequency 
ŎŀƭƛōǊŀǘƛƻƴ ŦŀŎǘƻǊǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ǘƘŜ /ŜƴǘǊŜ bŀǘƛƻƴŀƭ ŘΩ;ǘǳŘŜǎ Spatiales (CNES). Using VGT1 
and VGT2 images over the Antarctic Dome C station, it appeared that the stripe effects were well 
visible throughout the entire VGT1 and VGT2 era in the P segments. 
 
Subsequently, new high-frequency calibration factors were calculated to mitigate the striping 
effects. More information on the methodology and derived new calibration coefficients can be 
found in Quang et al. (2015). 

5.4. Calibration and equalisation over the Field of View 
(FOV) 

In the reprocessing, both the absolute calibration and the equalization factors over the field-of-
view (FOV) were revised. The aim of the adjusted absolute calibration is to better characterize the 
conversion of digital counts measured by the instruments into reflectance values and in particular 
to bŜǘǘŜǊ ƳƻŘŜƭ Ƙƻǿ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎΩ sensitivity evolved over their orbital lifetime. The improved 
relative in-field calibration corrects for the so-ŎŀƭƭŜŘ ΨǎƳƛƭŜΩ ŜŦŦŜŎǘΦ ¢ƘŜ ¢ƻǇ-of-Atmosphere (TOA) 
radiance RTOA is related to both factors and both have to be taken into account simultaneously: 
 

Ὑ ȟͯ

Ὀὔ

ὃȢὫ
  

with  ═░ the absolute calibration which is a function of time 
 ▌░ the equalization, which varies over the field of view and over time 

╓╝░ the digital number 
░ the spectral band 

 
In addition, an adjustment was done to remove the high-frequency noise in the SWIR channel.  

5.4.1. Absolute calibration VGT1 

Figure 11 shows the evolution of the VGT1 absolute calibration coefficients over time and their 
difference expressed in percentage relative to the old set of coefficients. A positive difference 
indicates that the new calibration coefficient is higher than the one of Collection 2 (C2) and that 
the TOA radiance is lower, given that the equalization is unchanged. 
  
For all bands, the differences in calibration coefficients between C2 and C3 are very limited (<1%). 
The largest differences in absolute calibration coefficients are observed for the first year (1998 till 
mid 1999). Afterwards, a gradual decrease in calibration coefficients is observed for the BLUE, RED 
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and NIR bands. For the SWIR band, a slight increase in the absolute calibration coefficient is seen. 
The absolute calibration of the RED channel shows the smallest differences between Collection 3 
and Collection 2.  
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Figure 11 Left: Evolution of the absolute calibration coefficients of VGT1, Right: Difference between 
the new and old relative to the old absolute calibration coefficients 

The change in equalization over the FOV varies only slightly over time. Those for one particular 
date are shown in Figure 12. If the percentage difference is positive, the equalization coefficient is 
higher than in C2, resulting in lower TOA reflectances with unchanged absolute calibration 
coefficients. Overall, the change in the calibration coefficients of VGT1 is limited.  
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Figure 12: Relative difference [%] between the C3 and the C2 equalization coefficients relative to the 
C2 equalization coefficients for VGT1. 

5.4.2. Absolute calibration VGT2 

Figure 13 shows the evolution of the VGT2 absolute calibration coefficients over time and their 
difference expressed in percentage relative to the old set of coefficients. A positive difference 
indicates that the new calibration coefficients are higher than the old ones and that the TOA 
radiance is lower, given that the equalization is unchanged. 
 
Overall, the changes in calibration are larger for VGT2 than for VGT1. For BLUE, the difference 
between C2 and C3 calibration coefficients gradually increases, resulting in a reduction of TOA 
radiance. For the RED band, the difference varies over the years: from summer 2003 till approx. 
April 2004 the C3 calibration coefficient is lower (resulting in higher TOA radiance), while for 2006-
2007 the C3 calibration coefficient is higher. Only marginal differences are observed since 2009. For 
NIR, the difference varies over the years, but overall the magnitude of the difference is limited. The 
change in calibration between C2 and C3 is almost negligible for the SWIR channel. 
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