
MPEF Scenes and Cloud Analysis 

The new MPEF Scenes and Cloud Analysis algorithm (SCART) is a pixel based scenes and cloud analysis 
for MTP, emerging from the MSG prototype software. Since there are major differences between the MSG 
and MTP instruments, a number of modifications and simplifications to the original MSG code has been 
necessary, but the original approach and most of the tuned parameters are unchanged.  

SCART is replacing the segmented MTP Scenes Prediction and Segment Processing, and presents the 
result in the same format for further MTP product processing. That is, there are no changes in the product 
processing necessary, but a modified CSR (Clear Sky Radiance) based on direct pixel based processing 
from the new scenes analysis will be produced.  

This very brief description below is just describing the major features of SCART, and it assumes a basic 
knowledge of MPEF image processing. A detailed description is available in the technical note EUM/OPS-
MTP/REQ/01/0078.  

1. Pre-processing 

For every image pixel the radiance, EBBT and reflectance are computed and made available for the 
following processing. Also a pseudo image containing local means and standard deviations of a small 
surrounding area (3x3 pixels, configurable) for each pixel and all three channels is produced.  

2. Scenes Analysis 

The second algorithm step performs the scene analysis on the basis of the results of the pre-processing 
together with the output of the RTM (Radiation Transfer Model) and static data like the VIS reflection map. 
The resolution of RTM is still the MTP segmentation grid (32 x 32 pixels) which in areas with large 
temperature/humidity gradients (polar areas) might cause misclassification of surface and low clouds.  

About 30 set-up parameters and a number of tests control the analysis, most of the parameters are tuned 
threshold values experienced to return realistic results. As an example is one of the parameters for the IR 
cloud detection test nominally set to 3°K, i.e., if the measured pixel IR EBBT value is 3°K colder than the 
predicted surface EBBT from the ECMWF forecast, the pixel is assumed to be cloudy. The success of this 
test is of course heavily depending of the forecast quality and of that the calibration used is unbiased 
against the internal MPEF (Vicarious) calibration.  

There are five cloud detection tests (returning cloudy or clear) applied on every pixel:  
   

VIS channel 
reflectance test: 

  Compares computed VIS reflectance with a monthly  climatological value. 

IR temperature test:  Compares computed IR EBBT with predicted EBBT (mentioned above). 
IR/WV EBBT 
difference test: 

 Compares the difference between IR- and WV- EBBT with a predicted value. 

VIS standard 
deviation test: 

 Standard deviation and mean value of the 3x3 pixel area are compared to a 
maximum standard deviation threshold and the pixel value respectively. 

IR standard 
deviation test: 

 Standard deviation and mean value of the 3x3 pixel area are compared to a 
maximum standard deviation threshold and the pixel value respectively. 

The output from the cloud detection tests is summarised in an internal AQC-flag (Automatic Quality Control 
flag), and depending of the answers from the different tests the AQC-flag and simultaneously the Scene 



Type can be set in five different ways:  
   

AQC-flag   Scene Type   
Clear, 100% 
confidence  Clear-

Surface  - If none of the tests returns "cloudy". 

Clear, 75% confidence  Clear-
Sunglint - If none of the tests returns "cloudy", in predicted sun glint area. 

Cloudy, 100% 
confidence  Cloudy - If one or more tests returns "cloudy" and no test returns "clear". 

Cloudy, 75% 
confidence  Cloudy - If two or more tests returns "cloudy" and one or more tests 

returns "clear" 
Cloudy, 50% 
confidence  Cloudy - If one test returns "cloudy" and one or more tests returns "clear" 

It’s worth noticing that if any test returns cloudy, the Scene type is set to cloudy, even if the VIS-channel test 
returns clear. In this way the Scenes Analysis is biased to a high amount of cloud, and CSR is protected.  

The following final output from the scenes analysis is provided per pixel (but not saved to file):  

• Predicted IR/WV EBBT 
• Scene Type (Cloud / Clear sunglint / Surface / Missing) 
• Test-flags 
• AQC-flag 

3. Cloud Analysis (CLA) 

The Cloud Analysis further classifies cloudy pixels into a number of cloud types, determines the cloud 
phase, the cloud amount and extracts temperature and pressure for cloud top height. Already available data 
from pre-processing, scenes analysis, RTM and the ECMWF forecast is used as input. For pixels identified 
as "clear", no additional processing is performed, the scene from Scenes analysis is copied unchanged. As 
for the scenes analysis, the CLA processing is controlled by a number of set-up parameters and tests, and 
the following is performed at pixel level:  

• Set Ice/Water phase using a static threshold (-25°C, configurable). 
• Calculate cloud top height and temperature by comparing measured radiance's with forecasted 

radiance's as follows: 
o Calculate the Difference between the Measured radiance and the Predicted clear sky 

radiance (surface) for both IR and WV. 
o Calculate the Ratio between the above differences (WV and IR), multiply it with cloud 

phase depending factors (currently both are set to 1, configurable). 
o For all pressure levels, calculate the Difference between Predicted Opaque cloud radiance 

and Predicted clear sky radiance (surface), for both IR and WV. 
o Calculate the Ratio in the same way as for the measured differences. 
o The level with the minimum difference between the two ratios is set as cloud top level and 

the pressure and temperature of that level is extracted. 
• Calculate Effective Cloud Amount as follows: 

o Calculate the Difference between the Measured radiance for IR at the level of the cloud top 
and the Predicted clear sky radiance. 

o Calculate the Difference between the Predicted Opaque cloud radiance for IR at the level of 
the cloud top and the Predicted clear sky radiance. 



o Set the Effective Cloud Amount to the ratio between the above differences (measured / 
predicted), multiplied with 100. 

• Set semi-transparency flag if the WV EBBT standard deviation on the surrounding 3x3 pixels is 
larger than a static threshold (currently set to 0.5°K, configurable). 

• Set cloud type (Low/Medium/High) from static pressure thresholds (400 and 700 hPa, 
configurable). 

• Add two CLA AQC-test and copy the three cloud flags from scenes analysis AQC as follows: 
o If neighbouring pixels are of the same cloud type and their temperature and pressure are 

within the static thresholds set, the CLA height quality flag is set to 1, otherwise it's set to 0. 
o If all neighbouring pixels are of different cloud type, the CLA type quality flag is set to 0, 

otherwise it's set to 1. 
o If Scenes Analysis AQC flag = Cloudy, 100% confidence, the CLA cloud determination 

100% confidence flag is set to 1, otherwise it's set to 0. 
o If Scenes Analysis AQC flag = Cloudy, 75% confidence, the CLA cloud determination 75% 

confidence flag is set to 1, otherwise it's set to 0. 
o If Scenes Analysis AQC flag = Cloudy, 50% confidence, the CLA cloud determination 50% 

confidence flag is set to 1, otherwise it's set to 0. 

The output from the CLA updates the scene analysis with (per pixel):  

• Scene type for cloud pixels in terms of low/medium/high. 
• Cloud phase. 
• Cloud top temperature and pressure. 
• Semi-transparency flag 
• Effective cloud amount. 
• AQC-flag (five bits). 

Remark 1: There is at the moment no plans to put a new pixel based CLA into operation.  
Remark 2: In the clustering algorithm (below) an additional semi-transparency correction is applied, since it 
was found in the AMV validation that the height assignment scheme in the CLA is less efficient in certain 
situations.  

4. Segment processing 

To avoid an extensive modification of the existing MTP MPEF algorithms, a clustering algorithm is applied 
using the output from the SCART CLA together with image and calibration data. The output is a segmented 
data file with clustered scenes and a pixel based classified image mapping pixels to segment clusters. 
Clusters constructed from pixels marked as semitransparent are submitted to a new semi-transparency 
correction of the observed IR and WV radiance's using the semi-transparency curve provided by the RTM. 
This additional semi-transparency correction is sometimes a bit aggressive, assigning some cloud clusters 
above the tropopause. Concerning the winds this is taken care of by AQC, and on average the method 
improves the result.  

There are four different clustering methods:  

1. Clustering purely on scene type and semi-transparency flag.  
2. Clustering surface on scene type and clouds on histogram analysis of cloud top height.  
3. Clustering surface on scene type and clouds on histogram analysis of the IR counts.  
4. Clustering based on spatial distribution according to scene type, semi-transparency flag and cloud top 
height. 
Manual inspection of the radiance product (CSR) and the wind products indicated that methods 1 and 3 
were less successful than the other two, and it was decided at an early stage not to develop them further. 
Due to technical reasons method 4 could not be validated within a reasonable time scale, and consequently 
only method 2 has been validated.  



4.1 Clustering surface on scene type and clouds on histogram analysis of cloud top height (method 
2) in brief. 

1. Histograms are constructed from the height of all available cloudy pixels within the processing segment 
(set to 32 x 32 pixels).  
2. Separate histograms are used for opaque and semi-transparent pixels.  
3. Pixel values for a scene are assumed to conform to a normal distribution and the peaks detected are 
assumed to correspond to peak values of a Gaussian curve.  
4. After histogram analysis pixels are assigned to the clustered scene with the nearest mean value, but only 
if the pixel value lies within 3 standard deviations from the cluster mean value. The process is performed 
through a number of iterations.  
5. An additional semi-transparency correction of MTP-type is applied on the semitransparent clusters. This 
semi-transparency correction is using the warmest (IR) cluster as background, if failing it uses the predicted 
clear sky radiance (surface) from the forecast.  
6. Extracted scenes are characterised by scene type, number of pixels, peak value, mean value, standard 
deviation and a semi-transparency flag. These values are written out to file and accessed by the further 
MPEF product processing as before. 

5.  Validation 

The validation was done on Meteosat-7 (0° mission only).  
   
September - 
December 
2002: 

  Development – initial bug fixing, tuning, and validation 

December 
2002 - March 
2003: 

 Due to upgrade of MPEF hard and software, no validation area was available 

18 March 2003:  Start of SCART final validation 
2 April 2003:  SCART changed to use vicarious calibration 
5-15 April 
2003: 

 A few tests with changed cloud detection parameters, segment size a.s.o. Results were 
negative or without impact. Fine-tuning is probably possible, if and when resources are 
made available. 

2 May 2003:  Calibration changed back to blackbody calibration. In spite of the bias it was decided to 
put SCART into operation using the present blackbody calibration, because of the to short 
notice for some users having applied bias corrections. The blackbody calibration will be 
monitored during summer and upgraded in autumn 2003 

3 June 2003:  SCART operational on 0° mission, 63° mission will follow later. 

There is no statistics produced from the MTP MPEF Scenes Analysis itself, but from the Climate Data Set 
(CDS) there is some statistics available on uncorrected average counts for the different scenes. Comparing 
these for the operational system and SCART, indicates no significant difference for land and sea scenes. 
Also for low and medium clouds the differences are small, but for high clouds there is a clear tendency that 
SCART is warmer, in both the IR channel (Up to 15 counts during night, about 5 counts during day) and WV 
channel (about 5 counts). This confirms the need for the additional semi-transparency correction in the 
clustering function.  

Product Validation 

Validation period 18 March – 2 April 2003, using blackbody calibration.  
   



CLA:   

 

 This is where the improvements are most visible. The old MTP segment 
processing was tuned to produce clouds in all dubious situations, to make 
sure that clear sky was really clear sky. The effect of this was an unrealistic 
amount of clouds over land during night. The diagram to the left shows a 
general increase in the amount of high level clouds, also an increase in 
amount of low level clouds during daytime and a drastic decrease in the 
amount of low clouds during night-time. The increase in especially low 
clouds during daytime might be affected by the calibration used during the 
validation period. The diurnal cycle in the amount of low clouds is also 
more realistic, with a maximum in the morning and a minimum in the 
afternoon. The amount of medium level clouds is not affected significantly 
by SCART (not shown). 

   
CSR:   
  The new CSR is based directly on the new Scenes Analysis without any 

intermediate clustering. Since the new Scenes Analysis provides the output 
with pixel resolution, there are many more quadrants with values in the new 
CSR. Manual inspection also indicates a better cloud clearing, allthough it 
should be noticed that there is no lower limit applied on the amount of clear 
sky needed for processing a radiance value, one clear pixel in the segment 
is enough. No internal validation of the CSR is possible, but a quantitave 
validation based on comparisons with NWP model output will be produced 
by ECMWF. 

   
SST:   

 

 Fore the same reason as for CSR, many more SST (Sea Surface 
Temperature) values are produced, and more values are AQC accepted. 
There is hardly any difference in the disk mean SST, indicating that SCART 
is not introducing any bias. 

   
   
Athmospheric Motion Winds  AMV collocations statistics, averaged on all levels, areas and channels, 

shows no significant impact of SCART in terms of mean vector differences 
against radiosonde observations, but more detailed investigations indicates 
some differences. The results below (except HRV) are plotted against 
different quality cut off thresholds, i.e. quality 60% means that all vectors 
having a QI better than 60% are included. 

   
Low Res. IR, High levels   

 

 An increase in number of vectors with about 10%, without an almost 
identical NRMS against collocated radiosondes, but an increased 
(negative) bias for the winds with highest QI. The tendency for AQC to 
return worse bias for high QI’s, might indicate a need for retuning of the 
AMV AQC parameters. 
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Hi Res. WV, High levels, 
cloudy   

 

 Also for WV there is an increase in the numbers, up to 10% during day, 
none or small during night. The quality is in terms of NRMS identical to the 
operational winds, with a slightly bigger (negative) bias, although zero for 
the winds with the highest QI. 

   
Hi Res. VIS, low levels   

 

 An increase in number of winds with about 20% is experienced, probably 
boosted by the biased calibration. There is not enough data available to 
produce a sensible collocation statistics for low level AMV's, shown below 
(12:00 product only) is instead the number of vectors with QI > 60% and 
the average consistency for those vectors with the ECMWF forecast. Even 
with the increased amount of vectors, the FC-consistency is improved. 
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