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Where are you ? 



Motivation: Why RGBs 



     MFG IR Channel                                                 MSG Dust RGB 

Dust 

Cloud 

MSG Improvements: Aerosols (Dust, Ash, Smoke) 



MSG 2005 06 25 11:57 MTG simulation 

(courtesy D. Rosenfeld) 

MTG Improvements: horizontal sampling (up to 0.5 km) 



Source: M. Pavolonis 

SEVIRI Ash Load                                                       Dust RGB 

Eruption Eyjafjallajokull, 15 April 2010 

Norway 

Iceland 

Combined use of RGBs and derived products 



Recommended SEVIRI RGBs 

(for operational forecasting) 



Most important RGBs (for Operational Forecasting) 

28 January 2013, 12:00 UTC 
24-h Microphysics (Dust) RGB                      Airmass RGB 
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Airmass RGB: Deformation Zone 
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5 September 2016, 12:00 UTC 

MSG Improvements: Moisture Boundaries 



5 September 2016, 12:00 UTC 

Limb cooling in Airmass RGB 

Met-08                                            Him-08 



5 September 2016, 12:00 UTC 

Impact of viewing angle on dust detection 

Dust (and smoke) often better detected at high viewing angles 

(NADIR view is not always the best one) 

Met-08                                            Him-08 

India 



Tropical version of Airmass RGB (Overshooting Tops RGB) 

Standard  Tropical 

 

-25 to 0 K  -25 to +5 K (6.2-10.8) 

-40 to +5 K  -30 to +25 K (Gamma 0.5) 

243 to 208 K  243 to 190 K 

 

 

R WV6.2 – WV7.3 

G IR9.7 – IR10.8 

B WV6.2 



Tropical version of Airmass RGB (Overshooting Tops RGB) 

Standard                                       Tropical 

3 October 2015, 00:00 UTC, West Africa 



Other SEVIRI RGBs 

 



Advection from land 

Yellow represents smaller drops.  
Pink represents larger drops. 

From: Lensky & Rosenfeld 

RGB Day Microphysics will become more important 
for fog / low clouds and convection ! 

Day Microphysics RGB 
R = VIS0.8 
G = IR3.9r 
B = IR10.8 



Met-10, SEVIRI, Night Micro RGB (enh) 
1 October 2014, 00:45 UTC – 3 km 

Night Microphysics RGB 
R = IR12.0 – IR10.8 
G = IR10.8 – IR3.9 
B = IR10.8 



Aqua, MODIS, Night Micro RGB (enh) 
1 October 2014, 00:55 UTC – 1 km 

Night Microphysics RGB 



Tropical version of Night Microphysics RGB 

Standard  Tropical 

 

-4 to +2 K  -4 to +2 K  

 0 to +10 K   0 to +5 K 

243 to 293 K  273 to 300 K 

 

 

R IR12.0 – IR10.8 

G IR10.8 – IR3.9 

B IR10.8 



Standard                                       Tropical 

3 October 2015, 00:00 UTC, East Africa 

Tropical version of Night Microphysics RGB 



MSG-1, 6 November 2004, 12:00 UTC 

HRV                                                                               Convection RGB 

• Small ice (high IR3.9r of 6-7%) 
• Long-living storm system 
• Convective outflow boundary 
• Overshooting tops 
• Gravity waves 
• Radial Ci 

Day Convective Storms RGB 
R = WV6.2 – WV7.3 
G = IR10.8 - IR3.9 
B = NIR1.6 – VIS0.6 



Tropical version of Convection RGB 

Standard   Tropical 

 

-35 to +5 K   -35 to +5 K  

 -5 to +60 K Gamma 0.5 -5 to +75 K Gamma 0.33 

-75 to +25 %   -75 to +25 % 

 

 

R WV6.2 – WV7.3 

G IR3.9 – IR10.8 

B NIR1.6 – VIS0.6 



Standard Convection RGB 

South Africa 



Tropical Convection RGB 
Green range: -5 to +75 K 
Green Gamma: 3.0 

Change the Green range and the Green Gamma to get the best enhancement of the most active 
parts of the convective storms 

South Africa 



                5 March 2012                                             20 June 2013 

 

                           Metop, AVHRR, RGB Natural Colours 

Lake Tuz (Tuz Gölü) 

Natural Colours RGB (Metop AVHRR example) 

Turkey in Winter                                     Turkey in Summer 

R = NIR1.6 
G = VIS0.8 
B = VIS0.6 



RGB “Day Snow Fog” for low clouds / snow discimination 

24 Feb 2003, 11:00 UTC 

Day Snow-Fog RGB 
R = VIS0.8 
G = NIR1.6 
B = IR3.9r 



R = NIR1.6 
G = HRV 
B = HRV 

(source: M. Putsay) 

RGBs with HRV will disappear 

Replaced -> RGB Day Snow Fog 

HRV Fog RGB 



Tuning of RGBs to new channel characteristics 



For which RGBs is tuning needed ? 

FCI Channels 



For which RGBs is tuning needed ? 

Mostly concerned:  RGB Night Micro, RGB Dust (24-h Micro) 

Spectral Response Function changed !! 



Ex-Typhoon Atsani, 25 August 2015, 12:00 UTC 

Airmass RGB (standard) 

No tuning needed for Airmass RGB 



Green range: 0 to 10 K (IR3.9 - IR11.2) 

Ex-Typhoon Atsani, 25 August 2015, 12:00 UTC 

RGB Night Microphysics 



Ex-Typhoon Atsani, 25 August 2015, 12:00 UTC 

Green range: -5 to 5 K (IR3.9 - IR11.2) 

RGB Night Microphysics 





RGBs using new FCI channels 



3=VIS0.6 4=VIS0.8 

7=NIR1.6 

9=IR3.8 10=WV6.2 11=WV7.3 12=IR8.7 

13=IR9.7 14=IR10.5 15=IR12.3 16=IR13.3 

1=VIS0.4 2=VIS0.5 5=NIR0.9 6=NIR1.3 

8=NIR2.3 

FCI on Meteosat Third Generation (MTG) 

Solar 
1.0 km 
 
 
 
 
 
Thermal 
2.0 km 



FCI – Benefits  from new Channels 

 
The 0.96 µm channel is used for total column precipitable water (daytime) 
 

The 2.25 µm channel is used for cloud microphysics (daytime) 
 

The 0.444 µm and the 0.51 µm channels are used for true colour images and aerosol 
retrievals (daytime) 
              

The 1.375 µm channel is used for detection of very thin cirrus clouds (daytime) 



FCI Optical Design 

AHI, ABI, VIIRS (not MODIS) 

AHI, ABI, VIIRS, MODIS 

AHI 

MODIS 

MODIS, VIIRS, ABI 



True Colour RGB from FCI 

Range 

 

0 to 100 % 

0 to 100 % 

0 to 100 % 

 

 

R VIS0.6 

G VIS0.5 

B VIS0.4 

Attention: if the VIS0.6 channel has higher 
resolution, up- or down-scaling is needed! 



FCI – “True” Colour Images 

7 July 2015 
Him-08, AHI, “True” Colour RGB, Source: JMA 

FCI and AHI 
Have 0.51 µm band 
(instead of 0.55) 
 
 
 
This band is not on 
ABI on GOES-R  
 

Comparisons of 
AHI true color 
imagery to VIIRS & 
MODIS showed 
vegetation too 
brown …  



42 

Australia 

With Rayleigh Atmosphere Corrections and Hybrid Green Band 

Source: Steve Miller 



Smoke on the water, Sea of Japan 

21 September 2016, 6:00 UTC True Colour RGB with all corrections, source: CIRA 



Smoke on the water, Sea of Japan 

No Rayleigh corrections 

21 September 2016, 6:00 UTC 



Cloud Phase RGB from FCI 

Range 

 

0 to 50 % 

0 to 50 % 

0 to 100 % 

 

 

R NIR1.6 

G NIR2.3 

B VIS0.5/VIS0.6 

Attention: if the VIS0.6 channel has higher 
resolution, up- or down-scaling is needed! 



1.6 2.25 

NIR2.25: Cloud Microphysical Channel 

 MODIS 2.1 band has a central wavelength at 2.13 micron to 
be compared to the 2.25 micron for VIIRS, FCI, AHI/ABI 

 Ice absorption changes a lot between 2.13 and 2.25 



2005 06 25 11:57 

Band 4 (VIS0.8)              Band 5 (NIR1.6)                Band 6 (NIR2.3) 

20 August 2015, 00:00 UTC 
Typhoon Atsani, Pacific Ocean 

AHI Solar Bands - zoom 

1 km                                              2 km                                             2 km 



Not sure if water 
or ice clouds 

25 Nov 2015; 02:02 UTC 

NIR1.6, VIS0.8, VIS0.4 

25 November 2015, 02:02 UTC 
Typhoon IN-FA, Pacific Ocean 



Definitly 

 water clouds 

25 Nov 2015; 02:02 UTC 

NIR1.6, NIR2.3, VIS0.4 



Fire Power (Temperature) RGB from FCI 

Range 

 

273 to 350 K 

0 to 50 % 

0 to 50 % 

 

 

R IR3.9 

G NIR2.3 

B NIR1.6 

Attention: solar channels have higher 
resolution, up- or down-scaling is needed! 
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Planck’s Radiation Law 

Planck’s Radiation Law 

Fire temperatures range from a 

minimum of ~ 500 K (weak 

smoulding) to max ~ 1400 K 

(intense flaming). Emission peaks 

in the MIR region. 



Fires in Laos, AHI, Band 7 - IR3.9 



Fires in Laos, AHI, RGB Fire Power 



New Day Microphysics RGB from FCI ? 

Range 

 

0 to 100 % 

0 to 50 % 

200 to 300 K 

 

 

R VIS0.8 

G NIR2.3 

B IR10.5 

Advantage: No need to calculate solar component of IR3.9 

Disadvantage: not so good for cloud phase 

 

Attention: solar channels have higher resolution than IR channels, 
up- or down-scaling is needed! 



Convective storms with small ice 

Cold cloud base 

Not severe 

From: Bodo Zeschke, BoM 



AHI, Band 07 (IR3.9, total component) – 2 km 



AHI, Band 06 (NIR2.3) – 2 km 



AHI, RGB VIS0.5, NIR2.25, IR11.2 – 2 km 



New Natural Colour RGB from FCI ? 

Range 

 

0 to 50 % 

0 to 100 % 

0 to 100 % 

 

 

R NIR2.3 

G VIS0.8 

B VIS0.6 

Disadvantage: NIR2.3 not so good for cloud phase 

 

Attention: if the VIS0.6 channel has higher resolution, 
up- or down-scaling is needed! 



1.6 micron version (in Red component) 



2.3 micron version (in Red component) 



Day Cirrus RGB from FCI (RGB with NIR1.3) ? 

Range 

 

? 

? 

? 

 

 

R ? 

G ? 

B ? 

Using: NIR1.3, IR12.3-IR10.5, IR IR10.5-IR3.9 

 

Cirrus colour should be dark (black) ? 



contrails ? 

shallow 

cumulus 

low stratus 

Deeper cumulus 

??? 

MODIS Natural Colours RGB 



Low clouds not

visible 

contrails ? 

Deeper cumulus 

MODIS NIR1.3 Band 
Strong enhancement: 0–2 % reflectance 



Moisture RGB from FCI (RGB with VIS0.9-VIS0.8) ? 

Range 

 

? 

? 

? 

 

 

R ? 

G ? 

B ? 

• Using the weak solar absorption in 0.9 mm 
(difference 0.96 – 0.86 mm) 

• Using the weak thermal absorption at 12 mm 
(difference 10.5 – 12.3 mm) 



MODIS Day & Night 

12-10.8 10.8-8.7 10.8 mm 

2006 07 14 10:20 

Using the weak thermal absorption in 12.0 mm 

Courtesy D. Rosenfeld, Univ. Jerusalem 



MODIS  Solar Vapor 

(0.94-0.90)/(0.94+0.90) mm 

2006 07 14 10:20 

Using the weak solar absorption in 0.9 mm 

Courtesy D. Rosenfeld, Univ. Jerusalem 



  

 All NWP is wrong but some NWP is useful… 

 It may look great but it’s not real… don’t be seduced! 

Phil Chadwick (Canada): 

NWP (TPW)             Derived Product (TPW)             RGB Image 
  Not Real                       “Semi” Real                               Real 

Conclusions 



1st WMO RGB Workshop, Boulder, June 2007 



2nd WMO RGB Workshop, Seeheim, September 2012 



3rd WMO RGB Workshop, End 2017 ? 

Larger Group ... 

(picture from Convection WG, April 2016) 


