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Introduction/Motivation

• Limb effects can interfere with qualitative interpretation at high viewing angles
• Limits use of polar-orbiting swaths

• Can lead to misinterpretation of features (i.e. Tropical Air appears blue not green in the Air 
Mass RGB)

Uncorrected MODIS 
Uncorrected SEVIRI

Limb-corrected MODIS 
Uncorrected SEVIRI

Limb-corrected MODIS Limb-
corrected SEVIRI



Introduction/Motivation

• Comparing RGBs across different sensors can be problematic
• Differences in spectral characteristics of  band (i.e. central wavelength, spectral bandwidth, 

spectral response function) 

• Differences in absorption characteristics (i.e. SEVIRI 3.9 µm band influenced by CO2 absorption)

• These differences can lead to inconsistent coloring and impact interpretation

Bands on 
other sensors 
not subject to 

CO2 
absorption

Shift in central 
wavelength



Limb Correction

• Elmer et al. (2016) developed limb correction 
technique to remove limb effects from 
Terra/Aqua MODIS and Suomi-NPP VIIRS 
infrared channels in real-time 
• Valid in both clear and cloudy regions

• Function of latitude, Julian day, SZA, and cloud top 
pressure (for cloudy regions only)

• Correction applied to all RGBs using longwave 
infrared bands

2012 October 27 Terra (0305 UTC) and Aqua (0725 
UTC) MODIS Air Mass RGBs (original and corrected) 
showing a developing Hurricane Sandy.



Limb Correction

Uncorrected VIIRS and SEVIRI Limb-corrected VIIRS and SEVIRI*

*Cloud effects not 
accounted for in SEVIRI 

imagery
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Technical Approach
• Brightness temperatures (𝑇𝐵) simulated at varying 

satellite zenith angles using JCSDA Community Radiative 
Transfer Model (CRTM)

• Cloud-free atmospheric profiles of temperature, water 
vapor, and ozone obtained from global annual subset of 
ECMWF profiles used as input to CRTM

• The change in 𝑇𝐵 from nadir to the limb (𝑇𝐵𝑁𝐴𝐷𝐼𝑅 −
𝑇𝐵𝐿𝐼𝑀𝐵

) and the natural log of the cosine of the satellite 
zenith angle (θ) are related by a quadratic function:

𝐲 = 𝐂𝟐𝐱
𝟐 + 𝐂𝟏𝐱

• Least-square fit parameters, 𝐶1 and 𝐶2, are defined as the 
limb correction coefficients

• Changing 𝐶1 and 𝐶2 by a value of 1 corresponds to change 
in 𝑇𝐵𝐿𝐼𝑀𝐵

of 0.7 K and 0.5 K, respectively, at θ=60°

• The limb-corrected 𝑇𝐵 (𝑇𝑐𝑜𝑟𝑟) can be calculated 
from the uncorrected 𝑇𝐵 (𝑇𝑟𝑎𝑤) given θ:

𝐓𝐜𝐨𝐫𝐫 = 𝐓𝐫𝐚𝐰 − 𝐂𝟏𝐥𝐧 𝐜𝐨𝐬 𝛉 − 𝐂𝟐𝐥𝐧 𝐜𝐨𝐬 𝛉 𝟐

• Correction coefficients vary latitudinally and 
seasonally!
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Limb Correction in Clear Regions

Limb-cooling in MODIS band 27 (6.7 μm) for 
midlatitudes (45°-60°)

LAND
WATER

C2 = -0.2
C1 = 8.6

Spread largely due to 
seasonal variations

𝑇𝜃𝑍 − 𝑇0 = 𝐶2| ln 𝑐𝑜𝑠𝜃𝑍 |2 + 𝐶1| ln 𝑐𝑜𝑠𝜃𝑍 |

• Least-square fit parameters, 𝐶1 and 𝐶2, are defined as 
the limb correction coefficients

• Correction coefficients vary latitudinally and 
seasonally (Joyce et al. 2001; Elmer et al. 2015, 2016)
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Limb Correction in Cloudy Regions

• Layer optical thickness (τl) calculated from JCSDA 
Community Radiative Transfer Model  
(CRTM; Han et al. 2006)

• Cloud correction coefficient (Q) calculated from τl :

𝑡𝑙(𝑝) = 𝑒−𝜏𝑙(𝑝)

𝑡 𝑝 = 𝑡𝑙 𝑝 𝑡(𝑝 − 1)

𝑄 𝑝 =
𝑡 0 − 𝑡 𝑝

𝑡 0 − 𝑡 𝑝𝑠

• Q varies latitudinally and seasonally, similar to limb 
correction coefficients 𝐶1 and 𝐶2, Q = 1 in clear regions

• Limb Correction Equation:

𝑻𝑪𝑶𝑹𝑹 = 𝑻𝑩 + 𝑸 𝑪𝟐 𝒍𝒏 𝒄𝒐𝒔𝜽𝒁
𝟐 − 𝑪𝟏 𝒍𝒏 𝒄𝒐𝒔𝜽𝒁

• Applicable to polar-orbiting and geostationary sensors

Cloud correction coefficient (annual global mean)

(Elmer et al. 2016) 



Technical Approach: Geo Limb Correction

• Extend Elmer et al. (2016) limb correction technique 
to MSG SEVIRI 

• MSG Optimal Cloud Analysis (OCA; EUMETSAT 2016) provides cloud top 
pressure for SEVIRI for SZA < 75°

• Limb-corrected Aqua MODIS used to validate SEVIRI limb correction 

• MODIS and inter-calibrated with SEVIRI prior to limb correction to 
account for sensor differences, following methodology in Elmer et al. 
(2016) 

Limb corrected 
Aqua MODIS 

band 28 minus 
SEVIRI band 6 

BTD at common 
points

Limb corrected 
Aqua MODIS 

band 28 minus 
limb-corrected 
SEVIRI band 6 

BTD at common 
points



Limb Correction: Air Mass RGB 

Corrected MODIS 
Uncorrected SEVIRI
gray line SZA=75°

Corrected MODIS 
Limb-corrected SEVIRI 

(considering cloud effects)



Adjusting RGB Recipes
• Directly applying EUMETSAT recipes to sensors with different spectral and absorption 

characteristics can lead to color differences in the RGB imagery and impact interpretation.

• For example the EUMETSAT best practices recommend adjusting the RGB recipe when creating 
RGBs with instruments such as the Moderate Resolution Imaging Spectroradiometer (MODIS) due 
to differing spectral and absorption characteristics across sensors.

• JMA has pioneered work to adjust EUMETSAT recipes for advanced sensors such as AHI.

• This work extends JMA’s approach to apply recipe adjustments to GOES-16 and –S and match RGBs 
derived from non-overlapping sensors.

Night-time Microphysics

EUMETSAT Recipe

No Adjustment

Night-time Microphysics

EUMETSAT Recipe + 

VIIRS as SEVIRI Proxy

Night-time Microphysics

Adjusted Recipe + 

VIIRS as SEVIRI Proxy



• AHI RGB coloring and component intensities differ from 
the SEVIRI proxy overlay

Night-Time Microphysics RGB

Lack of R intensity Lack of G intensity
Low cloud/Fog not aqua 

as expected B intensity similar

Differences in CO2

absorption of 3.9 bands?

Differences in H2Ov

absorption of longwave 
bands?



Recipe Adjustment

Adjustment by SEVIRI Proxy 

Case 1 8/30/2015

Adjustment by SEVIRI Proxy 

Case 2 12/14/2016

Min (K) Max (K) Gamma Min (K) Max (K) Gamma

R -6.6 1.7 1 -6.8 2.4 1

G -2.4 6.0 1 -2.5 6.3 1

B 244.2 292.1 1 243.9 291.3 1

All 16 Cases Adjustment by JMA

Min (K) Max (K) Gamma Min (K) Max (K) Gamma

R -7 2 1 -6.7 2.6 1

G -2 6.0 1 -3.1 5.2 1

B 243 292 1 243.6 292.6 1



Adjusted Night-time Microphysics

Night-time 
Microphysics

Adjusted

Night-time 
Microphysics

Adjusted
+ 

SEVIRI 
Proxy Overlay

• With the new adjustment RGB colors and component intensity are similar to the SEVIRI proxy overlay 
(SEVIRI overlay barely visible!)

• Adjustment improves the lack of red and green intensities noted earlier

• RGB colors are consistent with legacy interpretation and training



Adjusted Night-time Microphysics
• The adjustment improves the aqua coloring of the low cloud/fog features 

• Since the adjustment is similar to the JMA derivation for AHI, this research verifies work done by 
JMA and demonstrates a computationally inexpensive methodology to determine recipe 
adjustments for RGB imagery derived with GOES-R and GOES-S in the future

• Slight color differences between case study and JMA adjustments attributed to the ability to 
account for instrument bias, noise, and full atmospheric absorption when using real data

Unadjusted 
Night-time Microphysics

Case Study Adjusted 
Night-time Microphysics

JMA Adjusted 
Night-time Microphysics


