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Outline

• Double Difference Method:

- MeghaTropique SAPHIR (1Base, V1.02 – V1.05), METOPA (MHS), 

and NOAA18 (MHS) Measurements, and NCEP Reanalysis Data for the  

Period July 2012 – March 2013.  Data Source: GSFC PPS site.

- Co-location of SAPHIR, METOPA, and NCEP, and of SAPHIR, NOAA18,     

and NCEP Data Sets.

- Radiative Transfer Calculations of SAPHIR and MHS channels Using the 

Co-located NCEP Temperature, Relative Humidity, and Pressure Profiles.

- Derivation of Biases from Double Differences of Measured and 

Calculated Radiances (Tbs)  

• Retrieval Method:

- Retrieval of RH Profiles Using SAPHIR Tbs From the Above Data Sets.

- Prediction of MHS Tbs from the Retrieved RH profiles (More Details 

Later)

• Preliminary Results of SAPHIR – SSMIS (F17) Comparison.

• Summary.



Typical Scatter Plot of Co-locate SAPHIR_ METOPA Pixels 



Time Distribution of Co-located Samples



Example of Co-located Data Sets (with NCEP) 



Brightness Difference & Double Difference Between SAPHIR and METOPA 

(183.3±±±±1 GHz)



Brightness Difference & Double Difference Between SAPHIR and METOPA 

(183.3±±±±3  & 183.3±±±±2.8 GHz)



Brightness Difference & Double Difference Between SAPHIR and METOPA 

(183.3±±±±7 & 183.3±±±±6.8 GHz)



Brightness Difference & Double Difference Between SAPHIR and NOAA18 

(183.3±±±± 3 & 183.3±±±±2.8 GHz)



A Brief Summary of Double Difference Results

Date

Month/Year

METOP_A - SAPHIR NOAA18 - SAPHIR

183.3±±±±1 183.3±±±±3 190.3 183.3±±±±1 183.3±±±±3 190.3

07/2012 0.10 ±±±± 1.48 0.07 ±±±± 1.30 0.58 ±±±± 1.32 0.04 ± 1.51 0.12 ± 1.39 0.18 ± 1.48

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ± 0.02 ± 0.01 ± 0.02

08/2012 0.05 ±±±± 1.47 0.00 ±±±± 1.32 0.50 ±±±± 1.32 0.02 ±±±± 1.57 0.15 ±±±± 1.42 0.17 ±±±± 1.47

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.01 ±±±± 0.01

09/2012 -0.00 ±±±± 1.48 0.04 ±±±± 1.33 0.54 ±±±± 1.31 -0.05 ±±±± 1.56 0.07 ±±±± 1.44 0.10 ±±±± 1.54

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

10/2012 0.02 ±±±± 1.46 0.00 ±±±± 1.31 0.57 ±±±± 1.30 0.03 ±±±± 1.52 0.13 ±±±± 1.39 0.15 ±±±± 1.51

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.01 ±±±± 0.01

11/2012 0.06 ±±±± 1.62 -0.07 ±±±± 1.38 0.57 ±±±± 1.31 -0.02 ±±±± 1.56 0.05 ±±±± 1.40 0.03 ±±±± 1.60

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

12/2012 0.08 ±±±± 1.52 -0.03 ±±±± 1.31 0.58 ±±±± 1.20 0.03 ±±±± 1.56 0.08 ±±±± 1.43 0.34 ±±±± 1.42

±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.01 ±±±± 0.01 ±±±± 0.01

01/2013 0.13 ± 1.53 -0.04 ± 1.32 0.64 ± 1.22 0.05 ± 1.55 0.12 ± 1.33 0.46 ± 1.18

± 0.03 ± 0.03 ± 0.02 ± 0.02 ± 0.02 ± 0.02

02/2013 0.10 ± 1.43 0.00 ± 1.24 0.63 ± 1.39 -0.01 ± 1.37 0.02 ± 1.25 0.32 ± 1.17

± 0.07 ± 0.06 ± 0.05 ± 0.05 ± 0.04 ± 0.04

03/2013 -0.09 ± 1.43 -0.07 ± 1.31 0.57 ± 1.15 -0.01 ± 1.44 -0.01 ± 1.17 0.43 ± 1.00

± 0.06 ± 0.06 ± 0.05 ± 0.06 ± 0.05 ± 0.04



Retrieval Method

• Physical Iterative Technique (16 iterations max.)

• Using the SAPHIR 6-Channel Tbs from the Co-located Data Sets Above as 

Input to Estimate Humidity Profiles.  

• NCEP Relative Humidity Profiles as Initial Guess; Keeping Temperature & 

Pressure Profiles Fixed.

• Convergent Condition:                                                 ≤ 1 K,

where n = 6, and Tbm and Tbc are the measured and calculated Tbs

• Using the Retrieved Humidity Profiles and Original Temperature and 

Pressure Profiles to Predict the MHS Tbs.

• Compare the Measured and Predicted MHS Tbs & Obtain Biases.
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Retrieval Flow Chart

Start

Input Co-located MT Tbs & 

NCEP Profiles

Radiative Transfer 

Calculations of Tbs

Compute RMS of 

Tbs & Check for 

Convergence

Update Humidity Profile

Super-saturation Check & Two-way 

Adjustment of Humidity and Cloud

Save Final Humidity & Liquid 

Cloud Profiles

End



Retrieval Statistics



Predicted METOPA Tbs Using Retrieved Humidity Profiles (εεεε ≤ 1 K)



Predicted NOAA18 Tbs Using Retreved Humidity Profiles (εεεε ≤ 1 K)



Predicted NOAA18 Tbs Using Retreved Humidity Profiles (εεεε ≤ 1 K)

(Comparison of Different Sampling Strategies) 



Comparison of NCEP & Retrieved RH Profiles



Distribution of Retrieval RMS (Year 2012-13)



Spatial Distribution of Retrieval Pixels



Summary of Biases Derived From Retrieval Method

(εεεε ≤ 1 K)

Date

Month/Year

METOP_A - SAPHIR NOAA18 - SAPHIR

183.3±±±±1 183.3±±±±3 190.3 183.3±±±±1 193.3±±±±3 190.3

07/2012 0.21 ±±±± 1.34 0.07 ±±±± 1.13 0.46 ±±±± 1.36 0.20 ± 1.40 0.21 ± 1.19 0.08 ± 1.37

±±±± 0.02 ±±±± 0.02 ±±±± 0.03 ± 0.02 ± 0.01 ± 0.02

08/2012 0.19 ±±±± 1.33 0.10 ±±±± 1.13 0.41 ±±±± 1.33 0.24 ±±±± 1.45 0.23 ±±±± 1.22 0.09 ±±±± 1.46

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

09/2012 0.25 ±±±± 1.35 0.09 ±±±± 1.17 0.29 ±±±± 1.37 0.17 ±±±± 1.42 0.17 ±±±± 1.21 -0.01 ±±±± 1.40

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

10/2012 0.23 ±±±± 1.34 0.07 ±±±± 1.16 0.35 ±±±± 1.38 0.27 ±±±± 1.39 0.26 ±±±± 1.18 0.02 ±±±± 1.45

±±±± 0.03 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

11/2012 0.15 ±±±± 1.51 0.07 ±±±± 1.24 0.41 ±±±± 1.36 0.22 ±±±± 1.42 0.17 ±±±± 1.20 -0.08 ±±±± 1.56

±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.02

12/2012 0.24 ±±±± 1.38 0.07 ±±±± 1.18 0.42 ±±±± 1.29 0.18 ±±±± 1.39 0.21 ±±±± 1.19 0.28 ±±±± 1.34

±±±± 0.03 ±±±± 0.02 ±±±± 0.02 ±±±± 0.02 ±±±± 0.01 ±±±± 0.01

01/2013 0.24 ± 1.34 0.08 ± 1.18 0.38 ± 1.28 0.09 ± 1.40 0.37 ±1.18 0.57 ± 1.37

± 0.03 ± 0.03 ± 0.03 ± 0.03 ± 0.02 ± 0.03

02/2013 0.15 ± 1.22 0.11 ± 1.10 0.45 ± 1.22 0.14 ± 1.25 0.19 ± 0.94 0.07 ± 1.09

± 0.07 ± 0.06 ± 0.07 ±0.05 ± 0.04 ± 0.05

03/2013 0.20 ± 1.28 -0.10 ± 1.17 0.29 ± 1.31 0.17 ± 1.22 0.06 ± 0.97 0.28 ± 1.09

± 0.07 ± 0.06 ± 0.07 ± 0.06 ± 0.05 ± 0.05



Double Difference Using Retrieved Humidity Profiles 

(Example of widely separated frequencies)



Double Difference Using NCEP Profiles for the Same Pair of Channels



Comparison of DD Methods Using NCEP & Revised NCEP Profiles

(SAPHIR & METOPA, August 2012)



Summary of Biases (DD & Ret.)



Typical Brightness Diff. Distribution of the Co-located SAPHIR & F17 Pixels



Results of Double Difference Using NCEP Profiles



Comparison of the Observed & Predicted F17 Tbs



Comparison of the Observed & Predicted F18 Tbs



Summary

• The Double Difference Method Gives Results That Are 

Comparable to Those of Retrieval Approach, When 

Frequencies Are Close).

• When Retrieval Constraint with RMS ≤ 1 K, the Valid Samples 

Are Reduced by nearly 40%.  When the Constraint is relaxed 

to RMS ≤ 2 K,  the Sample Loss is less than 20%.

• The Biases Between the Measured & Predicted MHS are ≤ 

0.5 K for Both METOP_A & NOAA18. 

• Spatial Distribution of the Divergent Retrievals Appears to 

Occur Randomly.

• Preliminary Results of SAPHIR-SSMIS (F17) Comparison give 

biases of Less Than 1 K Between the two sensors.


