
Community Radiative Transfer Model (CRTM) 
Applications to Support Sensor Cal/Val and 

EDR Generations

Quanhua (Mark) Liu1, Benjamin Johnson2, 
Tong Zhu2, Ming Chen3, and Yong Chen3

1. NOAA/NESDIS Center for Satellite Applications and Research, College Park, Maryland
2. Joint Center for Satellite Data Assimilation, College Park, Maryland

3. University of Maryland, College Park, Maryland

November 29, 2017 1



The first and the last emails from Paul vanDelst



Paul’s Final Work on CRTM Cloud Data Assimilation

Every line he coded was 
just like his personality: 
neat, clean and clear; 
Every module he 
designed was just like his 
attitude toward life: 
making the optimum 
trade-off among different 
resources in order to 
pursue the best of the 
whole system. 

The computer codes Paul left for us are still working daily 
for this community. He will live on in our memories forever!



Paul vanDelst at JCSDA Annual Meeting



Paul vanDelst at Party
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User reported an unexpected bias (B – O) for NOAA-16 Ch. 3b. 
CRTM team found that out-of-band was the root cause, 
and the sensor team confirmed the cause.

Collaboration: User -- CRTM – Sensor

The black line is the transmittance between
0.005 (model top) and 20 hPa.



CRTM NLTE Simulation vs Observation, Solar zenith 
angle = 30o, Sensor zenith angle = 0.7o
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VIIRS and CRTM Modeling for M12 Striping 
Investigation
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The STAR team applied the CRTM to simulate the VIIRS SDR data.
It is found that the M12 striping reported by the SST EDR team is
caused by the difference in VIIRS azimuth angles among detectors. 

M1, M4, and M11 measured 
(R-Rm)/Rm *100



Detector 
# BRDF A B R

Brightness 
temperature

1 0.73685 80.368 0.04253 0.51055 0.10590 0.61645 302.666

2 0.73649 80.543 0.04309 0.50923 0.10717 0.61641 302.648

3 0.73700 80.717 0.04365 0.51022 0.10873 0.61894 302.738

4 0.73645 80.892 0.04422 0.50964 0.10999 0.61962 302.769

5 0.73705 81.066 0.04479 0.51114 0.11159 0.62273 302.871

6 0.73628 81.241 0.04537 0.51147 0.11280 0.62427 302.931

7 0.73701 81.415 0.04596 0.51164 0.11448 0.62612 302.987

8 0.73596 81.589 0.04656 0.51074 0.11566 0.62640 303.020

9 0.73673 81.764 0.04715 0.51175 0.11739 0.62914 303.115

10 0.73557 81.938 0.04776 0.51124 0.11855 0.62978 303.153

11 0.73641 82.113 0.04837 0.51120 0.12036 0.63157 303.230

12 0.73509 82.287 0.04901 0.51134 0.12155 0.63289 303.316

13 0.73562 82.461 0.04962 0.51180 0.12325 0.63505 303.396

14 0.73486 82.636 0.05026 0.51057 0.12461 0.63518 303.417

15 0.73526 82.810 0.05089 0.50993 0.12629 0.63622 303.439

16 0.73565 82.985 0.05154 0.50998 0.12812 0.63810 303.560
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Detailed CRTM Calculation for the Striping
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Microwave Integrated Retrieval System (MiRS)



Typhoon Soudelor 3-Dimensional Structure

● MiRS simultaneous retrieval of temperature profile and 
hydrometeors allows depiction of storm structure
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Validation Results: Temperature Profile
Global all Condition T Statistic refer to ECMWF

Land      

Ocean 

Mean Bias STDV

100mb Sea
Correlation: 0.99 
Bias: -0.2
STDV: 1.8

500mb Sea
Correlation: 0.99 
Bias: -0.4
STDV: 1.3

300mb Sea
Correlation: 0.98 
Bias: 0.6
STDV: 1.6

300mb land
Correlation: 0.98 
Bias: 0.8(0.8,0.4)
STDV:1.7(2.0,1.4)

100mb Land
Correlation: 0.99 
Bias: -0.5(0.5,0.2)
STDV:1.5(2.0,1.4)

900mb Land
Correlation: 0.98 
Bias: -0.8(2.5,1.9)
STDV:2.6(5.5,4.5)

900mb Sea
Correlation: 0.98 
Bias: 0.4
STDV: 2.0

500mb Land
Correlation: 0.99 
Bias: -0.0(0.2,0.1)
STDV:1.5(2.5,1.5)



Validation Results: Water Vapor Profile
Global all Condition Water Vapor Statistic refer to ECMWF

Mean Bias STDV

Land      

Ocean 

400mb Land
Correlation: 0.99 
Bias: -0.5(0.5,0.2)
STDV:1.5(2.0,1.4)

400mb Sea
Correlation: 0.99 
Bias: -0.2
STDV: 1.8

500mb land
Correlation: 0.98 
Bias: 0.8(0.8,0.4)
STDV:1.7(2.0,1.4)

500mb Sea
Correlation: 0.98 
Bias: 0.6
STDV: 1.6

700mb Land
Correlation: 0.99 
Bias: -0.0(0.2,0.1)
STDV:1.5(2.5,1.5)

700mb Sea
Correlation: 0.99 
Bias: -0.4
STDV: 1.3

900mb Land
Correlation: 0.98 
Bias: -0.8(2.5,1.9)
STDV:2.6(5.5,4.5)

900mb Sea
Correlation: 0.98 
Bias: 0.4
STDV: 2.0



Radiances in studying Hurricane (warm 
Core from SSMIS Observations at 54.4 GHz)  

The SSMIS measures radiances in 24 
channels covering a wide range of 
frequencies (19 – 183 GHz) conical 
scan geometry at an earth incidence 
angle of 53 degrees maintains uniform 
spatial resolution, 

across the entire swath of 1700 km.



Comparison between Test-run and Control-run

Surface minimum pressure 
(hPa) 

Surface maximum wind (m/s) Forecasting 
time (hour) 

Control Test Observation Control Test Observation 

 00            988.87   983.31   959.00      26.18    31.51    46.20 
 06            981.55   974.60   950.00      36.36    30.46    48.80 
 12            970.80   957.90   942.00      39.05    39.33    51.40 
 18            964.45   945.81   948.00      39.97    48.99    51.40 
 24            951.71   936.11   941.00      45.19    49.31    51.40 
 30            935.58   923.40   930.00      49.40    57.20    64.20 
 36            927.75   913.17   909.00      54.86    58.20    74.50 
 42            918.92   908.72   902.00      57.94    58.31    77.10 
 48            916.38   905.25   905.00      54.31    59.67    71.90 
 
Control: operational at that time
Test:      Control + SSMIS


		Forecasting time (hour)

		Surface minimum pressure (hPa)

		Surface maximum wind (m/s)



		

		Control

		Test

		Observation

		Control

		Test

		Observation



		 00            988.87   983.31   959.00      26.18    31.51    46.20



		 06            981.55   974.60   950.00      36.36    30.46    48.80



		 12            970.80   957.90   942.00      39.05    39.33    51.40



		 18            964.45   945.81   948.00      39.97    48.99    51.40



		 24            951.71   936.11   941.00      45.19    49.31    51.40



		 30            935.58   923.40   930.00      49.40    57.20    64.20



		 36            927.75   913.17   909.00      54.86    58.20    74.50



		 42            918.92   908.72   902.00      57.94    58.31    77.10



		 48            916.38   905.25   905.00      54.31    59.67    71.90







Discussions

• Satellite sensor data assimilations for NWP and data assimilation at 
the STAR

• Radiometric data impact assessment in Observing System 
Simulation Experiments (OSSEs) 

• Radiometric instrument design, calibration and monitoring (e.g. 
ICVS)

• Physical retrievals of atmospheric and surface state variables 
(JPSS MiRS, GOES-R sounding)

• Air-quality monitoring and forecast

• Reanalysis and climate studies

• Aircraft campaign

• SmallSat and CubeSat innovation (e.g. MicroMas-2)

• Scientific research and education
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