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for k.le.2, in more than 95% of cases, the 

uncertainties are likely to be smaller than 

estimated …  

 

likewise, if k .gt. 2, the uncertainties are 

likely to be larger than estimated …  

 

If k< 1 … 

2

2

2

1

2

21 uukmm  

from Immler : 

Observations can be used to “test’ the uncertainties… ? 



2)  MR ( % ) = (SAT (MR)-minus-GRUAN (MR)) / GRUAN (MR) 

1)  ABS (m1 – m2) > k (2 + u12 + u22)1/2 

1)  u2 = u2 (RH) x Saturation (MR @T) 

2)  “k” = ABS (m1 – m2) / u2 

3)  2 + u12   =    ((“k”/2)2 –1) (u2)2  

    4)  u1  =    ((“k”/2)2 –1)1/2 (u2) 

… given u2, quantify the (2 + u12 ) required for consistent 

observations … or worst case estimate of u1   

for k=2 … agreement: 

for moisture: 

Approach 



Tropical Sea 

Non-tropical, land 

GEWEX Water Vapor Assessment …  GVAP-5 … Schroder et.al 



“k” “k” 

Trop Sea Non Trop land 

GEWEX Water Vapor Assessment …  GVAP-5 Final Report, Schroder et.al 
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Trop Sea Non Trop land 

RMS RMS 



Tropical, Sea HIRS IASI / HIRS AIRS / HIRS / ECMWF 

300 hPa 0.061 

0.175 

0.014 

9.0 

0.051 / 0.061 

0.172 

0.013 

8.1 / 9.6 

0.025 / 0.052 / 0.028 

0.166 

0.013 

4.4 / 8.3 / 4.8 

500 hpa 0.23 

1.87 

0.115 

4.5 

0.18 / 0.23 

1.68 

0.113 

3.8 / 4.5 

0.18 / 0.20 / 0.09 

1.59 

0.107 

3.9 / 4.4 / 2.3 

700 hpa 0.59 

5.51 

0.272 

4.8 

0.46 / 0.56 

5.52 

0.268 

4.0 / 4.6 

0.46 / 0.53 / 0.16 

5.63 

0.273 

3.9 / 4.4 / 2.3 

1000 hPa --- 

16.6 

0.651 

1.9 

--- / 0.49 

12.9 

0.537 

1.6 / 2.7 

0.20 / --- / --- 

16.0 

0.626 

2.1 / 1.7 / 1.0 

Table 1:  Each element (box) includes four sets of mean values for:  
                     Satellite (and ECMWF) MR uncertainties using (6),  
                     GRUAN MR (g/kg),  
                     GRUAN MR uncertainty  
                     “k” value  

Uncertainty summary table (tropic  sea) 

GEWEX Water Vapor Assessment …  GVAP-5 Final Report, Schroder et.al 
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ECMWF Uncertainty Assessments using NPROVS+) 

All 

GRUAN and ECMWF +/- 2 hrs 
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ECMWF Uncertainty Assessments using NPROVS+) 

GRUAN and ECMWF +/- 2 hrs; Night 

GRUAN and ECMWF +/- 2 hrs; Day 
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Day 

ECMWF Uncertainty Assessments using NPROVS+) 

NWP-RAOB 

Temp 

“k” 

Temp 

2.6 u2 

0.5 u2 

0.3 u2 
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Night 

ECMWF Uncertainty Assessments using NPROVS+) 

NWP-RAOB 

Temp 

“k” 

Temp 

2.4 u2 

1.0 u2 

5.0 u2 
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NWP-RAOB 

H20 Vapor 

Day 

“k” 

H20 Vapor 

0.0 u2 

3.8 u2 

ECMWF Uncertainty Assessments using NPROVS+) 
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NWP-RAOB 

H20 Vapor 

Night 

“k” 

H20 Vapor 

3.2 u2 

0.0 u2 

ECMWF Uncertainty Assessments using NPROVS+) 



Drift … 100 km 

100 minutes 

100 seconds 

  “  “   term for RAOB vs satellite platforms can be significant  

even if observations timely  

150km 

Point measurements 

300km 

GPSRO                                                                Radiosonde   
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All GRUAN  12833 

GRUAN/COSMIC  2614 

GRUAN/COSMIC 
+/-2hr/150km  362 

GRUAN  collocations with COSMIC GPSRO (or GRAS) 
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GRUAN  collocations with COSMIC GPSRO (or GRAS) 

Day 
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GRUAN  collocations with COSMIC GPSRO (or GRAS) 

Night 
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Action: GIR.2017.7d.1:  ​ Tony Reale (NOAA) to provide 

a draft of uncertainty analysis examples to monitor 

satellite infra-red instruments using GRUAN 

observations (radiosonde) – by the next annual 

meeting 

Xavier Calbet, Bomin Sun, Isaac Moraldi, Tim Hewison, 

Nick Nalli … 

Action: GMW.2017.6f.2: Tony Reale (NOAA) to provide 

a draft of uncertainty analysis examples to monitor 

satellite microwave instruments using GRUAN 

observations (radiosonde) – by the next annual 

meeting 

Cheng-zhi Zou, Bomin Sun, Isaac Moraldi, Viju John, Vinia 

Mattioli, Mark Liu, Ralph Peterson … 

GSICS/GRUAN Actions from 

March 2017 Annual GSICS Meeting 

Volunteers from GRUAN community solicited 
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GSICS  Calibrated 
Sensor Data 

 
(IR, MW) 

GRUAN  (NPROVS+) 
Radiosonde 

Sampling  Constraints 
Sigma  

Propagate to Radiance  (LBL, RTM …)  
Consistency  Testing (Immler) 

Double Difference  

Objective:  Can GRUAN help verify the “accuracy/uncertainty” of GSICS adjustments  

Preliminary Experiment Straw-man 
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Candidate Collocation 
Dataset(s) for 
Assessment 

 
(IR) 

“Other”   
Calibrated Sensor 

Data 
(ICVS  … ) 
(IR, MW) 

Candidate Collocation 
Dataset(s) for 
Assessment 

 
(MW) 

Union 
Collocation 
Dataset(s) 

 
(IR + MW) 
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Summary 
 

NPROVS+ and the integration of GRUAN uncertainty (Immler) leading 

to satellite product and NWP “worst-case” uncertainty estimates  … is 

the approach appropriate?  

 

This is a robust addition to routine satellite product cal/val   

 

Results suggest possible cases of suspicious GRUAN uncertainty 

estimates associated with cases of high moisture content and daytime 

radiation corrected observations … Tom Gardiner talk Thursday 

 

Suspicions (for radiation correction) appear confirmed using 

collocations of GRUAN and GPSRO 

 

GSICS action items initiated to test whether GRUAN (and 

uncertainty) can be used to assess/monitor satellite IR and MW 

sensors (and associated GSICS uncertainty estimates) … 

propagation to the radiance space 
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Extras 



ECMWF  collocations with Conventional RAOB … NPROVS 

GUAN 

NON-GUAN 



NWP characterization using NPROVS) 

GUAN 



NWP characterization using NPROVS) 

NON-GUAN 



NWP characterization using NPROVS) 

GUAN    Day 



NWP characterization using NPROVS) 

GUAN    Night 
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Day 

ECMWF Uncertainty Assessments using NPROVS+) 

NWP-RAOB 

Temp 

“k” 

Temp 

2.6 u2 

0.5 u2 

0.3 u2 



NWP characterization using NPROVS) 

GUAN    Day 



37 

Night 

ECMWF Uncertainty Assessments using NPROVS+) 

NWP-RAOB 

Temp 

“k” 

Temp 

2.4 u2 

1.0 u2 

5.0 u2 



NWP characterization using NPROVS) 

GUAN    Night 



39 



40 


