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Outline 
 
  NPROVS/NPROVS+ status 

 
  NPROVS+ is Expanding (dedicated RAOB, field experiments, 
 Sterling … AM , SASBE)  

  “3G” connection 
 
  GRUAN Uncertainty Integration 

  Analysis and Feedback 
 
  Sterling / Beltsville  

 
  Helping out more 

  RAOB v3, transition to RS41 … 
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Collocation Criteria: 
 

+/-  6-hour 
 

250 km 
 

Single Closest 
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Typical NPROVS Global Collocation Dataset   
(1000  collocation records per day) 6 

Maritime … Blue, Red 
Land … Brown, Orange 
(Drops … Purple) 

N P R O V S 



7 GCOS Subset 
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GCOS RS92 

GCOS RS41 



GRUAN and JPSS funded Dedicated (S-NPP) RAOB Sites 
Over  20,000 RAOBS (2000+ Dedicated) available since July 2013 thru April 2016 

N P R O V S + 
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Global Climate Observing System (GCOS)  
Reference Upper Air Network (GRUAN) 

JPSS Funded Dedicated RAOB 
 

•   DOE ARM (SGP, NSA, ENA) 
CIMSS 
(2) per week 
GRUAN processed  
 dual vs single, etc 

 
•   AEROSE 
•   CALWATER 
•   Sterling Test Site … 

GAIA-CLIM Coordination 

N P R O V S + 

3G Coordination 
(GRUAN, GPSRO, 

GSICS) 

GEWEX-GVAP 
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2015 inputs to NPROVS+ via LC and/or respective site  

Site within 7 days 60-days+ Received from site 
BAR 523 819 851 
BEL 0 0 53 
SGP 1172 1534 1752 
BOU 8 47 
CAB 344 375 
ENA 390 
LAU 8 15 50 
LIN 1382 1446 
NYA 350 363 
OLI 274 
PAY 20 53 
POT 28 32 
REU 5 19 
SCR 17 17 
SOD 161 693 
Sterling 252 
TAT 53 53 

…  feedback to GRUAN 
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connect between GRUAN  and GSICS could be: 
 
"GSICS could provide travelling reference (in 
space, eg CrIS, ATMS) standards for GRUAN 
stations, while GRUAN with Radiative Transfer 
Models (RTM) could 
provide references for MW, IR calibration”…  
 
highlighted by Mitch Goldberg in GSICS Executive 
Panel meeting …  



“3G” Coordination (RAOB launch) 
 

  JPSS funds dedicated RS92 RAOB at ARM, Beltsville, etc 
  includes dual sequential (30 minutes apart…)  

 
  Expand to target GPSRO (COSMIC) and GSICS (ATMS, CrIS…) 

   GRAS (MetOp)  via EUMETSAT ? 
 
  RTM calculation installed (via GAIA-CLIM …) 

  RTTOV, CRTM … 
 

  Sterling (Test  Site)  / Beltsville  synchronized dedicated launch 
  includes simultaneous sequential (Test Site) 
  target GPSRO     

 
  Other …             
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Integrating Uncertainty in 
 

NPROVS+ analytic interface  
(PDISP) 
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NPROVS+ Subset that are GRUAN 
processed RAOB 

( 15000 / 20000 ) 



 Given two measurement (m1, m2), their uncertainty (u1, u2) and  
     variability (σ), then two observations are consistent if   
      “k” .le. 2 

2
2

2
1

2
21 uukmm ++<− σ

… in following plots : 
“k” = ABS(X – GRUAN) / u2 

    where u2 is GRUAN uncertainty 

GRUAN  Reference  Measurement Principles 
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2
1

2 u+σ    ~  ((“k”/2)2 –1) (u2)2 ;  u1 = a(u2) 
   

2σ    ~  ((“k”/2)2 –1 – a2) (u2)2  
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Integrating Uncertainty in 
 

NPROVS+ analytic interface …  
 
 
 

Provides more robust satellite 
product cal / val 
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GRUAN  collocations with high quality satellite derived   

Sounding (NUCAPS, AIRS and ECMWF) 

4365/15000 
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“Spec” 
RMS  

“k”  
GRUAN Uncertainty only  

2 
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“Spec” 
RMS  

“k”  
GRUAN Uncertainty only  

2 
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Integrating Uncertainty in 
 

NPROVS+ analytic interface …  
 
 
 
 

Characterize  GRUAN RAOB and 
ECMWF   



+/- 1 hr EC;  12K/17K/20K 

+/- 1 hr EC;  8K/12K 
GRUAN Processed 

+/- 1 hr EC;  5K/12K 
GRUAN Accepted 

GRUAN  collocations with ECMWF 



Accepted 

2 

0.5 u2 

2.6 u2 

2.6 u2 

Bias, Sdev “k”  
GRUAN Uncertainty only  
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2 

3.5 u2 

Bias, Sdev “k”  
GRUAN Uncertainty only  
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3.7 u2 

u2  too large ?  

Bias, Sdev 
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GRUAN Uncertainty only  



Checked 

2 

u2  too large ?  

Bias, Sdev 

“k”  
GRUAN Uncertainty only  

3.7 u2 



The Forgotten Water Vapor at High Altitudes 
Scientists find that estimations of high-altitude atmospheric water, 
critical for the greenhouse effect, are not as accurate as previously 
thought. 

Geir, 
About a year ago I did a quick study of the UT 
water vapor biases between MLS and FPs at 
Hilo and Costa Rica (i.e., tropical sites). I 
looked only at 121 and 147 hPa because I was 
interested in the differences in the amounts of 
water vapor input to the TTL implied by the 
different data sets.  
The mean biases at 147 hPa over both sites 
were 3-4 ppmv, with MLS drier than the FPs. 
The FP mixing ratios at 147 hPa ranged from 
5-25 ppmv, most were 10-25 ppmv, and the 3-
4 ppmv differences occurred at mixing ratios 
>15 ppmv. 
Cheers, Dale 

Hello again Dale, 
Thank you for these details. Despite 
the dry bias of MLS that you describe, 
the MERRA and ERA Interim 
reanalysis remain quite wet compared 
to the FP measurements. The MLS dry 
bias you indicate is not enough to 
compensate for the 150% wet bias in 
the reanalysis, as far as I can see. 
Cheers, Geir  

Hi Geir, 
I was not claiming that the wet biases 
in the reanalysis wrt MLS would go 
away if the MLS dry biases were 
considered, only that the wet 
reanalysis biases might be reduced 
when FPs are used instead. 
Cheers,Dale 

Hi Dale, 
I did not think that you meant to claim that. But it was just good to make sure 
that I understood you correctly.    I think the main conclusion is that we need 
many more water vapour measurements in the UTLS region.  
Cheers, Geir 

https://eos.org/research-spotlights/the-forgotten-water-vapor-at-high-altitudes  
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Integrating Uncertainty in 
 

NPROVS+ analytic interface …  
 
 
 
 

Characterize  GRUAN RAOB and 
GPSRO (Tdry)  
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All GRUAN  12833 

GRUAN/COSMIC  2614 

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

GRUAN  collocations with COSMIC GPSRO (and GRAS) 



01004 1/5/2015 1112Z   78.9,  11.9E;  EC 12Z   79N  12E  9km;  COS 1219Z 78.1, 13.3E 
       Nite 
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connect between GRUAN  and GSICS could be: 
 
"GSICS could provide travelling reference (in 
space, eg CrIS, ATMS) standards for GRUAN 
stations, while GRUAN with Radiative Transfer 
Models (RTM) could provide references for MW, 
IR calibration”…  
 
highlighted by Mitch Goldberg in GSICS Executive 
Panel meeting …  



“3G” Coordination (RAOB launch) 
 

  JPSS funds dedicated RS92 RAOB at ARM, Beltsville, etc 
  includes dual sequential  (30 minutes apart…)  

 
  Expand to target GPSRO (COSMIC) and GSICS (ATMS,  CrIS …) 

   GRAS (MetOp) via EUMETSAT ? 
 
  RTM calculation (GAIA-CLIM , Met Office GRUAN Processor … ?) 

  RTTOV, CRTM … 
 

  AM and SASBE applications     
 

  Other …             
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Sterling / Beltsville /STAR 
 

GRUAN Mid-Atlantic Contingent  
(G-MAC) 



GRUAN and JPSS funded Dedicated (S-NPP) RAOB Sites 
Over  20,000 RAOBS (2000+ Dedicated) available since July 2013 thru April 2016 

N P R O V S + 
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Beltsville …  158                     Sterling  …  542  



300km 
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Sterling  (542/344/13) 
(10/9 2015  to   4/13/2016) 

 
70000  LMS-6    182 (20)     (3) 
70001  LMS-6  (dual simultaneous) 182 (17)     (2) 
71000 VRS92 Autosonde   81 (206)   (4) 
72000 VRS92 NGP InterMet  (IMS2000) 152   (7)      (2) 
72403 LMS-6 operational  182 (294)   (2) 
    

Beltsville (158/135/103) 
(1/10/2013  to  4/6/2016) 

 
BELTSV  VRS92  DG3  80 (67)      (32) 
      VRS92  DCoraMW41 114 (73)      (58) 
      VRS92  GRUAN   272 (18)      (13)
  



Sited in Northern Virginia on 226 acres 
With four buildings and 
32,000 square feet under roof 
 

WFO 

WSR88D 

Radomes 
Radomes 

Inflation BLDG 

SFSC Test Beds 

Bldg 16/ 
Observer 
Tower 

Wind 
Tunnel 

The Sterling Field Support Center is a one of a kind facility. Our mission is to ensure that 
NWS observing systems produce scientifically sound data which conforms to National and 
International standards for Upper Air, Surface and Climatological reporting. 



46 Dual Simul @Sterling  +/- 1 hr of  NUCAPS … MW pass …  1756Z 

2/10/2016   1701Z 



47 Dual Simul @Sterling  - 2 hr of  IASI/MetOp-B … Both Pass … 1503Z 

2/10/2016   1701Z 



48 Sterling / Beltsville Sync,  +/- 1 hr of  NUCAPS … Both pass …  1821Z (7.5km)  

1/29/2015   1751Z … Sterling (71000) 



49 Sterling / Beltsville Sync,  +/- 1 hr of  NUCAPS … Both pass …  1821Z (4km)  

1/29/2015   1805Z … Beltsville (114) 



Well mixed vs. Stagnant 

Moniques Paper … 
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Summary 
  NPROVS+ … analysis and feedback 

 
 3G … SAT synchronized RAOB launch  

 
  Integrated uncertainty and some interesting 
results about UT H20 

 
   Integrated uncertainty and some interesting 
results about GPSRO Strato T 

 
  G-MAC 
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EXTRAS 
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All 
+/-  1hr 
100km 
 

… thru March 2016 



54 

Integrating Uncertainty in 
 

NPROVS+ analytic interface …  
 
 
 

Provides more robust satellite 
product cal / val 



“k”  
based on GRUAN Uncertainty  

Temperature Temperature 

AIRS AQUA                        ECMWF                  NUCAPS NPP 
Baseline: GRUAN Radiosonde 
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“Spec” 
RMS  2 

“k” based on GRUAN Uncertainty  



H20 vapor fraction H20 Mix Ratio 

AIRS AQUA                        ECMWF                  NUCAPS NPP 
Baseline: GRUAN Radiosonde 
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“Spec” 
RMS  

“k”  
based on GRUAN Uncertainty  2 

“k” based on GRUAN Uncertainty  



GRUAN Radiosonde                  ECMWF                      NUCAPS NPP 
Baseline: AIRS AQUA 

57 “k” based on AIRS v.6 (Uncertainty … too high)  

Temp H20 Mix Ratio 

“k”  
based on  AIRS v6 “error” 

“k”  
based on  AIRS v6 “error” 

2 2 



All 
+/-  2hr 
100km 
 



Nite 
+/-  2hr 
100km 
 



Dusk 
+/-  2hr 
150km 
 

???? 



“k”  
based on GRUAN Uncertainty  

Temperature Temperature 

AIRS AQUA                        ECMWF                  NUCAPS NPP 
Baseline: GRUAN Radiosonde 
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“Spec” 
RMS  2 

“k” based on GRUAN Uncertainty  



H20 vapor fraction H20 Mix Ratio 

AIRS AQUA                        ECMWF                  NUCAPS NPP 
Baseline: GRUAN Radiosonde 
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“Spec” 
RMS  

“k”  
based on GRUAN Uncertainty  2 

“k” based on GRUAN Uncertainty  







65 Sterling / Beltsville Sync,  +/- 1 hr of  NUCAPS …1804Z (11km);  1550Z (44km) 
10/10/2015   1733Z … Sterling (71000) 



66 Sterling / Beltsville Sync,  +/- 1 hr of  NUCAPS …1804Z (16km);  1550Z (11km) 
10/10/2015   1733Z … Beltsville (114)) 



67 http://www.star.nesdis.noaa.gov/icvs/ 
SDR 

WEB  Site 



Site 

Atmospheric 

state 

Best 

Estimate 

Site Atmospheric State Best Estimate  (SASBE) 

SASBE as a metric for site assessment 
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