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Outline

• TT5 tasks addressed in this PPT

• NPROVS to GPROVS 

• GPROVS objectives including proposal for Ancillary profiles concurrent  
with RAOBs in air and satellite overpass … SASBE

• Examples of GRUAN monitoring and utility to monitor other platforms using 
GRUAN 2011 RAOBS  … LIN vs TWP

• K profile uncertainty analysis  … LIN vs TWP

• Review of past work using NPROVS for Climate 
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Task 1: Inventories of Retrievals and Products from satellites 
Main Contact: Reale/Schroder Due Date: ICM-x Status: Ongoing
Milestone: TBA
Progress: Available legacy real-time derived satellite products have been identified for atmospheric 
temperature and moisture profiling suitable for validation exercises at GRUAN sites including those from newly 
deployed Suomi-NPP.  Associated meta-data and climate oriented legacy products still being pursued

Issues: None

Task 2: Validation Strategies and Results (Satellite): Coordination with JPSS Cal/val team
Main Contact: T. Reale Due Date: ICM-x Status: Ongoing
Milestone: January 2013, NOAA/JPSS  Suomi-NPP Products Compliance Review Report
Progress: Concurred with Suomi NPP  cal/val team members to pursue opportunities for routine validation of 
NPP Environmental Data Record (EDR) for atmospheric temperature and moisture soundings at GRUAN sites 
as cal/val program component to determine product adherence to specifications 
Issues: None 

Task 3: Validation Strategies and Results (Satellite): GRUAN Products Validation (GPROVS)
Main Contact: Tony Reale Due Date: ICM-X Status:  Ongoing
Milestone: TBA
Progress: Successful access/compilation of GRUAN RAOB data from NCDC and LC for 2011 and 2012, 
collocated with conventional sonde and satellite observations and completed analysis comparing RAOB and 
satellite profiles including preliminary “K” profiles based on GRUAN uncertainty estimates
Issues: Access to ECMWF (NWP) and GRUAN Ancillary Profiles collocated to sondes and Suomi-NPP 
satellite overpass

Task 18: Suitability of Deployed Equipment: Site Atmospheric State Best Estimate (SASBE)
Main Contact: Tobin/Reale Due Date: TBA Status: Ongoing
Milestone: January 2013, NOAA/JPSS  Suomi-NPP Products Compliance Review Report
Progress: D. Tobin with SUOMI-NPP cal/val team (and J Dykema) compiling/ processing  ARM (and Beltsville) 
dedicated observations at Suomi-NPP overpass to serve as basis to develop  “recipe(s)” of GRUAN ancillary and 
sonde measurements to calculate SASBE with focus on atmospheric temperature and moisture for NPP satellite 
FTIR/MW products validation; preliminary results expected by early summer 2013 
Issues: NPP dedicated ARM Observations do not contain GRUAN sanctioned uncertainty estimates 3



NOAA Products Validation System (NPROVS)
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Additional “reference” from ongoing JPSS Suomi-NPP cal/val program 6



GPROVS Scope
• Monitor GRUAN profiles from NCDC (w/ Michael S)

• GRUAN profiles help determine Satellite product adherence to specification
• coordination within Suomi-NPP cal/val team (Tobin … Belay)
• process dedicated RS92 (also CFH…) at ARM and other (slide 6) with GRUAN  
software

• Develop uncertainty applications   (K profiles…) 

• Integrate Ancillary and RAOB profiles f/GRUAN sites (w/uncertainty…) 
• schedule ancillary profiles with RAOB and sat overpass (NPP + COSMIC), 
respectively
• append sat radiances (FTIR and MW) to vertical column
• append ECMWF
• utilize available satellite synchronized launches (see launch schedule tables)   
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GPROVS Objective (cont)

• SASBE with associated impact studies (Dave Tobin, John D …)  

• Maintain long term collocation datasets (+NPROVS)
• GATNDOR interaction  
• Climate support  
• Publications on spatial/temporal mismatch impact

• Demonstrate / Utility of COSMIC as stratosphere T reference (and tropopause)  
• compare in stratosphere to FTIR and MW from satellite 
• develop COSMIC anchored collocations (currently RAOB anchored)
• publications on radiation correction anomalies  
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Results from preliminary GPROVS using 
GRUAN 2011 RAOBS  

integrated into NPROVS 
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Collocations of GRUAN Sonde, GTS Sonde and COSMIC; 2011

(3774)  Sondes
(799)     w/COSMIC
(419)       +/- 3hr, 150km

XX

NSA  10
SGP  23
SOD  631
LIN  1245
CAB  349
PAY  6
TAT  292
MAN  729
NAU  489    
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LIN TWP

GTS
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UTLS

GRUAN Sonde, NWP and COSMIC, respectively,  -minus-GTS Sonde 

IASI Retrieval

Mainly Vicinity of Lindenberg, Germany

NWP independent of Raob
above 300hPa 

UTLS

H20 vapor Fraction
( MRo / MRbar )
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Lin TWP
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Introducing new “K” profiles analysis
into GPROVS
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Co-location / co-incidence:
Determine the variability () of a variable (m) in time and space 
from measurement or model

Two observations on different platforms are consistent if


 

This test is only meaningful, i.e. observations are co-located 
or co-incident if:

Consistency in a finite atmospheric 
region

2
2

2
1

2
21 uukmm 

2
2

2
1 uu 

… GATNDOR Toolbox to routinely compute u and sigma 
16



Validation: Redundancy and 
Consistency


 

GRUAN stations should provide redundant 
measurements


 

Redundant measurements should be consistent:


 

No meaningful consistency analysis possible without uncertainties


 

if m2 has no uncertainties use u2 = 0 (“agreement within errorbars”)

2
2

2
121 uukmm 

GATNDOR Toolbox …
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K = (X – GRUAN) / GRUAN Uncertainty

1) Temperature

2) Water Vapor Mix Ratio … MRo /MRs …. RH
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Lin  day

Lin  nite

K
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TWP   day

TWP  nite

K
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Lindenberg 2011      Temperature

X-minus-GRUAN
K
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TWP  2011           Temperature

K
X-minus-GRUAN
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Climate Research Support Using 
Collocation Datasets 
(2008 to present …)
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COSMIC as Reference … Tdry … 0.1 K accuracy is stratosphere … 25

Temp
vs GRUAN

GTS

GFS

Tdry



Sonde types flown in global operational network (2008-2011)

Operational raobs are used for the analysis. Data for most of the sonde 
types already experienced radiation corrections at the field sites using schemes 
provided by manufactures, etc. …. Sun, 2010 26



Vaisala RS92 
difference from COSMIC T

57,200
profiles

All sample

Raob-minus-COSMIC     Sun, 2011

daynight

Sun angle
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Seasonal Variation in
Raob-minus-COSMIC for Vaisala RS92

Summer

Seasonal variation in bias is bigger at nighttime: 
Summer relatively warm, no bias night winter  ?! 
GRUAN interest … Sun 2011 28

Winter-minus-Summer
(5424)                   (4009) 

Polar
Mid-latitude



• Better use of operational RAOBS in:
– NWP assimilation and forecasting
– Upper air climate change detection
– Satellite calibration/validation

MOTIVATION

Raob T biases propagate:           to forecast via data assimilation
to sat product via forecast

15-70 hpa

29Differences   vs   Tdry … Sun 2011



Collocation Mismatch Impact: 
Temperature Profile

Zero Time MismatchZero Distance Mismatch

Time Mismatch Impact Distance Mismatch Impact

Sun, 2010
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Sun, 2011
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Table 2c. RAOB-minus-COSMIC mean biases (K) and 
standard deviations (K) for different cloud sky conditions and 
solar elevation angles averaged over 15-70 1 hPa. The 
statistics were computed from countries/regions where cloud 
information is included in radiosonde reports (see text for 
detail). Values in parenthesis are 2 standard deviation and 
sample size 

Sun et al, 2013 … revised Feb 2013 .. still under review
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Summary

33

• GPROVS Interface for radiosonde (RS92)  

• Site (+ship) expansion via Suomi-NPP cal/val program to validate product
adherence to spec … process dedicated RS92 using GRUAN 

• GRUAN to provide “Ancillary” at times of raob and/or satellite (+COSMIC)
overpass (include appending Sat MW and FTIR…) (TTAM, Scheduling, 

GATNDOR)   

• Append ECMWF at GRUAN at time of assimilation (similar to NOAA GFS)

• SASBE, K profiles ….

• Archive of Collocation data records useful for climate



Extras
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H20  Mix  Ratio

X-minus-GRUAN K
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X-minus-GRUAN
K
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K values for T (solid) and H20 (dash) on extreme left using upper scale  

IASI
CFSR
CFS Back
GFS 6-hr
GTS
GRUAN
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Temp
+/- 3hrs
150km

vs GTS Raob

H20 %
+/- 3hr
150km

vs GTS Raob

UTLS

GRUAN Sonde, NWP and COSMIC, resepectively,  -minus-GTS Sonde 

1DVAR mimics NWP 
NWP independent of Raob 

IASI Retrieval

Mainly Vicinity of Lindenberg, Germany

NWP independent of Raob
above 300hPa 

UTLS

H20 vapor Fraction
( MRo / MRbar )
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CriMSS
 

Performance Specification

Nalli, Barnet, et al. - AMS Jan-12 39

Atmospheric Vertical Temperature Profile (AVTP)
Measurement Uncertainty – Layer Average Temperature Error

PARAMETER THRESHOLD
AVTP Clear, surface to 300 mb 1.6 K / 1-km layer

AVTP Clear, 300 to 30 mb 1.5 K / 3-km layer

AVTP Clear, 30 mb to 1 mb 1.5 K / 5-km layer

AVTP Clear, 1 mb to 0.5 mb 3.5 K / 5-km layer

AVTP Cloudy , surface to 700 mb 2.5 K / 1-km layer

AVTP Cloudy, 700 mb to 300 mb 1.5 K / 1-km layer

AVTP Cloudy, 300 mb to 30 mb 1.5 K / 3-km layer

AVTP Cloudy, 30 mb to 1 mb 1.5 K / 5-km layer

AVTP Cloudy, 1 mb to 0.5 mb 3.5 K/ 5-km layer

Atmospheric Vertical Moisture Profile (AVMP)
Measurement Uncertainty – 2-km Layer Average Mixing Ratio % Error

PARAMETER THRESHOLD
AVMP Clear, surface to 600 mb Greater of 20% or 0.2 g/kg / 2-km layer

AVMP Clear, 600 to 300 mb Greater of 35% or 0.1 g/kg / 2-km layer

AVMP Clear, 300 to 100 mb Greater of 35% or 0.1 g/kg / 2-km layer

AVMP Cloudy, surface to 600 mb Greater of 20% of 0.2 g/kg / 2-km layer

AVMP Cloudy, 600 mb to 400 mb Greater of 40% or 0.1 g/kg / 2-km layer

AVMP Cloudy, 400 mb to 100 mb Greater of 40% or 0.1 g/kg / 2-km layer
(courtesy Nick Nalli)
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