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CO-LOCATION DATA Independent Chamber Test Results

BACKGROUND

Almost 20 days of ascending rawinsonde/WVSS-II matches were available for Chamber Experiments by NOAA and DWD were Very
The Water Vapor Sensing System (WVSS) project was established to develop moisture comparison in three seasons. Reports from all but one aircraft with known engineering Posit
sensors appropriate for use on commercial aircraft to fill the space and time gaps in defects were used. OstiIve
high-resolution tropospheric moisture profiles left between other observations. Nov 2009-2010 Validation Results T p— Initial Comparisons of re-engineered WVSS-Il data
The overall objectives of this study being carried out at the University of Wisconsin el PGS SH— with co-located surface (METAR) reports
Cooperative Institute for Meteorological Satellite Studies (UW-CIMSS) regarding WVSS-II - =i F L] LB N Co-located night-time surface observations from September 2008:
: - : : : : s P _ 10 / WVSS-I vs METAR Mixing Ratio Comparisons
* To assess the accuracy of the aircraft humidity data by comparing it with rawinsonde | I / - AVSS1 ve METAR NMixing Rati
and ground based remote sensing systems, and : / R Comparisons
* To provide a basis for determining the optimal spacing and timing of the observations o BER 4
for a variety of weather events (to be accomplished later). #_ﬁ o
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Three ground-truth assessments of the WVSS-I S J =l _—m &
systems were conducted during periods in [ T
November 2009, May - June 2010, and August 2010. | =
The WVSS-II humidity data were compared with EEESS ¢
rawinsonde and ground based remote sensing . -9 L
TEMPORAL MOISTURE VARIABILITY EVALUATION

systems.
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Between 15 and 32 UPS B757 aircraft provided WVSS-II

o w:“ — Direct Data Comparison: D S 2 M .
a MDCRS. Aircraft data generally fell between bounding Rawinsonde reports Important for mesoscale QC and Assimilation

data vi

_ _ _ Large vertical/temporal variability within moister regimes led to a few large Specific Humidity i i - i
Rawinsonde observations were made at the UPS hub in Rockford, IL —where about 20- differences Approximating WVSS-II Obse""at'@mﬂk! Error
0 _ . . o _Inter WVSS-II V?riahilit}{ . _._13.‘;.;*,.:.@I
25% of the WVSS-Il equipped planes land / take off daily. Because a strong, slowly descending inversion produced substantial differences due to time-mismatching near 800 hPa. Additional R g B Time and Distance Senaration o 10 [T ten Gosomin
constraints and computational limits were included to eliminate layers when the verifying rawinsonde reports showed large time and ; _ Linear (00-15 km)
vertical chan Restricted RMS Space Separation Linear (00-30 km)
g €s 00-15 km 15-30 km 30-45 km 45-60 km
calculated for: 06 - _ _ . 06
Time ranges of 0.5 0.5

VALIDATION OBSERVING SYSTEMS 0-15, 15-30, 30-45

Observations taken from CIMSS’ portable “AERIbago” vehicle 24 hours/day included: and 45-60 minutes g " / g
- surface tem perature,_ dewpoint temperature and wind, — — Distance ranges of i, s &
- an NWS standard Ceilometer, Specific Humugllty P e | TR T 0-15, 15-30, 3-45 and & ¢
- a GPS receiver for Total Precipitable Water (GPS-TPW), farge time and vertical 45-60 km f]
- an upwa’rd IOOkIng Atmospherlc Emltted Radlance fanﬂsondEd’ffere”ces) SOEE_ ;E:E E;SW:-:};E;EES é:.ﬂ _; - 1‘; .*'.‘:? . Direct Specific Humidity Intercomparisons by Relative Humidity 0.1 4 - T - F 0.1
Infrared Interferometer (AERI) to measure boundary Systemalic Differences: ¢ « . e T S ; e e soparat aeomn
layer temperature / moisture every 6-7 minutes, and WVSS-Il Biases at low levels of 0.1 | § ol T K., b | |
a V};isala F\P 3-92 GPS rawinsonde Sy stem ’ to +0.4 g/kg - qu‘:“ . m Restricted (withint4oc ) RMSs show (ALL reports, Including Dry/Moist Environments):
y . | _ d from surface to 850 hPa. ‘{,. ; - ﬁ 15 N I IR ST N N Atmospheric Temporal Variability more than doubles from 0-15 to 30-45 minute intervals
Data are available at: A full set of aircraft data were also +0.2 g/kg above o .{ ;:: 3 | Atmospheric Spatial Variability increase consistent, but not as reqular as temporal
collected from the NOAA/GSD MADIS data system for use in the assessment. ‘#‘ Fopsenaens TATEeYeE _ Total Atmospheric Variability made up of 1) Instrument Error and 2) Atmospheric Variability
Rawinsonde observations were taken three times each night, one immediately before the Random Differences (Including Dry/Moist Environments): K Y B When projecting to exact ?O'Iocatlons (4T and Ax =), Total Moisture Variabllity < 0.2 g/kg
majority Of the UPS arrivals (~024O UTC)1 an Other between the descentS/aSCentS rUSh Differences between aircraft data and rawinsonde reports generally showed variability of 0.3 to sg.';z::sﬁr‘:z::i:r’;:::?:jgtgﬁ:;a(fcor:;s,-aa:IfnT:r;ZZf,? EKDECt Operatlonal WVSS-Il Instrument Errors should be ~0.1 glkg
— " " : — 0.7 g/kg from the surface to 600 hPa — decreases aloft. Higher Random Errors between 20-26% RH and Near Saturation
( 0645 UTC) and a thlrd after the maJOrlty Of departures ( 0915 UTC) StdDev slightly larger than 1-hour variability between bounding rawinsonde reports (gray
- On Mondays and Fridays, scheduling of WVSS-Il equipped aircraft by UPS sometimes supported shading).
only 2 lau ncheg 4 ’ AdiPp 4 PP Ascent and Descent data showed similar results. - S U M M A RY =
. . . ] . Note: Fewer intercomparisons near 800 hPa and above 700 hPa. i} i} . . .
- Typically, about 5-10 aircraft co-locations were available daily. Greater time and space separation above 650 hPa. Engineering/mechanical issues with WVSS-Il sensors have been resolved !

- Night observations eliminate the need to make ‘radiation corrections’ to raob data

Relative Humidity | ... i swss e oG ] Tests made over wide range of moisture conditions show:
gﬁ%iﬁiﬁﬁ:ﬁﬂﬁé i 400 _:mfm::i” o _ 400 . {400 E _ The Future — WVSS-II Soundings/Day in US
RN | W [ IS T M Sensors agreed extremely closely with each other o >
Spring 2010 Validation Results Systemalic Differences: - i ‘ S T - .:V:::.__ .\t. :'i - i - Qverall Sp&CfﬁC Humidity (SH) RMS <0.2 g/kg §288 ///
Direct Temperature and Spgcific Humidity Intercomparisons ~ & eo0of \ o —f goof  *- ‘? *-* 1600 %‘i i g 400
ASSESSMENT PROCEDURES TR s e vt v e
"2 R Y small positive (1 = 1t 2) from N IS O M Sensors agreed well with co-located Rawinsonde observations | w| =
1) WVSS-Il data problems described previously have been addressed: | 5 “, o | . E [ R S GRS - Overall SH Bias ~ 0.2 g/kg, SH StDev ~ 0.5 g/kqg N N I R
egative maximum at observation : IR e | A PR S RN G
- Data processing hardware replaced with digital systems that are unaffected by temperature minimum. _ | o f A _ o _ e
- Issues regarding water accumulating in intake tubes corrected. |~ : B o v ditw s e S 2y i - i Relative Humidity differences were small The data are good
- All moisture was removed from laser chambers. o e - Overall RH Bias ~ 2.5 %, RH StDev ~ 7.5% ?
- Every laser was tested for long-term stability before use. W e ol e Random Differences (Including Dry/Moist Environments): The data will be plentiful,
_ : . Random SH Differences average ~ £ 0.5 g/kg Differences between aircraft data and rawinsonde reports generally showed variability of 6 to - -
- nLhambers at the S Upper- Ir Facility Above 750 hPa, RH StdDev increases as number of matches decreases and space/time - Some super-saturations remains, especially at RH>95% "
- In Chambers at Deutscher Wetterdienst distance increases. . . . . . to best advantage!
. . . _ _ o _ _ - Possibly due to evaporation of rain droplets/snow in heated intake tube?
- Versus chilled mirror on Research aircraft Random Differences slightly larger than 1-hour variability between bounding rawinsonde
- In long-term laser stability tests reports (gray shading).
- Reporting Precision issues resolved on all UPS aircratt M WVSS-Il data Meet WMO requirements for mesoscale observations
2) Because the objective of the experiment was to assess the difference in good quality reports made Additional analysis underway to:
by both the aircrait and rawinsonde systems: ACKNOWLEDGMENTS - Provide atmospheric variability and observation error to support assimilation
- The assessments of moisture profiles were made primarily in terms of Mixing Ratio/Specific Humidity — The authors thank the large group of people who have been involved in the WVSS-II development and implementation efforts. Special thanks during the co- - - - - -
the water vapor parameter that WVSS-Il observes. location tests need to be given to Dave Helms of NOAA/NWS, Randy Baker of UPS, Bill Moninger of NOAA/OAR, Rex Fleming of UCAR, MSG Jeffery —Expand data base in moist environments - using NWS Rawinsonde data
Sarver KYANG, Sarah Bedka and the graduate students and staff of CIMSS who made this verification exercise possible. The work was supported by the ] ] ] ]
- Assessment were restricted to time and space windows of +/- 60 minutes and 50 kilometers. NWS/Office of Climate, Water and Weather Services, Aviation Weather Branch through the NESDIS-UW CIMSS agreement. - Evaluate enroute, low-moisture environments using satellite data
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