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Global Distribution of AMDAR Temp/Wind Observations Water Vapor Sensing System - WVSS
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Several Years Old, but still interesting — Credit: Bill Moninger, ESRL Initially UPS, now dominated by SouthWest



Background about AMDAR Impacts

AMDAR Temperature and Wind data continue to be among 4-5 most

important data sources for global assimilation across multiple NWP centers
Extremely Cost Effective (Cost/Impact)
— Profiles could backfill for lost rawinsondes if moisture is included

Average contribution to forecast error reduction
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Composite of contributions to 24 hour forecast error
reduction by data type from 6 global NWP centers
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Background about AMDAR Impacts

* AMDAR Temperature and Wind data continue to be among 4-5 most
important data sources for global assimilation across multiple NWP centers
* Data are finding mesoscale applications outside of ‘weather’ and NWP
— Example of an Applied Climate study

Temperature
From: Rahn, D. A. and C. J. Mitchell, 2016: Diurnal climatology .
of the boundary layer in southern California using AMDAR
Temperature and Wind Profiles. J. Appl. Meteor. Climatol.

Height (km)

o Used 14 years of AMDAR profiles to develop a
climatology diurnal evolution of the lower atmosphere
at Los Angeles, San Diego, and Ontario, California

o Results reveal the deepening of mixed layers overnight,
consistent with cloud-topped boundary layers.

o E.g., at Los Angeles, a deeper boundary layer persists
about four hours after sunrise and then decreases
rapidly as the onshore sea breeze strengthens =
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Background about AMDAR Impacts

* AMDAR Temperature and Wind data continue to be among 4-5 most
important data sources for global assimilation across multiple NWP centers

* Extremely Cost Effective (Cost/Impact)
— Profiles could backfill for lost rawinsondes if moisture is included
* Large number of moisture profiles now available over US
* Greater impact expected at shorter time ranges and at mesoscale
* Used for Nowcasts as well as NWP

AMDAR WVSS
(Water Vapor Sensing System)

Specific Humidity

AMDAR Water Vapor Sensing System (WVSS)
measures Specific Humidity directly

— Uses a laser-diode system to ‘count’ the number

of water vapor molecules passing sensor Profiles
— Instruments Tested on UPS 757s
« Used by UPS for fog forecasting Data repOrtEd.'

* Final tests in 2009-2010
* Re-engineered electronics
* Improved mechanics

e Every 100 m from sfc to 1km
 Every 300 m to 6km

— Southwest Airlines added

e Every 5-7 min at flight level

Evaluations of AMDAR Observations using Co-Located Radiosonde and ° Reporting recision better than
Inter-Aircraft Comparisons made within 50 km and + 1 hour 0.1 % RH from O to 45 g/kg




Background about AMDAR Impacts

* AMDAR Temperature and Wind data continue to be among 4-5 most
important data sources for global assimilation across multiple NWP centers

* Extremely Cost Effective (Cost/Impact)

— Profiles could backfill for lost rawinsondes if moisture is included

* Large number of moisture profiles now available over US
* Greater impact expected at shorter time ranges and at mesoscale

* Used for Nowcasts as well as NWP

NOAA [ ESRL / GSD

Altitude: -1000 ft. to 16000 ft.

~
{ f
08-May-2014 00:00:00 -- 0B-May-2014 02:59:59 (11871 obs loaded, 4750 in range, 1122 shown)

wapor

39Kt

28 Kit

Typical Daily US
AMDAR WVSS
(Water Vapor Sensing System)

Humidity Profiles

Currently, 135 WVSS-equipped
aircraft in US
e 700-800 Profiles/day

e ~10 WVSS aircraftin
Europe (E-AMDAR)

* Readily Expandable




Forecaster Impacts: Using real-time aircraft T/Q
profiles to in Nowcasting Convective Storms

* Central Wisconsin, 6 July 2005 (Based on TAMDAR Observations)
* Linear mesoscale convective system expected to persist into
Wisconsin
e Severe thunderstorm watch was initially issued at 1530 UTC for most
of Central Wisconsin
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Forecaster Impacts: Using real-time aircraft T/Q
profiles to in Nowcasting Convective Storms

e Aircraft soundings from watch area showed a persistent strong
capping inversion that appeared unlikely to break
* Forecasters lowered the chance for storms and the severe

thunderstorm watch was cancelled

e Storms dissipated before reaching central Wisconsin
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Forecaster Impacts: Using aircraft T/Q profiles in
Nowcasting Low Ceilings, Visibilities and Fog

* Detroit, Michigan, 4 February 2005

* Soundings near 2230 UTC showed light boundary layer winds, ample
near-surface moisture, dryness above
* Favorable conditions for fog development (Petterssen, 1940s)

* Based on the observations, the
TAFs for 09 and 12 UTC were
amended, reducing visibilities to %
mile.

 METARS showed that visibilities
remained below % mile
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Background about AMDAR Impacts

* AMDAR Temperature and Wind data continue to be among 4-5 most
important data sources for global assimilation across multiple NWP centers

* Extremely Cost Effective (Cost/Impact)
— Profiles could backfill for lost rawinsondes if moisture is included
* Large number of moisture profiles now available over US
* Greater impact expected at shorter time ranges and at mesoscale
e Used for Nowcasts as well as NWP

 WVSS Moisture Measurements are high quality (Bias and Std. Dev. small)
* Can fill a-synoptic data voids over land




WVSS-to-RAOB Validation Results

Summary of 3-Season Humidity Inter-comparisons - 2009-2010

WVSS—Il Specific Humidity {(q/kg)
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» Single site (RFD), single airline (UPS)
e Special Viasala RAOB launches
e ~ 30 minutes from aircraft
landing/departures
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Differences showed:

Aircraft data and rawinsonde reports agree well

Overall small positive WVSS bias

Few moist outliers from one case in 10-12 g/kg range — good for moister data




WVSS-to-RAOB Validation Results

Summary of 3-Season Humidity Inter-comparisons - 2009-2010
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Differences showed:
Small positive bias across all RH ranges

Random errors average ~0.5-0.7 g/kg
Higher random errors near 20-25% RH and approaching saturation




WVSS-to-RAOB Validation Results

Summary of 3-Season Humidity Inter-comparisons - 2009-2010
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SpeCIflc Humldlty 300 (l/v)v LI e e T T T T T T T AL B B S B ] ALY L B ) ]300
(Excludes cases with Sed] i ] R
i , \
large time and vertical 4001 s 3/ 50 24 e S 1400
rawinsonde differences) “ | Rvs=oeagke | | % o
500 | StDev=0.62g/kg | 1% [~» q b ¢ ¢ {500
| Bias=0.14 g/ks, ‘*’ 74 / : ““\?
. N g 00 ; v 4’ % ¢ g‘ — F : : ‘\b\ 1600
Systematic Differences: — ¢ | 5 | T 3
mi >4 111! ; 700
0] E -« = Y I {;
WVSS Biases at low levels of |= | | , 4 &
g / .« i +
0.1 to +0.4 g/kg 00 Z T 7 113 4
from surface to 850 hPa. b 7 L ; oy
F o > s “ T:,t 4 EIA ﬁo.s?w;é ] \’, i
+0.2 g/kg above ROy 7 e et A
10000 v oo vu 1 AN L 1y ] g..qff.’.’rl.l.m‘.moo
-2 —1 0] 1 2. O 20 40 60 80 100
WVSS minus RAOB Spycdu;midity (g/kg) # of Co-Locations by Ievel

/

Random Differences (Including Dry/Moist Environments):

Differences between aircraft data and rawinsonde reports generally showed
variability of 0.3 to 0.8 g/kg from the surface to 600 hPa — decreases aloft.

StDev less than 3-hour variability between bounding rawinsonde reports

(gray shading).

Note: Fewer inter-comparisons near 800 hPa and above 700 hPa.
Greater time and space separation above 650 hPa.




Inter-Comparisons between nearby WVSS Aircraft

Approximating Representativeness Error using WVSS-11 SH Observations

Specific Humidity Fits from
~4000 UPS 757 Aircraft-to-Aircraft Co-Locati

Fit amongst
Aircraft by
Distance

Fit amongst
Aircraft by Time

\‘~_Q.-.‘I.S.——"’ 15-30 30-45 45-60

Time/Distance Intervals (Minutes/Km)

RMS Differences show (ALL reports, All Seasons):
Moisture Variability more than doubles from 0-15 to 30-45 minute intervals

Because the Total Variability is made up of two parts:
1) Instrument Error and 2) Atmospheric Variability

Projecting to exact co-locations (AT=0andAx=0), Aq~0.16 g/kg
This is substantially better than WVSS-Il vs. Rawinsonde Std. Dev.




Expanded Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

50, Number of Aircraft Soundings at Each Location (2015) e Al USSi tes, Mu / tip le qirlines
* Operational RAOBS
 Two manufacturers
 Same Matchup criteria
*  Within 30 minutes and 50 km
* Results validate special tests
e Two US RAOBs provide similar results

Pressure [hPa]
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Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

50° Number of Aircraft Soundings at Each Location (2015)

e All US Sites, Multiple airlines
* Operational RAOBS
 Two manufacturers
 Same Matchup criteria
*  Within 30 minutes and 50 km
* Analyzed in “Sigmay,” space
* [ 2067 (PstP)/(Pst-200)
* Clarifies near-surface results
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WVSS is systematically 0.1-0.2 g/kg
moister than Raobs - with hysteresus

LMS Raobs show slightly larger differences but
smaller random error than Vasaila -larger than WVSS



Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

110" w 90’ W

Number of Aircraft Soundings at Each Location (2015)

e All US Sites, Multiple airlines
* Operational RAOBS
 Two manufacturers

Same Matchup criteria

Within 30 minutes and 50 km
* Analyzed in “Sigmayy,” space

U 200=(Pste-P)/(Pst,-200)

Clarifies near-surface results

o5 Comparison Profiles (2015) o SUF§N‘ on-U‘ F§I C‘ omplarlsop Frolf;les ‘l§51 B) Uﬁogsnon-UFE A‘scent/Des,cent Com‘parlson rofiles — UF on- ‘ 1 | omparison Profiles]
: T : ! !
— — CONUS Avg —— UPS Diff | A —— UPS Ascent N ——UPS 00 UTC |
Becen ! ~ Nowursoir | | ! T Nonmenscent | —~ Nonrsmourc |
D t —— NON- i | \ —— NON-| cent —— NON- |
0.55 - Avo. e e : N 0.55 |~ — NON-UPSSTD| | \ 0.55 | — — NON-UPS Descent| | 0.55 ' — — NON-UPS 12 UTC |
400 1 UPS Profiles = 450 | UPS Ascent Profilsg =314 |\ UPS 00 UTG Profiles = 255 |
Non-UPS PVOfiIlSF =7397 | UPS Descent Profilés = 458, \ UPS 12 UTC Profiles = 492 |
I 1 1 Non-UPS Ascent Profiles = 5528 \ Non-UPS 00 UTC Profiles ='5014
0.6 |- 500 1 = 06 o I 1 . 0.6 fNon-UPS Desce’\{Profiles Ja01g s 0.6 fNon-UPS 12 UTC Profiles =12294 8
1 | | ( |
600 1 L I h !
= ;! ! i /
0.65 - o0 =1 s 0.65 - S i N 0.65 - S B 065
Z 1 1 1 |
2 I \
soo & | | ! ! I
- I 1 g ’
0.7 |- i - o7 (- i \ - 07 v 1 07 1
200 1 ‘/ | | 1 || \
= 1 S ;o I [ = y =
5 0.75 |- - 1000 ! 8 gorsk ) I L gorsh < 1 gorsf
2] ° p 1o is S | I I o N 5
WV [g/kg] : & : " : : (\ »n N «n
0.8 - 1 - 0.8 T | R 0.8 . 0.8 .
1 VAR I
1 \ \ ls ls
1 o i -
0.85 - 1 - 0851 | | : n 0.85 - ;. t e 0.85 -
1 \ ] | \l ~So )
1 '/ I | [y \
0.9 - H * oof , | : ‘(1 E 09 # . 09
1 I | b / K
1 /) I I ) !
0.95 - : n 095 - ! | ’f E 095 ¢ g 0.95 E
) J
/ i i " ’
I /
B ) - R R A R 1 | AP
-1 -0.5 o . 2 15 -1 05 0 05 1 15 2 0 025 05 0.5 -0.25 0 0.25 05 05 -0.25
WVSS-II - Radiosonde Water Vapor [g/kg] WVSS-II - Radiosonde Water Vapor [g/kg] WVSS-Il - Radiosonde Water Vapor [g/kg] WVSS-Il - Radiosonde Water Vapor [g/kg]

WVSS sensor placement on aircraft may slightly affect reports, but less than Raob type.
Post-processing can account for both these bias and hysteresis effects.




Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

Number of Aircraft Soundings at Each Location (2015)

e All US Sites, Multiple airlines
* Operational RAOBS
 Two manufacturers
 Same Matchup criteria
*  Within 30 minutes and 50 km
* Analyzed in “Sigmayy,” space
= * [ 2007 (PsicP)/(Ps-200)
* Clarifies near-surface results
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Similar WVSS performance across multiple regions/surface elevations



Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

50°y, Number of Aircraft Soundings at Each Location (2015)

e All US Sites, Multiple airlines
* Operational RAOBS

 Two manufacturers

 Same Matchup criteria

*  Within 30 minutes and 50 km
* Analyzed in “Sigmayy,” space
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Similar WVSS performance across seasons



Operational WVSS-to-RAOB Validation Results

Summary of year-long Humidity Inter-comparisons - 2015

Number of Aircraft Soundings at Each Location (2015)

e All US Sites, Multiple airlines
* Operational RAOBS

 Two manufacturers

 Same Matchup criteria

*  Within 30 minutes and 50 km
* Analyzed in “Sigmay,” space

i N * [ 2007 (PsicP)/(Ps-200)
‘ « Clarifies near-surface results
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WVSS performance in upper troposphere appears better than RAOBs.
More study is needed



Background about AMDAR Impacts

AMDAR Temperature and Wind data continue to be among 4-5 most
important data sources for global assimilation across multiple NWP centers

* Extremely Cost Effective (Cost/Impact)
— Profiles could backfill for lost rawinsondes if moisture is included
Large number of moisture profiles now available over US
* Greater impact expected at shorter time ranges and at mesoscale
* Used for Nowcasts as well as NWP

Aircraft Water Vapor Measurements are high quality (Bias and Std. Dev. small)
e Can fill a-synoptic data voids over land

Aircraft Water Vapor Measurements have positive impacts in NWP
systems where available

Refs:

Petersen, Cronce, Mamrosh, Baker and Pauley, 2017: On the impact and future benefits of AMDAR observations in operational forecasting - Part 2: Water
Vapor Observations — Accepted by BAMS

Hoover, Santek, Daloz, Zhong, Dworak and Ralph A. Petersen, 2016: Forecast Impact of Assimilating Aircraft WVSS-II Water Vapor Mixing Ratio
Observations in the Global Data Assimilation System — Submitted to W&F

Petersen, R., L. Cronce, R. Mamrosh, and R. Baker, 2015: Impact and benefits of AMDAR temperature, wind, and moisture observations in operational
weather forecasting. WMO Technical Report 2015-01, 93 pp.




NWP Impacts: Determining the Relative Contribution of
In-situ Moisture Observations in the operational NAVGEM v1.3

Data from a 9-month period from June 2015 — February 2016
Impact Calculated as Percentage of Total FSOI attributable to each data source.

Relative Impact of Major In-Situ Moisture Data Sources over the CONUS
in NAVGEM v1.3 : June 2015 - February 2016

Overall and By Season

70%
Relative Impact of Major In-Situ Moisture Data Sources
over the CONUS in NAVGEM v1.3 : Jun 2015 - Feb 2016
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 WVSS data dominate at all seasons and all levels except surface & 600-700hPa.
» Ascent profiles have more impact than descent, but impact per ob. ~ equal



Mean profiles of Specific Humidity Ob-Minus-Background (OMB)
at rawinsonde sites for multi-season experiments

in NCEP’s Global Data Assimilation System

, _ Warm Season (April 2014 — May 2014) Cold Season (Dec. 2014 — J24. 2015)
Blue - Mean rawinsonde moisture
OMB without AMDAR moisture obs d _ orlooe-Meyoe

300

Red - Mean rawinsonde moisture
OMB with AMDAR moisture obs

Green - Mean AMDAR moisture OMB

Shading - 5% and 95% confidence
limits

Black squares - Levels with
statistically significant rawinsonde
OMB changes

greater
variabilit
WVSS obs:
1 - Improve ROAB fits

2 - Fit background
better than RAOBs
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Error in forecast relative to GPS/TPW Observations for Multi-Season Tests
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WVSS Impact on Random Errors in GFS Analyses for Warm Season Period

WVSS impacts on GFS random integrated moisture forecast errors were also positive and

most apparent:
* At shortest forecast ranges
* >1% Reduction in Random Error out to 42 hours

* Majority of GPS sites showed improvements at ALL forecast lengths

What is the distribution of moisture changes over forecast time?
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Leasons learned about AMDAR WVSS Impacts

Evaluations of the AMDAR-WVSS moisture-observing systems being deployed on US aircraft:
* Show excellent data quality horizontally and vertically, even across sharp inversions,
* Agree with co-located RAOBs to within 0.6 g/kg, with minimal biases (~ 0.15 g/kg), and
* Display consistency between observations from different aircraft of at legeR 0.2 g/kg (RMS)
« Indicates that WVSS observations perform as well as glity RAOB:s.

Forecasters have readily incorporate AWVSS reports a t the day to improve

local, short-range forecasts of a number of high-ip

* Applications range from forecasts of fog and ce}#
improving severe weather outlooks.

Results using WVSS data in globg ge of FSOI and Data Denial
Tests:
e Short-range forecg Dther moisture observations

* Greater jp gver CONUS

season.
* Improvemeny analyses/forecasts and in the timing and location of
precipitation €

* Examining ~WVSS and US RAOBs, including ‘special off-time’ releases.

Improvements from observations are concentrated in areas of highest data availability, similar
advancements are expected in other areas as the spatial/temporal coverage of the reports

» WVSS is available through an enhancements to the existing, cost-effective/high-
impact AMDAR data collection program




Propose using AMDAR WVSS profiles (as well as Temp/Winds) as an
Expanded Intercomparison Standard for Satellite Moisture Products

* Eliminates Restrictions of RAOB intercomparisons to 00 and 12 UTC

* Provides a larger geographical distribution throughout the day
* Provides information on diurnal variability
* Provides excellent boundary layer resolution
* Expansion into new areas logistically straightforward and inexpensive

* Much Larger Number of Intercomparisons Improves Statistical Significance

* Expand Prototype currently being developed with EUMETSAT MetOp-A,-B Retrievals
* Via EUMETSAT Visiting Scientist Program
* Proof-of-Concept project show benefits



Data - E-AMDAR humidity coverage from < 10 aircraft
April 2017

From: Campa, Strajnar, August, Zibert and Muri

AMDAR locations April 2017
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T AMDAR (°C)
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Pressure (hPa)

|IASI vs. AMDAR dew point
temperature
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Propose using WVSS profiles (as well as Temp/Winds) as an
Expanded Intercomparison Standard for Satellite Moisture Products

* Eliminates Restrictions of RAOB intercomparisons to22and 12 UTC

* Expansion into new 'areas logistically straightforward and inexpensive
* Much Larger Number of Intercomparisons Improves Statistical Significance

* Discriminate by Q/C flags, Distance match, Time match, IR vs. Microwave, Layers vs.
levels (to match satellite weighting functions), . ..



