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Appendix A: TCI Plan of the Day (POD) and Daily Planning Meeting
TCI Plan of the Day Format
1. Today’s activities & facilities status (e.g.  Aircraft and instruments nominal.  Equipment trucks left Ellington for El Paso for forward deployment in support of science flight on 7/22)
2.  Targets  (list of storms the are planned targets or potential targets for observation with the WB-57)
3. Planned flights
· WB-57 planned flights (deployment and planned flight information)

· Other planned flights (Global Hawk, G-IV, P3, Air Force)
4. Meeting schedule


Daily Planning Meeting Format:
1. Facility update 			3 mins
2. Resource update 			2 mins
3. Debrief from previous day’s mission 	5 mins
4. Forecast brief 			15 mins
5. Targeting brief 			5 mins
6. Flight plan/proposal & discussion	15 mins
7. Summary of TCI staff & schedule	2 mins
Total 25-50 mins




Appendix B: CARCAH Plan of the Day (POD)

1. POD is due to CARCAH by 1000 EDT (1400Z) each day
2. POD should be emailed to ncep.nhc.carcah@noaa.gov 
3. POD is valid for the next day: 	day+1 1100z to day+2 1100Z
4. POD outlook for 24 hr is valid for: 	day+2 1100Z to day+3 1100Z
5. POD outlook for 48 hr is valid for:	day+3 1100Z to day+4 1100Z
6. Mission take-off time will dictate which 24-hr period a mission is listed under   
7. The POD info that is emailed to CARCAH should include:
i. The following information:
a. Aircraft and call sign
b. Weather target (e.g. NHC invest # or TC name)
c. Departure and recovery bases
d. Take-off time (dd/hhhhZ)
e. On-station time (dd/hhhhZ to dd/hhhhZ)
f. Mission duration (hhmm)
g. Flight-level(s) (ft)
h. # of dropsondes (total anticipated)
i. Outlook for 24 & 48 hr (including take-off times)
ii. An attached graphic of the flight track (e.g. jpg or png)
iii. An attached dropsonde file with drop points (text file)
iv. An attached file with flight pattern way points (text file)



Sample POD (submitted on 14 Sep at 0945 EDT)
a. WB-57 (NASA 928)
b. Hurricane Edouard
c. MacDill to MacDill
d. 15/1400Z
e. 15/1500Z to 15/1800Z
f. 5.5 hr
g. 55,000-65,000 ft
h. 60 dropsondes
i. The WB-57 will fly a follow on mission Tuesday with an expected take-off at 16/1400Z.  Another follow on mission is anticipated for Wednesday with an expected take-off at 17/1400Z.





Appendix C: High Definition Sounding System (HDSS)

The HDSS design, consisting of eXpendable Digital Dropsondes (XDDs), and two Automated Dropsonde Dispensers (ADDs) allows rapid-deployment and multi-sonde sampling strategies over the TC inner core as well as detailed observation of TC outflow and inflow layer mesoscale features. The goal is to improve understanding and prediction of TC intensity, especially Rapid Intensification (RI) and Rapid Decay (RD) events.

The High-Definition Sounding System (HDSS), including the ADDs and XDDs, introduces a new technology that has the capability to deploy up to 40 XDDs in rapid succession over Tropical Cyclones (TCs) in a ‘burst’ mode of deployment from above the TC outflow layer (>18 km). In this way, clusters of XDD observations can be used to diagnose previously unknown high-gradient features in the TC outflow layer as well as for assimilation into the new generation of TC model data assimilation schemes such as 4D VAR and ENKF. Further, clusters of XDDs can simultaneously measure winds and gradients of Pressure, Temperature and Humidity (PTH) for mass field specification allowing for balanced state inputs to assimilation schemes, which is not possible to achieve with only satellite-derived Atmospheric Motion Vectors derived or from airborne and land-based Doppler radar, neither of which can observe corresponding mass field parameters. 

The XDD also measures the ocean skin Sea Surface Temperature (SSTir) coincident with the atmospheric profile observations. This is becoming an increasingly critical observational input as a new generation of coupled air-sea TC prediction models come on line operationally over the next several years. These new models need ocean data inputs to initialize the ocean component of the model in addition to sonde profiles used to initialize the atmospheric component of these new models.

The HDSS has been validated during a series of collaborative test flights with 1) Naval Postgraduate School, Center for Interdisciplinary Remotely-Piloted Aircraft Studies (CIRPAS), using their Twin Otter aircraft in 2011, 2) NASA Wallops Flight Facility (WFF), using their P-3 aircraft, in 2012 3) NASA Armstrong Flight Research Center (AFRC), using their DC-8 Airborne Science Laboratory in 2013 and 4) NASA Johnson Space Center- Ellington Field (JSC-EFD), using their WB-57 aircraft in 2013 and 2014. Two Twin Otter flights were flown with XDD deployments from 4 km altitude, one DC-8 flight with XDDs deployed from 12 km altitude and four WB-57 flights with deployments from 18 km altitude. These tests were conducted, respectively, 1) from the CIRPAS facility in Marina, CA over National Data Buoy Center (NDBC) buoys off shore from the northern California coast, 2) from AFRC at Edwards, CA over the Eastern Pacific east of TC Cosme and southwest of Cabo San Lucas, Mexico and 3) from JSC-Ellington Field, TX over the western Gulf of Mexico offshore from the Texas coast adjacent to NWS radiosonde stations at Brownsville (BRO) and Corpus Christi (CRP) and NDBC buoys.

These flights successfully demonstrated the following achievements: 1) observational repeatability in 2011 (reproducible profile measurements from repeated deployments in similar environments) as well as good agreement between XDD profile observations and concurrent and collocated independent observations, 2) certification in 2012 of ADD launch capability in pressurized aircraft, 3) high-speed (240 m/s TAS), high-altitude (12 km) XDD deployments and data recovery from extreme range (240 km) in 2013 using fast- and slow-fall modes of XDD descent and 4) approval for flight from NASA Technical Readiness Review in 2013. 

The XDD measures GPS location and altitude,  and vertical profiles of Pressure, Temperature, Humidity (PTH) at 2 Hz rate, horizontal wind velocity and sonde fall speed at 4 Hz, as well as skin Sea Surface Temperature (SSTir) at 1 Hz. Instruments used to obtain PTH are a pressure transducer, fast-response thermistor with digital oversampling and a relatively slow response humidiometer. SSTir is measured with an infrared micro-radiometer at 8-12 µm wavelength. GPS location and winds used a UBLOX-4 chip for the Twin Otter flights in 2011 and a UBLOX-6 chip for the DC-8 and WB-57 flights in 2013. System and sonde instrument specifications are summarized in Tables 1 and 2. 

Table1. XDD System Specifications

Power: CR-2 Lithium battery
Weight: 58g including battery
Dimensions: 2.8”/7cm Dia. x 7”/18cmL
Winds Type: 12 Satellite GPS

Data Transmission
Digital encoding: FM FSK
Nominal RF power: 100 mW
10 channel: 400-406 MHz
Forward Error Correction Update rate: 1 Hz
Antenna type: quadrafiler

Data Channels:
10 across either 400-406 MHz

Simultaneous Soundings:
45 per ADD (90 per HDSS)



Table 2. XDD Sensor Specifications

Temperature Type: Thermistor
Range: -90°C to +50°C
Accuracy: ±0.14°C @25°C dark
±0.5°C over range with sunlight
Resolution: 1/64°C

Pressure Type: MEMS electronic
Range: 150-1150 hPa (mBar)
Accuracy: ±1.5 hPa @25°C
±2.5 hPa (mBar) over F.S.
Resolution: 0.1 hPa (mBar)

Humidity Type: poly MEMS electronic
Range:0-100%RH above-40°C, does not report below -40°C
Accuracy:±1.8%10-90%@25°C
Resolution: 0.1% full scale

Sea Surface Temp Type: Infrared micro-radiometer, 9-11 µm
Range: 0-50°C
Accuracy: ±0.2°C @25°C
Resolution 1/64°C

Sampling Rate:
GPS Winds: 4 Hz
PTU sensors: 2 Hz
SSTir sensor: 1 Hz


By comparison, Hock and Franklin (1999) and Wang, et al. (2015), indicate that the RD-94 and NCAR mini-sonde have the following specifications: Pressure accuracy of 0.5 mb, precision of 0.1 mb; temperature accuracy of 0.2C and precision of 0.1C; humidity accuracy of 2% and precision of 0.1 % and GPS wind speed accuracy of 0.5 m/s and precision of 0.2 ms-1. As many as 8 RD-94 sondes can be operated simultaneously compared to the possibility of 40 XDDs being operated simultaneously. During a test flight in 2014, a demonstration of 15 sondes operated simultaneously was demonstrated.

XDD sondes are activated and programmed before launch via a non-contact optical interface to select communication parameters prior to release. The XDD contains no parachute and its center of gravity can be adjusted to select either a ballistic fast-fall or spiral-dive slow-fall mode of descent. A third intermediate fall rate is also possible through the use of mono-film tethers attached to the tail end of the XDD. Grooves etched into the Styrofoam PCD housing provide air pathways between the foam and the cardboard sheath to maintain spiral descent. The issue of estimating the parachute drag in RD-94 wind and fall rate estimation is addressed in Hock and Franklin (1999) and in Wang, et al., 2009. With no parachute, this problem is eliminated. However, XDD can sometimes suffer from fall rate stability issues. 
Sea-level descent rates are approximately 18 m/s for the fast-fall and 10 m/s for the slow-fall; the former having greater stability. Descent time from 18 km to the surface is approximately 11 minutes for the fast-fall and 17-18 minutes for the slow-fall. All sondes deployed from the CIRPAS Twin Otter were slow-fall sondes, with the goal of matching RD-94 descent rates. While subsequent test flights deployed both modes, further use is expected to be primarily fast-fall mode due to its improved stability. 

Current XDD versions, now deployed by the WB-57, measure vertical profiles of PTU at 2-Hz, GPS-derived velocities at 4-Hz and skin Sea Surface Temperature (SSTIR) at a 1 Hz. Longitude and Latitude and “housekeeping” data are reported at 0.1 Hz. Earlier XDD versions deployed from the Twin Otter and from the DC-8 reported all variables at 1 Hz.

HDSS uses Forward Error Correction (FEC) on two receivers to enable extreme range (>200 km) performance. Beyond sensor uncertainties, overall measurement accuracy is impacted by missing data gaps in the telemetered data. Any step change introduced by a gap will introduce high frequency signal components that are purely non-physical. All UHF telemetry suffers from fade loss due to path length and multipath interference and each system uses a different approach. The RD-94 AVAPS receiver uses error detection that simply discards data packets with bit errors and attempts to filter the resulting temporal gap. The XDD uses Forward Error Correction (FEC) to recover data packets having bit errors, to minimize gaps. In addition, merged data from four redundant receivers provide a nearly continuous data set that does not require any post filtering. This technology becomes important at very high altitudes as path lengths can exceed 150 km on the WB-57 aircraft.  

Forward Error Correcting (FEC) algorithms such as Viterbi are widely used in mobile telephone communications. FEC uses additional bandwidth to send along specially encoded extra data bits with the data payload (200 KHz vs 20 KHz for AVAPS). At the telemetry receiver a mathematical decode algorithm reconstructs the data set from a corrupted packet using the extra FEC data. HDSS also employs Time Division Multiplexing (TDM), which effectively increases the number of XDDs that can be in flight simultaneously. Each of five telemetry receiver channels accommodates eight time slices. With eight time slices and five channels, reception from up to 40 XDDs can be supported simultaneously from each of four receivers. Finally, a sixth backup spare channel is available that can be used to monitor the local radio spectrum for sources of interference.  

The HDSS Mark-B system, flown on the WB-57 in 2013, consisted of two dispensers. Dual paired dispensers allow launch rates faster than once every 5 seconds if needed and provide redundancy to enhance reliability in case one dispenser jams or fails. The Mark B dispensers have a magazine fore-body that holds 12 sounds on each side, with an optional magazine extender to accommodate 48 on each side (96 in total). Each dispenser has a full receiver and control-computer which provides system redundancy. Both of the receivers in the dispensers were fed from a single antenna and pre-amp mounted on the underbelly of the WB-57 pallet. Each receiver can handle all the channel capacity, tracking up to 48 in flight simultaneously with error-correcting telemetry.

The HDSS also carries two additional receivers, one each for antennas mounted near the wingtips of the aircraft. The purpose of the two other receivers was to take advantage of antenna diversity; to allow signals to be received when the aircraft was turning when the wing and bank-angle would result in shadowing of the belly antenna. The HDSS also carries two cameras to record dripstone ejection: one aft of the drop-tubes facing forward, one forward of the drop-tubes facing aft. These cameras also were used to documented cloud structures ahead of and behind the aircraft. The mission monitor display for the WB-57 is used to maintain situational awareness of XDD status in the dispensers as well as post-launch status and parameter display.
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Appendix D: Aircraft Range Rings
[image: M:\currentwork\ONR_TCoutflow\HURDAT2\figs\rangerings_ATL_600nm_updated.jpg]
Figure 1: 600 nm range rings drawn around Ellington, MacDill, Langley, Bermuda, and St. Croix (green dots).  For a TC centered within 600 nm of base, the WB-57 would have at least 2 hours of on station time assuming a 5.5 h flight and 360 kt speed. 



[image: M:\currentwork\ONR_TCoutflow\HURDAT2\figs\rangerings_ATL_900nm_updated.jpg]

Figure 2: 900 nm range rings drawn around Ellington, MacDill, Langley, Bermuda, and St. Croix (green dots).  For a TC centered 900 nm from base, the WB-57 would have only 30 minutes of on- station time assuming a 5.5 h flight and 360 kt speed. 






[image: M:\currentwork\ONR_TCoutflow\rangerings\figs_epac\rangerings_600nm_RIV_ELP.jpg]
Figure 3: 600 nm range rings drawn around El Paso (ELP) and Riverside (RIV).	



[image: M:\currentwork\ONR_TCoutflow\rangerings\figs_epac\rangerings_900nm_RIV_ELP.jpg]
Figure 4: 900 nm range rings drawn around El Paso (ELP) and Riverside (RIV).


	










Appendix E: Satellite Data

Table 1.  Satellite data for TCI 2015 that will be available on the EOL TCI Catalog 
	Instrument
	Satellite
	Orbital Inclination
	Technique
	Launch

	AIRS
	Aqua
	98.2o
	Infrared nadir
	2002

	AMSU-A
	NOAA-15,16,18, 19 Aqua, MetOp-A/B
	98.5-99.0o 
	Microwave nadir
	Progressive 1998-2009

	IASI
	MetOp-A, MetOp-B
	98.7o
	Infrared nadir
	2006 (A)
2012 (B)

	GPS
	FORMOSAT-3 (COSMIC constellation)
	72o
	Radio occultation
	2006

	ATMS
	Suomi NPP
	98.7o
	Microwave nadir
	2011

	CrIS
	Suomi NPP
	98.7o
	Infrared nadir
	2011

	SSMIS
	DMSP F16,F17,F18,F19
	98.8o
	Microwave conical
	Progressive
2006-2014

	AMSR2
	QCOM-W1
	98.2o
	Microwave conical
	2012

	GMI
	GPM
	65.0o
	Microwave conical
	2014

	RapidScat
	ISS
	51.6o
	Microwave (active)
Conical
	2014

	GOES Imager
	GOES-13/15
	NA
	Infrared/visible
	2006/2010

	SEVERI
	MSG-10
	NA
	Infrared/visible
	2012

	WindSat
	Coriolis
	98.7o
	Microwave conical
	2003







Appendix F: Real-Time Modeling

	 
	GFS
	ECMWF
	CMC
	NAVGEM
	HWRF
	GFDL
	COAMPS
	NMS
	GFS-E
	ECMWF-E
	HWRF-E
	GFDL-E
	COAMPS-E
	NMS-E

	TropicalTidbits
	00, 06, 12, 18
	00, 12
	00, 12
	00, 06, 12, 18 
	00, 06, 12, 18 
	00, 06, 12, 18 
	 
	 
	 
	 
	 
	 
	 
	 

	Levi Cowan
	+ 3:30 → 5:00
	+ 5:45 → 6:55
	+ 4:20 → 5:10
	+ 5:50
	+ 4:30 → 5:45
	+ 6:45
	
	
	
	
	
	
	
	

	FSU
	00, 06, 12, 18
	00, 12
	00, 12
	00, 12
	00, 06, 12, 18 
	00, 06, 12, 18 
	 
	 
	 
	 
	 
	 
	 
	 

	Bob Hart
	+ 5:00 → 5:20
	+ 7:45 → 7:50
	+ 5:40 → 5:50
	+ 6:40 → 6:50
	+ 5:55 → 6:00
	+ 6:10 → 6:20
	
	
	
	
	
	
	
	

	ESRL WxMAP2
	00, 06, 12, 18
	00, 12
	 
	00, 06, 12, 18 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mike Fiorino
	+ 4:50 → 5:00
	+ 7:20  → 7:25
	 
	+ 5:30 → 6:00
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NCEP/MAG
	00, 06, 12, 18
	 
	 
	 
	 
	 
	 
	 
	00, 06, 12, 18 
	 
	 
	 
	 
	 

	 
	+ 3:25 → 4:15
	
	
	
	
	
	
	
	+ 5:30
	
	
	
	
	

	Albany Maps/Archives
	00, 06, 12, 18
	00, 12
	 
	 
	 
	 
	 
	 
	 
	00
	 
	 
	 
	 

	Alan Brammer
	+ 3:35 → 4:15
	+ 6:30  → 7:15
	
	
	
	
	
	
	
	+ 8:00 → 8:30
	
	
	
	

	NCEP HWRF Portal
	 
	 
	 
	 
	00, 06, 12, 18
	 
	 
	 
	 
	 
	00, 06, 12, 18
	 
	 
	 

	Vijay Tallapragada
	
	
	
	
	+ 6:15
	
	
	
	
	
	+ 9:00
	
	
	

	GFDL Ensemble
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	00, 06, 12, 18
	 
	 

	Matt Morin
	
	
	
	
	
	
	
	
	
	
	
	+ 6:00
	
	

	FNMOC NAVGEM
	 
	 
	 
	00, 06, 12, 18
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	+ 4:00
	
	
	
	
	
	
	
	
	
	

	NRL COAMPS (research)
	 
	 
	 
	 
	 
	 
	00, 06, 12, 18
	 
	 
	 
	 
	 
	00, 06, 12, 18
	00, 06, 12, 18

	Hao Jin
	
	
	
	
	
	
	+ 6:00 → 7:00
	
	
	
	
	
	+ 8:00
	+ 8:00

	UMiami
	 
	00
	 
	 
	 
	 
	 
	 
	 
	00
	 
	 
	 
	 

	Sharan Majumdar
	
	+ 9:30
	
	
	
	
	
	
	
	+ 9:30
	
	
	
	

	HFIP
	00, 06, 12, 18
	00, 12
	00, 12
	 
	00, 06, 12, 18
	00, 06, 12, 18
	00, 06, 12, 18
	00, 06, 12, 18
	00, 06, 12, 18
	00, 12
	 
	00, 06, 12, 18
	 
	 

	Paula McCaslin
	+
	+
	+
	
	+
	+
	+
	+
	+
	+
	
	+
	
	

	UWisc
	 
	 
	 
	 
	 
	 
	 
	00, 06, 12, 18 
	 
	 
	 
	 
	 
	00, 06, 12, 18 

	Will Lewis
	
	
	
	
	
	
	
	+ 8:00 → 9:00
	
	
	
	
	
	+ 7:00 → 8:00

	RAL (atcf)
	‘early’: + 0:52, 1:22, 1:52          ‘late’: + 7:52          ‘ensemble’: + 7:52

	Jonathan Vigh
	

	UWM (atcf)
	‘early’: + 2:00          ‘late’: + 8:00          ‘ensemble’: + 8:00

	Clark Evans
	

	SFWMD (atcf)
	all plots updated every 15 min with latest A deck entries

	Eric Swartz
	



Table 1: Shows the timing of available model data. This data will be available on the EOL catalog. 
Appendix G: Logistics and Contact Information

Figure 1. Map of Ellington
[image: ]



Table 1. WB-57 OPS Locations and POC’s. Joe Gerky will be the POC for all forward deployed sites.




















Table 2. NASA WB-57 Staffing Plan



Appendix H: TCI Websites


TCI Webpage: https://www.eol.ucar.edu/field_projects/tci
username: tci
	       	password: tropconv!

TCI EOL Catalog: http://catalog.eol.ucar.edu/tci
Upload documents to the TCI Catalog: Password: outflow!

PATS: http://met.nps.edu/~ldm/track/atlz/

MTS: http://mts.nasa.gov/

SUNY Quicklooks: http://www.atmos.albany.edu/facstaff/vollaro/ONR/quicklook.html
user name : TCIsondes 
password (case sensitive) is Gonzalo

Appendix I: ReadyTalk Teleconferencing and Web Service

For ReadyTalk Teleconferencing Service please call:
Toll free-- 866-740-1260 , 
then the following 7-difit access code and the pound sign:   4978635#
[bookmark: _GoBack]In order to share graphics, please use the Readytalk web interface: 
Go to www.readytalk.com .  Look along the left side of the page for "participant" and enter the same access code as above:  4978635  (no pound sign).
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LOCATION POC's PHONE EMAIL

ELLINGTON FIELD, TX JOE GERKY 281 467-9994 joseph.a.gerky@nasa.gov

BROOK GERKY 409 370-8335 brook.m.gerky@nasa.gov

MACDILL AFB, FL LtCol JEREMY LEARNED813 828-9904 jeremy.learned@us.af.mil

RANDY JACKSON 813 828-4261

LANGLEY, VA (PRI) DALE BOUSER 757 508-3135 dale.bouser@nasa.gov

LEE JOYCE 757 508-3135 lee.joyce@nasa.gov

WALLOPS, VA (ALT) ED SUDENDORF 757 824-1240 edward.w.sudendorf@nasa.gov

MIKE CROPPER 757 824-2140 michael.c.cropper@nasa.gov

EL PASO, TX (PRI) STEVE MALARCHICK 915 782-5235 steve.malarchick-1@nasa.gov

FRANK MONTES 915 782-5225 franciso.montes-1@nasa.gov

MARCH ARB (ALT) CHRIS DAVIS 951 655-4401 christopher.davis.4@us.af.mil

MSgt BUTTERFIELD

BERMUDA MARVIN DYER 441 293-1333 asbops@bas.bm
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POSITION NAME PHONE EMAIL

MISSION MANAGER JOE GERKY 281 467-9994 joseph.a.gerky@nasa.gov

OPERATIONS

PILOT TOM PARENT 281 222-7648 thomas.e.parent@nasa.gov

PILOT DAVE JOHNSON 281 796-1905 david.s.johnson@nasa.gov

SEO BROOK GERKY 409 370-8335 brook.m.gerky@nasa.gov

SEO DON DARROW 619 368-5884 donald.f.darrow@nasa.gov

MAINTENANCE

TEAM LEAD MO OLIVAS 281 204-3984 manuel.olivas-1@nasa.gov

APG LUTHER LEVAN 281 244-9761 luther.w.levan@nasa.gov

APG MARK PEEBLES 281 244-9761 mark.v.peebles@nasa.gov

APG ROBERT FITZGERALD 281 244-9761 robert.k.fitzgerald@nasa.gov

ELECTRICIAN DAVID WYCKOFF 281 244-9461 david.f.wyckoff@nasa.gov

PE TECH  RONNIE DEAN 281 244-9032 ronnie.j.dean@nasa.gov

PE TECH  TROY STEWART 281 244-9032 troy.stewart-1@nasa.gov

TOTAL  12
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		TEAM LEAD				MO OLIVAS				281 204-3984				manuel.olivas-1@nasa.gov

		APG				LUTHER LEVAN				281 244-9761				luther.w.levan@nasa.gov

		APG				MARK PEEBLES				281 244-9761				mark.v.peebles@nasa.gov

		APG				ROBERT FITZGERALD				281 244-9761				robert.k.fitzgerald@nasa.gov

		ELECTRICIAN				DAVID WYCKOFF				281 244-9461				david.f.wyckoff@nasa.gov

		PE TECH				RONNIE DEAN				281 244-9032				ronnie.j.dean@nasa.gov

		PE TECH				TROY STEWART				281 244-9032				troy.stewart-1@nasa.gov

		TOTAL				12
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