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SHOUT: Overarching Goal 

Demonstrate and test prototype UAS concept of 
operations that could be used to mitigate the risk 
of diminished high impact weather forecasts and 
warnings in the case of polar-orbiting satellite 
observing gaps 
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NOAA’s Weather-Ready Nation: 
• optimize UAS data collection to improve forecasts of high impact 

weather events 



SHOUT Objectives (Cont’d) 

Objective 1: UAS Data Impact 
 

• Observing System Experiments (OSE) using data 
from UAS field missions 

• Utilize adaptive aircraft sampling strategies for 
improving real-time TC track and intensity 
forecasts 
 80 member HWRF/50 member ECMWF model ensembles 

• Observing System Simulation Experiments (OSSE) 
using simulated UAS data 
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SHOUT Objectives (Cont’d) 

Objective 2: Improved Understanding of 
Tropical Cyclones Processes  
 

• Investigate processes in the TC inner core 
(e.g. warm core), boundary layer, diurnal 
cycle, and upper-level environment (e.g. 
cirrus canopy) that impact intensity change 
and structure 
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SHOUT Objectives (Cont’d) 

Objective 3: Cost-Operational Benefit Analysis 
 

• Quantify the cost and operational benefit of 
UAS observing technology for high impact 
weather prediction  

• Conduct detailed analyses of life-cycle 
operational costs and constraints versus 
scientific benefit. 
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NOAA SHOUT Project Assets 
Global Hawk Aircraft 
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• Flight Level: ~55-65,000 ft 
• Duration: ~24 hr 
• Flight Frequency 

 1x per 48 hr (every other day) 
 3 consecutive flights 
 7 day max >> hard down 

• Range: 8-10,000 nm 
• Deployment Sites 

 NASA Wallops Flight Facility (Wallops Island, VA) 
 NASA Armstrong Flight Research Facility (Edwards AFB, CA) 

• Payload: 1,500+ lbs 
• Global Hawk Operations Center (GHOC) mission support 

 3 shifts per mission 
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Global Hawk Instrumentation (2015-2016) 
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Airborne Vertical Atmospheric 
Profiling System (AVAPS) 

PI: Terry Hock, NCAR / Gary Wick, NOAA 
 

Measurements:  
• temperature, pressure, wind, humidity 

(vertical profiles) 
• 90 dropsondes per flight 

 

Resolution:  
• ~2.5 m (winds), ~5 m (PTH) 

High Altitude Monolithic Microwave 
Integrated Circuit (MMIC) Sounding 

Radiometer (HAMSR) 

PI: Dr. Bjorn Lambrigtsen, JPL 
 

Measurements:  
• Microwave AMSU-like sounder; 
• 25 spectral channels in 3 bands;(50-

60 GHz, 118 GHz, and 183 GHz) 
• 3-D distribution of temperature, 

water vapor, & cloud liquid water;  
 

Resolution:  
• 2 km vertical; 2 km horizontal (nadir) 
• 40 km wide swath 

High-Altitude Imaging Wind and Rain 
Airborne Profiler (HIWRAP) 

PI: Dr. Gerald Heymsfield, NASA GSFC 
 

Measurements:  
• Dual-frequency (Ka- & Ku-band), dual 

beam, conical scanning Doppler radar 
• 3-D winds, ocean vector winds, and 

precipitation; 
 

Resolution:  
• 60 m vertical, 1 km horizontal; 

~16-20km 

2010 Karl 



NOAA SHOUT Project Assets 
Personnel, Tools, and Collaborations 
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• NOAA Hurricane Research Division forecasting team, 
federal/university/ONR TCI mission scientist team 
 

• Numerical simulations to optimize sampling strategies & 
observation types that will improve TC forecasts (OSEs, 
OSSEs, ensemble-based targeted observations) 
 

• HRD aircraft track design software, real-time mission 
monitoring (NASA MTS) 
 

• Real-time GPS dropsonde processing and transmission to 
the Global Telecommunication System (GTS) 
 

• Collaborations: NOAA IFEX, NOAA ESRL, ONR TCI, NAWDEX 



Global Hawk Flight Modules 
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Advantages 
 

• Radial/Azimuthal sampling 
• 2 Inner core snapshots 
• Radial gradients 
• 9 center crossings 
• Inner core & environ sampling 
• HAMSR & HIWRAP >> inner core 

Disadvantages 
 

• Far field sampling limited 
• Navigating center crossings 

On-Station Time 
 

• ~14.0 hr (3.25 hr/6.5/3.0 hr) 
• Small: R=0 to 120 nm (220 km) 
• Large: R=0 to 240 nm (450 km) 

Butterfly (small-large-small) 
Lawn Mower Rotated Butterfly 

Butterfly Rotated Figure-4 



Adaptive Aircraft Sampling (GPS Dropsondes) 
2016 Hurricane Gaston 
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• Analyses based on 80 (50) member HWRF (ECMWF) ensemble forecasts 
• (Left) Hypothetical reduction in model uncertainty due to assimilating GPS 

dropsonde observations at that location  
• (Left) Warmer colors >> favorable regions for dropsonde sampling 

Storm Center 

ECMWF 50 member ensemble track forecasts   



Adaptive Aircraft Sampling (GPS Dropsondes) 
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Sensitivity Forecast Uncertainty 

 

• Forecast Uncertainty: where is there uncertainty in the model forecast? 
• Sensitivity: where is the model more vs less sensitive to observations? 
• Where do you sample and will the model be sensitive to your added data? 
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Real-Time Data Products to the  
National Hurricane Center 

2015 Tropical Storm Fred 
HAMSR microwave data 

2015 TS Erika: HIWRAP Radar Cross-Section 

2016 Hurricane Gaston 
GPS Dropsonde Skew-t 

2016 Hurricane Gaston 
GPS Dropsonde WMO Message 
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Real-Time Data Products NOAA NHC 
Utilization of SHOUT Data by Forecasters 

2016 Hurricane Gaston 
NOAA NHC Tropical Cyclone Report 
 25 Aug: “Operationally, Gaston was analyzed as a 60-kt tropical storm until 

dropwindsonde data from a NASA Global Hawk unmanned aircraft mission indicated that 
the tropical cyclone was a hurricane.”  

2016 Tropical Depression Nine (Hurricane Hermine mission) 
NOAA NHC Discussion #7 
 30 Aug: “A dropsonde from the Global Hawk reported 33 kt surface winds, but the mean-

layer wind over the lowest 150 m support winds closer to 30 kt.  A very recent center drop 
from the unmanned aircraft indicate that the minimum pressure is 1003 mb.” 

2016 Post-Tropical Cyclone Matthew 
NOAA NHC Discussion #47 
 09 Oct: “Dropsonde data from a NASA Global Hawk mission into Matthew today indicate 

that the post-tropical cyclone has not weakened.  The observations continue to show a 
band of 60-65 kt winds to the SW and west of the center.” 
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2016 NOAA SHOUT HRR 
Mission Science Schedule 

Science Operations: 
 

• 0730 EDT: daily cage meeting (shift-1 mission scientists & pilots) 
 

• 0830 EDT: daily SHOUT coordination call 
 Wallops local weather (NASA Wallops-led Mo-Fr; SHOUT-led Sa-Su)  
 MS shift-1: lead with a 5-10 min weather update) 
 Discussion of flight plans and strategies  
 

• 1000 EDT: Coordination call with NOAA IFEX and NAWDEX  
 

• 1100 EDT: Coordination with pilots 
 

• 1200 EDT: HRD map discussion (Mo-Fr); SHOUT-led map 
discussion (Sa-Su)  

 



SHOUT Field Campaigns: Hurricanes 2015 
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• 3 missions flown 
 Tropical Storm Erika (2) and Tropical Storm Fred (1) 

 

• First NOAA-operational assimilation of Global Hawk dropsondes 
 

• Refinement of real-time data delivery 
 

• Demonstration of forecast sensitivity targeting (HWRF ensemble) 
 

• Demonstration of bi-coastal operations 



SHOUT Field Campaigns: El Nino Rapid Response 2016 
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• Demonstrated ability to plan and deploy on short notice 
 Reduced in-field staffing 

• 3 missions flown 
 Atmospheric river impacts in Pacific NW (12-13 Feb) 
 Trough interactions and cutoff low in advance of southern California 

precipitation (15-16 Feb) 
 Dual impacts in Alaska and SE US; AF C-130 & G-IV coordination (15-16 Feb) 

• Further advances to real-time data delivery 



SHOUT Field Campaigns: Hurricane Rapid Response 2016 
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• 9 missions flown 
 Gaston (2), Hermine (2), Karl (2) and Matthew (3) 
 Initial NASA AFRC-based followed by a deployment to NASA WFF  

• Shift to operational type demonstration 
 Deploy aircraft and science teams on demand  
 Increased reliance on offsite staffing (e.g. remote mission scientists) 

• Collaborations with the NOAA IFEX and European NAWDEX field 
programs and the ONR TCI science team 



Conclusions 
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• The NOAA UAS Program is evaluating the 
potential for unmanned aircraft to positively 
influence forecasts of high-impact weather events 

• Three successful field deployments completed 
from 2015-2016 

• Studies already underway demonstrating positive 
forecast impact from Global Hawk data 

• Streamlined field operations have demonstrated 
operational applications for UAS platforms like the 
Global Hawk 
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