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First successful transmission of high-
resolution dropwindsonde data from Hurricane 

Hunter aircraft
During a 31 July test flight, AOC released a sonde and transmitted the data to the 
ground in both TEMP DROP and Binary Universal Form for the Representation of 
meteorological data (BUFR) formats. In this sonde, the old TEMP DROP format had 
only 17 observations, but hundreds of observations can now be seen by forecasters 
to see small-scale features in
a hurricane, and can be used
by models to improve 
forecasts.

Special thanks to Sonia 
Otero of HRD, John Hill and 
Mike Holmes of AOC, and 
the NCAR Earth Observing 
Laboratory who made this 
possible.

https://noaahrd.wordpress.com/2018/08/01/first-successful-transmission-of-high-resolution-dropwindsonde-data-from-hurricane-hunter-aircraft/



Impact of using the location of the 
instrument in data assimilation

Large positive impact on intensity, small improvements to wind radii, 
little impact on track.


Uses SPG and REL information to calculate location during descent.


This is likely a lower bound to the impact of using bufr data



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

TDR Experiment

TDR and dropwindsonde data in AWIPS II at NHC beginning in 2018



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL03/Chris

4 EMC-tasked Missions 
30 P-3 Flight Hours 
55 Drops

July 9-10 ● 180708H1  
● 180708H2 
● 180709H1 
● 180709H2

• Intrusion of dry air evident in dropsonde measurements 
• Drops used to confirm SFMR measurement of 61 kt



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

EP14/Lane

P-3 
➔ 4 EMC-tasked Missions 

20180820H1  0200 UTC  (4 PM HST/10 PM EDT) 
20180820H2  1400 UTC  (4 AM HST/10 AM EDT) 
20180821H1  0200 UTC  (4 PM HST/10 PM EDT) 
20180822H1  0200 UTC  (4 PM HST/10 PM EDT) 
➔ 60 Flight Hours  

(27 h LAL-HNL-LAL, 33 h Operations) 
➔ 77 Drops / 19 AXBTs

G-IV 
➔ 4 CPHC-tasked Synoptic Surveillance Missions 

20180819N1  1730 UTC  (7:30 AM HST/1:30 PM EDT) 
20180820N1  1730 UTC  (7:30 AM HST/1:30 PM EDT) 
20180821N1  1730 UTC  (7:30 AM HST/1:30 PM EDT) 
20180822N1  1730 UTC  (7:30 AM HST/1:30 PM EDT) 
➔ 53 Flight Hours  

(20 h LAL-HNL-LAL, 33 h Operations) 
➔ 119 Drops



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL07/Gordon

2    EMC-tasked P-3 Missions 
1    NHC-tasked P-3 Mission 
18  P-3 Flight Hours 
45  Dropsondes 
10  AXBTs

September 3-4

● 180903H1 
● 180904H1 
● 180904H2

180903H1 180904H1 180904H2



3     P-3 Research Missions 
30   P-3 Flight Hours (including LAL-BDA-STX) 
86   P-3  Dropsondes      
20   P-3 AXBTs 
9     G-IV NHC Synoptic Surveillance Missions 
72   G-IV Flight Hours 
281 G-IV Dropsondes 

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL06/Florence

September 8-13

● 180908H1 
● 180909H1 
● 180910H1

180908H1 180909H1 180910H1



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL09/Isaac

5   NHC-tasked P-3 Missions 
38 P-3 Flight Hours 
55 Dropsondes 
0   AXBTs

September 12-15

● 180912H1 
● 180912H2 
● 180913H1 
● 180914H1 
● 180915H1

180912H1 180912H2 180913H1

180914H1 180915H1



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)
HRD-NESDIS G-IV SAL Mission

20180920N1 
8.5 hr mission - flight-level 41-45 kft - 42 GPS dropsondes

G-IV Track & Dropsonde Points - GOES-E SAL Split 
Window Imagery

G-IV Track & Dropsonde Points – MIMIC Total 
Precipitable Water



20180920N1

Expendables 
• 42 GPS dropsondes (40 + 2 back-ups)

HRD-NESDIS Coordination 
• G-IV take-off time: 1300 UTC/0900 LT 
• optimize GPS dropsonde SAL sampling and coincident satellite overpasses (Suomi-NPP 

and NOAA-20)

2019 Plans 
• Possible HRD-NESDIS/JPSS SAL missions pending NESDIS dropsonde purchase 
• Possible inclusion of the Saharan Air Layer Experiment (SALEX) in the HRD HFP

Objectives 
• Validate NESDIS NUCAPS sounding profiles with G-IV GPS dropsondes >> focus on SAL & 

MLDAI environments 
• Assess NUCAPS performance in high gradient areas >> e.g., moist tropical-SAL (or mid-

latitude dry air intrusion) boundaries 
• Assess NUCAPS performance in SAL/MLDAI environments that are capped by moist layers 

(particularly challenging) 
• Repeat assessments for various models (e.g., HRWF, Basin-Scale HWRF, GFS)

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

HRD-NESDIS G-IV SAL Mission



20180920N1 
G-IV Drop #26 (172822 UTC) 

• Environments: Saharan Air Layer, mid/upper-level subsidence 
• Dropsonde-NUCAPS temporal & spatial separation: 9 min, 2.0 km

G-IV track - MIMIC TPW Imagery

Drop #26 SAL

G-IV GPS Dropsonde - GFS - NUCAPS

600 hPa RH 
Dropsonde: 8.5%  NUCAPS: ~8%  GFS: ~10%

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)
HRD-NESDIS G-IV SAL Mission



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

EP96/Pre-Sergio

3    P-3 Research Missions 
25  P-3 Flight Hours (includes LAL-LIR) 
52  Dropsondes 
7    AXBTs

September 26-28 ● 180926H1 
● 180927H1 
● 180928H1

1800 UTC 27 September 1800 UTC 28 September 1545 UTC 26 September



Mostly easterly flow at 700 hPa, 
except for region of weak westerlies 
along southern west-east leg 

Appearance of a shear axis oriented 
WSW/ENE

Dropsonde synoptic map at 700 hPa

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

EP96/Pre-Sergio

Strongest near-surface winds > 30 kt 
on northern side, likely reflecting 
presence of Papagayo jet 

Appearance of circulation center in 
SW portion of domain

Dropsonde synoptic map at 1000 hPa



2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL14/Michael

4       EMC P-3 Missions 
31     P-3 Flight Hours 
107   Dropsondes 
109   AXBTs  
18     AXCPs 
11     AXCTDs 
1       Coyote 

September 8-10
2       Pre-/Post-storm P-3 Missions 
7       P-3 Flight Hours 
2       NHC G-IV Missions 
1       HRD G-IV Mission 
21     G-IV Flight Hours 
102   Dropsondes 

● 181008H1 
● 181009H1 
● 181009N2 
● 181009H2 
● 181010H1 



GOES-East Mid-Level Water 
Vapor (6.9 um)

UW-CIMSS MIMIC TPW

6

Drop #6 Drop #24

24Drop #12 12Drop #23

23
   90-95% of the TPW signal 

    

G-16 mid-level WV  
channel weighting function
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2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

AL14/Michael





Storm P-3 
Flights

P-3 Hours G-IV 
Flights

G-IV Hours Total 
Flights

Total 
Hours

P-3 Dropsondes G-IV Dropsondes Total 
DropsOperational Research Operational Research Operational Research Operational Research

Chris 4 30.3 - - - - 4 30.3 55 - - - 55
Hector - - - 3 24.1 - 3 24.1 - - 90 - 90
Lane 4 32.6 - 4 32.8 - 8 65.4 73 5 125 - 203

Gordon 3 17.8 - - - - 3 17.8 45 3 - - 48
Norman - - - 2 15.7 - 2 15.7 - - 68 - 68
Florence 3 - 26.4 9 72.3 - 12 98.7 15 71 281 - 367

Isaac 5 38.4 - - - - 5 38.4 46 9 - - 55
SAL/JPSS - - - 1 - 8.8 1 8.8 - - - 42 42

EP96/Pre-Sergio 3 - 21.2 - - - 3 21.2 - 52 - - 52
Michael 6 31.6 6.8 3 15.9 5.6 9 59.9 107 - 74 28 209
TOTAL 28 150.7 54.4 22 160.8 14.4 50 380.3 341 140 638 70 1189

Individual Storm Flight Hour and Expendable Distributions

Central Pacific

East Pacific

Atlantic

▪ Lane, Florence, and Michael most sampled storms 
of the season

▪ 5 Atlantic, 1 East Pacific (pre-genesis), and 3 
Central Pacific storms sampled

▪ A G-IV collaborative research mission for HRD & 
NESDIS/JPSS

Legend

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

Season in Review



• Highlights: Research to operations 
o AWIPS-II development to view P-3 data (Tail Doppler radar, 

dropsonde, and flight level) and G-IV (Tail Doppler radar, 
dropsonde)

➢ P-3 and G-IV data is in the hands of NHC/CPHC and WFO 
forecasters in their preferred environment in near real-
time

o EMC assimilation of Doppler velocity from both P-3 and G-IV, 
complete suite of P-3/G-IV data

o Inner circumnavigation on G-IV (90 nmi) for the first 
time around Florence 

o BUFR formatted dropsonde transmission

➢ Improved representation of TC structure in HWRF forecast 
initialization

➢ More opportunities for dropsonde and radar 
observations within the inner core for 
assimilation into forecast models

➢ Higher vertical resolution dropsonde data 
assimilated into forecast models

2018 NOAA/AOML/HRD Hurricane Field Program 
Intensity Forecast Experiment (IFEX)

Season in Review



Combined Use of Satellite 
Observations and Global Hawk 

Unmanned Aircraft 
Dropwindsondes for Improved 
Tropical Cyclone Analyses and 

Forecasts
Hui Christophersen 

CIMAS and AOML/HRD

Christophersen H., R. Atlas, A. Aksoy and J. Dunion, 2018: Combined Use 
of Satellite Observations and Global Hawk Unmanned Aircraft 
Dropwindsondes for Improved Tropical Cyclone Analyses and Forecasts, 
Wea. Forecasting. doi.org/10.1175/WAF-D-17-0167.1 

https://doi.org/10.1175/WAF-D-17-0167.1


Storm name Initial time Initial best-track intensity 
(kt)

Peak intensity over  
the 5-day forecast (kt)

Nadine (2012)

09/15 06Z 70 70
09/20 06Z 50 55
09/23 06Z 50 65
09/26 18Z 50 80

Humberto (2013) 09/17 06Z 35 40
Cristobal (2014) 08/29 06Z 70 70

Edouard (2014)

09/12 06z 35 105
09/14 18Z 75 105
09/15 06Z 85 105
09/16 18Z 95 95
09/17 06Z 85 85
09/18 18Z 65 65

Gaston (2016) 08/27 06Z 55 105
Karl (2016) 09/23 18Z 50 60

Hermine (2016)
08/30 06Z 30 70
09/01 06Z 50 70
09/01 18Z 65 70

Matthew (2016) 10/05 18Z 105 120

•The joint impact of GH dropsondes and satellite observations 
is explored using OSEs in a regional DA and forecast model 



Composite Data Distribution

R-Z

X-Y



•Global Hawk sonde and  
AIRS data are  
complementary in  
sampling the TC.  
Global Hawk sondes  
are usually released  
close to the TC center,  
and AIRS usually  
measures areas away  
from the TC 

•Global Hawk sondes  
and the AIRS data  
together provide  
better analyses and  
forecasts than either one itself  

•Satellite data should be considered in planning Hurricane Hunter 
aircraft missions to provide the best TC forecasts

Conclusions



Conclusions:
• The Global Hawk sondes 
• improve track forecasts for  

Hurricanes Matthew and Nicole  
by up to 30%.

• The Global Hawk sondes are  
partly able to fill in the gap of a  
possible future loss of satellite  
coverage.

• The Global Hawk sondes  
released over the Atlantic not  
only improve forecasts of  
hurricanes in the Atlantic, but  
over the entire globe by almost  
10%.

• Sampling the Pacific Ocean with Global Hawk observations improved the 
forecast over the southeastern United States tied to a severe tornado 
outbreak.



Conclusions:
1.DWL, airborne Doppler radar, and  

sonde wind measurements are all  
similar to each other, showing that  
the DWL can accurately measure  
wind speed and direction in TCs.

2.The DWL measurements show that  
the air is spinning rapidly near the  
sea surface at the storm center of  
Erika, which helps explain why  
Erika stayed the same strength  
even though other things  
suggested it should weaken.

3.The DWL will be useful for  
real-time hurricane intensity forecasts and will help us understand the 
boundary layer. It will also help us understand winds near the surface that 
can cause damage to buildings.



Conclusions:
1.The ADWL shows great  

potential to measure wind  
where we have not been  
able to measure it before.

2.The ADWL wind  
measurements are as  
accurate as other wind  
data.

3.The ADWL has some  
problems measuring  
where wind changes  
quickly in a small area.



Conclusions:
• Moist and dry downdrafts  

both occurred in Hurricane  
Earl.

• A lot of past research  
assumed that all downdrafts  
should limit the intensification  
of tropical cyclones. However,  
in Hurricane Earl the high- 
humidity downdrafts did not  
greatly affect the storm’s  
intensity.

• The high-humidity downdrafts  
were stronger than the low- 
humidity ones.

• In this storm, the ocean was able to provide enough energy for the storm  
to recover from the dry downdrafts.





Conclusions:
1.  Dropwindsonde data 
improve track and intensity 
forecasts.
2.  There is a preferred 
region for hurricane data at a 
distance from the hurricane’s 
center that depends on the 
size of the hurricane.  We 
should gather these 
observations in a large area 
around large hurricanes and 
in a small area around small 
hurricanes
3.  Dropwindsonde data 
closest to the hurricane most 
improved the track forecasts.



Sonde data from flights equipped with SFMR are collected from 
1998 - 2015; 12,045 total 







Chris Barnet  
Dec. 13, 2018  

 
Overview of JPSS Atlantic / SAL  

Field Campaign Activities

Collaboration with Michael Folmer (OPC/OFB), Jason 
Dunion (AOML/HRD) and Jon Zawislak (AOML/HRD) 
Support from Nadia Smith, Colby Francoeur, and Rebekah 
Esmaili at STC.
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Questions/Concerns
BUFR is now a requirement in the NHOP.  What is the likely 
timetable for the AF being able to send BUFR?


ASPEN processing is a little different for optimal TEMP DROP 
than for optimal BUFR.


Is information on mandatory and significant levels in BUFR?  
Is the 62626 information in BUFR?


The best solution is to send both TEMP DROP and BUFR.  If 
only one is possible for a period of time, NHC’s preference is 
to send BUFR so that the data can be assimilated into models 
only if all information from TEMP DROP is available in BUFR 
and is easily accessible by hurricane specialists.


What is the optimal way to assimilate the observations into 
models?


