
Central sea level pressure

(GDAEd-CTRL) 3-km  pressure and vorticity
1200 UTC 13 Sept. 2010
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advection

Maximum 10-m wind

The vortex of the storm was more 
compact during early development, 
likely due to the increase in midlevel 
moisture and positive vorticity 
advection (right), compared to the 
CTRL experiment without ARO 
observations.

(left) Water vapor mixing ratio (color shading) and 
diabatic heating (brown contours) at 650 hPa at 0000 
UTC 16 September of GDAEn and GDAEd. Areas of 
diabatic cooling ahead of the storm likely impeded the 
storm development.
Black diamonds indicate the position of the surface 
minimum sea level pressure of the simulated storm. 
Dashed circles indicate the radius of maximum 10-m 
wind.

Experiments Observations assimilated
CTRL GTS + dropsondes

GDANn CNTL + airborne RO non-drifting refractivity

GDAEd CNTL + airborne RO excess phase w/drifting tangent points
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• ~7 hr flight.
• 17 GPS (14 Setting + 4 Rising).
• 8 Galileo (6 Setting +1 Rising).
• One Galileo occultation penetrates to the surface.
• Five rising occultations, one penetrates to 2 km.
• EXCEPTIONALLY GOOD FOR SIMPLE CLOSED-LOOP 

RECEIVER HARDWARE.

§ Negligible difference 
between two 
independent receivers.

§ 1% difference between 
two constellations GPS 
and Galileo. 

§ 2-3% difference with 
ECMWF model and 
dropsonde.

§ Structural variations 
match very well.  

Flights in GTS database in one day
~3500 occultations over CONUS
11 Sept 2013 CO extreme flooding event
(Chen 2017; Gochis et al., 2015)
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Potential Contributions of Airborne Radio Occultation Observations to 
Forecast Improvement of Hurricanes and Atmospheric Rivers

Airborne Radio Occultation (ARO)
• Measures GNSS signal propagation delay 

from satellites below the horizon
• Refractivity at tangent point is a function of 

pressure, temperature, water vapor pressure
• High vertical resolution
• Complementary to dropsondes
• Samples to the side of the flight track 

continuously, 25 per 7 hour flightdropsonde

ARO

11/25 occultations penetrate below 3 km

Lowest tangent point of profile

tangent point

Dropsonde comparison for data quality evaluation

Spatial variations in temperature field sampled by ARO

Data assimilation experiment

Hurricane Karl 2010 example case study

Changes in the initial moisture, 
pressure, and vorticity fields

14 transatlantic AMDAR flights in one day
~250 occultations (GPS only)
(Lesne et al., 2002)

Potential for deployment on commercial aircraft

Distributed 
increment. 

Impact on diabatic heating

Impact on hurricane intensity and track

Tracks

Localized
increment. 

Importance of non-local DA operator

AR Recon 2018 Field campaign IOP1    Targeted observations

Data assimilation increment

Radiosondes + dropsondes Spaceborne GPS RO

Airborne GPS RO Airborne GPS + Galileo RO

Sondes + GTS Sondes + GTS + ARO

Impact on 12 hour forecast precipitation
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• ARO had an impact on the initial moisture fields 
that propagated downstream and affected 
precipitation at landfall.

• In this case, the precipitation was minor so the 
overall impact was minor.

• Perhaps sampling on 27 Jan at 18 Z upstream of 
the major precipitation at landfall on 28 Jan at 
12 Z would show more impact.

• We can investigate more ways to use the 
forecast timing of the precipitation.

• The sensitivity of the PCA of precipitation to the 
observations may be a good predictor for this.

Difference in Spec. Hum. Difference in precipitation


