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Outline

• Introduction/review: 
Where are we in GNSS-RO PBL research?

• What improvements can we get from newer RO data?
COSMIC-2, Sentinel-6, and commercial data (Spire)
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PBL Remote Sensing
• GNSS-RO remains the key satellite measurement for sensing the 

temperature and water vapor structure in the PBL and lower 
troposphere with sufficient vertical resolution (~ 100-200 m).

“The very sharp and large contrast 
in refractivity at the marine 
boundary layer between the moist 
air below and relatively dry air 
above induces dramatic changes in 
the amplitude and phase of the 
signal…. 

knowledge of the height of the 
marine boundary layer obtained 
from occultation data will improve 
the interpretation of nadir-viewing 
measurements of water vapor.”

RO
Radiosonde
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NASA PBLH Climatology Products
2°x2° PBLH and Sharpness Parameter (SP) from COSMIC-1, TSX, PAZ, KOMPSAT-5 covering 2006-2019 [Kalmus et al. 2022] 
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Climate Model 
Assessments

PBLH from GNSS-RO provides a 
powerful observational constraint on  
GCM PBL parameterization schemes 
and model resolutions.

The results on the right show that PBL 
heights from the CAM5 high 
resolution model with CLUBB PBL 
parameterization agree the best with 
GNSS-RO [Kubar et al. 2020].
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Interannual Variability of PBLH

With almost 15 years of PBLH data 
from GNSS-RO, we can start studying 
the interannual variability.

The figure on the left shows monthly 
anomalies of PBLH from RO over the NE 
Pacific, agreeing well with the MISR low 
cloud top height (top panel).  

Both the PBLH and CTH correlates 
positively with ENSO (bottom panel).

Kubar et al., manuscript in preparation [2022].
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Issue 1*: Penetration Depth
Median minimum profile height (in km) from COSMIC-1

Most profiles in 
the tropics do not 
meet the minimum 
height (500m) 
required for our 
PBLH product.

(* Issue 2 is the negative bending angle and refractivity bias, which will not be discussed here.) 7



COSMIC-2: Benefits of higher SNR

Over the tropical Pacific Ocean

As SNR increases, the 
profiles reach deeper.  

Over 75% of the profiles 
with SNR > 1500 V/V met 
the 500 m criteria.
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Improved PBL Penetration from C-2 & S-6
Median minimum profile height (in km) from 1 year of COSMIC-2 and Sentinel-6

Significant improvements 
over C-1, although some 
regions (e.g., central 
equatorial Pacific) still 
have worse penetration 
(to be investigated)
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Completing the Global Coverage
• Sentinel-6 (with slightly lower SNR than C-2) provides mid- to high-

latitude coverages but only ~ 800 profiles/day globally.
• Spire RO data has excellent global coverage but lower SNRs.  How 

does it perform relatively to C-1 and C-2?
# Spire RO over 2°x2° area from NASA CSDAP (2020) # S6 RO over 2°x2° area (1 year)
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Spire RO Penetration Depth
Median minimum profile height (in km) based on Level 2 data available at NASA

Significant improvements 
over C-1, but about twice 
of C-2 & S-6.
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PBLH from C-2 and Spire Refractivity
C-2 & S-6 Spire

PBLH from C-2 & S-6 is similar to C-1 
(but noisier since only 1 year of data was used)

PBLH from Spire seems kind of “washed out” 
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Refractivity Comparisons
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Spire profiles are 
very smooth so that 
min(dN/dz) occurs 
at the lowest height

PBLH

PBLH



Summary

• We now have over 15 years of GNSS-RO data (starting with COSMIC-
1) that provide unique global information on the PBL.

• Newer missions (COSMIC-2, Sentinel-6, and commercial RO) provide 
greater coverage and deeper penetration into the PBL, potentially 
allowing us to study the PBL at greater spatial and temporal 
resolutions than previously possible.

• The Spire RO data available from the NASA Commercial Data 
Acquisition Program provide excellent global coverage.  However, the 
available refractivity profiles appear to have very low vertical 
resolution (too much smoothing?) and could not fully capture the PBL 
structures.
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