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Spire Daily GNSS-RO Statistics (L1B: atmPhs)
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Daily RO Observations Since CHAMP (NASA-DLR)

Wu et al. (Remote Sensing, 2022a)
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Daily Sampling Maps from GNSS RO
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COSMIC-2

(L ✕W ✕ H)
125 ✕ 100 ✕ 125 cm

Comparisons of LEO Satellite Dimension and GNSS Tracking

COSMIC-1

D = 100 cm
H = 18 cm

Spire
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GNSS Tracking
COSMIC-1 COSMIC2 Spire

GPS GPS, GLONASS GPS, GLONASS, Galileo, QZSS

U.S. NavstarGlobal Positioning System (GPS)
Russia’s GLObal NAvigation Satellite System (GLONASS) 
constellations
European Navigation Satellite System Galileo (Galileo)
Japanese Quasi Zenith Satellite System (QZSS).



RO Antennas
(Atmos & D/E-Region)

POD Antennas
(F-Region)

Total L1B Ne Total L1B Ne
COSMIC-1 (Jan 1, 2008) 1,690 1,419 1,832 1,175
COSMIC-2 (Jan 1, 2022) 6,199 6,068 9,366 6,661
Spire (Jan 1, 2022) 15,900 15,756 18,433 5,960

Sampling Comparisons 
of GNSS-RO and GNSS-POD 

TECTEC

POD antenna

RO antenna
RO data POD data
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Fraction of SPIRE RO observations reaching PBL 
(ocean & low, flat land only)

Observations 
reaching 1 km

• Spire has generally lower but 
comparable sampling in PBL;

• Large fraction of SPIRE RO 
profiles reach 1km level;

• Monthly variability in SPIRE 
RO penetration (%) evident at 
1km level (tropics and NH 
midlatitude) and 200m level 
(NH midlatitude and NH polar 
regions).

Comparison of Level-2 atmPrf
Sampling Statistics from Spire, 
COSMIC-1 and COSMIC-2:

(Courtesy of M. Ganeshan)



Random Forest Machine Learning (ML) Gong et al. (in preparation)

Wu et al. (2022b)

RO amplitude

Marine Atmos Boundary Layer
Water Vapor (q) at 950 hPa

SNR/SNR0 at ht=-100 km

• Novel method to infer 
PBL water vapor (q) 
from GNSS-RO 
amplitude

• Benefit of global 
GNSS-RO sampling to 
study diurnal variations 
and polar regions
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Integrated Tec from PODNe (TECU) 
0 10 20 30 40 50

Te
c 

fro
m

 g
ro

un
d 

ba
se

d 
G

N
SS

 (T
EC

U
)

0

5

10

15

20

25

30

35

40

45

50

Slope:    1.2789+/- 0.015582

spire:TEC Comparison 2020:161-170 using same location for 6-18LT

COSMIC-1 Zsat

Spire Zsat

1:1

COSMIC-1

1:1

COSMIC-2

Comparisons with TEC from IGS Network

Spire

Under evaluation



COSMIC-2
GNSS-RO

COSMIC-2
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Low TEC High TEC

Relative hTEC Relative hTEC

TEC Derived from GNSS-RO Gradient

Gradient



Spire 2-Hourly TEC Maps from Jan 2022
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