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ÅDevelop soil moisture (SM) retrieval algorithms 
using CYGNSS data along with ancillary datasets 
used by the SMAP mission processing system to 
produce a CYGNSS soil moisture product with the 
best consistency with the SMAP soil moisture;

ÅLeverage the established SMAP cal/val program to 
quantify the accuracy and spatial resolution of the 
CYGNSS products with error budget tables. 
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ÅSMAP-CYGNSS Matchup

ÅVegetation Dependence

ÅSurface Roughness Dependence

ÅSummary
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ÅCYGNSS data 
ÁVersion 2.1

ÁLevel 1 data

ÁFlags: Most of the quality flags are checked for

ÁExcluding all Block IIF GPS s/c 

ÅSMAP Data
ÅSCAV Soil moisture < 5 kg/m2

ÅGridded NDVI VWC

ÅSurface roughness (baseline and DCA h)

ÅCYGNSS-SMAP data match up
ÁDistance: within 15 km

ÁTime: within 1 day
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ÅAssuming a radar equation for a coherent signal similar to [1]: 

ὖ ὖ ὔ ɜ—

where

Áὖ is the received power reflected by the surface,

Áὖ is the peak power of the L1 DDM of reflected power, 

Áὔis the estimated noise floor, 

ÁὖὋ is GPS Equivalent Isotropically Radiated Power (EIRP), 

ÁὋ is antenna gain towards the specular point, 

ÁὙ is the distance between transmitter and specular point, 

ÁὙ is the distance between receiver and specular point, 

Áɜ— is the average reflectivity, and ‗is GPS wavelength (19 cm).

ÅAverage reflectivity can then be computed: 

ɜ—
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‗ὖὋὋ [1] Clarizia et al., 2018
9/23/2019 IEEE GNSS+R 2019 5



Jet Propulsion Laboratory
California Institute of TechnologyCYGNSS Reflectivity

3-day: Sept 30-Oct 2, 2017 
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CYGNSS Reflectivity vs. SMAP SM                                  
& VWC

ÅReflectivity varies with SMAP soil moisture

Å Lower reflectivity for higher VWC

Soil Moisture for Various Incidence Angles
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Data are stratified into every 10 degrees in 
incidence angles

Similar features for all incidence angle bins.
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Excellent linear dependence for all incidence angles

10-20 20-30 30-40 40-50 50-60 Average

b 0.17 0.17 0.17 0.15 0.11 0.15
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† ὦɇὠὡὅLinear Model for NDVI tau appears reasonable

L-band

Jackson and Schmugge, Remote 
Sensing Environment, 1991
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