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Use CRNS to Improve Satellite Soil Moisture

Soil Moisture Active Passive
(SMAP)

satellite mission

Launched January 31, 2015.

Observations of soil moisture:
volumetric water content
of soil at Earth's surface.



  

European Space Agency

Soil Moisture
and Ocean Salinity

(SMOS)
satellite mission

Launched in late 2009.

Observations of soil moisture:
volumetric water content
of soil at Earth's surface.
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Microwaves: longer wavelengths than visible, infrared!

Consequence: vegetation canopy semi-transparent.

Main point: microwave remote sensing can 
“see through” vegetation, into the soil.

wavelength, m1 Mm1 km1 m1 mm1 um1 nm1 pm

10^610^3110^-310^-610^-910^-12

microwaves

IR radio spectrum

TV,FM

AM

UV

X-Rays

SMAP,SMOS = L-band, 21 cm
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soil moisture = volumetric water content of top 5 cm

spatial resolution (finest detail) = 40 km = Iowa county

temporal resolution (how often) = every-other day
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Iowa Falls

I-35

20

validation with ground measurements
South Fork Iowa River Watershed

USDA ARS, NASA, University of Iowa, Iowa State

36 km
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9% too dry, 5% uncertainty
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9% too dry, 5% uncertainty
9% too dry, 8% uncertainty
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Problem:  SMAP/SMOS are too dry in agricultural areas.

Hypothesis:  Algorithms are not correctly accounting for
the effects of vegetation and soil surface roughness.

Need:  quantification of pixel-scale vegetation, roughness.

Issues: SMAP/SMOS τ parameter is a combination of
vegetation and soil surface roughness.

SMAP/SMOS pixels are large in size
and there is significant heterogeniety.

Satellite vegetation indices don’t directly measure τ! 
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cosmic ray neutron sensor = hydrogen detector

Zreda et al., 2012, HESS Discussions

hydrogen:  water in soil, also water (and dry matter) in vegetation
CRNS are NOT sensitive to soil surface roughness!
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2014:  97% maize
2015:  60/40 maize/soybean
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Strategy:

SMAP/SMOS τ at 1-km2, fixed location

calibrate CRNS vegetation water with in-situ sampling
convert to SMAP/SMOS τ

sub-daily observations

SMAP/SMOS τ at 1-km2, across SMAP/SMOS pixels

calibrate satellite vegetation indices to CRNS footprint 
weekly/bi-monthly observations

Agricultural sites identified in Iowa, Nebraska, Illinois.
Multiple years of data already collected via COSMOS.

Will work best early in growing season (remember wavelength issue).

Use CRNS to Improve Satellite Soil Moisture



  

25, 75, and 225 m rings
@ 60o angles (18 points)

700 m
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Is the thermal to fast neutron ratio correction for the
effect of vegetation on cosmic-ray neutron sensors
independent of crop type?

Possibly...  but more, careful validation 
that accounts for all pools of hydrogen 
(including residue and roots) is needed.



  

Summary:
Satellite soil moisture is too dry in agricultural areas.

Hypothesis:  vegetation and soil surface roughness
not accounted for correctly in retrieval algorithms.

Challenges:  large, heterogeneous satellite pixels.

Strategy:  use CRNS measurements, which are sensitive
to vegetation but not roughness, to calibrate 
satellite vegetation indices that can capture heterogeniety.

Issues:  must account for all pools of hydrogen (soil water,
vegetation water, and dry matter) within CRNS footprints.
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