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The National Polar-orbiting Operational Environmental Satellite System’s (NPOESS) Microwave Imager/Sounder (MIS) instrument is in development, with soil moisture sensing depth as one of the two Key Performance Parameters (KPPs).
The other one is ocean surface wind speed precision. Based on the current design, the MIS sensor shares many channel configurations similar to the WindSat instrument, which provides an opportunity to predict MIS soil moisture
performance using WindSat data. The WindSat land surface algorithm is a physically-based algorithm used to retrieve simultaneously the soil moisture, land surface temperature and vegetation water content for a range of surface
types except for snow, frozen, rainy and flood surfaces. The algorithm has been rigorously validated against global in-situ data and has demonstrated great science potential in study of soil moisture response to precipitation, ITCZ
(Intertropical Convergence Zone) propagation, drought detection, and heat wave evolution. The evaluation results suggest that the WindSat data products meet IORD II threshold soil moisture requirements. To approximate MIS
performance, a land algorithm was adapted from WindSat to run on WindSat proxy data, which simulate MIS SDRs by adding Gaussian noise to WindSat SDRs according to their differences in effective NEDTs. MIS effective NEDTS are
derived from 45 km CFOV (Composite Field of View) sizes that meet soil moisture HCS requirements. This proxy data approach cannot accommodate the EIA (Earth-Incidence-Angle) increase from WindSat to MIS; but a simplified
analytical estimation indicates that the impact of such an EIA increase on soil moisture performance varies from low, for bare soil, to moderate, for dense vegetation. The simulation results suggest that the soil moisture performance
meets the MIS algorithm specification with 40% margin given that the RFI impacts can be effectively mitigated. There is virtually no difference between MIS and WindSat performance in soil moisture retrieval based on the current MIS
design.

Abstract Vegetation Data Validation
We compared the AVHRR Green Vegetation
Fraction (GVF) with WindSat VWC data over
the Brazilian savanna, locally known as
Cerrado, which is the second largest biome in
South America. The climate in the Cerrado
region is mostly tropical with two distinct dry
and wet seasons (Ferreira and Huete, 2004).
The average annual rainfall is between 1100
to 1600 mm and 90% of the precipitation falls
during the rainy season from October to
March. During the dry season from April to
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Soil moisture is a key environmental variable in the global water, energy and carbon cycles and in
environmental assessment and prediction. It greatly affects a broad range of scientific and operational
applications in hydrology, climate studies and agriculture. Soil moisture is also a desired input parameter to
Numerical Weather Prediction (NWP) models since it controls the land-atmosphere interaction, such as dust
emission and heating/moistening of the lower atmosphere. It is also a critical battlespace environment
variable affecting military operations. The soil moisture content is critically related to trafficability as well as
being a vital determinant of thermal and electromagnetic signatures that are vital to the operational ground
mission in C4ISR (command, control, communications, computers, intelligence, surveillance, and
reconnaissance). Global Soil Moisture Climatology
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We examine land retrievals from four different perspectives and scales: soil moisture and vegetation
climatology, ground in-situ data comparison, response to precipitation, and vegetation dynamics. Direct
comparison of land retrievals with ground in-situ data is, without a doubt, the most important aspect of land
algorithm validation. It provides the only means of direct and independent testing of the algorithm
theoretical basis and underlying assumptions against ground truth data. It is also important to validate soil
moisture data indirectly at global and synoptic scales using climatology and precipitation data. Since soil
moisture and vegetation are strongly linked to climate regime and precipitation variability, known statistics
and correlations among different land parameters can be used as an indirect test for the land algorithm.

Introduction:

Approach
Validation Results:

September, the rainfall is scarce and the
relative humidity can drop below 20% in
August and September. As a result, the
Cerrado vegetation properties vary strongly
with season.
Figure on the right plots the time-series of
AVHRR GVF together with the WindSat VWC
and soil moisture for three sites. The dry
season runs approximately from week 14 to
week 40. Overall, the GVF, VWC and soil
moisture all show clearly the contrast
between the dry and wet seasons, maintaining
high moisture and greenness levels during the
summer rains (week 1 to 13) and reaching
minimum levels around the end of the dry
season at week 40. All three parameters
decline steadily during the dry season and
pick up again during green-up of the spring
rain period (week 41 to 52). The consistency
between GVF and VWC suggest that the

The NPOESS future Microwave Imager/Sounder (MIS) mission, scheduled to launch in 2016, is designed based
on the heritage of other satellite microwave radiometers such as WindSat, AMSR-E, TRMM/TMI, SSM/I and
SMMR, with the WindSat-like polarimetric capability enabling it to resolve the ocean surface wind vector. Its
radiometer operates in discrete bands at 6.8, 10.7, 18.7, 23.8, and 37.0 GHz. The 10.7, 18.7 and 37.0 GHz
channels are polarimetric, while the 6.8 and 23.8 GHz channels are dual polarized only (vertical and
horizontal).

The NPOESS MIS sensor, currently under development at NRL, share many similar design as NRL WindSat,
which provides an excellent opportunity to predict the MIS soil moisture algorithm performance and thus
reduce the risk for the MIS mission. To this end, we developed new land algorithms that retrieve soil moisture
and vegetation water content based on WindSat data. The new algorithms were validated using in-situ data
acquired during soil moisture field experiments. Despite their relatively short temporal coverage, these
experiment sites provided diverse land/vegetation covers and wet/dry soil conditions. In general, WindSat
volumetric soil moisture retrieval uncertainty is about 4% with 0.4% bias at 50 km Horizontal Cell Size (HCS).
The retrieved soil moisture is highly correlated with in-situ data. Spatial patterns of the retrieved soil
moisture are consistent with precipitation maps generated using NEXRAD radar data; and retrieved global soil
moisture distributions are consistent with dry/wet patterns of climate regimes. In addition, good agreements
are also obtained between WindSat retrieved Vegetation Water Content and AVHRR derived Green Vegetation
Fraction data produced by NOAA/NESDIS.

• Climate Regimes: The soil moisture retrievals are very consistent with global dry/wet patterns of
climate regimes. All the deserts and dry regions are well captured by the retrievals. The wet
regions in high latitude, stretching from Europe to Asia, are also illustrated well by the high soil
moisture retrievals.

• Correlation with Vegetation: Soil moisture is roughly correlated with vegetation, which is
particularly evident over the dry/wet climate of US. There are some exceptions in India and
Canada. The high soil moisture and low vegetation in Canada is consistent with tundra climatology.

• Global precipitation climatology: The high soil moisture distribution shows consistent features with
monsoon patterns in Africa, India, China, North America, and Australia.

Simulation Test Bed:

Volumetric
Soil Moisture 
(Fraction)

between GVF and VWC suggest that the
WindSat vegetation retrievals are closely
related to the photosynthetic activity and
biomass variation.

The MIS Land EDR Simulator is based on the state-
of-art Observing System Synthetic Experiment
(OSSE) concept that is flexible in studying sensor
design and retrieval performance and impacts. The
Simulator has five modules: environmental data,
radiative transfer up-scaling, sensor error,
retrieval, and EDR error statistics. The
environmental data module ingests spatial
distribution and temporal evolution of the surface
and vegetation state characteristics (soil moisture,
vegetation water content, land surface
temperature, topography, freeze/thaw, open water,
and snow cover etc) based on collections of in-situ observation, WindSat land retrievals, Land Information
System (LIS) model runs, and MODIS global land-cover database. The simulated MIS TB maps are obtained for
a variety of climatic conditions and radiative transfer model at EASE-Grid resolution. The sensor error
module generates TB noise according to sensor specification and injects the simulated SDR instrument
measurement error into the MIS TB maps. The retrieval module converts multi-channel simulated MIS
observations into the EDR retrievals of soil moisture, vegetation water content and land surface temperature
data. The EDR error statistics module compares the retrievals with the environmental data to generate MIS
sensor performance predictions. The simulator has the flexibility of using WindSat and LIS data as a truth
data and incorporating all the sensor error, model error, in-situ data mismatch, and possibly heterogeneity of
land-cover if cost/schedule allows, for the predicts of the error propagation through the simulator.

Soil Moisture Algorithm:
WindSat land algorithm is a physically-based multi-channel maximum-likelihood estimator using 10, 18, and 37
GHz data. The 6 GHz data were excluded for the mitigation of the RFI problems. The solution is found by
iteratively minimizing the distance between radiative transfer simulations and measurements in the brightness
temperature measurement spaces. In this way, we can provide retrievals that not only are consistent with
radiative transfer model but also handle directly the nonlinearity of the vegetation effects and non-uniqueness
of the solution.

The objective of this study is to demonstrate that the MIS sensor will provide measurements that support EDR
performance in accordance with surface soil moisture algorithm specification. This task is carried out through
land algorithm performance prediction based on MIS sensor specification. A MIS land pathfinder algorithm was
developed to connect the MIS sensor specification level requirements (2008-02 version) with the expected
MIS land EDR algorithm specification (2008-02 version). The algorithm was adopted from the WindSat land
algorithm (Li et al., 2009) to run on WindSat proxy data, which simulate MIS SDRs by adding Gaussian noise to
WindSat SDRs according to their differences in effective NEDTs. MIS effective NEDTS are derived from 45 km
CFOV (Composite Field of View) sizes that meet soil moisture HCS requirements. The performance is
evaluated against diverse in situ soil moisture validation data sets covering the United States, France, and
Mongolia.

Comparison with ground In-situ
• SMEX Data Sets: Densely sampled ground soil moisture data were collected by USDA to validate AMSR-E

and WindSat algorithms. The experiment sites include Oklahoma in 2003, Arizona in 2004 and Iowa in
2005.

• Mongolia Data Set: Ground Soil moisture data are collected using a sparse network of 16 Automatic
Weather Station and Automatic Station for Soil Hydrology. An Intensive Operation Period (IOP) was
carried out during summer 2003.

• Temporal Variations: Most of the Mongolia stations show temporal variations of soil moisture that are
very consistent with WindSat time-series. The correlation coefficients range from 0.77 to 0.96.

• Error Estimation: Area averaged soil moisture from SMEX data are compared with WindSat retrievals.
An excellent agreement is achieved. The estimated retrieval uncertainty is about 4% with 0.4% bias
and 0.89 correlation coefficient.

Predicted Performance:
In general, we found that the MPT land EDR performance meets the algorithm specification with 40% margin
given that the RFI and EIA impacts can be effectively mitigated. The predicted MIS performance is 0.0605
g/cm3, i.e. 6.0%, which is well within requirement. In addition, the predicted MIS soil moisture EDR
performance, although realistic and based on real data, is likely to be conservative due to large spatial error
between the validation source (mostly point measurements) and the WindSat CFOV. Besides, the MIS
pathfinder algorithm is based on existing WindSat 10-37 GHz algorithm; we can expect better performance
with the addition of future MIS RFI mitigated 6 GHz channels We also carried out the RFI sensitivity analysis
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For a land surface with a layer of vegetation canopy, the land emission can be approximated using the τ−ω
model,

The brightness temperature observed by satellite instrument (TBP) is further modified by atmospheric
emission and attenuation,

For the inverse model, let us define the geophysical state vector x = {mv, wc, Ts}, where mv is soil moisture,
wc vegetation water content, and Ts land surface temperature; the corresponding calculated multi-channel
brightness temperature and/or their combination, such as polarization ratio, are y ={ysj}, where j is the
channel number. The noisy measurement ymj can be written as,

where nj is the measurement noise of Gaussian distribution with zero-mean and variance sigma. Then for a
given geophysical state x, the log likelihood function LH(x) for x, given all the measurements, is then
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Comparison with precipitation patterns
• Data Scales: Comparing soil moisture and precipitation patterns offers a qualitative but effective

way to validate soil moisture retrievals at spatial synoptic and mesoscale scales that are much
larger than the coverage of in-situ networks

• Case 1 – Synoptic Scale: The widespread and significant rain events on 9/11/2003 over great plains

with the addition of future MIS RFI mitigated 6 GHz channels. We also carried out the RFI sensitivity analysis
and mitigation requirements based on WindSat proxy data. Our RFI sensitivity analysis results show that RFI
impacts are significant even at low level. Assuming 100% probability of detection requirement, the allowable
RFI is approximately 1.1 K for 10V, 2.2 K for 10H, 0.7 K for 18V and 0.3K for 18H, respectively (TBR).
However, the final decision should consider both the land algorithm RFI sensitivity and the RFI Scenario
simulation study. The ~2.6o EIA increase from WindSat to MIS poses some performance risk for land EDR
performance. The EIA error will reduce the performance margin (40%) for the soil moisture EDR
requirement, but will unlikely push the performance out of the algorithm specification.

Soil Moisture Retrievals
• Good correlation over the full range
• Perform the best for dry/desert conditions

due to low VWC
• Bias is small
• NEDT contribute about 0.025 cm3/cm3

SM error, can be further reduced by
EASE-Girding
V i l i SM

In this way, the state variable x can be retrieved using maximum likelihood estimation.
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• Case 1 – Synoptic Scale: The widespread and significant rain events on 9/11/2003 over great plains
created saturate ground following an extreme drought conditions. The WindSat overpass the next
day shows clearly a high soil moisture pattern overlapping with the rain location.

• Case 2 – Mesoscale: The NEXRAD radar reflectivity revealed a localized T-Storm over northeast
Iowa on 6/26/2005. The WindSat overpass during the storm shows saturated soil moisture pattern
that is consistent with NEXRAD data. The grey area around the center of the storm is classified as
precipitation by Windsat algorithm and no retrieval is performed.
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Case 1– Synoptic Scale
NEXRAD 6/26/05

WindSat 6/26/05, 12:26 UTC

Case 2 – Mesoscale

• Vegetation as largest impact on SM
performance

• High LST is associated with small SM
error

Land Surface Temperature 
Retrievals
• Good correlation over the full range
• LST performance depends weakly on LST

and VWC conditions
• Bias is small
• NEDT contribute less than 0.7oC LST

error, can be further reduced by EASE-
Girding

WidSat SDR

Resample to 
Earth-fixed Grid

Land EDR

Water body/Ocean
Snow/Ice, Frozen Soil
Rain, Mountain, RFI?

PRT Simulations

No

WindSat algorithm validation and MIS simulation test bed results suggest that there is sufficient soil moisture
sensitivity to satisfy the NPOESS soil moisture requirements for MIS mission. Further research activity is
needed to improve our modeling skills and expand the algorithm range of validity, particularly on RFI
mitigation and in-situ validation.
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• LST error is smaller for low and high
VWC, larger when SM and VWC have
comparable contributions

Soil Moisture and 
Vegetation Retrieval

No

Land EDR

Land QC

PRT Converge?

Yes
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