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Abstract—The NASA ISRO synthetic aperture radar (NISAR)
mission scheduled for launch in 2024 will provide global L-band
radar observations that can be applied to estimate land surface
soil moisture. The mission’s soil moisture product will be provided
at 200-m resolution with a global revisit frequency of 12 days (or
6 days when considering both ascending and descending observa-
tions). A time-series ratio algorithm for soil moisture retrieval has
been applied to NISAR simulated datasets from airborne UAVSAR
measurements in the SMAPVEX12 field campaign. Soil moisture
retrieval performance using the algorithm is encouraging, with
a correlation coefficient between retrievals and in situ observa-
tions greater than 0.7 and an unbiased root-mean-squared Error
(RMSE) of 0.05 m3/m3. The results suggest that the time-series
ratio algorithm will provide soil moisture products that meet an
accuracy goal of 0.06 m3/m3 unbiased RMSE.

Index Terms—NASA ISRO synthetic aperture radar (NISAR)
mission, satellite remote sensing, soil moisture retrieval, synthetic
aperture radar (SAR), time-series ratio method.

I. INTRODUCTION

SOIL moisture is a critical climate parameter in the Earth’s
terrestrial hydrology. It plays a significant role in regulat-

ing the exchange of water and heat energy between the land
surface and atmosphere, primarily through processes, such as
evaporation and plant transpiration [1], [2], [3]. Soil moisture
information is essential for accurate weather prediction and
has further applications in agricultural monitoring, reservoir
management, drought and flood forecasting, and other activities
related to the management of natural resources.

Significant advancements have occurred over the last decade
in satellite remote sensing of soil moisture, largely due to the
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success of the soil moisture and ocean salinity (SMOS) [4], [5]
and soil moisture active and passive (SMAP) [6], [7] missions.
These missions use L-band passive microwave measurements
to provide soil moisture estimates at 2–3 day intervals having
unbiased root-mean-squared error (RMSE) better than 0.04
m3/m3. The coarse spatial resolution of the SMOS and SMAP
soil moisture products (approximately 36 km), however, limits
their use for field-scale agricultural monitoring, which typically
requires a spatial resolution of 1 km or finer. Despite the initial
intention of SMAP to provide soil moisture retrievals at a 3-km
resolution using L-band multipolarization radar observations
[8], the radar’s failure after three months of operation restricted
the achievable results [9]. To achieve finer spatial resolution
for soil moisture retrieval, past works have explored the use of
high-resolution synthetic aperture radar (SAR), such as Sentinel
satellite data [10], [11], [12]. SAR data have also been utilized to
downscale other soil moisture products to smaller spatial scales
[13], [14].

The NISAR (NASA ISRO Synthetic Aperture Radar) mission
scheduled for launch in 2024 [15], [16], [17] will perform L-
(1.26 GHz) and S-band (3.2 GHz) backscatter measurements
using a sweep SAR approach for a range of remote sensing ap-
plications. NISAR will provide global coverage at L-band (up to
80-MHz bandwidth) and limited spatial coverage at S-band (up
to 75-MHz bandwidth). The NISAR L-band radar is designed
to achieve a 240-km swath width, providing 12-day exact revisit
sampling and a spatial resolution that can vary from 3 to 10 m
depending on the observing mode. NISAR’s incidence angle will
range from 34° to 48° across the swath, and it is expected that its
fully polarimetric measurements will achieve a noise-equivalent
sigma-0 (NES0) better than -20 dB. The NISAR mission will
offer the first opportunity for a fine spatial resolution (200-m
field-scale) L-band soil moisture product at a frequent revisit rate
(as compared to previous L-band SAR missions having greater
revisit intervals [18], [19]). This improvement holds great po-
tential for multiple applications. NISAR’s L-band frequency
further allows for substantial penetration into vegetated regions,
enabling frequent revisit measurement of soil moisture even in
vegetated areas [20].

Soil moisture retrieval from backscatter data primarily in-
volves inverting a radar forward scattering model that is devel-
oped empirically, semiempirically, or theoretically [21], [22],
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[23]. Several analytical electromagnetic scattering approximate
models are available to represent bare soil surface scatter-
ing, including the small perturbation model (SPM), Kirchhoff
approximation, the integral equation method (IEM)/advanced
integral equation method, and the small slope approximation
(SSA). These physical models explain relationships between the
dielectric constant of the soil surface (a function of soil moisture
and soil texture) and the measured normalized radar cross section
(NRCS) in terms of surface roughness parameters, such as the
surface rms height and correlation length. Soil moisture can
then be estimated by inverting such models combined with a
dielectric mixing model that describes the relationship between
the surface complex relative permittivity, soil moisture, and soil
texture. Other references have considered the use of empirical
or semiempirical forward models [24], [25], [26], [27], [28],
[29], and have further explored the impact of vegetation [30],
[31], [32] and the benefits of polarimetric measurements [33],
[34], [35]. Because the measured NRCS is impacted by the
confounding effects of varying surface roughness and vegetation
beyond the desired soil moisture, the retrieval of soil moisture
from radar measurements remains a challenging problem.

Given these factors, the use of a time-series of measurements
may also be desirable to improve performance. Such approaches
typically operate under the assumption that temporal changes in
vegetation properties and surface roughness are small between
consecutive radar overpasses, so that changes in NRCS are
mainly due to changes in soil moisture [8], [9], [36], [37], [38],
[39], [40], [41], [42], [43], [44]. A times-series principal com-
ponent analysis [45] and InSAR analyses of phase differences
between two measurements [46] have also been reported.

This article applies the time-series “ratio” algorithm [41],
[42], [43], [44], [47], [48], [49] to mitigate the potential impacts
of vegetation and surface roughness. The method offers sim-
plicity and ease of application and does not require a detailed
forward land surface scattering model. The performance of
the method is assessed using backscatter time-series measure-
ments obtained from the SMAP Validation Experiment 2012
(SMAPVEX12) field campaign in Winnipeg, Manitoba, Canada.
Backscatter time-series measurements in the campaign were
collected using NASA’s airborne L-band UAVSAR instrument.
While initial analyses of time series ratio algorithm retrievals
for the SMAPVEX12 campaign were previously presented
[42], the current article extends these results with a particu-
lar focus on preparation for application of the algorithm with
NISAR measurements.

II. TIME-SERIES RATIO ALGORITHM

The backscattered NRCS of land surfaces can be described
using

σt
pq = σs

pqe
−τpq + σSV

pq + σV
pq (1)

where σt
pq represents the total NRCS in polarization combina-

tionpq,σs
pq corresponds to the NRCS of the soil surface, which is

subsequently multiplied by the two-way vegetation attenuation
factor e−τpq , σSV

pq denotes scattering interactions that take place

between the soil and vegetation, and σV
pq represents backscat-

tering in the vegetation volume. In many L-band scenarios,
particularly those involving soil moisture retrieval, the contri-
bution of vegetation volume scattering (σV

pq) can be neglected.
This assumption is less applicable for highly vegetated areas,
so it should be expected that retrieval accuracy will degrade in
such cases. The authors in [49] reported the incorporation of a
vegetation attenuation factor in a time-series ratio method for
Sentinel-1 soil moisture retrievals at C-band, but this extension
is not considered here. If the first term in (1) is dominant, the
NRCS becomes

σt
pq ≈ σs

pqe
−τpq . (2)

Under the SPM, first-order SSA, or IEM models, σs
pq can

be written as a product of separate functions of the surface
roughness and surface relative permittivity, with the dependence
on permittivity written as |αPP|2 for PP either HH or VV
polarization. The alpha coefficient (αPP) is a function of the
dielectric constants of the soil and the incidence angle. For HH
polarization, αHH can be expressed as

|αHH| =

∣∣∣∣∣∣∣
ε− 1(

cosθ +
√

ε− sin2θ
)2

∣∣∣∣∣∣∣
= |ΓH | (3)

where ε is the soil relative complex permittivity, θ is the inci-
dence angle, and |ΓH | is the surface Fresnel reflection coefficient
in horizontal polarization. For VV polarization, the expression
becomes

|αVV| =

∣∣∣∣∣∣∣
(ε− 1)

[
(ε− 1) sin2θ + ε

]
(
εcosθ +

√
ε− sin2θ

)2

∣∣∣∣∣∣∣
. (4)

Fig. 1 plots |αHH|and|αVV|, and their relationship with soil
moisture for a clay fraction (CF) of 0.2 under the Mironov
dielectric mixing model. While various dielectric mixing models
have been reported (e.g., Dobson [50], Wang and Schmugge
[51], and others [52]), the Mironov model [53] was created to
be applicable across a broader spectrum of soil types by utilizing
a more extensive soil database. The model also requires fewer
input parameters (specifically, CF and frequency) in comparison
to other models, and is used for soil moisture retrieval for both
the SMOS and SMAP missions. Both alpha functions monoton-
ically increase with soil moisture, with VV polarization showing
a greater increase than that for HH polarization.

The time-series ratio method assumes that the influences of
vegetation and surface roughness remain nearly constant be-
tween two successive observations, provided that the incidence
angle remains unchanged. The ratio of NRCS values at time t1
and t2 can then be approximated as

σ0
PP (t2)

σ0
PP (t1)

≈
∣∣∣∣
αPP (t2, ε, θ )

αPP (t1, ε, θ)

∣∣∣∣
2

,

PP = HH or VV (5)

since any multiplicative vegetation or surface roughness ef-
fects cancel when the ratio is taken. Note for HH polarization
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Fig. 1. (a) |αHH| and |αVV|, (b) the relationship between |αHH| and |αVV|
with various incidence angles from 30° to 50°. The Mironov model is used in
this analysis and CF is fixed at 0.2 and the first-order SPM scattering model is
utilized for this simulation.

this assumption holds regardless of whether surface scattering,
surface-vegetation interactions, or a combination dominates
scattering, because all terms are proportional to the horizontally
polarized reflection coefficient. This is not true for VV polar-
ization because |αVV| is distinct from the vertically polarized
Fresnel reflection coefficient. With a time series of N NRCS
observations, N-1 ratios can be computed and combined into a
matrix equation

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

1 −
√

σ0
PP(t1)

σ0
PP(t2)

0 1
· · · 0 0

0 0

...
. . .

...

0 0
0 0

· · · 1 −
√

σ0
PP(tN−1)

σ0
PP(tN )

0 1

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

|αPP (t1 )|
|αPP (t2 )|

...
|αPP (tN )|

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

0
0
...
0

⎤
⎥⎥⎥⎦ (6)

where PP can be either HH or VV polarization. Since the linear
equation has no constant term, the right-hand side entries are
zeros. Because the matrix equation is not fully determined,
additional ancillary information is required to obtain a solution.
There are a variety of methods that can be considered for
applying ancillary information to complete the solution. In what
follows, maximum and minimum allowed alpha coefficients
over the time series are used. A bounded linear least-squares
solution of the N-1 by N matrix equation can then be applied
to obtain the alpha coefficients at each time step from which
inversion of the dielectric mixing model and alpha coefficient
equation provides soil moisture. The method can also be ex-
tended if both HH and VV polarized measurements are available.
In what follows, separate inversions for HH and VV polarized
alpha coefficients are performed, and the two alpha values are
used in a combined estimation of a single soil moisture value.
The combination identifies an index

iHH+VV = argmin
i

((
αHH − αT

HH (i)
)2

+
(
αVV − αT

VV (i)
)2)

(7)
in a precomputed look-up table αT

HH(i) and αT
VV(i) given the

soil texture and incidence angle conditions of a particular ob-
servation. Specifically, the αHH and αVV values at a particular
time step obtained through individual HH and VV retrievals are
used in (7) to find a soil moisture index that minimizes the cost
function. Based on this index, the corresponding soil moisture
value can then be determined. The iHH+VV index is computed
for any point in the time series for which HH and VV polarized
alpha information are both available.

The length of the time series used must also be considered
because the method implicitly assumes that roughness and veg-
etation changes remain modest over the entire time series. Given
NISAR’s 6 to 12 day revisit cycle, a 3-point time series is initially
planned. It is noted that over the corresponding 24-day interval,
vegetation structure may change significantly during the grow-
ing or harvest seasons in agricultural areas. However, several
studies, including [42], have demonstrated that the method can
detect soil moisture changes even in the presence of substantial
vegetation change. The results to be shown also indicate this
potential, given the highly varying vegetation conditions of the
SMAPVEX12 dataset.

III. SMAPVEX12 DATA ANALYSIS

Prelaunch algorithm implementation and validation tests
were performed for the SMAP Validation Experiment 2012
(SMAPVEX12- conducted near Winnipeg, Manitoba, Canada)
field campaign in which NASA’s airborne L-band UAVSAR
instrument acquired measurements [54].

Fig. 2 shows the entire SMAPVEX12 study area, which
included 55 agricultural and 4 forest in-situ sites at which ground
data were collected in June and July 2012. Agricultural sites
included fields used for soybean, corn, wheat, oat, and canola
crops, along with multiple pasture sites. UAVSAR observations
were acquired in multiple flights from June 17 to July 17, 2012.
UAVSAR’s fully polarimetric L-band (1.26 GHz) radar pro-
vides∼7-m resolution in its multilooked ground-range projected
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Fig. 2. SMAMVEX12 study areas with 55 agricultural (soybeans, pasture,
corn, wheat, oats, canola) and 4 forest sites around Winnipeg in Canada. There
are two UAVSAR flight lines (31604 and 31606).

Fig. 3. Precipitation data obtained from seven weather stations around the
study area (blue bar indicates daily rain amount in mm) and daily in-situ soil
moisture information (red dashed line indicates the daily average of in-situ soil
moistures from all sites with daily soil moisture min/max values for 11 days of
UAVSAR measurements).

(GRD) product at incidence angles between 20° and 70° [55].
The two UAVSAR flight lines (31 604 and 31 606) shown in
Fig. 2 are examined in what follows, each having 11 and 14
flights, respectively. The common 11 flights of each flight line
are considered in this analysis. The NISAR project reprocessed
UAVSAR data into a NISAR-like configuration (HH 20-MHz
bandwidth and VV 5MHz-bandwidth) that was aggregated to
200-m resolution for soil moisture retrievals. UAVSAR mea-
surements within the incidence angle range 30° to 50° were
further used for consistency with the NISAR mission. For the
in-situ sites, ancillary data including soil texture, land cover, and
vegetation water content (VWC) are available in addition to soil
moisture measurements.

Fig. 3 plots daily precipitation data (average from seven
weather stations in the study area) and average in-situ soil
moisture measurements. There are significant rain events on
June 16, July 4, July 12, and July 15 that impact daily in-situ soil
moistures. The average soil moisture was highest at the start of
the experiment on June 17 followed by a dry down from June 21
to July 3. Soil moisture then increases after precipitation events
on July 4, 12, and 15.

Minimum and maximum alpha bounds were estimated using
soil texture information at each pixel, in contrast to [42] which
used minimum and maximum in-situ values at each location.
Use of soil texture-derived bounds avoids the need for local
soil moisture information. Ancillary soil texture information,
including CF, bulk density, sand fraction, and organic content
(OC), is available from the in-situ locations and was used to
derive a single second order fit to the minimum and maximum
in-situ measured soil moistures from all available sites. The de-
rived regression model was then used to determine the upper and
lower bounds of soil moisture at each site based on soil texture
information. These site-specific soil moisture bounds were then
transformed into the alpha bounds used in soil moisture retrieval
by using the lookup table combined with incidence angle and
CF information.

IV. RESULTS AND DISCUSSION

A. Alpha Ratios Versus Backscatter Ratios

The algorithm relies on the assumption that the ratio of
consecutive backscatter measurements is identical to the cor-
responding ratio of alpha coefficients. Fig. 4 plots these ratios
for both HH and VV polarizations at multiple field sites using
in-situ soil moisture information to obtain the ratio of alpha
coefficients. Fig. 4(a) and (b) present examples (soybean and
wheat fields) showing measurements that lie near the desired
1:1 line. The results in Fig. 4(c) and (d) are somewhat similar
but show a greater presence of outliers, while those in Fig. 4(e)
and (f) show worse results. These results are provided to il-
lustrate the basic concept of the algorithm (which was applied
identically for all field sites) and the benefits of introducing
ancillary maximum and minimum bounds. These results also
suggest future opportunities for further algorithm improvements
not considered here, for example based on “rescaling” the re-
trieval by comparing maximum to minimum NRCS ratios to
those of the ancillary maximum and minimum alpha coefficients.

B. Performance Comparison Between Two Flight Lines

The two UAVSAR flight lines considered include a narrow
overlap area within the 30° to 50° incidence angle range that
includes seven agricultural in-situ sites. Fig. 5 compares the
two retrievals with in-situ measurements at sites 14 (soybeans)
and 24 (corn) using combined HH+VV retrievals. For these
example sites, the incidence angles are 31° to 34° for the 31604
flight line and 49° to 50° for the 31606 flight line, respectively.
The retrieval time series from each flight line are similar with
difference less than 0.05 m3/m3 and good agreement with
in-situ measurements is also observed, (although a few days
show differences up to 0.1 m3/m3). The soybean site shows an
unbiased RMSE of 0.034 m3/m3 for the 31604 flight line and
0.036 m3/m3 for the 31606 flight line, whereas the corn site
exhibits values of 0.049 m3/m3 for the 31604 flight line and
0.034 m3/m3 for the 31606 flight line. Fig. 6 further provides a
histogram of retrieval differences between two flight lines over
common areas for the HH+VV combination. The results show
a mean difference of 0.002 m3/m3 and standard deviation of
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Fig. 4. Relationship between consecutive backscatter measurement (HH and
VV) ratios and the corresponding alpha ratios. (a) Site 111 (soybeans). (b) Site
85 (wheat). (c) Site 61 (canola). (d) Site 62 (corn). (e) Site 51 (soybeans).
(f) Site 11 (corn). All measurements from flight line 31606 and red dashed
curves indicate a linear fit.

Fig. 5. Performance comparison at sites 14 (soybeans) and 24 (corn) where
retrievals from both flight lines are available. HH+VV configuration used for
this comparison. (a) Site 14 (Soybeans). (b) Site 24 (Corn).

Fig. 6. Histogram of the retrieval (HH+VV) difference between 31 604 and
31 606 flight line over common areas. Data at seven agricultural sites for 11 days
was used.

Fig. 7. Estimated composite soil moisture images on June 17 (the first day
of UAVSAR experiment) using the time-series ratio algorithm for HH, VV, and
HH+VV configuration.

0.0447 m3/m3, demonstrating the overall agreement in the soil
moisture retrieval for the two flight lines.

C. Composite Image Generation

Soil moisture retrievals were obtained for each polarization
by solving the matrix equation with the soil texture based alpha
bounds. Fig. 7 illustrates retrieved soil moisture images on June
17, the first day of the UAVSAR experiment. Composite images
were produced by combining soil moisture retrievals from both
flight lines, with the average soil moisture for the two flight
lines used in the overlap area. Retrievals were not performed
for pixels with invalid soil texture information, such as those
in river and urban areas. From the image, the HH+VV, HH,
and VV-based soil moisture images are similar, but have small
differences depending on the method.

Fig. 8 provides HH+VV retrieved soil moisture images for the
entire time series. The SMAPVEX12 field experiment started
on June 17 after a heavy rain, so that the average in-situ soil
moisture was high on June 17. Only light precipitation events
then occurred until June 23. Agricultural areas in the southern
part of the domain show particularly high soil moisture values in
this time interval. Soil moisture then decreased throughout the
domain until July 3. Subsequent rain events on July 4, 12, and
14 then caused higher soil moistures in the region. The retrieved
images are largely consistent with these trends and with the
averaged in-situ soil moistures shown in Fig. 3. The images
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Fig. 8. Composite retrieved soil moisture images from June 17 to July 17, 2012, with HH+VV configuration. 11 common flight lines of 31604 and 31606 were
used for the images.

Fig. 9. Scatter plots between in-situ soil moistures and retrieved soil moistures for HH, VV, and HH+VV combination. (a) 31604 Flight Line. (b) 31606
Flight Line.
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TABLE I
PERFORMANCE STATISTICS PER CROP AND PER POLARIZATION (SITE-BASED BIAS CORRECTION)

further show a greater variability in soil moisture in southern
agricultural areas as compared to the more northern forest areas.

D. Assessment With In-Situ Measurements

Fig. 9 provides scatter plots comparing retrieved and in-situ
site soil moistures using all data for each flight line, and for
the HH-only, VV-only, and combined retrievals. Each crop type
is marked with a separate color and symbol in the figure. Sites
101–105 had standing water during the experiment and were
not used in the performance assessment. Statistics including the
correlation coefficient (R), bias, RMSE, and unbiased RMSE are
indicated at the bottom of each figure. Biases for each in-situ site
were removed in the scatter plot and in computing performance
excepting the mean bias. Both flight lines show overall reason-
able performance for all the methods. The HH+VV combination
generally outperforms individual polarizations with an unbiased

RMSE of 0.050m3/m3 and a correlation coefficient of 0.732 for
flight line 31604. For flight line 31606, it achieves an unbiased
RMSE of 0.053 m3/m3 and a correlation coefficient of 0.796.
The VV-only results further show reduced errors as compared
to HH-only due to the enhanced sensitivity to soil moisture in
VV polarization.

Soil moisture retrievals from the SMAP radar using a phys-
ical model inversion method with time-series data achieved an
RMSE of 0.052 m3/m3 across all SMAP validation sites in [9].
This level of accuracy is comparable to that found here for the
SMAPVEX12 dataset. However, the auhtors in [9] also reported
an average bias of -0.015 m3/m3 and a correlation coefficient
of 0.50, both degraded as compared to the SMAPVEX12 results
reported here.

The percent unbiased RMSE was also calculated to under-
stand relative errors. It is a normalized metric that expresses
the error as a percentage of the mean of the observed values.
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Fig. 10. Performance comparison by various VWC ranges for all polarizations
(HH, VV, and HH+VV); Number of samples for each VWC class are indicated
with a line graph on the secondary axis.

For flight line 31604, the percent unbiased RMSEs are 28.29%,
24.98%, and 24.64% for HH, VV, and HH+VV polarizations,
respectively. For flight line 31606, these values are 28.49%,
22.06%, and 21.90%. The percent unbiased RMSE has a rel-
atively higher value since it is influenced by the mean soil
moisture, which ranges from 0.05 to 0.54 m3/m3 over the
campaign. Errors in areas with lower soil moisture particularly
can increase the relative RMSE.

The results are also based on the NISAR-like backscatter
data (both HH and VV) with 200-m aggregation. Retrievals at
finer spatial resolution could also be attempted, but would be
impacted by increased levels of speckle noise that would degrade
performance.

Table I presents performance statistics per crop and polar-
ization in detail. Results for oats, wheat, corn, and canola
show overall reasonable performance (HH+VV) with unbiased
RMSE less than 0.050 m3/m3. Performance is more variable
for soybeans, with unbiased RMSE varying from 0.058 to 0.062
m3/m3 depending on the method used. This may be indicative
of more significant contributions from vegetation volume scat-
tering for the soybean crop type. The correlation coefficients
for oats, wheat, and canola across both flight lines are found
to be relatively high, with values exceeding 0.72 for all cases.
However, forest sites show low correlations due to the small
dynamic range in soil moisture for the forest sites. Also, the bias
for the pasture sites is larger than that for other crop types. The
table also provides statistics specifically for agricultural sites
in the last column and the results illustrate robust soil mois-
ture retrieval across various agricultural sites, with correlations
surpassing 0.75 and demonstrating low unbiased RMSE values,
highlighting the effectiveness of the employed methodology.

E. Impact of Vegetation Water Content

Fig. 10 examines soil moisture retrieval errors as a function
of in-situ VWC for each polarization configuration. The re-
sults show similar retrieval errors over the 0–5 kg/m2 VWC
range considered that are consistent for all crop types. These

results suggest that low to moderate vegetation levels should
not be expected to have a significant impact on time-series
ratio algorithm performance, although this conclusion may be
influenced by the particular vegetation types and conditions of
the SMAPVEX12 experiment. Further assessment over a larger
range of conditions will be possible once NISAR mission data is
available.

V. CONCLUSION

A time-series ratio method for soil moisture retrieval was
successfully applied to the NISAR simulated SMAPVEX12
UAVSAR data. The method shows a reasonable performance
with unbiased RMSE of 0.05 m3/m3 and appears suitable for
use for the NISAR mission. The method is advantageous since
it does not require any forward modeling of the backscattered
NRCS. Also, because minimal ancillary data are needed, the
method is less sensitive to errors in ancillary data. The results
obtained showed better retrieval performance for VV as com-
pared to HH polarization, with the combined HH+VV retrieval
showing the best performance.

Future work will consider the incorporation of cross-pol
observations to flag areas having appreciable changes in veg-
etation between consecutive overpasses. To facilitate global
soil moisture processing in the NISAR mission, the use of
a climatological data in determining minimum and maximum
alpha coefficient bounds is also under development. Combined
L- and S-band retrievals are also under consideration to further
support the simultaneous estimation of vegetation water content
and/or biomass.
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