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MULTI-SENSOR DETERMINATION OF SOIL MOISTURE

1. Introduction ,
The Guymon soil moisture data set which was the source for the analyses
reported by Hajic (1981) was revised.* This revised Guymon data and the
Dalhart soil moisture data collected on August 14, 16, and 18, 1980 have
each been grouped into four field cover types for statistical ana1§sis. The
Guymon data is grouped as bare, alfalfa, milo with rows perpendicular to
the field of view,Aand milo viewed parallel to the field of view. The
Dalhart data is grouped as bare combo (including bare stubble, pasture,
and millet), stubble (including vegetated, disked, wheat and mulched |
stubble), disked stubble, and corn fields. Tables 1A and 1B show the
data collection fields and dates for each covér type in the Guymon and
Dalhart data sets respectively. Tables 2A and 2B summarize the variables
and associated symbols used in the analysis. Prefix and suffix symbols
are explained and data set names identified.
The organization of the analysis summary is parametric in field cover
type with the same types of analyses performed for eéch cover type. It is
»preceded by an overview with summicvy graphs which combine selected analyses
to compare the effects of field cover. The analysis for each of the cover
types is presented principally in the form of graphs and tables with only
brief commentary since in-depth examination of these resuits has not yet
been done.
The remainder of the report consists of tables of wlementary statistics,
correlation matrices, and single variable regressions. A concluding chapter

summarizes selected eigenvector and factor analyses. The elementary

*per revisions by TAMU, Spring 1981.
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statistics provide the mean and standard derivation of all variables.
lation matrices were determined for high correlating sensors and for
corre]étion between soil depths. The highest correlating sensor types
for SM02 (Guymon) and FLDO2 (Dalhart) are summarized via tables of the
intercepts and regression coefficients. These variables represent the
values of the flight Tine volumetric soil moisture in the 0-2 cm depth
layer and the field average volumetric soil moisture in 0-2 cm depth

layer respectively.
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Overview

This overview is arranged in four parts to show the effect of cover
tybes. These include the raw data, correlation coefficients, single
variable regressions, and stepwise regressions as derived from the highest
correlating variables. A critical and intensive examination of all these

preliminary reports remains to be done.

2.1 Cdver Type Comparisons

A large number of variables are being compared in this analysis.
Explication of the effects of single variable changes in the analysis is
complicated by the fact that comparisons of sensor types and responses con-
tain the convolved effects of multi-variable changes soil moisture
profiles, cover types and soil textures. In some instances, the effect of

a single variable change is approximated via the regression equations.



2,11 Raw Data

Consider first that determinina the effects of cover types is dif-
ficult due to the fact that the sets of fields have significantly dif-
ferent moisture profiles. Figures 1 and 2 show the mean values of each
Tayer plotted at the mean depth of each soil sample layer. Thus the mean
scattering cross sections, Figures 3 and 4, incorporate these effects as
do the plan view direction modulation for the milo fields (viewed parallel
or perpendicular to the rows), in Figure 3E.

Soil textures also differ from field to field. Tables 3 and 4 briefly
show the varjation in textures of the samnled fields., Lees (1981) dis-
cussed the analysis of the soil texture vs soil moisture of the Guymon
and Dalhart data sets, therefore these tables have been included here for
comparison only,

Noteworthy is relatively smaller excursions in mean scattering cross-
section of the MV 1.6 Ghz sensor ( compared to all other sensors and
polarizations) as look angle is varied, This is particularly evident in
the Guymon data sets for all cover types (Figures 3A - 3D). It is sig-
nificantly less evident in the Dalhart data sets (Figures 4A - 4D).
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‘*\2.1.2 Correlation Coefficients

The effects of scatterometer look angle, frequency, and polarization
on correlation with volumetric soil moisture in the 0-2 cm layer is shown
in Figures 5 and 8, Significant is the relative!y"constant correlation
of the HV 1.6 Ghz sensor channel for look angles of 2 10° in the Guymon bare
field data set. In comparison the HV 4.75 Ghz channei for look angles of
2 10° in the Dalhart bare field data set has relatively constant but Jower
correlation coefficients. For the latter set the MM 4.75 Ghz shows no
correlation.

Note also the great disparity in the correlation results of the .4 Ghz
HH and HV sensor. The Guymon bare field data shows increasing negative corre-
lations for the 44/ polarization (with increasing look angle) and essentially
no correlation for the HVYdata. In contragng the .4 Ghz HV sensor ranks as
one of the highest in (somewhat constant) correlation for the Dalhart bare
(combo) field data. The .4 Ghz HY data shows a similar and somewhat lower
correlation trend. These discrepancies have not been explained.

Throughout the data ana\ysisﬂr§1ative1y little difference in results were
found in comparisons of the field é;erage (FLD) Qﬁiline (SM) soil moisturg
sets - most analysis results are also similar to those reported last yengg;
later data editing (Hajic, 1981). |

Figures 6 and 9 show correlations with passive microwave sensors,

Figure 7 simi]arly shows the correlations for the Modular Multispectral
Scanner (Guymon) and Figure 10 for the Thematic Mapper SimuTator (Dalhart).
| A comparison of the coefficients of correlation of the sensor responses
. with the volumetric soil moisture measured at progressively deeper layers
ris shown in Figurés 1].‘12, 13, and 14. The depth is plotted at the'midway
‘rpdiht for the layefsA6~2, 2-5, 559, and 9-15 cm for Guymon with 0-2, 2-5,

22



and 2-15 cm for Dalhart. As a reference, the correlation of the soil
moisture at each depth with that in the top 0-2 cm is shown. Since the
latter is shown to remain relatively high and almost constant for all

cover types, except bare, no conclusions can be readily reached regarding
the distribution of depth to the sensor response. The generé]iy high corre-
lating scatterometer look angles of less than 25 degrees ake shown. This is
to show the significant effect of a relatively small change in look angle on

the correlation.
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2.13 Single Variable Regressions |

A compariscn of the linear regressions with SMOZ and FLDOZ as
the dependent variabie parametric in cover types is shown in Figures 15
and 16.v The scatterometer regressions are for look angles less than 25
degrees as the independent vériab]e.

The standard error of estimate of SM02 And FLDOZ for the scatter-
ometers and passive microwave sensors are shown in Figures 17 and 18.
Note that.for the Guymon data the highest standard errors are recorded by
the cross-polarized scatterometers and specifically for the‘alfalfa fields.
The bare fields evidenced the lowest standard errors. For the Dalhart
data the parallel-polarized scatterometers tend to follow their crdss-
poTariZed counterparts, especially in the higher look angles. The combined
“stubble fields tend to show the Tower standard errors and corn the higher
standard errors. A summary of the cémp]ete set of one independent variable
regression constants showing effects of cover and Took angle is‘summarized
in Figures 19 and 20. Note the t&pica] progressions up and down the line
as the look angle is varied for each cover type. The Daihart data is
particularly interesting in that the majority of cover types with the
exception of corn, tend to parallel each_othervthrough the various look
angles. The graphs also tend to lay close to a linear projection through
the axis (Figure 20). This is true for all the Dalhart scatterometers and
the passive microwave sensors excluding both the HH and HV 4.75 scattero-
meters in Figures 20F and 20G. The 1at£er sensors are Vefy unique in
vappearingvtovbe relatively insensitive to a change in look:angie. :

The calculated sensor responses necessary to 'predict' soil moisture

values of SM/ FLDO2 = 0%, 5%, and 15%‘are»shown in Figures 21-24‘(Guymon)

and Figures 25-28 (Dalhart). Note that such calculation does not adjuSt‘
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the soi) moisture depth-profiles to conform to & common, single profile for
each cover group. Thus direct comparisons to determine the effect of
single variable changes are still confounded by such convolved and dif-
ferént effects. Notice that for the bare and milo par fields the required
HV 1.6 scattering coefficients are within about 1 dB. but in general they
both fluctuate independently of the other cover types, moisture percentages,
and sensors. The other covers, alfalfa and milo perp., act independently
by sensor, however, they remain relatively constant throughout the range
of moisture percentages. The required HV 4.75 scatterometer responses
appear to be the most similar to each other and consistent with varying
look angle as the effect of each cover in Guymon data is examined.

The Dalhart data analysis of the corn fields (Figures 25A-28)
- shows the effects of, possibly, the 'psuedo’ coherent backscatter
caused by the vegetation. This is also evidenced in the ‘oscillatory’
nature of the variable trajectories (in factor space) for the 1.6 Ghz
HH and HV sensors (see Figure 37). In sharp contrast the 4.75 Ghz HH
and HV sensors remain in a relatively constant (factor space) position.
Note particularly the nature of the 'required responses' to predict a given

soil moisture vis a vis the curves for the other less vegetated, covers.
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