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Abstract

In this paper the first- and second-order statistics of soil moisture are derived using the Washita 92
data. Also the possible correlations among the soll texture, the brightness temperature, the NDVI and the
soil moisture are investigated based in the linear regression study. Only the correlation between the soil
moisture and the brightness temperature shows significant values. The soll moisture decay coefficients in
time were estimated for each soil tvpe and cross—checked by calculating the last rainfall time before the
observation to be about 20 days in all different soil types. The second order statistics of soil moisture
based on the correlogram and the spectrum was analvzed to derive the data characteristics and compared
with those of the NDVI and the soil texture. This analysis shows that the soil moisture within the highly
correlated soil texture field is affected much by the relatively less correlated vegetation ficld in the
Washita arca. where the effect of topography is known to be small. The soll moisture dvnamics model
based on the linear reservoir concept and considering the diffusion through the soil media was derived
and its parameters were estimated successfully using the first  and second-order statistics.
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1. Introduction

Soil 1s a thin layer of porous material between
the atmosphere and the geosphere. The retention
of soil mosture and the attendant runoff from
naturally occurring rainfall, snowmelt, or irrigation
arc fundamental processes upon which civilization
depends for food production, portable water, and
navigable streams and waterwavs, Soil moisture is
also the dominant factor in shaping the ecosvstem
environment.

response to the physical Adequate

knowledge of soil moisture storage as well as
evaporation and transpiration at the land surface is
essential to the understanding and prediction of the
reciprocal  influences  between  land  surface
processes and weather and chimate. Despite  the
importance, global measurement  and  analvsis  of
soil moisture and temperature remains deficient.
Traditionally, hvdrologists have had 1o practice
without adequate knowledge of the three dimensional
distribution of soil moisture and its variation in
time.  Ground-based methods  for  observing  soil

moisture, such as the gravimetric  techniques,
neutron probes, time domain reflectometry, cte., are
generally labor intensive. Except for selected sites
of agricultural concern  and certain  research
watershods, the data necessary to construct a soil
climate (c.g., soll temperature, soil moisture, cte.) s
conspicuously missing, particularly when comparing
The

spatially  distributed and  physically  based  water

with the notion of atmospheric  climate.
balance models introduced in the past two decades
have certainly been hampered hy the lack of data
adequate for prognostic and diagnostic purposes.

moisture — at
doubt

significantly to the investigation of soil moisture

Remote  sensing  of  surface  soil

microwave frequencies  will no contribute

distribution  and  dynamics.  Cwrrently  several

projects for large or global scale soil moisture
observation are on planning by the U, S, and
The

projects, however, depends on the quality of the

European  Community. success  of - these

basic  statistics,  especially the  second order
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moment, and the model for soll moisture dynamics,
which will, in tun, be tuned by the data collected
(North and Nakamoto, 1989). Modeling efforts given
to the soil moisture can be found in Rodriguez-Tuurbe
et al. (1991), Entekhabi and

(1994), ete, but their aims were 0 see the effect

Rodriguez-Tturbe
ol rainfall on the soll moisture spatally  and
temporally. It's also worthwhile to notice that they
have used a very conceptive and typical values for
the model parameter, not the observed.

In this studv, the first- and second-order
statistical characteristics of the soil moisture field
Washita  '92  data
investigated. This study may be extended toward

hased on the analysis — are
understanding the physical characteristics of the
soil moisture and the spatial organization of it.
The statistics derived, then, are applied for the

parameter estimation of a simple soll  moisture
dvnamics model.
2. Washita '92 Data
Washita  '92  was  a  cooperative  experiment

between NASA, USDA, several other government
agencies, and universitics with the primary goal of
collecting a time series of spatally distributed data
focusing on soill moisture and  evaporative  fluxes
(Jackson et al., 1993). Data collection was conducted
from June 10-18, 1992 The region received heavy
rains over a period before the experiment started,
with the rain ending on June 2, and no precipitation
occurred during the experiment period. The ESTAR
(Electronically  Scanned Thinned  Array  Radiometer)
and many other operational sensors were carried by
a NASA Besides the ESTAR  passive
microwave dala and the  soil data, it

provides the information on soil texture and land

aireraft.

moisture

use that would be relevant  for further rescarch, All
the image files arc 228 pixels by 93 lnes covering
an area of 456 kmx 186 km (846 ki) with pixels
of 200 m>200 m. This area is located in southwest
Little Washita

Oklahoma, and  belongs to  the

watershed  and  has  a  channel which

system

provides adequate drainage.




Table 3. Regression Analysis for the Soil Moisture (SM) and the Brighiness Temperature
(BT) with the NDV! of the Washita '92 data

Comments

Rvglt\\](m S()ll l)L)L‘ (Porosity) a h ‘ R
! [ 0417 -0.0057 16.52 0.0014
\ II (0.401) 0.0109 20.19 0.0031
(1) SN = I (0.412) -0.0183 21.38 0.0102 Corr{porosity, a)
alNDVD - b IV (0.434) 0.0264 215 00212 -0.2621
V(0.486) 0.0383 20,48 ! 0.0379
e V10437 0.0623 28T 6od04
[ (0.417) 0.0711 )0.84 " 0.030
T (0.401) 01373 28746 0.069
2y BT = HI (0412 0.1428 283.03 1).068 Corr(porosity, a)
alNDVD) - b | IV (043D i 0.0814 277 A 0.033 0.0654
| V04861 0.1146 270385 0,056 1
N VI 10437) 0,1905 280,14 0.096 | -
Corrlan aen) ~ -0.9273

B

Table 4. Decay Coefficients of Soil Moisture (SM) and Brightness Temperature (BT) for

Different Soil Texture

r/ Soil Type ‘ Soil Moisture Brighmn <5 Temperature Time after Rain (dav)
(porosity) : @ (STDV)Y ‘ (STDHV) o e i
It ()41/ i 0002 (0.033) ‘ 0. )] (0.0051) 19.57
I (0.401 ‘ 0.072 (0.027) 0.013 {0.0058) 22,22
111 ()—11) ! 0.075 (0.033) ‘ 0.099 (0.0378) | 20.3
IV (0.434) i 0.057 (0.027) ‘ 0.014 (0.0063) 2224
Vo(0.486) 0.062 10.036) 0.015 (0.0075) ‘ 19.7
o NLw4asn _0.081 10.033 L -0.019 10.0064) L 15 ]
B Corr(porosity, « \\[) 0.4851
Corr(porosity, @pr) - ~0.2797
Corrt asy, @) - 0.04926

(3) Two dimensional spectrum derivation using
inverse [Fourter Transform of the periodogram.
This procedure was applied for the <ol moisture,
NDVI of Washita 92

The resulting correlograms and the  spectra

the sail and the
data.
are given In Figures (1) and (2)

(1), the

correlograms are smoothly decaved to zero as the

texture,

As shown in Fgures two dimensional

distance increases. The decay rate is highest for
the soil texture and lowest for the NDVI.

moisture field has the decay

The soil
rate in hetween the
soill texture and the NDVL The lag-1 correlation
the soll texture is highest among
NDVL

indicates that the soil moisture within the highly

coefficient  for

three data and the lowest for the This

correlated soil top laver 1s a little disturbed by

HERTEE TN 109R 4

relatively less correlated vegetation field in space.
It is also obvious that the soil moisture field s
hut for the Washita
flat
spectrum

affected by the topography,

be assumed 10

The

might
of it
showed similar patterns.

area  the  landscape

disregard the cffect also
The spectrum s centered at zero and smoothly
The

refative magnitude of the peak at the center of the

decavs to zero as the frequency increases.
spectrum  is biggest for the soill texture and least
for the NDVL The
is in between the soil texture and the NDVL This
of  the
moisture field is a little higher than that of the

peak of the soil meisture field

directly means that the variability soil

soill texture field, but both are less than that of

the vegetation flield. This coincides with the result
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Figure 1(a). Two-Dimensional
Correlogram of Washita
'92 Data - Soil Moisture
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Figure 1(b). Two—Dimensional
Correlogram of Washita
'92 Data—-Soil Texture
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Figure 1(c). Two-Dimensional
Correlogram of Washita
‘92 Data — NDVI
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Figure 2(a). Two-Dimensional Spectrum
of Washita ‘92 Data — Soil
Moisture
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Figure 2(b). Two—Dimensional Spectrum
of Washita 92 Data - Soil
Texture
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Figure 2(c). Two—Dimensiona! Spectrum of
Washita ‘92 Data — NDVI
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