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1. INTRODUCTION

Soil moisture content is a crucial variable in studies
of hydrology, meteorology, and plant sciences. Soil
moisture content influences the ability of land to hold
additional water from precipitation and thus affects
groundwater levels and runoff. Evapotranspiration rates

. are strongly influenced by soil moisture content near the
surface; evapotranspiration regulates surface air
temperature and is a major factor in modifying the water
vapor content of the atmosphere. Adequate soil
moisture is essential for plant growth; excesses and
deficits of soil moisture must be considered in
agricultural management practices. Soil moisture can
be measured by a variety of in situ techniques, but such
techniques often are inadequate for evaluation over
large areas because of strong temporal and spatial
variations. Here, a technique using standard surface
meteorological observations together with remote
sensing data from sateltiies is discussed.

The model framework for parameterizing subgrid-
scale (PASS) surface fluxes was used here in a
particular form (PASS1 ) to infer relative amounts of root-
zone extractable soil moisture (ESM) available to
vegetat-km (Gao, 1995; Gao et al., 1998). Data for these
studies were collected during April and May 1997 over
the Walnut River Watershed (WRW), which covers an
area of approximately 5000 km2 east of Wichita,
Kansas. Measurements of a wide range of hydrological
and boundary layer parameters at the WRW were made
during these two months by the Cooperative
Atmosphere-Surface Exchange Study (CASES)
consortium in collaboration with the Argonne Boundary
Layer Experiments (ABLE) effort and the Atmospheric
Radiation Measurement (ARM) program. One of the
major components of the 1997 CASES field campaign
was obsewation and subsequent modeling of the effects
of soil moisture content on the diurnal cycle of the
planetary boundaty layer.

2. METHOD

The procedures used in PASS1 are outlined in
Fig. 1. Model inputs included valpes of the normalized
difference vegetation index (NDVII) or simple ratio (SRI)
and surface brightness temperature ( T~ ), which were
derived from analysis of data from advanced very high
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resolution radiometers (AVHRRS) on environmental
satellites for each pixel (i) of area approximately 1 km by
1 km. Surface meteorological obsewations made at
three ABLE automatic weather stations (AWSS) and
other sources in the WRW were_ averaged to provide
e~timates of solar irrad&nce (K $), air tempe~ature
( Ta), relative humidity (RH), and wind speed (U). A
land use and land cover data set (USGS, 1990)
identified 37 land use types in 9 primary classes, with a
horizontal resolution of approximately 200 m. Estimates
of the surface roughness length ( z~ ) for each pixel were
made with formulations that use NDVI’ and information
on assumed surface properties such as the likely
heights and geometry of vegetative canopies for each
land cover type. The surface conductance ( G~ ) was
computed with values of photosynthetically active
radiation, SR’, the atmospheric water vapor deficit (&’),
and the relative extractable soil water content in the root
zone ( 6~ ). The initial estimate of &’ for all pixels is
assumed to be equal to the value computed from the .
average of observational data collected at the three
AWSS. Because 6& was initially unknown, G\ was first
estimated as if the soil moisture content was at field
capacity (i.e., as if .9! was equal to unity). The initial
estimates of friction velocity (u. ) and canopy resistance
( r~ ) were ~alculated with micrometeorological equations
that use U and z~. PASS1 formulations were also
used to estimate. the surface albedo ( cq) and the soil
heat flux ratio ( r’), which are functions of SRI and the
solar zenith angle.

The d@ribution functi~ns (Fig. 1) that relate Ui to
~, T~ to Ta, and e~ to ea are highly parameterized
formulations that rely on empirical coefficients au, a~,
arrd ae (G.ao, 1995). With the resulting values of 9s,
u’, and e~ for each pixel, G:, u!, and r~ were
recalculated. In the subsequent surface energy budget
calculations, the sensible heat flux (H’) was derived with
a micrometeorological aerodynamic formulation that
uses T~ from the distribution function and T~ based on
satellite observations. Net radiation (R\) was
calculated as the sum of the radiative components for
each pixel; downwelling Iongwave irradiance (~ $ ) was
computed with the method of Satterlund (1979), and
upwelling irradiance (L’ ~ ) was computed on the basis
of T&. Latent heat flux ( LE’) was calculated as the
residual term in the surface energy balance equation. In
the final set of calculations, the aerodynamic
relationship between latent heat flux and the air-surface
difference in inferred water vapor. pressures was used to
estimate surface conductance ( g~) values, which .in turn
were combined with G~to estimate ESM (6&), as
defined by Kim andVerma(1991 ).
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in PASS1 to estimate relative amounts of extractable soil moisture content (O4 ) in the

3. RESULTS AND DISCUSSION

Estimates of ESM were made for each satellite data
pixel area in the WRW for several selected days with
intensive observations. Results from days 119, 130,
and 140 (April 29, May 10, and May 20) of 1997 are
addressed here. Figure 2 shows that ESM averaged
over the WRW is well correlated with the magnitude of
preceding rainfall events. The increase in averaged
NDVI from day 119 to day 140 suggests that the area
was becoming greener and that vegetation growth was
not significantly limited by soil moisture availability.

Figure 3 shows the spatial distribution of ESM at
the WRW on the three days. According to radar-
derived, raingauge-adjusted precipitation estimates (not
shown) for the WRW, scattered areas in the WRW
received light precipitation on the 3-4 days prior to day
119 (April 29). The pattern of radar-derived cumulative
rainfall for day 119 is reflected quite well in the
distribution of ESM in Fig. 3, with relatively high values
scattered in the southwestern WRW and drier areas in
the grasslands in the northeastern WRW. Soil moisture
was abundant in the middle of the WRW on day 120,
corresponding well with radar-observed precipitation.
The entire WRW appears to have large amounts soil
moisture on day 140 (May 20), corresponding to the
heavy precipitation that occurred throughout the area on
May 18-19.
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Fig. 2. Values of NDVI and extractable soil moisture
averaged over the Walnut River Watershed in relation to
rainfail amounts measured
Service station near Wchita.
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Fig. 3. Model results for extractable soil moisture on days 119, 130, and 140 (left to right) of 1997 in the Walnut River
Watershed and the immediately surrounding area. -

4. CONCLUSIONS

The PASS1 model provides a method to infer a
relative measure of extractable soil moisture in the plant
root zone when it is used with NDVI and surface infrared
temperature values in combination with limited surface
meteorological observations. Also estimated was the
surface conductance for water vapor, which could be
used in turn to estimate air-surface exchange rates of
carbon dioxide and gaseous pollutants in vegetative
canopies. l%e comparison between the estimated soil
moisture and the precipitation fields showed good
agreement, both in their overall trends and their field
distributions. As more in situ soil moisture
measurements become available from ABLE and the
1997 CASES effort, more rigorous comparison of
modeled ESM with observations will be possible. With
further evaluation and refinement, this approach will be
developed to estimate soil moisture on a seasonal basis
with moderate spatial resolution over large terrestrial
areas.
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