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Utility of thermal image sharpening for monitoring field-scale
evapotranspiration over rainfed and irrigated agricultural regions
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[1] The utility of a thermal image sharpening algorithm
(TsHARP) in providing fine resolution land surface
temperature data to a Two-Source-Model for mapping
evapotranspiration (ET) was examined over two agricultural
regions in the U.S. One site is in a rainfed corn and soybean
production region in central lowa. The other lies within the
Texas High Plains, an irrigated agricultural area. It is
concluded that in the absence of fine (sub-field scale)
resolution thermal data, TSHARP provides an important tool
for monitoring ET over rainfed agricultural areas. In
contrast, over irrigated regions, TsHARP applied to
kilometer-resolution thermal imagery is unable to provide
accurate fine resolution land surface temperature due to
significant sub-pixel moisture variations that are not
captured in the sharpening procedure. Consequently,
reliable estimation of ET and crop stress requires thermal
imagery acquired at high spatial resolution, resolving the
dominant length-scales of moisture variability present
within the landscape. Citation: Agam, N., W. P. Kustas,
M. C. Anderson, F. Li, and P. D. Colaizzi (2008), Utility of thermal
image sharpening for monitoring field-scale evapotranspiration
over rainfed and irrigated agricultural regions, Geophys. Res. Lett.,
35, L02402, doi:10.1029/2007GL032195.

1. Introduction

[2] Over the last several decades, there has been a major
effort to develop methods for deriving spatially-distributed
evapotranspiration (ET) maps over landscapes by using
remote sensing imagery in the visible—near-infrared (VIS/
NIR) and the thermal infrared (TIR) bands in surface energy
balance models [Diak et al., 2004]. The spatial resolution of
the resulting ET maps is determined by the spatial resolu-
tion of the coarsest input, and the temporal frequency is
determined by the revisit time of the acquiring satellite
system. For water management applications and other
agricultural purposes, ET maps would be optimally pro-
duced daily at fine spatial resolution (<100 m). However, a
tradeoff exists between the spatial and temporal resolutions
of current remote sensing systems, such that they typically
have either high-spatial/low-temporal or low-spatial/high-
temporal resolution. This tradeoff is particularly significant
for satellite-based thermal imaging instruments, which have
2—-10 times coarser resolution than do co-located VIS/NIR
Sensors.
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[3] With the currently available satellite systems, several
strategies can be applied for mapping ET over agricultural
areas. The first is to derive fine resolution (60— 120 m) maps
at ca. monthly intervals using Landsat TIR data. This option
provides adequate within-field resolution, and provides the
most reliable estimates of field-scale ET. The shortcomings
of this method are the long time-lag between image acquis-
itions and the uncertainty as to whether thermal imaging
will be continued on the next generation Landsat satellites.
Alternatively, coarser resolution (1 km) ET maps can be
generated at ~daily time steps using, for example, the
Moderate Resolution Imaging Spectrometer (MODIS) on
board the Terra/Aqua satellites [Nishida et al., 2003]. While
providing better temporal coverage, 1 km-scale maps cannot
capture within-field variations, which are important for
agricultural management at the field and farm level. A third
strategy utilizes the functional relationship between the
spaceborne-derived surface temperature and vegetation in-
dices to sharpen the 1 km MODIS TIR imagery to the
resolution of the MODIS VIS/NIR bands (250 m), deriving
near daily ET maps at scales marginally resolving the
typical field size (TsHARP) [Kustas et al., 2003; Agam et
al., 2007a, 2007b]. Provided that the sharpening algorithm
reasonably reproduces the actual land surface temperature
(LST) distributions at the target resolution, this approach
may provide the most optimal means for deriving routine
remotely-sensed ET maps at field scale.

[4] In this study, a Two-Source-Model (TSM) of surface
energy balance was used to derive ET maps using TIR data
at different spatial resolutions. Detailed description of the
model principles and formulation are given by Norman et
al. [1995] and Kustas and Norman [1999a, 1999b, 2000].
Briefly, the TSM is a land-surface parameterization of the
radiation and turbulent energy exchanges between the soil,
vegetation and lower atmosphere. Given an estimate of
fractional vegetation cover, the TSM partitions the surface
temperature and energy/water fluxes into soil and canopy
contributions, and has a built-in mechanism for detecting
thermal signatures of stress in the soil and canopy.

[5] The utility of TSHARP for TSM flux evaluations was
examined over two agricultural regions in the U.S.: a
rainfed corn and soybean production region in central lowa,
and an irrigated agricultural area in the Texas Panhandle.
The goal was to estimate errors in ET incurred by using
sharpened thermal imagery in place of imagery acquired at
fine-scale native resolution. Although other TIR-based
energy balance models may have somewhat differing sen-
sitivity to errors in the input surface temperature field, the
TSM is considered here as one possible mapping from LST
to ET space to give a qualitative estimate of the impacts of
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