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Abstract

The encroachment of woody plants in grasslands across the Western
U.S. will affect soil water availability by altering the contributions of
evaporation (E) and transpiration (T) to total evapotranspiration (ET). To
study this phenomenon, a network of flux stations is in place to measure
ET in grass- and shrub-dominated ecosystems throughout the Western
U.S. A method is described and tested here to partition the daily
measurements of ET into E and T based on diurnal surface temperature
variations of the soil and standard energy balance theory. The difference
between the mid-afternoon and pre-dawn soil surface temperature,
termed Apparent Thermal Inertia (1), was used to identify days when E

was negligible, and thus, ET=T. For other days, a three-step procedure
based on energy balance equations was used to estimate the
contributions of daily E and T to total daily ET. The method was tested
at Walnut Gulch Experimental Watershed in southeast Arizona based on
Bowen ratio estimates of ET and continuous measurements of surface
temperature with an infrared thermometer (IRT) from 2004-2005, and a
second dataset of Bowen ratio, IRT and stem-flow gage measurements in
2003. Results showed that reasonable estimates of daily T were obtained

for a multi-year period with ease of operation and minimal cost.

Instrumentation and Field Sites

USDA ARS Walnut Gulch Experimental Watershed

This approach is based on the
assumption that conventional eddy
covariance or Bowen ratio
instrumentation is in place at a site,
with coincident measurements of soil
surface temperature, making
measurements throughout the day at
the commonly used 20- or 30-minute
time interval.
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Partitioning ET with Thermal Inertia
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Partitioning ET with Semi-Empirical Energy Balance Approach

Lucky Hills 2005 Growing Season
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T E where E is potential evaporation (W m?).
Actual E; can be estimated by
multiplying the daily E_(E ;) by

\/\/I //\N\'\/\’\/\ ED — (E/Ep)EpD (2)
l . |

220 230 240 250 260 270 280

oY Finally, daily transpiration can be
Values of (a) measured, minimum and maximum determined
surface temperature (t, t . and t_ ) and (b)

transpiration (T) and evaporation (E) during the T,=ET,-E, (3)
growing season (DOY 220-280) at Lucky Hills in 2005.
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Validation of Estimated Transpiration with
Transpiration Measured with Sapflow Technique

Lucky Hills 2003 Growing Season
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(a) Comparison of transpiration (T) estimated
with this approach and T measured with a
conventional sapflow technique (from Scott et
al., in press) and (b) the difference between
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Seasonal T/ET Ratio, Kendall & Lucky Hills
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Table 1. Rainfall summary (mm) for the growing season at WGEW during years 2003-
2005 at Kendall and Lucky Hills sites.

Site and Year

Lucky Hills 2003
Kendall 2004
Lucky Hills 2004
Kendall 2005

Lucky Hills 2005

Annual

Total
Precipitation

2459
294.9
2194
162.3

2232

Growing Season DOY 220-280

Total # of storms
precipitation

932 15
67.7 12
584 12
61.0 16

872 13

Results and Conclusions
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). The bars

(asterisks, MAD = 0.29 mm/d).
The correlation between T
estimated with the semi-
empirical energy balance
approach was not as
successful (circles, MAD =
0.64mm/d). The estimated
TJ/ET,(0.76) was within 10%

of the measured value (0.84).

The main contribution of this work was a new
method to partition on-site measurements of ET into

daily E and T based on the low-cost addition of an IRT
to existing eddy covariance and Bowen ratio stations.
We showed that reasonable estimates of T were

obtained for clear-sky days when E_ was found to be

zero based on the magnitude of the apparent thermal
inertia (1,). This finding is the most valuable and reliable

aspect of this approach.
A theoretical supplement was added to compute
T,on days when the | ,-based approach is not applicable

(e.g. cloudy days or when E_#¥0), resulting in season-
long estimates of T, and E,. The theoretical energy

balance approach should be refined to account for days
with variable cloud conditions.

Future work should continue to explore the soil
water availability in grass- and shrub-dominated
ecosystems like Kendall and Lucky Hills to better
understand the potential impact of woody plant
encroachment in grasslands across the Western U.S.
These preliminary results will be combined with results
from similar data collected in 2006 (a relatively wet
monsoon season) to further study this link between
T,/ET, and such variations in rainfall at WGEW.



