Surface renewal method for estimating sensible heat flux
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Abstract
For short canopies, latent energy flux may be estimated using a shortened surface energy balance from measurements of
sensible and soil heat flux and the net irradiance at the surface. The surface renewal (SR) method for estimating sensible
heat, latent energy, and other scalar fluxes has the advantage over other micrometeorological methods since the method
requires only measurement of the scalar of interest at a point and the method may be applied close to the canopy surface,
thereby reducing fetch requirements. The SR analysis for estimating sensible heat flux from canopies involves highfrequency air-temperature measurements (typically 2 to 10 Hz) using unshielded and naturally-ventilated 25- to 75-mm
diameter fine-wire thermocouples. The SR method is based on the premise that a parcel of air connected to the surface,
after it has been enriched or depleted, is renewed by an air parcel from above. There are 2 SR analysis approaches: the ideal
SR analysis approach which presumes a constant α factor; and a set of SR approaches that avoid the use of the α calibration
factor. The weighting factor α depends on measurement height, canopy structure and stability conditions since it depends
on the capability of the highest frequency eddies to mix the scalar within the air parcels renewed by coherent structures.
A combination approach using SR and either similarity theory, that requires friction velocity or wind-speed measurements, or dissipation theory, has also been used to estimate H. The combination SR and dissipation method only requires
high-frequency air-temperature data and may be considered not to require calibration. The ideal SR and combination SR/
dissipation approaches are the least expensive micrometeorological methods for estimating sensible heat flux and also latent
energy flux if one forces closure of the surface energy balance. However, application of SR analysis using slow data-loggers
require some expertise since high-frequency air temperature data are not usually stored with the slower data-loggers. Some
structure functions can be stored for post-processing and determination of ramp amplitude and ramp period, but the appropriate time lags have to be chosen a priori. Fortunately, modern data-loggers avoid this problem and complex SR analysis
approaches can now be applied. However, for routine purposes, applications using the ideal SR analysis approach with slow
data-loggers may be of interest since it is a very affordable method.
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Introduction
Accurate and routine measurement of latent energy flux λE is
crucial in micrometeorology, agriculture and water resources
management. In spite of this need, routine evaporation estimates over temporal and spatial scales are not yet readily
available (Bezuidenhout et al., 2006; Jarmain et al., 2009).
The latent energy flux may be estimated using a variety of
techniques, including weighing lysimetry, soil-water monitoring, and micrometeorological methods. Lysimeters are too
expensive and mainly used in agriculture. Soil-water monitoring is labour intensive and is often inaccurate unless averaged
over a long period of time. Micrometeorological methods for
estimating scalar fluxes, such as eddy covariance, Bowen ratio
energy balance, surface renewal, flux variance, and optical
scintillation methods, do not disturb the microenvironment
and they minimise sampling problems by integrating fluxes
over a large area. The eddy covariance (EC) method directly
measures the turbulence, but it is stringent (Drexler et al.,
2004), and requires many post-processing corrections, favourable wind directions, careful sensor positioning and alignment.
The Bowen ratio energy balance (BREB) and the flux variance
methods are limited by constraints imposed by extensive fetch
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requirements with the latter based on Monin-Obukhov similarity theory (MOST) which refers to an atmospheric layer
over an extensive flat and homogeneous surface. The surface
layer consists of a roughness sub-layer adjacent the surface
and an inertial sub-layer above that. MOST applies to the
inertial sub-layer. The scintillation method provides pathaveraged estimates of sensible heat flux (see e.g. Hill, 1992;
Hill et al., 1992; Thiermann and Grassl, 1992; Green et al.,
1994; De Bruin et al., 1995; Anandakumar, 1999; Meijninger
and De Bruin, 2000; Savage et al., 2004; Savage, 2009;
Savage et al., 2010). A scintillometer is a device that optically measures the intensity fluctuations of visible or infrared
radiation, caused by interference due to inhomogeneities of
the refractive index of air along the path of propagation (Hill,
1992). In contrast to point measurements, displaced-beam
scintillometers combined with MOST provide path-averaged
measurements of sensible heat and momentum fluxes over
distances of between 50 m and 250 m (Thiermann and Grassl,
1992) although distances of up to 350 m have been used
(Savage, 2009). Nevertheless, the cost of the scintillometer is
high. Despite the availability of different methods for estimating λE directly or indirectly (i.e. by forcing closure of the
energy balance), based on the assumptions made, accuracy,
simplicity, spatial representation, robustness, fetch requirements, and cost, each method has advantages and disadvantages. Thus the search for methods integrating most of the
advantages and avoiding most of the disadvantages is a matter
of intensive research.

9

