Measurement of grassland evaporation using
a surface-layer scintillometer
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Abstract
A dual-beam surface-layer scintillometer (SLS) was used to estimate sensible heat flux (H) every 2 min for a path length
of either 50 or 101 m, for more than 30 months in a mesic grassland in eastern South Africa. The SLS method relies on
Monin-Obukhov similarity theory, the correlation between the laser beam signal amplitude variances and the covariance
of the logarithm of the beam signal amplitude measured using 2 laser detectors. Procedures for checking SLS data integrity in real-time are highlighted as are the post-data collection rejection procedures. From the H estimates, using SLS and
measurements of soil heat flux and net irradiance, evaporation rates were calculated as a residual of the shortened energy
balance equation and compared with grass reference evaporation rates (ETo). Inconsistent hourly ETo values occur in the
late afternoon due to the incorrect assumption that the soil heat flux is 10% of net irradiance. The SLS estimates of H and
the estimates of evaporation rate as a residual compared favourably with those obtained using the Bowen ratio and eddy
covariance methods for cloudless days, cloudy days and days with variable cloud. There was no evidence for the eddy
covariance measurements of H being underestimated in comparison to the Bowen ratio and SLS measurements. On many
days, the diurnal variation in SLS H was asymmetrical, peaking before noon.
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Introduction
The possible prescription by government of methods for making a volumetric determination of water, for purposes of water
allocation and setting charges in the case of activities resulting in stream flow reduction, is stated in the 1998 Republic of
South Africa National Water Act. It is therefore important to
consider how evaporation, and evaporation rate, can be measured or estimated routinely, with reliable accuracy and precision
(Savage et al., 2004; Savage, 2009), for a range of land surface
types. Determination of reliable and representative evaporation
data using land-based instrumentation is an important issue in
atmospheric research with respect to applications in agriculture,
applied environmental sciences, hydrology and micrometeorology, and has particular value in validating remotely-sensed
evaporation estimates. Long-term measurements of evaporation
at different time scales and from different climate regions are not
yet readily available (Jarmain et al., 2009).
Point (single-level), profile and path-weighted atmospheric
measurements have been used to estimate sensible heat flux
H. Profile measurements consist of measurements at 2 vertical positions above the surface in question and are used in the
Bowen ratio (BR) method. Sensible heat flux is driven by vertical temperature differences between the canopy or soil surface
and overlying air. By contrast, latent energy flux LE – from
which evaporation rate may be calculated – is driven by vertical
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water vapour pressure differences between that which is measured just above the canopy or soil surface and that of overlying
air. Point measurements of H = HEC and LE = LEEC are obtained
by eddy covariance (EC), and path-weighted measurements of
H = HSLS by scintillometry. All of these flux measurements have
footprint representation. The flux footprint refers to the relative
contribution of upwind surface sources to H, or LE, measured
at a height above the canopy surface. Sensible heat flux H and
latent energy flux LE are important components of the shortened energy balance. For a flat extensive surface, the shortened
energy balance which neglects some terms – advection and
canopy-stored heat fluxes for example – is expressed as:
Rnet + H + LE + S = 0 									

(1)

where:
Rnet is the net irradiance
L is approximately 2.43 MJ∙kg-1, the specific latent energy 		
of vaporisation
E the evaporation (mass) flux (kg∙s-1∙m-2, equivalent to mm∙s-1)
S the soil heat flux
Hence LE may be estimated as a residual using measurements
of the terms on the right hand side of:
LE = –Rnet – H – S 									

(2)

There have been reports in the literature of a lack of energy
balance closure when using EC to measure both HEC and LEEC
directly (Twine et al., 2000; Wilson et al., 2002). Lack of closure usually results in |HEC + LEEC | < Rnet + S. Since a comparison between 2 methods such as BR and EC does not identify
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