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Background
Rainfall interception (I) is the amount of rainfall (P) that is intercepted by a forest
canopy and subsequently evaporated back into the atmosphere. Rainfall interception
is typically 10-40% of P, and is, therefore, an important component of the water
balance of forested areas (e.g. Rutter et al., 1975; Shuttleworth and Calder, 1979;
Gash et al., 1980). By influencing water availability, I also affects biogeochemical
processes such as carbon uptake (Lee et al., 2010). In all rainfall interception
models, the most important parameters are evaporation from the wet-canopy (E) and
canopy water storage capacity (e.g. Gash, 1979; Rutter et al., 1971, 1975). Wetcanopy evaporation is conventionally calculated using the Penman-Monteith (P-M)
equation (Monteith, 1965; see Muzylo et al. (2008) for an overview of interception
studies worldwide that have used the P-M equation). Values of E derived with the PM equation are very sensitive to the value of the aerodynamic conductance (ga) (cf.
Teklehaimanot and Jarvis, 1991). With very few exceptions (Gash et al., 1999; Van
der Tol et al., 2003; Cuartas et al., 2007; Herbst et al., 2008), rainfall interception
studies have typically estimated ga using the well-know momentum transfer equation
(e.g. Thom, 1975), with estimated values for the zero-plane displacement (d) and
roughness length for momentum (z0,M). In more complex hydrological models, ga is
usually derived in a similar way for use in the P-M equation (e.g. Ewen et al., 2000;
Schellekens, 2006; Gómez-Delgado et al., 2011).
It is pertinent to note that the momentum transfer equation is based on the MoninObukhov similarity theory, which only holds under conditions of an extended,
uniform, and flat surface (e.g. Monteith and Unsworth, 2008). In addition, similarity
theory is only valid for the inertial sub-layer of the atmospheric boundary-layer, whilst
closer to the surface (i.e. in the roughness and transitional sub-layers) the similarity
relationships tend to fail. The use of the aerodynamic conductance for momentum
(ga,M) in the calculation of E with the P-M equation is related to the ‘breakdown’ of the
similarity theory for heat and water vapour transfer in the roughness sub-layer above
forest, the latter of which results in an underestimation of the ‘true’ ga by a factor 1-3
(cf. Thom et al., 1975; Chen and Schwerdtfeger, 1988; Simpson et al., 1998). Since

values of ga,M as derived with the momentum transfer equation are typically 2-3 times
the corresponding values for heat and water vapour transfer, the underestimation of
ga in the roughness sub-layer is (largely) offset by the use of the higher ga,M values
(see Shuttleworth (1989) for further explanation).
For momentum, the sub-layer with similarity breakdown tends to become more
extended as the topographic complexity of the terrain is more pronounced. In such
environments, the friction velocity (u*) is enhanced (compared to ‘uniform’
environments experiencing the same large-scale flow), whereas at the same time the
wind speed (u) at the measurement level tends to decrease. The latter is related to
the increase of the average du/dz above the measurement level, where du/dz scales
with the increased u*. The decrease in u is reflected in the decreased ratio of du/dz to
u* at the measurement level, and is always observed as the forest surface becomes
less uniform (see survey by Chen and Schwerdtfeger (1989)). Hence, the
conventional application of the momentum transfer equation to forests with increased
surface complexity will give values of ga,M, and consequently E, that are probably
much too low.
The aerodynamic conductance for momentum transfer can also be derived in more
direct way using the friction velocity (u*) as obtained from sonic anemometer
measurements. So far, there have been very few interception studies that used
measured values of ga,M in the calculation of E with the P-M equation (Gash et al.,
1999; Van der Tol et al., 2003; Cuartas et al., 2007; Herbst et al., 2008; Holwerda et
al., submitted). Not all these studies report calculated values of ga,M for comparison
with measured values (Gash et al., 1999; Cuartas et al., 2007). However, the results
of the studies that did suggest that calculated values of ga,M can be as low as 20% of
the measured values in highly complex topography (Holwerda et al., submitted), and
that even in gentle terrain calculated and measured ga,M can differ by a factor of
almost two (Van der Tol et al., 2003). Furthermore, Herbst et al. (2008) showed that
the aerodynamic conductance of their deciduous forest varied seasonally as a result
of the growing and shedding of leaves, a pattern which is obviously not captured
when using calculated values of ga,M.
Wet-canopy evaporation can also be derived using the energy balance equation and
the sensible heat flux measured by a sonic anemometer (Hs) (Mizutani et al., 1997;
Gash et al., 1999; Van der Tol et al., 2003). Although the EC-EB method is the most
direct way to estimate E, the determination of Hs in complex terrain and under rainy
conditions is not without problems (Holwerda et al., submitted). For example, E is
usually maintained by a negative (downward) Hs. If wind speeds are low, a negative
Hs implies stable atmospheric conditions, and hence, suppressed turbulence. Under
such conditions, the turbulence is often intermittent and non-stationary, and the value
of Hs depends strongly on the flux-averaging period used (Acevedo et al., 2006).
Aim of the study
Hence, it is of interest to assess the uncertainty in interception modeling results
caused by the conventional application of the momentum transfer equation to forests
with enhanced surface complexity. Measured and calculated values of ga,M as
derived under wet-canopy conditions will be compared for forests with different
structural and topographical characteristics. The observed differences between
measured and calculated ga,M will be related to forest structural characteristics (cf.
Chen and Schwerdtfeger, 1991) and topographical features (e.g. slope and slope
length), with the aim to develop (semi-empirical) relationships for the (improved)
estimation of ga,M in complex environments.
Wet-canopy evaporation rates derived with the P-M equation using either calculated
or measured values of ga,M will be compared. Comparison will also be made with E

derived from the energy balance equation and Hs, and where possible, with E
inferred from throughfall and stemflow data. The performance of the EC-EB method
will be evaluated for different atmospheric and topographic conditions.
The survey will be made using data sets owned by the authors of this proposal and
FLUXNET data from forest sites in the opened data set.
PROPOSED SITES TO BE INVOLVED
Initially all forest sites, but the final data set is likely a selection from them.
PROPOSED RULES FOR CO-AUTHORSHIP
Site PIs are invited to collaborate and will be given co-authorship for providing
scientific input and additional data such as throughfall and stemflow data, and
information on forest structure and terrain characteristics.
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