Objectives

The study of heat and mass exchange between vegetation and its local environment pilays a central role in the
analysis of plant-atmosphere interactions. These studies can be undertaken at different scales, ranging from indi-
vidual teaves to isolated trees or even the canopy scale. In each of these cases, heat and mass fluxes depend on
the use of adequate values of transfer conductances,

Within a broader study on interception loss from a sparse cork and holm oak woodiand (montado) of Southern Por-
tugal (Fig.1} and in order to calculate the evaporation rates of the intercepted rainfall, aerodynamic conductances
were determined for the boundary tayers of both {eaves {LBL) and the entire canopy.

Methods

1. LBL d for ive heat fer (g,;) were measured using the heated leaf-replica method and, ac-
cordingly, g, was determined from the P e difference b 2 identical leaf replicas as
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where p is the air density and ¢, its specific heat; T} and T are the surface temperatures of the heated and
heated replica respectively and P, represents the power supplied to heat one of the replicas; o represents the
Stef: man and £is the emissivity of the replicas surface,

3 pairs of replicas were constructed that reproduced sun (smaller) and shadow {larger) leaves, as well as leaves with
an intermediate dimension (Fig.2). Leaf replicas were made from a brass plate, 0.2 mm thick and each one was as-
sembled using 2 similar brass plates shaped as the natural leaves; between these plates was inserted a constantan
wire {with a resistance of 10 ohm) used to heat the replica. Both 7, and 7.” were measured using type-T thermocou-
ples attached to the replica’s inferior surfaces by aluminium foil. After assembling was completed, all the replicas
were polished to ensure a high refl and a low emissivity and them d on a supporting frame. Using an
universal joint this frame was correctly positioned close to the crown of an isolated holm ocak tree. Wind speed was
measured at the same level as well as at the tree top.

Table 1- Set of equations used to estimate sur a3 2

Hoctonof 20 wind eed 6 sndleaf rplcss 2. g was also esti d using physically-based equations {| lly referred as engi-
longaxs of the_g,o—ooe, 1omws  110€7INg equ S)- Since these Lec.‘,matjwr\s are an eafy to apply solution to obtain g5
repficas af ¥ vatues, their of leaf y-layer were compared to the
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measured values of g, in order to access their adequacy.
mw;@s The equations used (Tabte 1) were derived from the expressions for flat plates under
replicas perpen cosmt. 1-001y7 3 taminar wind flow, considering the different characteristic dimensions of the repli-
dicular to the mean S = W 1200147
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3. Based on the logarithmic wind profile, displacement height {d) was esti d from measur of wind speed
at different levels above the canopy.

Wind speed [u(z)] was measured using a set of 5 cup anemometers installed along a tower 28 m high on the top of
witch was also i lted a sonic (Fig.3).

This estimate was then used to find the roughness length (zz,) as the intercept of the regression line adjusted to the
log-linear profile In (z-d) = f ().

4. Considering the whole vegetation cover, aerody i duct. for t (g} bet levels
(d+zay) and z = 27.2 m was determined as g. = {In[(zd)/za]}*/'u Where k is the von Karman constant (=0.41).

5. Additionally, plotting friction velocity (x.) against wind speed measured at z = 27.2 m allowed to establish another

relationship for g., = f[u(z)] and to obtain a different estimate of zy,. This analysis was made considering data sorted
according to wind direction.

= — Results and discussion
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EE}: w o Field measurements of g,; ranged between 0.025-0.150 ms™ for wind speeds from 0.25 to 4.0 ms™ (Fig.4).
o ~egenera regress on model
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o . mmmrai™|le These values were systematically higher than those estimated from formulae (Figs.5, 6, 7), with the mean ratio be-
) ' e 4 5. tween measured and estimated conductances being 1.3, a value which is within the range of values referred by differ-
ent authors under naturat conditions.

Fig.4
- msnn mibe s st The measured values of g, are similar to those obtained for leaves with identical di ions but, as exp d, are

higher than those of larger leaves.

« For the 3 different dimensions of the replicas, measurements of g,; were analysed accordmg to wind direction (parallel

according to gy, = 1.08 gy (Jones 1992).

or perpendicular to the replicas fong axis) and replicas inclination (replicas p d hor and with a 40° incli-
nation angle) For each combination of these 3 factors, regression models of the type g.; = au® were adjusted and differ-
ences b them were statisticall 1 d (Table 2).
s N 5 N " ..~ Although a fully di] iated model had the hrghest R? (0.82), a srmpler modet, accounting only for the influence of
L] ! leaf size, showed an identical predictive ion differentiated modef,R? = 0.80). Therefore, the use of the
Fig 5 tatter should be preferable whenever the -:hstnbutron of leaf area per leaf dimension class is known.
| —— - eomeemeenncareans.  The overall retationship (g,; = 0.06%"*" } for tlie entire data pool (general model, R? = 0.72) makes it possible to esti-
l et ° mate LBL conductance from wind speed alone, regardless dimension, inclination or aspect of the leaves.
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% b ° dary layer di for heat ive {g:11) were converted in conductances for water vapour {g;;)
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» These conductances can be scated up to the whole tree {g;») as a sum of parallel conductances over the total leaf area
s gm=LAl*gw

where LAI represents the leaf area index and ng the mean value of g, idered to be rep ive of the LBL con-
ductance of each individual leaf.

» Estimated values for 4 and za, based on the logarithmic wind profite are 6.02 and 0.51 m, respectively.
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1% o0n then be determined as a fum:twn of wind speed, according to = 0.0121 u(z). This expression yields values of g, in the
g( ﬁ range of 0.012 - 0.10% ms™ for wind speeds from 1.0 to 9.0 ms™.
” 2 ! ? o * * ", e From the relahonshlp between u. and u(z), aer dy i ductance can be expi d as g, = 0.0124 u(z) and a new es-
Fig.7 timate for za, is 0.53 m. Although not pletely independent, these new esti seem to confirm the values derived
- from the logarithmic wind profife.
] e * Assuming an equal distribution for the source/sink of momentum and air humidity, aerodynamic conductance for water

vapour (g.»} can be considered identical to g, rep ting the bulk conduct that controls the evaporation flux of
rainfall intercepted by the vegetation.

© When compared to the LBL du Lo IS iderably tower. This is what might be d once g int: t
N ait the conductances associated to the water vapour flux from every element of the surface {not only trees but also
grasses and bushes) up to an higher level (z = 27.2 m). Since small ion has a lower dy

than trees and water evaporated from grasses is transported across a lcnger path, the overall aerodynamic conductance
for the montado is likelx to be smaller than conductance for a single, isolated tree.
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