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INTRODUCTION

For more than fwenty years, the most
common approach to parameterize the effect of
environmental factors on stomatal behaviour has
been the so-called Jarvis type models (Jarvis,
1976), in which stomatal resistance is expressed
as a minimum resistance multiplied by a series of
independent stress functions combined in a
multiplicative way (each function representing
the influence of one factor). Recently, the
response of stomata to humidity has been
reinterpreted in a different way: It seems that the
correlation between stomatal resistance and
atmospheric humidity is purely empirical and that
the mechanism underneath is based on the
water-loss rate of the leaf (Mott and Parkhurst,
1991). Stomata appear to respond to the rate of
transpiration rather to air humidity per se.
Monteith (1995a,b) showed that the leaf stomatal
conductance can be interpreted as a linear
decreasing function of transpiration with two
empirical parameters: a maximum conductance
and a maximum rate of transpiration. He
suggested also that this relationship between
stomatal conductance and transpiration rate
could be up-scaled from leaf to canopy, in the
same way as the Jarvis model. The aim of this
paper is to assess and discuss this new
formulation of stomatal behaviour proposed by
Monteith and to interpret the parameters at
canopy scale.

MONTEITH’S FORMULATION

The Penman-Monteith single-source
model (Monteith, 1981) gives the flux of
evaporation from a fully-covering canopy in the
form of the following equation

lE=£A+pXD/r,,
e+ltrgl/r,

where A=R;-G is the available energy (with Rp
the net radiation and G the soil heat flux),
D=g*(6)-q is the potential saturation deficit of the
air (with @ the air temperature and g the specific
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humidity of the air), ¢ is the dimensionless slope
of the saturation specific humidity g* and varies
with air temperature, ry is the bulk aerodynamic
resistance to heat and water vapour transfer
through the surface layer, rg is the bulk surface
resistance to water vapour transfer, p is the air
density and A is the latent heat of vaporisation.
Defining potential evaporation from a given
vegetation canopy (denoted by Ep) as the
evaporation from this canopy when all the
exchange surfaces are saturated, i.e., when rg=0
in £q.(1), evaporation can also be expressed as
a function of Ep as

E=kE,  with k=1/(1+71—r—‘). @

According to Monteifh (1995a,b) the canopy
surface resistance reads as

rslrsy = Ex I(Ex— E) )

In this analysis soil evaporation is assumed to be
negligible, which means that transpiration rate in
Eq.(3) is strictly the same as canopy evaporation
in Eq.(1) or (2). Consequently, combining Eq.(2),
expressing the thermodynamic dependence of E
on rs, with Eq.(3), expressing the physiological
dependence of £ on rg, leads to a quadratic
expression for rg , whose appropriate root is

g =[-A+,/A2 +4(l+£)rars,,]12 @

with  A=(l+&)rg(1-Epl Ex)~rsy

When the quadratic equation obtained by
combining Eq.(2) with Eq.(3) is solved in E
instead of rg, the appropriate root gives
(Monteith, 1995b)

2
E= [Ep +apEy —J(Ep +a,,Ex) —4EXEP]/2
®)
with a = [+ ——n
g+l 1z,
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where 0.0013 (m2) is the ratio of a parameter
relating root distance and geometry fo the
reciprocal of the effective rooting depth kyis a
conversion factor equal to 0.4 10-10 when rgr is
expressed in bar (Wm2)-1; Zgr is the effective
rooting depth (m), assumed to be 1 m in our
analysts K is the soil hydrautic conductivity (m
s-1), which is linked to the soil water potential by
Ks=Ksat( ¥sat/ ¥s)3/0+2 (Campbell, 1974), where
Ksat and ¥sgt are respectively the conductivity
and the water potential at field saturation.

Taking into account Eqs.(9) and (10),
Eq.(6) can be rewritten as

n3/ (1= /1 ¥e)

= (12)
1-(rpAE) 1 (¥s—Yee)

with  r13=rsminF1(S}F3(0). Eaq.(12) is an
expression similar and functionally equivalent to
Eq.(5), when rewritten as rs=rsp/(1-EEx).
Matching term by term these two equations leads
to

=n3 /(1= Y5/ ¥eeo) = n3f4(Ys) (13)
and
AEy =(¥s - L{Jcc)/"sp (14)

Consequently, it appears that Monteith's
parameterization of canopy stomatal resistance
is not different from the Jarvis approach since
the former can be inferred from the latter. The
two parameters (rsn and Ex) of Monteith's
relationship can be interpreted in terms of the
parameters and functions making up the Jarvis
model and’ their physical significance appears
now clearly. rg, represents the canopy stomatal
resistance when the leaf water potential is equal
to the soil water potential (¥j=¥s), i.e., at zero
transpiration (conditions experimentally
encountered at pre-dawn). Ey represents the flux
of water extracted from the soil when the leaf
water potential is equal to the fimif value ¥, (i.e.
its lowest possible value according to the
parameterization used for F4). it is the maximum
flux of water the canopy can potentially extract
from the soil.

The . issue that arises now is the
dependence of the canopy minimal stomatal
resistance rgp upon water vapour saturation
deficit. To Monteith’s mind, rg; cannot depend
upon saturation deficit, since in Eq.3) the
dependence of canopy resistance .upon
transpiration  theoretically  replaces  the
dependence upon saturation deficit. However,
the matching of the two models leads to this
apparent double dependence (rgn is a function of

r13 and then of F£3(D), as shown by Eq.(13)). ltis
passible to keep only one dependence (that
upon transpiration) by assuming with Lynn and
Carlson (1990) that stomata do not respond
directly to D (but-indirectly through ¥) and by
putting then F3(D)=1. From a pragmatic
viewpoint this idea seems recommendable. In
effect, this alternative leads to a sound and
simple interpretion of the action of saturation
deficit on stomatal aperture: When D increases,
transpiration increases and consequently leaf
water potential decreases according to Eq.(10)
(assuming ¥’s and rsp to remain constant), which
provokes a stronger stomatal closure.
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Fig.1- Maximum canopy evaporation AEy (given
by Eq.(14)) versus soil water potential ¥g for
different values of leaf water potential Yo
corresponding to a complete stomatal closure
(defined by Eq. (9)).
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Fig.2- Maximum canopy evaporation AEy versus

soil water potential ¥s for different values of the

root-stem resistance rs.

NUMERICAL RESULTS

For a particular type of sail,
characterised by fixed values of Kgat, ¥saf .and
b, and a given vegetation, characterised by fixed
values of ¥ Irs and Zgr ., the soil-plant
resistance rgp and then the maximum canopy
transpiration AEy depend only upon the soil
water potential ¥. The values of the parameters
used in the simulations are those given in the
text. For the soil we took: Kgge6.3 106 m -1,
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Fig. 3. Sap flux density for two representative cottonwood and two
representative willow for julian days 223-225 (August 11-13).

It appears that cottonwood has a relatively stable water |

source to drawn on, and consequently patterns of
transpiration are driven by climatic conditions (i.e. solar
radiation) and less by soil water availability.

Snyder et al. (this issue) found that midday plant
water potential remained constant for cottonwood over a
variety of climatic conditions, suggesting that these
plants may be adjusting stomatal aperture to regulate
water potential and transpirational flux. The observation
that sap flux density is similar between individuals of
cottonwood of different size supports the idea that
these trees may be operating at some threshold level for
transpirational flux.

Position in the canopy may also play an important
role in sap flux. Both cottonwood trees in Fig. 3,
. although of different size, had portions of there crowns
located in the overstory. This would put them in a
position to receive unobstructed solar radiation
throughout the day. Of the willow trees however, only
the one with the highest flux shown in Fig. 3 had any
portion of its crown located in the overstory. It was
located on the western edge of the forest and was in a
position to receive unobstructed afternoon sunlight.
These differences in overall stand structure may lead to
large differences in sap flux, and transpiration for sub-
dominant species or individuals, but relatively small
differences for dominant/co-dominant species or
individuals.

In conclusion, stand structure and climatic factors
both play important roles in controlling riparian water
fluxes. Canopy position (dominant, co-dominant, and
sub-dominant) affects the amount of solar radiation
incident on an individual plant canopy. This information
could support the effort to scale the consumptive water
use of individual trees to the level of the stand and

provides important information about species’ roles in
ecosystem processes (Williams ef al., this issue).
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