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Modeling the Budgets of Heat and Water Vapor within Vegetation:

A Verification Study
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Hisashi Hiraoka, Dep. of Global Environment Engineering, Kyoto University, Honmachi, Yoshida, Kyoto

In the previous paper, we proposed a model for simulating the budgets of hesat, water vapor, and carbon dioxide within
three-dimensional vegetation. And we applied the model to a single tree and investigated the detail of heat balance
within the foliage. Then we investigated the effect of the environmental factors on the heat budget within the foliage, by
varying the environmental factors. In this paper, we examined the validity of our model. We compared the results from
the model with the measured data. Our model accurately estimated the measured data.
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The balances of heat, water vapor, and CO, on leaves

(a) Heat exchange between leaves and the surrounding air
a(QPAR +Qur + Rnet) = a(H +I\E+Hygp + Hop - Hcoz)’ (1)

where  H=2h(T,-©), Hg,=C®(T -0)E,

Hoa = C2(T -©)A,,  Hcoz = Cy%(T - ©)A,.

(b) Water vapor flux
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(c) Photosynthetic rate
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Weassumed that «, = o, = h, /(oc, )
andthat h, = 6.79 +5.99u (Daudet et al.*")
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Naot and Mahrer

circle : measured (4m : boundary condition)
7 Fdiamond : measured (2.5m), triangle : measured (1.4m)
dotted line : model (2.5m), solid line : model (1.4m)
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Fig. 2 Measured and calculated diurnal changesin wind
velocity at the heights of 1.4m and 2.5m
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Fig. 3 Measured and calculated diurnal changes
in air temperature at the height of 1.4 m
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Fig. 4 Netradiant flux (measured and calculated)
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Institute of Chemical Research, Kyoto University.
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[symbols] a: leaf areadensity [m/m°®], Qpar: PAR absorbed by
leaves [W/n7], PAR: photosynthetically active radiation, Qug:
absorbed NIR (Near infrared radiation), R,: net long wave
radiation [W/m?, H: sensible heat exchange between leaves and
the surrounding air [W/m?], |,: heat of vaporization of water
[Jmol], E: transpiration rate [mol/sm?], H,,,: sensible heat
exchange of vapor between leaves and the surrounding air by
transpiration [W/m?] (negligible), Hq,: heat exchange of O, by
photosynthesis [W/m?] (negligible), Hgo,: heat exchange of CO,
by photosynthesis [W/n"] (negligible), h,: heat transfer coefficient
[W/m?PC], T;: leaf temperature [C], ©: the surrounding air
temperature [C], C,®: molar heat capacity of vapor at constant
pressure [JmolC], Cg’zz molar heat capacity o O, at constant

CEOZ: molar heat capacity o CO, at

pressure [Jmol/molC],
constant pressure [Jmol/molC], ¢g: stomatal conductance
[mol/sm?], e, saturated vapor pressure [Pa], R, atmospheric
pressure [Pa], CeP" : mole fraction of water vapor on leaf surface
[-], R:ideal gas constant [m*PaimolK], c;*** : mole fraction of
water vapor in the surrounding air [-], (: specific humidity of the

surrounding air [Kg/Kg], c§°2; mole fraction of CO, in the

surrounding air [-], CSOZ: mole fraction of CO, on leaf surface [-],

ciCOZ: intercellurar CO, mole fraction [-], C: CO2 molar
concentration in the surrounding air [mol/m®, : moist air density
[Kg/m?], ¢, heat capacity of moist air [JKgC], u: wind velocity

of the surrounding air (absolute value) [m/s].
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3.2 table3 (6)
T(x) X)
L(X,r,r')=—=T¢(Xr,r')+ Tr(x,r,r’
(xrr) =22 (xrr )+ S ()
T(x) x)
L(X,r,r')=——=T¢(Xr,r')+ Tr(x,r,r’
(xrr') = =X () + S ()
4.2  table3 (8)
g(x.r )de,
2m wL[Zﬂ
= [o(xr)do =1
W, =271
20
1.54 10
[W/m?s] [W/m?
2.55 table6
Bu(X) = [JT(X,1,r")r, 1 dodo’
w=4r,0' =41
Bua(X)= [fT(X11)r, 1, dode’
w=41,0'=41
3.55 table7
1-
B (X) = (x) [ITrr)r 1 dodo’
4 w=4m,0'=41
* 1_
B (X) = «(x) [IT(r,r e, dodo’
T w=4m,0' =41
4.59 [symbol] 1,35
[W/molC] [ImolC]
5.60 [symbol] 1 H
[W/sm? () [wimj
6.60 [symbol] 1 Hyap
Hyap: sensible heat exchange of vapor between
air of leaves by transpiration [W/sm?]
Hvap: sensible heat exchange of vapor between leaves and
the surrounding air by transpiration [W/m?]
7.60 [symbol] 2 Qpar
W/m? ~ 4.6[W/m?| 1[W/m?] ~ 4.6[umol/sm?]
8.60 [symbol] 2 r
I : unit directional vector
I : unit directional vector of radiance
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case of spatial integration.
So,we set quantity f(x) =0
in the soild part even if
f(x) hasavaluein the
solid including the surface.
f(x) may be discontinuos
on the interface between
the solid and the fluid, but
the limit value of f(x) on

1 H( Xy — x)

T

: sufficiently
‘ smooth
|

|

/ Xu

the inetrface must be
bounded.

fluid 1 SO“U/'\quld

f H(x)dx =V,

volume \j,

Supplementary figure1l Example of filter function
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