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The Role of MIcCROMET within APSIM

APSIM, the Agricultural Production Systems Simulator (Keatigtgal. 2003) is a
modular simulation model with its origins in the simulation of farm cropping systems
but with more recent developments the simulation of plantation forests and natural
vegetation systems. With this increased diversity of applications also required is an
enhanced description of the potential evapotranspiration for the range of vegetation
systems now available in APSIM. The moduladdoMEeT, described here, has been
developed to allow the calculation of potential transpiration for multiple competing
canopies that can be either layered or intermingled.

The documentation below describes how potential transpiration is calculated as well as
the data requirements and inter-dependencies with other modules.

The Scope and Limitations of MCROMET

MICROMET contains the range of calculations required to describe the energy and water

balance of the interface between plants and the atmosphere. The processes described

include:

* interception of radiation;

* interception of rainfall

* modification of canopy conductance for the presence of competing canopies,
humidity, and nutrition level; and

» potential transpiration of the individual plant canopies.

The driving force in all calculations is the balance of water and energy. The

implementation is suitable for canopies of either single or mixed species and the species

mix may change within a simulation.

Information describing the state of each qmment plant canopy is passed to the
MICROMET by individual crop modules. The information includes state variables such
as canopy height and depth, leaf area index (green and total), and stress indicators for
each of the individual azopies. The individual canopies are combined to describe the
overall, or combined, plant canopy so that interception of rainfall and irrigation and
light interception can be calculated. The scheme allows the calculation of individual
canopy and aerodynamic conductance that take account of the competitor canopies.
MICROMET does not calculate actual transpiration or growth. Other APSIM modules
calculate soil water uptake soI®ROMET calculates only the potential water uptake.
Here ‘potential’ means ‘unlimited by soil water availability’.

Currently most crop modules calculate the radiation balance and soil water demand
internally. In order to be used with IIROMET, those modules will have to be altered to
accept an externally-calculated soil water demand as a simulation option.



Notation Conventions

In order to simplify variable definitions, several notation conventions are defined:

iandl layer index (numbered from the bottom up) and the highest layer
jandJ species index and the maximum number of species
Xij = for variables constant within a layer (e.g. leaf area indgxptands
for the value in the’th layer attributable to th@th species;
= for variables which vary within a layer (e.g. cumulative LAX)
refers to the value for thgth species at the top of thé&h layer.
* a“.” may be used to indicate allor j, e.g.X..
»= where the meaning is obvious or redundamt;,j may be omitted.
= Xorefers to the soil surface, refers to the top of the overall canopy.
AX;; change inX; within layeri, i.e. X - Xi.y

Flowchart of M ICROMET calculations

Start of Micromet calculations

v

Get weather information

v

Get crop information

v

Divide canopy into layers

v

Calculate properties for each layer

v

Calculate radiation balance for each layer-species

Is rain > 0? : :
Calculate interception
v o

Calculate canopy conductance for each layer-species

v

Calculate aerodynamic conductance for each layer-species

v

Calculate potential transpiration for each layer-species

v

Calculate potential evaporation from the soil surface

v

End of Micromet calculations



Component Canopies Represented within a Combined Canopy

Consistent with the design of APSIM, the individual and combined canopies are
assumed to be horizontally homogenous. Each component canopy has a top, a base,
green and total leaf area indices and green and total canopy covers. Between the base
and top, each coponent canopy is assumed to be horizontally and vertically
homogeneous. Given these assumptions, a leaf area density of egobnemican be
calculated from
L,
Lyy=—— @y
Ztopj _Zbasej
whereLgq is the leaf area density nteaf /n?), L is the cumulative leaf area index {m
leaf /nf), andzgp and zpaseare the height of the top and base of the component canopy
(m). For many of the existing agricultural crop modules the assumption that the canopy
is vertically homogenous to ground level may be reasonable, however is it obvious that
such an assumption is not adequate to describe the canopy shape of mature trees.
Although each individual a@opy has uniform density between its base and top, the leaf
density of the combined canopy can vary, in the stepwise fashion, with height
depending on thei, and zyase Of the component canopies. The combined canopy is
divided into layers according to where the qmanent composition changes (Figure 1).
The layers are numbered from the soil surface upwards.
The cumulative leaf area indek, of the combined canopy, is calculated freachLgy
of the component canopies:

z(
L(z):_[[ZLdJ}dz ©)
04 Jj=1
where z is height from the soil surface (m). The fraction that each ponent
contributes ta\L,, f;, is calculated by
AL,
fij =3
YL
i=1

These calculations are shown in graphical form in Figure 1.

A Component 1 Component 2
3 If,=1
.
1
ﬂ =1
> »:

IdealisedL, L .10 1
Fraction of leaf ared;

3)

Y

Figure 1. Idealisation of the component canopies

Radiation Available for Evapotranspiration

Incident radiation is calculated for each species and layer.



Short-wave radiation

The decline in solar radiation through the canopy is calculated using the Beer and
Lambert law

Ry = R, eXF(_ki (L| -L )) (4)
whereRsis the short-wave radiation (W Anandk is the extinction coefficient (-). The
canopy can be layered so the valueahay vary with height, and therefote because
the species mix changes between layers. In this case

kl qu i (5)

Note that the same value d&f and a (see below) are assumed to apply to all of
photosynthetically-active, long-wave, and short-wave radiation. The amount of
radiation absorbed in any layer is calculated from

AR, =(L-2)(Ri ~Ria) - (6)
wherea is the whole system albedo and is calculated from
a:&asml-l- Z (RS“ J : (7)
Rs i=1j=1

During the calculation of the energy available for transpiration the amount of radiation

absorbed by each component-layer must be determined. Equation 6 is used to calculate

the radiation absorbed in each layer. That absorbed radiation is then partitioned

amongst the component species in the layer by

f Kk

AR, =AR;; — —
Xk

=1

®)

Long-wave radiation
Net longwave radiation follows the relationship (Linacre 1968, Leurirg.1991),

[C +{1-c)- ](eA ) 0 (T+T)" ©)

whereR,, is the net longwave rations, positive downwards (W)/r, is a constant
between 0 and 1 to account for the effects of cloud coven(gthe length of time with

clear sunshine (s)N is the day length (s)sa and ec are the clear sky and canopy
emissivities (-),0 is the Stefan-Boltzmann constant (W?K) T and Tas are the
average air temperature at measurement height and the constant to correct from Celsius

to Kelvin (°C). By defaultC_. = 0.1. The emissivity of the atmosphere is calculated
using (Swinbank, 1963)

£,=93710°%(T +T,)° (10)

The emissivity of the whole surface (canopy and soil) is calculated in a fashion similar
to that employed for the whole surface albedo.

:& | 1:J & } 1
& Rs & soil +i:lZ:j:l[ Rs gj ( )

Partitioning of long-wave radiation between layers and components is analogous to that
for short-wave radiation as described above.



Radiation energy available for evapotranspiration

The general equation describing the energy intercepted and available for
evapotranspiration is:

AR, =ARy; +AR | i (12)

Interception of Rainfall

Interception of rainfall is calculated using a flexible equation with user settable
parameters. This equation is

P, =AP®+CL, +D (13)

where Pj; is the total amount of interception andl B, C, and D are empirical
parameters describing the relationship between rainfall and leaf area index on
interception. Stem-flow is assumed to be zero as there is no mechanism for dealing
with spatially non-uniform water input in APSIM. The intercepted rainfall does not
reach the soil surface. For the purposes of calculating the effect of the evaporation of
intercepted rainfall in reducing evaporative demand we assume that half the evaporation
of intercepted rainfall occurs at night. Obviously this is incorrect for any single rainfall
event but it considered adequate as most APSIM simulation runs are for more than a
year.

Evaporation of intercepted rainfall from the wet leaves is assumed to take place at a rate
defined by the Penman-Monteith equation (see below) with zero surface resistance.
This evaporation rate is used to calculate the length of time required to dry the leaves,
tint, and this is deducted from the day length. The daytime energy required to evaporate
the intercepted rainfalR is calculated fromiP;/2 where the division by 2 is to reflect

the assumption that half the intercepted rainfall evaporates at night.

Currently there is no allowance for the interception of irrigation IICROMET.

Canopy Conductance for component canopies

The canopy conductance is calculated éach corponent ineach layer. This allows
for the differing contribution to leaf area index and radiation environment within the
combined canopy to be taken intxcount before aggregating the layers to find the
canopy conductance for each component.

Scaling from stomatal to canopy conductance

The canopy conductance term used in the Penman-Monteith equation is calculated from
a modified version of the scheme described in Kelliaeal. (1995). The modification

is the inclusion off to account for multiple species within a layer and therefore the
scheme of Kelliheret al. (1995) to multiple canopy layers. In order to develop the
equation describing the canopy conductance we begin by stating that the canopy
conductance is the sum of the individual leaf stomatal conductances

G, = ii G = ZIZ ZJ:{ f; A-:[”'gsu (L')d L'J (14)

= j=1 i=1 j=1
whereG is the canopy conductance (m/s) ands the stomatal conductance, (m/s).



Stomatal conductance is assumed to respond to photosynthetically-active radiation
(PAR) level, and therefore to short-wave radiation, according hggerbolic function
(Kelliher et al. 1995)

gsmax Ra gsmast

““R+Ry ™ R+Ry

wheregs maxis the maximum stomatal conductance (mR)is the PAR absorbed by an
individual leaf (W /nf), Raso is Ra at whichgs= gs max/ 2, (W Imf), Rssois Rs at whichgs

= s max/ 2 (W /mP), Fgr is a relative growth rate or stress factor for the canopy to
capture effects of nutrition, temperature and atmospheric saturation deficit (-) and is
supplied to MCROMET by the relevant crop module. The second equality in eq. 15

comes aboutécause

Rs = k fswa PARRa (16)

whereRs,._. paris the factor converting short-wave radiation to PAR (-). The decline in
Rs through the canopy has been described in eq. 4.

(15)

The equations above can be combined to give
o gsmaxj p|j kl R eXF(_ kl L)

=fF dL', 17
! : rgr]'([ [JljkiReXF(_kiL)+kiF)ljRSOj an
where
ki = Z'—u j i'—n ' (18)
and

=L k/ZLu , (19)

which can be solved to give

G = Frgrj fu gsmaXJ |n F\) + I:\)‘SOj (20)
! 2 R exd-kAL )+ Ry,

When there is only one species and under no nutritional or vapour pressure deficit

stress, after correcting to the different unit system, equation 20 reduces to Equation 6 of

Kelliher et al. (1995).

Whole-system canopy conductance

Although not required for the calculation of the potential transpiration, the canopy
conductance of the combined canopy can be of interest in the interpretation and
comparison of simulations. First the canopy conductanceach comonent species,

Gc j, is calculated by summing the appropridde;’'s. Then a scheme adapted from
NcNaughton (1994) is used to combine tGgj's into an overall conductanc&. (see
below for the derivation):

AR 5
J;l ;lARJa‘fJ
G.= G, o
;_l 4 AR -1-¢ @)
ZAR}%
j=ti=1

where



a)l. = 1
' 1+e+G,; /G

(22)

cij

Aerodynamic Conductance for Multiple Canopies

The aerodynamic conductance is calculated for the whole system and then
disaggregated in the component species. The effect of atmospheriitystab the
conductance is ignored.

Whole system aerodynamic conductance

The aerodynamic conductance of the combined canopy is calculated from the scheme
summarised by Graysaat al. (1996),

2
kv uz

{zm—d] [zh—d] ’
In In

ZOm ZOh
wherek, is the von Karman constant (4); is the wind speed at the reference height (m

/s), z, and z, are the height of the temperature/humidity and windspeed measurements
(m), d is the zero plane displacement height (m),andzm are the roughness height for

sensible heat and momentum transfer (m). Following Adeal (1998)d =0.667 z,
Zy, = 01237z, z,, =01z ,andz =2,=2 +2z, .

G, =

(23)

Dissaggregation of Gto G, j

In order to calculate the Penman-Monteith soil water demand for each layer-species
combination it is necessary to disaggregaB to Gaj. In MICROMET this
disaggregation is done quite simply by assuming thats apportioned proportionally
to Rajj SO that,

R
=G, E’ : (24)

Gaij
This equation assumes that the upper layers (that intercept more radiation) where the
wind speed is highest have the greatest aerodynamic conductance. There is no
particular physical or physiological justification for this disaggregation except that the
evaporation is relatively insensitive to the value of the aerodynamic conductance
(Raupach and Finnigan, 1988). Testing was done of varying disaggregation schemes
(see below) confirming the insensitivity of the assumed scheme to total evaporation.

Whole-system aerodynamic conductance

Using the McNaughton (1994) scheme, the aerodynamic conductance of the whole
systemis:

ARI J;l
G, =5 'Z_?aij W (29)
> AR o T
[



Penman-Monteith Water Demand for Multiple Canopies

Potential transpiration, or soil water demand, for each species-layer combination is
calculated using the Penman-Monteith approach:
E. :[1OOO(N _tint )] £AR] +pair/1 DGaij
1
] A Prater £+G,; /G +1
E is the potential transpiration (mm). The potential transpiration for each species is
calculated by summing; over all layers. £ is the slope of the vapour saturation-

temperature curve (-)par is the density of air (kg /M), A is the latent heat of
vaporisation (J /kg), anD is the specific vapour pressure deficit (kg /kg).

, (26)

Conclusions

The APSIM module NtROMET, described here, has been developed to allow the
calculation of potential transpiration for multiple competing canopies that can be either
layered or intermingled. @ The documentation above describes how potential
transpiration is calculated as well as the data requirements and inter-dependencies with
other modules.

In summary, MCROMET contains the range of calculations required to describe the
energy and water balance of the interface between plants and the atmosphere. The
processes described include:

* interception of radiation,

* interception of rainfall,

* modification of canopy conductance for the presence of competing canopies, and

* potential transpiration of the individual plant canopies.

The driving force in all calculations is the balance of water and energy. The
implementation is suitable for canopies of either single or mixed species and the species
mix may change within a simulation.

Currently most crop modules calculate the radiation balance and soil water demand
internally. In order to be used with IMROMET, those modules will have to be altered to
accept an externally-calculated soil water demand as a simulation option.

Appendix 1: List of Symbols

Symbol  Definition Units

Co specific heat of air at constant temperature J/kg
CL constant between 0 and 1 for the effects of cloud cover -

d zero plane displacement height m
desa/dT  slope ofegs with temperature mbar’C
D specific vapour pressure deficit kg /kg
e Humidity mbar
€sat saturated vapour pressure mbar
E potential transpiration mm

fi fractional contribution ofAL; to AL; -

Frorj stress factor or relative growth rate for canopy -

fsw.par  Factor to convert total short wave radiation to PAR -



Symbol  Definition Units

Os stomatal conductance m/s
Os max maximum, or unstressed, canopy conductance m/s
Ga aerodynamic conductance m /s
Ge canopy conductance m/s

k extinction coefficient -

kv dimensionless von Karman constant 04
L cumulative leaf area index Treaf /nf
L'; L - L (i.e. accumulated from the top downwards) “ fm?

Lq leaf area density feaf /n?
n duration of clear sunshine S

N Duration of net positive radiation throughout the day S

P rainfall mm

Pint amount of interception mm
Pair air pressure hPa

Q specific humidity kg /kg
Qsat specific humidity at saturation kg /kg
Ra PAR absorbed by an individual leaf W7m
R, net long-wave radiation, positive downwards W/m
Ra 50 Ra at whichgs= gs max/ 2 W /nt

Rs short-wave radiation W /m
Rss0 Rs at whichgs= gs max 2 W /nf
AR energy available for evapotranspiration W/m
Atint duration of evaporation of intercepted rainfall S

T average air temperature at measurement height °C

Tabs constant to correct from Celsius to Kelvin = 27315 °C

u wind speed m/s

u* friction velocity m/s

Z height from the soil surface m

Zm reference height for momentum m

Zy reference height for heat m

Zref reference height for meteorological measurements m
2 roughness length m

Zom roughness length for momentum m

Zoh roughness length for heat m
Zpase height of the base of the component canopy m
Zop height of the top of the component canopy m

a canopy albedo -

Qsoi soil albedo -

£ slope of the vapour saturation-temperature curve -

€a clear sky emissivity -

€c emissivity of the canopy -

A latent heat of vaporisation J/kg
Pair density of air kg /m
Puwater density of water kg /rh

o Stefan-Boltzmann constant = 5.8710° W /m* K* W /m”.K*
W see Eq. (22) W /mK*




Constants

Variable Comments Description Units

Albedo species specific value  canopy albedo W /m

Emissivity species specific value  emissivity of the canopy -

gs_max species specific value maximum, or unstressed, canopg
conductance

R50 species specific value R at whichgs= gs max/ 2 W /n?t

Soil_emissivity Constant value Emissivity of bare soil

Air_pressure

Sun_angle Constant value Solar altitude at which net radiatdegrees

becomes positive
Night_interception_

Fraction
Soil_heat_flux_fract
ion

Inputs from other modules

Variable Comments Description Units

MET module

day required if no sun_hrsday of year -
information

vp atmospheric vapour atmospheric vapour pressure mbar
pressure

latitude required if no sun_hrslatitude of the simulation site dec.
information degrees

maxt required maximum air temperature °C

mint required minimum air temperature °C

radn required short-wave radiation W7m

rain required rainfall mm

Windspeed default3 m/s wind speed at reference height m/s

CROP modules (from each crop module in the simulation)
crop_type Required to look up stomatahame of the crop -
and canopy constants

Fror default 1 (no stress) stress factor for photosynthesis

height required height of the top of the component canopy m
depth

Cover_green required Fractional green leaf cover -
Cover_tot

lai required cumulative leaf area index 2
Lat_tot

Variables available to other modules

Variable Description Units
Interception Intercepted rainfall mm

Gc Whole system canopy conductance mm /s
Ga Whole system aerodynamic conductance mm /s

petr Radiation term in the potential evaporation mm /day
peta Aerodynamic term in the potential evaporatior mm /day
net_radn Net all wave radiation MJ /day

10



Variable Description Units

net_rs Net short wave radiation MJ /day
net_rl Net long wave radiation MJ /day
soil_heat Energy used to heat the soil MJ /day
dryleaffraction Fraction of the daytime that the leaves are dry -

Appendix 3: Humidity functions used in the Code

Function purpose Function Units

saturated vapour pressure hPa
Pourp (1) =6106ex] 127 |

slope of sat. vapour pressure — de_,(T) _ 40982e_,(T) hPa

temperature dT (T+T,.)

calculation of specific _ 180 e kg/kg

humidity from humidity in hPa Q(T-Far) =25 - B
slope of the vapour saturation- 2804 dey(T) -
temperature curveg, is the (T, air)-zg_OC P dT

specific heat of air p'air

Appendix 4: Derivation of Canopy Conductance Multiple Layers and Components

Following Raupach and Finnigan (1988), Kellihet al. (1995) defined canopy
conductance as the parallel sum of leaf stomatal conductance, so that

G, =fgs(L')d L', (27)

where G is the canopy conductandejs the leaf area index of the canopy,is the leaf
stomatal conductance, ahdis a dummy variable of integration. Equation 27 can be
expanded to account for layers in the canopy by,

G, =§Gci :izl:l:@gsi (L')d L’J , (28)

where 1 is the total number of layers in the canopy, S the conductance attributable

to the ith layer in the canopy, amilL; is the leaf area index in thdilayer. In our
scheme there may be more than one species within any layer so the contribution of each
species must also be taken into account. We do this using a scheme analogous to the
two-leaf model of Wang and Leuning (1998) but rather than separating leaves into
shaded and lit, we separate leaves by species. The expansiogn;ointe multiple
species is,

J J AL
G =Gy = Z{ fi [9q(L)d L'J : (29)

where J is the total number of specieg,d the fraction ofAL; attributable to the"
species in the'l layer, and gij is the stomatal conductance of the jth species.

Following Kelliher et al. (1995) we assume that stomatal conductance responds to
absorbed radiation by a hyperbolic function. In contrast to Kell#teal. (1995) we

11



express this relationship with respect to absorbed total radiatigh ré@@her then
photosynthetically-active radiation,

gsmax J Rai'
g,y =S (30)

I:\)aij + RaSOj
where g maxis the maximum stomatal conductance,sk is the R.at which g drops to
50% of g max Two other relationships are required to scaléogs.. The attenuation of

radiation through the canopy is given by,

R=Rexd-kL) , (31)
where Ris the radiation at the top of the layer; ik the leaf area index all all species
accumulated from the top downwards through tReldyer, and kis the species-
averaged light extinction coefficient for thid layer given by,

K:iH“ S (32)

where kis the light extinction coefficient of thé"jspecies. In the transmission though
and absorption of radiation by the canopy layacgsount is taken of the effect of dead
material in absorbing radiation but not contributing to the stomatal conductance. From
equation 31, Ri=-dR/dL =k R; and the radiation absorbed by a particular species
(Rimmington 1984) is pki Ri where

J
P =Lik; / 2Lk (33)
=1

Now the equation for the canopy conductance attributable to'trepgcies in the™
layer can be derived. From the expression,

ALI

G, = f; [gq;(L)dL" (34)
0

insert the relationship between stomatal conductance and radiation,
ALi . .

G, = f J'QSLJRaud L', (35)
0 Raij + RaSOj

and the relationship between absorbed radiation and radiation level,
% Gumeq KR

Gy = fy [ = ——dL, (36)
o PikiR+k Py Re;

and the attenuation of radiation through the canopy
= f Aj‘-i gsmaxj pij kl R eXd— k1 L) d L:

< ’ 0 pijkiReXd_kiL)-'-kiplszoj

When integrated equation 37 gives,

(37)

AL,

fi' gsmax'
Gcij = _Tln(pljkiReXF(_kiL)"'kinRSOj ) (38)
i 0
to which the limits are applied resulting in,

G, = %ln(pijkia exd_kio)-l-ki B RSOj)
¢ - : (39)
_%In(pijkiR eXF(_ kiALi)+ki B R50j)

which simplifies to,

12



o - fi Osmax n Pk R + kP Reo; J (40)
i K pikR ex{~ kAL ) +k PiRoi )

and is further simplified by eliminating the i terms,
f ‘  + R
G. =_1 gsmaX] In R F\)50J J (41)

! ki R exd_ kAL, ) + Ry,
In the special case of a single species single layet, fR=R;, L;1=0 and the equation
above reduces to,

G, = Jemwpy[ R+ Ry (42)
k R exd-kL)+ R,
which is equivalent to the expression derived by Kelligeal. (1995).

Appendix 5: Derivation of Equations 21 and 25

Equations 21 and 25 are derived following the scheme of McNaughton (1994). We
want to find the canopy-averaged values of canopy and aerodynamic conductance
subject to:

<! SAR; + IOairA DGaij — EAR + loair/] D Ga (43)
j=Li=1 1+€+Gaij/Gcij 1+£+Ga/Gc ’
.];| ! EAR’
YR a)= (44)
j=Li=1 1+‘9+Ga/GC
J; 1 /] DG
Z(pair/] DG,; v ) = Pl 22 ) (45)
j=Li=1 1+€+Ga/GC
and
J; |
SAR =AR (46)
j=Li=1
where
G = @7)
' 1+e+G,; /G,
From these equations:
L4646, /G, = 50— = 8 (@8)
AR Gy
j=Li=1 j=Li=1
ARI MM
G =—F— _ ZGaij Q) (49)
Y0R @ 1
j=Li=t

and
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AR 3!
N — ZGaij w;

_;_fRJ o 1T
G, =g (50)
o 1tE
2. AR @
j=Li=1

Appendix 6: Disaggregation ofG,

In order to calculate the water demand for each component specieseitéssary to
disaggregate the whole system value @f. While various schemes exist for
aggregating conductances (e.g. McNaughton 1994, Hall 2002) these schemes cannot be
used in the inverse sense to disaggregate the aerodynamic conductance. In the absence
of a sound theoretical basis, and armed with the knowledge that whole system potential
transpiration is relatively insensitive 6, (Raupach and Finnigan, 1988), we assume
that the conductance can be disaggregated assuming that it is proportional to the
intercepted radiation. Such a scheme will allocate most of the conductance to the upper
layers of the canopy, where windspeed is highest, and so makes physical sense. In order
to test the sensitivity of the calculations to the assumption we also tested an allocation
scheme where the component aerodynamic conductance was inversely proportional to
the intercepted radiation. This is a physically non-sensible assumption and is only used
to test the degree of sensitivity to the allocation scheme.

One necessary, but not sufficient, condition is that a uniform canopy can be broken
down into several parts and the sum of the parts should equal the single canopy. This
was tested using the four canopy structures as shown in Figure 2. In this test all the
components were set up with the same stomatal properties and the calculated potential
transpiration,E, was compared. In a successful test the whole sydfefar each
configuration would be equal and as wé&l} = E¢ + Eg, E4 = E¢ + E+, etc. The
disaggregation scheme passed this test. The whole system water demands were within
0.28 mm /day ofeach other and the maximum difference when ponents were
compared was also 0.28 mm /day. These values are sufficiently small as to be
functionally equal.

The first test was run with the same stomatal properties in all components but it is likely
that in practise the components will have differing stomatal properties and such a
systems is likely to show more sensitivity to assumptions in the disaggregatiGa of
than a uniform system. Unfortunately, unlike the first test, there is no absolute truth to
compare against so in this series of tests we choose a contrary assumption on the
disaggregation to test the sensitivity of the assumption.

In the second tests the two-component layered configuration was used. Each of the
components was given different stomatal properties the comparisons were run for
allocation forG, either proportional or inversely proportional to the amount of radiation
intercepted by the component. These tests were run for both short and tall vegetation
with appropriate stomatal properties. The results are shown in Figure 3.
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Leaf area index configuration

L,=3.0 Lg=225/L,=0.75
L,=4.0 L,=3.0| L,=1.0
L.=1.0 Lg=0.75/L,=0.25
Short vegetation, g,,,= 0.010
E,=3.84 E,=2.88|E,=0.96
E,=4.28 E,=3.21{E,=1.07
E =041 E,=0.31|E,=0.10
Esystem: 4.28 Esystem: 4.25 E_.yslem: 4.25
Tall vegetation, g,,.= 0.005
E,=3.00 E,=2.53|E,=0.75
E,=3.45 E,=2.58/ E,=0.86
E,=0.40 E,=0.30| E,=0.10
Esystem: 3.44 Esystem: 3.4 EsyStem: 3.68
Figure 2. Canopy structures (leaf area indices defined in the upper row) and potential

transpiration results for testing the disaggregatiogfor short and tall vegetation when all
components are assigned the same stomatal properti€, arg.

As expected, the total system water demand was lower iyevas allocated inversely
proportional toRy;. This is because in the inverse allocation thaagay that intercepts

the most radiation has the lowest conductance and therefore total water demand is
reduced. The greatest difference in total water demand was for the tall vegetation,
whereG; is always of greater importance than in short vegetation, where the difference
amounted to 0.92 mm /day or 20% of the total.

The third test performed was similar in concept to the layered example above but in this
case the configuration was for two intermingled species of equal height and with greater
leaf area index in the upper part of the canopy. Again this test was performed for both
short and tall vegetation and proportional and inversely proportional allocation schemes
were compared. The results are shown in Figure 4.

In this third test the greatest difference in any component resulting from the two
allocation schemes was 0.34 mm /day for the upper component of the tall vegetation
with the highestgs max This however is not a value that by itself is used in any
simulation. The important comparisons are the individual species comparisons and the
total system water demand. The greatest difference when comparing species was for the
tall vegetation with the highesjs maxWhich produced a difference of 0.09 mm /day, a
difference too small to be functionally different.
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Short vegetation G,0to Ry, G,oto1/Ry

1m
Species 1 s=s E=3.84 E=3.16
Os max= 0.010
0.5m
Species 2 L=1 E=0.34 E=0.44
Os max= 0.005
Om
Eqystom= 4-18 Eqystom= 3-60
Tall vegetation G, ato Ry G,atol/Ry
5m
Species [L LSS E =426 E=23.26
9e max= 0.005
3.75m
Species P L= E =0.37 E=0.45
Oq ma= 0.0025
2.5m
Eqystem= 4.63 Esystom= 3.71

Figure 3. Canopy structures and results for testing the disaggregat®nfof short and tall
layered vegetation when components are assigned differing stomatal propert@scaRg; or
Ga o l/Rjnt.

Summary and conclusions

The disaggregation scheme used in theROMET module is done with the assumption

that the total syster®, can be allocated to the component canopies proportional to the
amount of radiation that they intercept. This fits two basic properties in that the highest
conductances are assigned to components that experience the highest wind speed and
that have the greatest leaf area.

Testing showed that a uniform canopy could be subdivided and the sum of the
components still equals the single canopy case. Further testing was done by comparing
the proportional allocation scheme against an inversely proportional scheme and
examining the sensitivity of the resulting calculated water demand to a contrary
disaggregation scheme. Two cases were tested; a layered canopy and an intermingled
canopy. The worst case in these tests was a 0.09 mm /day difference resulting from
assigning a low conductance to a high LAI tall vegetation with a lgghax Most
differences were less than 0.05 mm /day and were well below any value that could be
considered functionally important.

Given the results of these tests the proportional allocation scheme was adopted. While
this allocation scheme does not have the physical rigour of some of some other schemes
(e.g. Hall 2002) it is consistent with the level of detail required in APSIM and
represents a pragmatic approach, reasonably tested, and with modest data requirements.
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Short vegetation G, 0 to Ry G,ato1/Ry
1m
L=225 L=0.75 _ _ _ _
O = 0.010| g .= 0.005 E=2.88 E=0.72 E=2.62 E=0.70
0.5m
L=0.75 L=0.25 _ _ _ _
O..=0010| g, .=0.005 E=0.31 E =0.09 E=0.61 E=0.12
Om
Species 1 Species 2 ,E3.19 E=0.81 E; =323 £E=0.82
Esystem= 40 Esystem= 405
Tall vegetation G,a to R, G,ato 1/R,
5m
L=225 L=0.75 _ _ _ _
G = 0.005[ g =0.0025 E=3.20 E=0.71 E=2.86 E =0.69
3.75m
L=0.75 L=0.25 _ _ _ _
O ma= 0.005 | g, o= 0.0025 E =0.40 E=0.10 E=0.65 E=0.12
2.5
Species 1 Species 2 ,E3.6 E=0.81 E, =351 E=0381
Esystem: 441 Esystem: 432

Figure 4. Canopy structures and results for testing the disaggregat®nfof short and tall
intermingled vegetation when components are assigned differing stomatal properti®g cand
Rint Or Ga G". 1/Rin[.
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