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Abstract.

The paper demonstrates the verification and validation of the mathematical relationships for a Northern Tablelands version of SheepO
(version 4.0, a Decision Support System that simulates pasture and sheep preduction. The current version of SheepO (version 3.0) was
primarily developed for the Winter rainfall arsas of Southern Australia and fails te work in regions with a Summer rainfall pattern.
Therefore, these differences in regions liave led to the implementation of a water balance medel, a digestibility model and the development
of 1 shoot death model. The development of the shoot death model used production data fer fine-wooled Merino wethers (4-5 year old)
grazing on a Phalaris/White clover pasture obtained from an experiment conducted at CSJRO, Chiswick, Armidale (Latitude 307, 31'S,
Altitude 1070m). The verification of version 4.0 shows the calibration of pasture and sheep production at a low (9.9 sheep/ ha) stocking
rate and the experimentation of making one management change to a high stocking rate (19.8 sheep/ha), Similarly, validation is shown
using an independent data set from Glen Innes (Latitude 297, 42'S, aktitude 1057m) of fine wooled Merino wethers (8 months old) at low
and bigh stocking rates, respectively 10 and 15 sheep/ha. SheepO version 4.0 will assist advisers, producers and researchers on the
Northern Tablelands of New South Wales, Australia to investigate the cutcome of changes to current management strategies.

LINTRODUCTION

|3

Sheep(, a sheep management package that mimvcs the pasture .MODEL DEVELOPRMENT

and sheep production of a farm, addresses "what i questions

regarding  different management strategies.  The  mitial 2.3 Differences between version 3.0 and 4.0
development of SheepO dates back to the early 1980's when
White et al {19837 developed a financial and biological simulation
model of a breeding swe flock. SheepD continued to evolve from
these carly beginnings into a microcomputer Decision Support
System {55} { Sheep( version 3.0, McbLeod et al. 1992},

The main difference between version 3.0 and 4.0 is that version
4.9 has a regional moedel for the Northern Tablelands with a
swmimer rainfall pattern. The original program, version 3.0, was
developed predominantly for the Southern area of Australia with
a Winter rainfall pattemn generally depicted by an Autumn break

The primary apphcation of SheepO's version 3.0 {o date has been
in the Winter rainfall areas of Viotoria and Southern N.SW.
Lnder various test conditions il was found that version 3.0 faied
to calibrale pastures m a Summer rawnfall environment
Therefore, with approximately 21.6 million sheep grazing on the
Morthern Tablelands #t was considered a high priority to develop
a vegional model for this envionment. As Jakeman [19931
indicates, the easisst alternative to a highly complex generic
environmental model is to "develop madels which bave, within
sach region, a common model structure employing the same set
ol processes”.

Sheep(. version 4.0, utilises 2 common model structure for
pasture and sheep production along with three regional modsls
for water balance, shoot death and digestibility of the green
pasture. This paper sets out to describe, verify and validate the
regional models for the Northern Tablelands version of SheepO
{version 4.0).

oscurring between Mareh and June and a drying ofl period that
beging sometime between October and February. However these
indicators do not exist on the Northern Tablelands.

Figures | and 2 show the failure (Figure 1) and success (Figure

2% of calibrating pasture and shesp preduction on the Nerthern
Tablelands with and without a regional medel.
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Figure 1: Ssmulation of Green and Total Pasture Version 3.0 at
a Low Stecking Rate,
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Figure 2. Simulation of Green and Total Pasture Version 4.0 at
a Low Stocking Rate

2.2 Overview of pasiure model

The critical component of simulating the pasture and sheep
preduction is the ability of the model to calibrate the available
pasture (total and green) with the minumum number of inputs,
SheepO endeavours fo minirmise the number of inputs when
calibrating a management strategy and allows the user to choose
hetween an autematic or manual calibration.

The commeon inputs between both methods meluds monthly
rainfal} figures and the initial available pasture at the beginning
of the simulation and the coustant inputs across the chesen
region. {Bach ragion comprises of maximum and munumum
temperatures, evaporation, a cold stress factor, a terrain factor and
a pasture scater). The remaining inputs differ for manuval and
automatic calibration. Automatic calibration requures the user to
input at least three montbly pasture measurements during the
growing season which in turn predicts the growth rates at the
Optimum Leaf Area Index (OLAI (the ratio of leal area (one
surface of the leal) to unit arez of land, which should be
maimntained at a sufficiently high level to ensure maximum light
interception and hence maximum herbage relationship) (Frame
1992} Consequently cquations (1) and {2} predict the available
green and dead pasture at 10 day intervals (1e. 30 ten day
intervals for one year's simulation). Manual calibration requires
the user to input monthly OLATL velues and similarly predicts the
avaitable pasture. This paper has used a manual calibration to
verify and validate SheepO version 4.0,

Figure 3 along with (1) and (2) show how the pastare 15 pooled
from pasture growth to decomposition and the caloulations that
predict the available green and dead pasture. (Mote: 25 =
difference in green pasture from one period to the nextie G- G,

= pasture growth, Ig = intake of green, Tg = trampled green, 5d
= ghoot death, 213 = difference in dead pasture from one peried to
thenext e, D- D, where I = dead pasture, 1d = intake of dead,
Td = trampled dead and Dir = decomposition rate.)
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Figure 3 Pasture Available Pool
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2.3 Water balance model

The water balance model in version 4.0 implemented soil
meisture eguations from Smith and John {Smuth et al. 1974).
Their work and the associated equations were chosen for two
reasons: firstly, because the research was carried out on the
Northern Tablelands {Armidale Lat. 30.5° S, altitude 1000m) and
secondly, because the equations incorperated an important
parameter, the evapotranspiration (loss of water from the soil both
hy evaporation and by transpiration). (Nots: Epet = potential
evapotranspiration, Epan = pan evaporation, Cp = calendar
period)  The importance of caleulating  the  actual
evapotranspiration {Ea) (3), is seen in the relationship between
Epan and two scalars (Ea/Epot and Epot/Epan) that relate Ea to
Epan. The relationship of Ea/Epot “predicts the declne of the
actual rate below the potential rate as soil moisture declines” (4).
The Epot/fpan scalar was feund to be 0.87 (Johns et al 1973,
Therefore (3) improves the prediction of the available soil
mmoisture {3m) {5).
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The refative soil meisture (REM) routine as shown in Figure 4 is
based on a basalt derived black earth with 118mm of stored water
available to the plant.
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Figum 4: Fiow Chart of Water Balance Meodel

The importance of the relative soif moisture s seen in the
{ollowing description of the shoot death calculation,

2.4 Shoot death model
2.4.01 Data

The shoot death (Sd) variable 1s by far the more difficult to modet
yet the most influential om the MNorthern Tablelands.
Unfortunately, this variable s difficult to source because the data
sollection process consumes an inordinate amount of time,

Due to this time constraint, 84 was obtained by using SheepO to
caleulate the intake (Ig and 1d), rampling effect (Tg and Td) and
decay (D1 by inputting green and dead ten day periods that were
interpolated off a cubic spline (MathCad Plus 5.0, 1994)
developed from the observed green and dead pasture. (1) was
then used fo caleulate the Sd for thirty-six ten day periods.
{Verified by k. 1. Hutchinson., personal communication).

2.4.2 Model

The Sd model {(Figure 5) caleulates the percentage of Sd and
subsequently caleulates the 8d (kgtha/day) as shown in (6). The
eritical driving variables include the available green pasture and
RSM that are used in what are generaily classified as exponential
quadratic functions (Thorniey et al. 1990). (7) through to (12}
have been empirically derived usimg MathCad Plus 5.0 1994 for
three periods of the year: for September to December (7} (8) and
(9 are used; January to April use (73, (10) and (11) and the
remaining months of the year use (12}, {Note: Shlmap = index of
shade impact {section 2.4.3). 8dPer = percentage of shoot death,
Greenlndex, RSMIndex = exponential quadratic functions
respectively derived from green pasture and the RSM.) e is
important to note that the green and RSM influences the
percentage of Sd more so from September through to April while
from May to August the green available is the main influence.
Biologically. REM and the available green form a sound basis to
pradict 3d on the Northern Tablelands,
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Figure 3. Shoot Death Model

&d, - SdPer  Shimp. G, {6}

i,
(D.0002-{1 - T___.),(;j
Greenindex, = 0.007. & 20000 ¢ (N

0oLt -

(8)

RSMIndex, - 0008 €

— 70—



SdPer, « 10 « Greenlndex » RA3MIndex (9}
el - f.?_ai},_qga,_ﬂfj
RSMIndex, = 00078 T (16}

SdPer, = 35 « GFreenlndex - RSMIndex {1 1)
paren - Sy
SdPer, - 0.0000D042.8 Bl (12}

2.4.3 Shade Impact

After the shoot death (Sd) is calcutated the shade impact (Shimp)
{Figwre 6 adapted from = technical paper by Vickery et al(1972%)
inereases the amount of Sd in refationship to the available green
pasture when the green pasture is greater than 2000kg/ha. The
dynamic acknowledged by this aspect of the model is the
reduction in the growth rate by increased shoot death as growing
pasture shades lower leaves.
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Figure 6: Shade Impact

2.5 Green Digestibility Model

The green digestibility model in version 4.0 for the Northern
Tablelands has adapied relationships from the data of Hemilton
ot al (1973} These relationships were developed across four
species: Fesoue, Phalaris, Cocksfoot and Ryegrass. To incorporate
the Wiite Clover component of the pasture an optional constani

shift Facter affows the user to increase the digestibility. (Note: the
simulation of the dead digestibility uses the regional model in

version 3 sxcluding the influence of the drying off peried.)

3. VERIFICATION OF REGIONAL MODEL

3.1 Methodology

The algorithms developad in section 2 were based on production
data averaged over two plots, taken from experimental work of
K. T Hutchinsen, CSIRO Chiswick, Armidale (Lat 307, 31,
Aldtitude 1070m}.

The sheep production data comprised fine woelad adult Merimo
wethers (4-5 year old) grazing on a Phalaris™White clover pasture.
The simulation was run for low and high stocking rates with flock
characteristics. rainfail and OLAI growth rates held constant.
Initial pasture availability and animal live weights varied .

Initially & low stocking rate (9.9 sheep/ha) was calibrated and
then one management change was made by doubling the stocking
rate to 19.2 sheep/ha. Comparisens were then made between the
predicted and ohserved pasture mass and live weights.

3.2 Analysis

Analysis of the simulated and observed data comprises both a
visual tzchnigue and a siatistical method.  The graphical
presentation of Figures 1,2, 7 and 8 have been used for the visual
techpigue and the modelling efficiencies (ModEAT) (13) are used
to place a statistical inference on the dala, A statistical method
that is a "dimensioniess statistic whish directly relates model
predictions to observed data” (Mayer e al 1993) . The
modelling efficiency "is thus an overall indication of goodness of
fit Any mode! giving a negative value cannet be recommended,
with preferable vaiues close to one indicating a ' near-perfect
model."

With a limiled number of observations feasible of pasture and
production, two assurplions have been made. First, that a
minimus of 8 observations is required o determine ModET The
seeond is that lower ModE#ff values are asceptable for a high
stecking rate %o sccount for the difficulty of predicting the impact
on pasture when increasing the stocking rate.

ModBf - 1~ —————mr {13}

3.3 Pasture.

Tigure 2 with modelling efficiencies of 0.94 and 0.90 respectively
for total and preen pastures jndicates an accurate model for the
low stocking rate.



The high stocking rate, Figure 7 witl: ModEfT of 0.082 for total
pasture indicates that the simulation is not a good fit. But, the
ModEff of 0.50 for the green pasture in Figure 7 indicates a fit
that is en the borderline of acceptability. Nevertheless, it is an
improvement over ModEff of 0.27 for version 3.0 and must be
considered in connection with ModE{f for live weights (section
343

Analysis by the visual technique also shows thar the green
simulation follows the overall trend, although, in some instances
underestimating observed values. However, the visual analysis of
the total pasture confirms a poor simulation. (Note: acouracy in
predicting anitmal live weights depends more on the consumption
of green rather than dead pasture therefore calibration of the
available green pasture is far more critical than that for total
pastire. )
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Figure 7: Simulation of Green and Total Pasture Version 4.0 at
& High Stocking Rate.

3.4 Live Weights,

The predicted fleece-free body weights for the low and high
stecking vates visually show a reasonably good it that is
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Figure 8: Low and High Stecking Rate Simulations of Animal
Live Weights

confirmed by the modelling efficiencies of 0.87 and 0.67
respectively for low and high stocking rates (Figure 8). Again the
ModEfY is lower for the high stocking rate but aceeptable.

4 VALIDATION OF REGIONAL MGBEL
4.1 Methodelogy

Validation of the Northern Tablelands regional model have been
carried out across a range of years and different species mixed
with white clover. In this paper the validation is based on [0
menths production data, February to November 1983, 1986 and
1987, averaged over three plots, M.Curll, unpublished data, NSW
Agriculture, Glen Innes (Lat. 29°42'S, altitude 1057m).

The sheep production data comprised fine wooled Merino
wethers (8 months old) grazing on a Phalans/White clover
pasture. As in the pasture verification methodology (section 3.1}
the same inputs were held constant or varied when the simulation
was run for low (10 sheep/ha) and high (15 sheep/ha) stocking
rates.

4.2 Analysis

Analysis used to validate the simulation and cbserved data 1s
similar to that of section 3.2

4.3 Pasture

Figures 9 and 10 mdicate that the 1985 total pastuze at the low
and high stocking rates with ModEfT respectively 0.78 and 0.04
validate the model. Visually, the simulation shows a reasonably
good fit for total and green pasture.  (Note: no modelling
efficiencies are available for the green pasture because there were
only four observations. )
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Figure 9: 1985 Simulation of Pasture from Gien Innes ata Low
Stocking Rate
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Figure 10: 1935 Simulation of Pasture from Glen Innes at a High
Stocking Rate
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Figure 11: 1986 Simulation of Pasture from Glen lunes ata Low
Stocking Rate
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Figure 12: 1986 Simulation of Pasture from Glen [anes ata High
Stocking Rate

Figures 11 and 12 indicate that the 1986 total pasture with
ModESF of 0.37 for both low and high stocking rates do net
validate the model. However, visually the simulation follows a
srend with the modsl predicting the actual vaiues with greater
accuracy from Angust to November.

Lastly Figures 13 and 14 indicate that the §987 total pasture with
ModEEF of 0,95 (Jow) and 0.78 (high) stocking rates validate the
model. Visually, the simulation shows a reasonably good fit for
total and green pasture.
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Figure 13: 1987 Simulation of Pasture from Glen Innes at a Low
Stocking Rate
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Figure 14: 1987 Simulation of Pasture from Glen [nnes at a High
Stocking Rate

4.4 Live Weights

The body weights {including fleece) for 1985 (Figure £ 3} indicate
a reasonable fit for the low stocking rate wilh a ModET of 0.01
bt fails to simulate the high stocking rate with a ModEff of -1.58.

N



The 1986 data (Figure 16) indicates that the simulation failed to
made] the low and high stocking rates with ModEff, respectively,
0.2% and -2.74,
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Figure 16: 1986 Simulation of Live Weights at Low and High
Stocking Rates from Glen lnnes
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Figure 17: 1987 Simulation of Live Weights at Low and High
Stocking Rates from Glen Innes

Lastly, the 1987 data (Figure 17), indicates an excellent low
stocking rate simufation and a poor high stocking rate simulation
with ModEff respactively 0.98 and -0.22.

5 DISCUSSION

The sumulation of total and green pasture for 1985, 1986 and
1987 overall indicate that the Northern Tablelands regional model
is capable of calibrating pasture and preduction at the low
stocking rate. However, the high stocking rate fatied to mimic the
observed live weights even though the total pasture calibrated for
1985 and 1987 The under prediction of the available green
pasture (below 500kg) at the critical period of the vear as seen in
Figare 14 neads to be addressed. But by inspection the 1987 data
(Figure 17} does Tollow a definite trend.

Associated simulation errors within the model need to be
addressed!  This could fead to further improvements to the
digestibility, shade impact and shoot death modsls as tachnology
improves and additional data becomes available.

A further complexity exists i the actual Hve weights of 1985 and
1986 which dropped in March and April. These decreases in
weights suggest possible problems due to the healtth and welfare
of the animals.

&, CONCLUSIONS

SheepO’s simulation of pasture and sheep production on
Phalaris/White Clover pasture mixture at Armudale [966/67 and
Glenn Jnnes 1987 have been verified and validated visually and
statistically against the observed data. However, due to the
complexity of medelling pasture and production the high stocking
rate of animal live weights has failed to be statigtically validated
but generatly follows a visual trend during the spring growth.

The regional medel for the Northern Tablelands employs similar
processes to version 3.0 In order to address reglonal climate,
rainfall and resulting pasture growth patterns, version 4.0
employs models specifically designed to take into account relative
soil meisture and the available green pasture in the prediction of
shoot death. This biological relationship 15 used to simulate the
available pasture at ten day infervals, The adaption and adeption
of relevant mathematica! equations has also played a critical role
it the development of the water balance, shoot death and green
digestibility models.

Simulation of pasture and sheep production on the Northern
tablelands has the potential to assist advisers, producers and
researchers to investigate the outcome of different management
strategies. The "what if" questions that are addressed wil
enhatice and improve the sustainability of the sheep and wool
ndustries of Australia.
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