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Use of a grazing model to study management and risk 

O.J. CACHO AND A.C. BYWATER 

Farm Management Department, Lincoln University, Canterbury,New Zealand. 

ABSTRACT 

A model which simulates the operation of a pastoral farm was used to perform a ‘computer experiment’ on an irrigated Canterbury 
property. The effects of seven stocking rates, ranging from 9 to 21 stock units per hectare (SU/ha), on the performance and profitability of 
a self-replacing sheep flock were tested. The same experiment was performed under two scenarios (deterministic and stochastic). The 
deterministic scenario was equivalent to a controlled experiment, where the same pasture growth pattern occurred every year, reflecting 
average production in the area. The stochastic scenario introduced random variation between years, reflecting the area’s natural variability 
in pasture production. 

In the deterministic experiment, maximum meat production (258 kg/ha) was obtained at 2 1 SU/ha, while maximum wool production 
(89 kg/ha) occurred at 19 SU/ha. Lambing percentage reached a maximum (135%) at 13 SU/ha. Under the assumed set of costs and prices 
maximum gross margin was obtained by maintaining a stocking rate of 21 SU/ha. Introducing stochastic behaviour caused maximum 
productionlevels todecreaseandgrossmargin wasmaximisedatalowerstockingrate( 17SU/ha),reflecting fhecostsassociatedwith weather 
variability. Results were used to examine the tradeoff between profits and risk in stocking rate decisions. 

Keywords: grazing systems; models; risk; simulation. 

INTRODUCTION 

Fanners must continuously deal with the uncertainty 
produced by variability of the physical and economic environ- 
ments. According to Jolly (1983), a farm manager can attempt 
to control risk in two broad ways: (i) by controlling exposure 
to risk (i.e. enterprise diversification, insurance, volume of 
business) or (ii) by controlling the impact of risk on the farm 
(i.e. credit reserves, financial structure, productionefficiency). 
The first category requires the decision maker to choose the 
set of probability distributions which the business will con- 
front; while the second category will affect the capacity of the 
farm business to withstand adverse events. 

A variety of sophisticated techniques for risk analysis have 
been developed by economists (e.g. Barry, 1984); however, there 
is a large gap between these techniques and those methods 
practised by farmers faced with uncertainty (Walker &al., 1984). 
It has been argued that, because virtually all actions undertaken by 
a filer are subject to risk, there is no clear-cut distinction 
between risk management and farm management (Jolly; 1983). 
Farm management integrates information from a wide range of 
disciplines including economics, animal and plant production into 
a whole-farm view and, as a discipline farm management is an 
ideal candidate to bridge this gap. 

Dynamic simulation models offer an excellent tool to 
help understand production risks, which can be studied by 
incorporating random variables in production models and into 
the decision problems faced by farmers (Antle, 1983). The 
effect of environmental variability is especially important on 
pastoral farms, where performance depends largely on pasture 
growth rates. This paper uses a comprehensive simulation 
model of a sheep farm in the Canterbury Plains to study the 
effects of stocking rate on performance, profitability and risk. 

The Canterbury Plains receive less rainfall (average 77 1 
mm/year) than most other parts of new Zealand and dryland 
farmers have adapted their management to the constraints 
imposed by the climate (Rickard and Radcliffe, 1976). Al- 
though the use of irrigation reduces pasture growth variability 
and increases potential production, year to year variability in 
rainfall, solar radiation and temperature still affect production 
and performance. The objectives of this paper are (i) to 
demonstrate the use of simulation models in the design of 
experiments aimed at determining optimal management strat- 
egies and (ii) to illustrate the tradeoff between expected profits 
and risks when dealing with stocking rate decisions in a 
grazing system. 

MODEL OVERVIEW 

An enhanced version of the model described by Finlayson 
(1989) and Finlayson et al. ( 1990) was used in this study. The 
operation of a farm is simulated by a series of dynamic lists of 
records that contain information on the current status of 
pasture and animals on the property. A simulation is driven by 
a calendar of management events which includes many of the 
tasks required on a real world farm, such as detailed grazing 
rules, hay productionand feeding, animal sales and purchases, 
shearing, lambing etc. Supplements can be fed at any time at 
a rate which can be expressed in kg dry matter per animal or 
as a proportion of energy requirements. The model determines 
the total amount of supplement required and, if necessary feed 
is automatically purchased and the transaction recorded. 

Each simulated day, the amount of dry matter available 
in each grazing area is calculated and allocated to animals 
according to their energy requirements and the area available. 
Pasture consumption is determined by the interplay between 
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total dry matter available, relative proportions of leaf and 
stem (which have different digestibilities) and the animal’s 
preference for each component of the sward. Animals accu- 
mulate metabolizable energy through daily grazing and ani- 
mal growth is calculated at user-specified intervals. 

The farm characteristics, management events and pas- 
ture growth coefficients are read from input files at the start 
of a run. Detailed records on the status of animals and 
pastures at any time can be stored on disk for subsequent 
analysis. In addition, every transaction is stored into an 
accounting file which is later processed, in conjunction with 
a file containing prices and costs, to produce annual perform- 
ance and gross margin reports. Summary statistics of these 
reports can be obtained across years or across replicates. 

EXPERIMENTAL PROCEDURE 

An experiment was performed to study the effects of 
stocking rate on performance, profitability and risks faced by 
a hypothetical farm. The farm consists of 100 ha of irrigated 
Winchmore soils on the Canterbury Plains running a self- 
replacing Border Corriedale flock and containing 20 equal- 
size paddocks sown with a ryegrass-white clover pasture. 

Each treatment consisted of a ten-year simulation subject to 
the same management calendar. Flushing and mating occurred in 
April, shearing in late July, lambs were weaned in early Novem- 
ber, ewes were culled in late November. Lambs were drafted at 
a miniium of 30 kg empty live weight at monthly intervals 
between December and April. By mid April all lambs (except 
replacements) were off the farm. Hay was produced by closing 
30haforconservationinOctober-November.Aniialsweresplit 
into mobs and subjected to different grazing rules depending on 
pastureavailability,timeofyearandrelativeprioritiesofdiffe~nt 
classes of stock. 

The number of animals on the farm varied between neat- 
merits, with a constant proportion for each sex/ase group. Seven 
stocking rates were tested, ranging from 9 to 21 stock units per 
hectare (SU/ha) at increments of 2. Stocking rate was measured 
on 1 July, when all lambs were off the farm. Depending on 
lambing percentage, the actual stocking rate could be greater 
during other times of the year. Mature ewes were counted as 1 .O 
SU, while hoggets and rams represented 0.8 SU each. 

Pasture growth was simulated by a sigmoid equation 
(Cache, 1993) seasonal changes being accommodated by 
adjusting parameters every two weeks as estimated from data 
for the region of interest. There were five replicates per 
treatment, each replicate being associated with a lo-year 
series of pasture growth coefficients, which were randomly 
selected from data for 19641984 at Winchmore on the 
Canterbury Plains (Rickard and McBride, 1986). This design 
was equivalent to running a given replicate of all seven 
treatments simultaneously on identical farms, for a total 
experiment duration of 50 years on 500 hectares of land. To 
minimise any bias arising from initial settings, results from 
the first two years were eliminated from the analysis, result- 
ing in a total of 40 sets of annual observations per treatment 
(8 years per replicate times 5 replicates per treatment). 

Analysis of variance and Duncan tests were performed on 
expected gross margin (GM), lambiig percentage and meat and 
wool production. The treatment means were evaluated in a split- 
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plot design (Steel and Torrie, 1980), using the freufmenf x 

replicate effect as the error term for hypotheses tests (7 < 0.05). 
Lambing percent was estimated as the number of lambs 

weaned divided by the number of ewes mated. Upon drafting, 
lambs were graded according to weight and fat content and 
their schedule category (Buxton, 1985) determined. The 
average price received per head depended on the number and 
weight of lambs in each category. Operating costs and returns 
were based on 1990/g 1 prices as reported by Fleming and 
Burtt (1991). Table 1 shows a sample gross margin report 
calculated from a series of eight consecutive years. 
A deterministic version of the experiment was also per- 
formed to illustrate the consequences of ignoring year to year 
variability. In the deterministic experiment pasture growth 

TABLE 1: A sample gross margin report; results were averaged over 
an eight-year period. Range figures represent the minimum and maximum 
of each row obtained over an eight-year period, so that results on a given 
column did not occur simultaneously. 

Stocking Rate: I9 XI/ha 

Summary of years 3-10 

Range S.D. 

Income 
Lambs 

Twotooths 

Mature Ewes 

Wool 

Hay Sold 

Total Income 

Expenditures 
Shear Lambs 

Shear Sheep 
Tup Crutch 
Main Crutch 

Wool Shed 

Drench Lambs 

Drench Ewes 

Vaccinate 

Dip 

Cartage, Lambs 

Cartage, Sheep 
Cartage, Wool 
Ram Purchase 

Hay Produced 

Hay Purchased 

Yard Fees 

Commission 

Total Costs 

Mean 

(Uyr) 
42706 

3859 
5753 

3541 3 

I85 

87917 

($fyr) Wv) Wyr) 
36223 46669 3025 
3750 3875 44 
3384 6498 1183 

27232 41 054 4350 
0 898 353 

74490 93916 6415 

2583 2285 2665 124 
2837 2579 2929 150 

683 633 693 22 
1056 997 1068 25 
7083 5446 8211 870 

47 31 51 7 
206 202 208 2 
487 460 493 I2 
710 671 719 I7 

2936 2480 3061 I90 
1123 801 1223 159 
531 408 616 65 

1200 1200 I200 0 
6480 3667 8544 1493 
3471 0 IQ947 3655 

237 169 258 34 
529 392 571 67 

32199 27379 37186 3063 

Gross Margin 55718 44370 60657 5509 

Stock Numbers (1 Jul): Mean Range S.D. 

(head) (h=U (head) (head) 
Ewes 1518 1406 1541 48 
Hoggets 512 512 512 0 
Lambs 0 0 0 0 
Rams 20 20 20 0 

Lamb Grading: 
YM 

PL 

PM 

PX 

TM 

TH 

FM 

FH 

264 105 1005 301 
62 0 493 174 

488 0 654 215 
40 0 202 77 
82 0 I24 48 

I55 0 308 86 
335 0 480 147 
50 0 107 15 
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coefficients were identical every year, this recurring pasture 
growth pattern was based on average growth rates measured 
over a 20-year period (Rickard and McBride, 1986). No 
replicates were needed in the deterministic experiment as 
there was no variability between years. 

RESULTS AND DISCUSSION 

Average gross margins ranged between $339.65lha (at 
9 SU/ha) and $5 10.30/ha (at 17 Xl/ha) (Table 2). There were 
no significant differences (PcO.05) between the three treat- 
ments with the highest gross margin (15 to 19 SU/ha); 
however mean gross margins were significantly lower at 
stocking rates outside this range. 

TABLE 2: Treatment means, standard error of the mean are shown in 
brackets (40 observations per treatment). Means containing a common 
letter are not significantly different (P&OS) according to Duncan multiple 
range test. 

Treatment Gross Margin Lambing Meat Wool 
(@ha) (‘p) @@ha) O&ha) 

9 339.65c 130.1a.b 118.9d 62.6d 
(5.69) (0.20) (0.37) (0.4) 

11 38 1.85’ 13 1 .gavb 143.8’ 71.F 
(6.98) (0.28) (1.77) (0 90) 

13 442.21b 1 32.78 173.e 79.5b 
(4.86) (0.24) (0.84) (1.06) 

15 493.148 1 32.4a 195.4-b 83.1” 
(5.16) (0.53) (1.76) (1.29) 

17 510.308 128.1b 204.5a 84.58 
(11.00) (2.04) (5.35) (1.65) 

19 501.80’ 121.7‘! 205.6a 83.SLL 
(18.80) (3.55) (8.80) (2.16) 

21 476.50”eb 115.5~ 199.6” 82.4a*b 

(23.40) (4.40) (11.20) (2.62) 

Mean Squares: 
Replicate 82241 619 16364 1281 
Treatment 171729 1693 46117 2660 
Rep. x Trt. 9950 63 2452 49 

Lambing percentage ranged between 115.5% (at 21 SU/ 
ha) and 132.7% (at 13 SU/ha); with no significant differences 
between treatments in the range 9 SU/ha to 15 SUiha. Signifi- 
cant decreases in lambing percentage occurred as stocking 
rate was increased beyond 15 SU/ha. 

Meat production ranged between 118.9 kg/ha (at 9 SU/ 
ha) and 205.6 kg/ha (at 19 SUiha), with no significant differ- 
ences between treatments in the range 15 SU/ha to 2 1 SU/ha. 
Significant decreases in meat production occurred as stock- 
ing rate decreased below 15 SU/ha. 

Wool production ranged between 62.6 kg/ha (at 9 SU/ 
ha) and 84.5 kg/ha (at 17 SU/ha), with no significant differ- 
ences between treatments in the range 15 SU/ha to 21 SU/ha. 
Wool production decreased significantly as stocking rate 
decreased below 15 SU/ha. 

Deterministic vs Stochastic Results 

There is a general tendency to overestimate potential 
production and profits in the deterministic as compared to the 
stochastic experiment (Pig. 1). These differences tend to 

increase as stocking rate increases. 

FIGURE 1: Comparison of determinsitic (solid lines) and stochastic 
results (circles). 

ln the deterministic case a maximum gross margin of 
$575.63/ha was obtained at 21 SU/ba. This result is 13% higher 
than the maximum of $510.3O/ha obtained at 17 SU/ha in the 
stochastic experiment (Pigure 1 A). Maximum lambing pement- 
age occurred at 13 SU/ha in both stochastic and deterministic 
cases, with small differences between experiments (Fig. IB). 

In the range between 9 SU/ha and 15 SU/ha meat produc- 
tionwaspmcticallyequalinthestochasticanddeterministiccases 
(Fig. 1 C). In the deterministic case, meat production continued to 
increase with stocking rate up to a maximum of 258.1 kg/ha at 2 1 
SU/ha, while in the stochastic case meat production incnzed 
slightly between 15 SU/ha and 19 SU/ha (from 195 to 206 kg/ha) 
and decreased thereafter. 

Maximum wool production (88.6 kg/ha) was obtained 
at 19 SU/ha in the deterministic case, while it occurred at 17 
SU/ha (84.5 kg/ha) in the stochastic case (Pig. 1D). The 
pattern of wool production was similar in both experiments, 
with results in the stochastic case representing between 93% 
and 98% of those in the deterministic case. 

These results show that, even though the average annual 
pasture growth pattern was equal in the deterministic and 
stochastic cases, ignoring the fact that there is variation 
between years can lead to gross overestimation of production 
and profit potential, especially at high stocking rates. 

The Tradeoff between Profit and Risk 

Although results show that, on average, gross margin 
can be maximised by carrying 17 SU/ha (Fig 1A) this might 
not be the best option for every farmer, as different people 
have different objectives and willingness to take risks. Notice 
that as stocking rate increases up to 17 SU/ha, expected gross 
margins increase but so does the variability of the results (Pig. 
2A); at 9 SU per hectare, annual gross margins range from 
$269/ha to $407/ha, while at 21 SU/ha annual gross margins 
range from $142/ha to $647/ha. 

These results are to be expected as, under the assumed 
deterministic prices, a farm carrying large number of stock 
will be in a favourable position during a year with high 
pasture production. However, in the event of a year with poor 
pasture growth, larger financial losses will be suffered by a 
farm which is heavily stocked as compared with one which 

is moderately stocked. 
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FIGURE 2: (A) Annual gross margin obtained per treatment, solid 
lines represent the mean and its 95% confidence limits. (B) the relationship 
between expected gross margin and variability as measured by standard 
deviation, each point was calculated from 40 observations. 
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Them was one exception to the pattern just described. As 
stocking rate increased from 11 to 13 SUiha, expected gross 
margin increased while variability decmased (Fig. 2A, B). This 
suggests that the system was understocked at 11 SU/ha, and the 
animals were not able to maintain an appropriate level of pasture 
quality. This could be remedied by changing lambing date and 
grazing management to produce heavier lambs or using a section 
of the farm to produce alternative crops. 

A plot of expected gross margin against standard devia- 
tion (Big. 2B) gives additional insight into the tradeoff be- 
tween expected gross margins and risk. Taking standard 
deviation as a measure of risk, it would not be rational to carry 
less than 13 SU/ha, as increasing stocking rate from 11 to 13 
SU/ha increases expected gross margin considerably (from 
$382/ha to $44Zha) while decreasing risk (from $44.2ha to 
$30.8/ha). With a further increase from 13 to 15 SU/ha, 
expected gross margin increases considerably (to 493 $/ha) 
with a small cost in terms of risk (+ 1.8 $/ha). A further 
increase to 17 SU/ha produces a moderate increase in ex- 
pected gross margin (to 510 $/ha) accompanied by more than 
double the risk level (69.6 $/ha). Stocking rate increases 
beyond 17 SU/ha would not be rational (under the given 
assumptions), as they reduce expected gross margin while 
increasing risk. 

In the real world, a farm manager will react to changes 
in ,market and environmental conditions and take action to 
minimise losses or maximise potential gains as the physical 
and economic environments change. In contrast, the model 
used in this study follows a fixed calendar of management 

events and does not adapt its management to changes in the 
environment. This is not adeficiency of the model, the model 
was designed as an experimental tool which does not assume 
a specific level of managerial ability; the model follows a 
specific set of instructions and is not allowed to modify them. 

The results presented here show the expected outcomes 
and risks associated with a given set of managerial decisions 
(the management calendar), the risk-reducing value of alter- 
native strategies could be evaluated by comparing results of 
additional experiments to the base values presented here. We 
could, for instance, evaluate the effect of an adaptive strategy, 
such as adjusting the lambing date and decreasing the number 
of ewes being mated when the amount of available dry matter 
in Autumn is below a certain level. 

SUMMARY AND CONCLUSIONS 

The results presented in this paper illustrate the importance 
of incorporating random variables in the use of simulation 
models aimed at studying management strategies. Although 
deterministic simulations ate valu‘able to help scientists under- 
stand the complex relationships among different variables in a 
production system (avoiding the confounding effect of random 
variation) they can lead to biased estimates of potential produc- 
tion and profitability. In adeterministic study account is not taken 
of the possibility of ‘bad years’, such as severe droughts, that can 
affect the potential profitability of the farm for several years to 
come, resulting in a tendency to overestimate potential produc- 
tion and profitability. 

This paper discussed only one aspect of production 
risks; it concentrated on the effects of pasture growth vari- 
ability, while assuming deterministic food intake, digestibil- 
ity, animal growth etc. Clearly, there is much potential for 
cooperation between farm management and animal and plant 
scientists in the study of management and risk issues; models 
can play an important role in this process acting as a comple- 
ment w a substitute) to field research . 

Market variability is an important source of risk not 
discussed here, but which can be studied with simulation 
models by exploring the sensitivity of management decisions 
to changes in the assumed prices and costs. The effects of 
changes in market conditions can be studied by applying 
different sets of prices to the simulation results’ reported here. 
The evaluation of management techniques aimed at benefit- 
ing from seasonal price changes or changes in consumer 
preferences (i.e. low fat lambs) is another area where farm 
management models, such as the one used here, can provide 
fruitful results. 
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