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Susmumary Pastoral farmers in the Tropics need to make the key deciston of the number of animals that should be firmed each
vear in the absence of reliable data on pasture production asd quality, and animal requirements, This study describes a decision
support model used 1o make stocking rate decisions for a case study steer finishing farm in Brazil. The model is based on a
stochastic cashflow model, and data on the carcass weight of animals sold 1o the local abatioir | monthly rainfall and the stock
seliing policy used on the farm.

The distribution of animal carcass weight on the farm for cach month is fitted to a beta distribution by assuming that the sample
of animals sold to the aballoir has been based on decisions whercby  only animails above & minimum weight are sold. Mean
monthly animal growth rates are then estimated and fitted to sainfall data by lincar regression. A Monte Carlo simulation of the
farm’s cashflow which incorporates variable prices and animal growth rates indicated that a stocking rate of 1.0 animal per
hectare was the best option. The cumulative distribution of the December cashilow for 1.0 animat per hectare has [first degree

dominance over other stocking rate options.

L INTRODUCTION

A cashflow budget summarises the relationship between
income and expenditure for a business over a given period
of time. The budget gives the manager an opporiunity to
reschedule scasonal cash inflows and outflows to ensurc
that the business remains viable and the end of year cash
balance is maximised. The monthly cashflow budget for a
grazing system can be used in conjunction with the farm
feed budget to evaluale decisions on stocking rate (stock
carried per unit area), calving and lambing date, time of
weaning, stock purchase and selling policies. The feed
plan malches scasonal feed supply with Hvestock demand
and the cashfiow budget indicates whether the scasonal
cashflow is sufficient for the frmers needs. Simulation
models such as Stockpol can be nsed to determine polices
that vield feasible feed plans (Marshall, McCall and Johns
1991). The effects of farm management pelicies on the farm
cashflow or gross margin are also provided.

These models have a number of weaknesses. Detailed input
data on variables, such as pasture growth and feed
requirement, are required but these are cither not available
or difficult to cstimate in many farming situations. The
models are also deterministic and do not account fully for
the variability in pasture and animal production, or in
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product prices. The variability of farm returns and the
farmer’s attiiude to risk can determine policies adopted by
the farmer.

The purpose of this study was lo show how a cashliow
model can be used with stochastic production and price
variables 1o assist the farm mapager in lormulating a
stacking rale policy. The case study was based on a prime
beef preduction farm in the Amazon region of Brazil where
historical data on the amount of feed present on the farm
and livestock consumption were not available.

2 DBESCRIPTION OF THE CASE STUDY FARM

The farm is 8,700 hectares of which 4360 hectares is in
improved pasture, which mainly comprises threc different
grasses: Brachiaria Brizanta, Panicum Maximum, and
Andropogoen Guanines (Cunha,19935). Replacement steers
arc purchased as rising 1 yoars olds and finished beforc
reaching 4 vears of age.  Steers are sold on & per kilogram
of carcass weight payment basis thai s the same across
weights and grades, but the level of payment varics with
scasonal market cenditions. The decision to sell is faken
when the gverage price per animal is equal lo or greater
than US$ 300, However, il the farm has a negative cashilow
steers are soid even if the average price por animal is ess
than USS$ 300 until g positive cashilow is retained. Animals



not sold under these two criteria are disposed of before they
reach four years of age.

3 THE STOCKING RATE DECISION

As part of the managerial process for grazing systems, the
farmer must decide on the numbers and mix of animais to
farm. The choice of stocking rate can significantly impact
on the productivity and profitability of the grazing system
since it affects the foed supply to individual animals
(Campbell, 1969, White. 1987, Conniffe, Browne and
Walsh, 1970},

Selecting the oplimum stocking rale is complex when
production and  cconomic variables, and hence farm
retuns, arc stochastic. The farmer’s degree of risk aversion
will also dictate the oplimum stocking rate {McArthur and
Ditlon, 1971y A risk averse farmer may adopt a stocking
rate which is lower than that selecied by a risk taker. In a
situation where the farmer’s atiitude to risk is unknown then
the cumdalive distribution of enterprise returns will need to
be cousidered when choosing the most appropriate stocking
ratc {Anderson, Ditlon and Hardaker, 1977}

4, THE CASHFLOW MODEL

To establish the relationship between the stocking rale and
the distribution of farm relurns for the case study farm, a
financial model was develeped to simulate the management
of seasonal cash transactions on the farm when both
production and prices received are stochastic. The equations
in the cashilow mode! are essentially accounting identitics
and lime dependencies are achieved by ensuring the cash
opening balance in a purticular month equals the closing
balance of the previcous month, B owas assumed that
decisions are made from January, and the distribulion of the
cash halance o December was used fo evaluale the slocking
rate options.

Cash required to purchase replacemeant animals, 15 directly
velaled 1o the stocking rate. The iotal cost of maintaining
animals, such as animal healih (vaccination, mingralsy, also
fncreascs with stocking rate. Cash inflows were only
affected by stocking rate through the number and carcass
weight of sleers sold each month,

4.1 Beriving Meun Growth Rate of Steers

The distribution of carcass weights of rising 3 year old
steers was obtained from farm records of the number and
carcass weight of monthly sales. A beta distribution was
used 1o desceribe the probability density function of carcass
weight, because i has a flexible form which can be
described by two paranweiers.

The probability density function for the beta distribution was
assumed Lo be defined as:

flx.a. b, L, ) (1

where
% is the carcass weight (kgk
a,b are the shape parameters of the Beta
distribution;
L and UJ arc minimum and maximum
carcass weighis (kg),
The mean carcass weight of animals sold above a minimum
weight can be derived from {1) as:

r
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where
MeanS is the mean {kg} weight of carcasses sold to
the abattoir
Min§ is the minimum carcass weight sold;
PropS is the proportion of ristng 3 year old sicers
sold.

I the proportion of rising 3 vear old stzers sokd. Pro S. s
p =R
known then
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T-PropS =l fx ab L, Uy dx (33

Beta shape parameters {a, by and L can be found by solving
{2y anel (33, The variables MeauS, MinS and U and can be
calculated from  farm records of livestock sales to the
abatioir.

I is convenient to restate 27 and (37 as:
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The problem can be solved as @ non-Hincar minisisation
problem which can be stated as:

Finda, b, L (6}
in order {o

Minimise

BivMean + DivProp

Subiect to
L < Mins

a=>0,b>G L>0



The mean carcass weight of rising 3 vear old steers in each
month can thercfore be calculated form the parameters of
the distribution.

(In estimating the above non-linear model using data from
the case study farm it was found that the estimated L did not
ahways yield “plausible’ estimates. Using farmer experience,
L was therefore fixed at 85% of MinS {Cunha, 1993)).

5. DATA ANALYSIS

The primary source of data were the carcass weight of 2696
rising 3 vear old steers sold over four years (1089-1993)
and the associated prices received for each kilogram of
carcass weight. Monthly rainfall records were also available
for the farm during this period.

3.1 Distribetion of carcass weight of animals

Using (6} the beta shape parameters of the monthly
distribution of carcass weight were derived (Table 13. The
parameters indicate that the distribution of carcass weights
in cach month was not normal, but was rather skewed to the
right,

Table | Estimated Beta distribution of monthly carcass
weights of rising 3 vear old steers.

Beta Shape Carcass Weight (kg)

Parameters
Month a b Min Max Mean
January G. 10 1.39 183 321 191
February 0.0 1.52 165 291 173
March 0.1¢ 1.1l 183 343 196
April 0.31 2.91 219 352 231
May 0.0 1.33 186 278 192
June .10 071 i85 312 201
July 016 1.43 181 343 197
August 0.14 1.86 185 400 204
September 0,76 379 185 292 203
October 0,52 544 173 366 188
November 0,70 1.51 195 297 228

The effect of rainfall on steer growth raic was estimaied
from a lincar rcgression between monthly growth rate, and
the previous month’s mean carcass weight and rainfall as:

G, = 8.36-0.042 Wy +0.001 Ry,
.4 (39 ©.7
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{The t-statistics of the regression parameiers are shown in
brackeis).

wherc
G, is the growth rate in curreni month;
Wy is the mean carcass weight in the previous
month;
Ry is the ranfadl in the previous month,

Cn the basis of the t-statistic, rainfall did netl appear o
significantly affect mounthly Hiveweight change for this
formulation of the regression model.

Random growth rales can be sinulated by sampling from
the distribution of the regression coefficients which are
assumed 0 be normally distributed with a mean and
standard deviation equal o the estimaled coefficient and
standard error, respectively. The standard crror of the
constant torm and the cocfficients of  the meant carcass
weight and  rainfall were 2367, 0.012 and  0.002,

respectively.
5.2 Price Variahility

Prime steers from the casc study arc sold to the loca
abattoir on the basis of carcass weight irrespective of grade,
Historicaily, prices have ranged from about USS 0.9 1o 1.60
per kg, Iosufficient data was available to cstimate ihe
carrelation between price and carcass weight. The price data
for cach menth was fitted 10 a truncated normal distribution,
No corrclation belween price and carcass weight was
assumed. [nstead the effect of price ow carcuss weight was
medelied as part of the selling devision.

6. RUNNING THE SIMULATION MODEL

The mode] used in this study is similar in concept to the
lamb drafting model developed by Garrick, Purchas and
Morris {1986). Their model simulates a flock ¢ lanbs of
specified  weight and sex using  relationships  between
fiveweight, carcass weight and carcass grade.

Based on historic data, the individusl carcass weight of
animals at the start of the farm vear (January), is geperated
randomly from a beta distribution with shape parameters of
0.1 and 1.59, and with minimum and maximuem values of
183 kg and 321 kg, respectively. Using a price sampled at
random from the distribution of prices. the model sells
animals if their average return is equal to or greater than
FUS300. Alernatively, if the monthly cash balance was
negative, the selling process continued until & positive
balance was achieved. Animals not sold were grewn to the
next period using the estimated stochastic grewth function.
The process was repeated unlil December when  all
remaining animais were sold. The whole process was
repeated twenty times 10 vield a cumulative distribution for
the closing December cash balance.



The simulation model was programmed on a Microsoft
Excel Spreadsheel using the Visual Basic programming
language (Microsofl, 1994), and the @Risk (Palisade, 1994
wMonte Carlo simulation package.

The maodel was used to simulate the effect of two different
beginning of season {July) stocking rates on the annual
cashflow. Julv is a critical month as  pasture growth rates
and pasture guality are low, as a consequence of the dry
period. Based on previpus experience, the optimum stocking
rale that can be carried in July is 1 animal per hectare. At
this rate over-grazing is usually avoided but carcass weights
are relatively low.,  The effect of two stocking ratcs on

cashflow were therclore simulated:

Planl: Sell 1416 animwails per year which corresponds to
(.80 animals per hectare in July,

Plan2: Sell 1800 antmals per year which corresponds to
1.00 animal per hectare i July.

An increase in stocking rate may result in reduced animal
growili rates although lhe interaction Detween pasture
wlilisation and production can ameliorate this effect. The
mode! was thercfore re-run for the stocking rate of 1O
animal per hectare with a 1% and 25% reduction in animal
growih rate.

7. RESULTE AND DISCUSSION

The mean cash balance in December for Plans | and 2 were
(JS% 84811, and UST 124,149 respectively. The smean cash
balance therefore increased with stocking rale. The
cumulative distribution of the December balance values for
the two stocking rates simulated are shown in Figure 1
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Figure 1: Cumulative distribution of the December cash
baiance for (0.8, 1.0 steers/ha, and a 10% and 25% reduction
iny growth rate, at 1.0 steers/ha.

)

The stocking rate of 1.0 animal per hectare is preferred to
0.8 animal per hectare since its distribution of December
balances has firsi-degree stochastic dominance. In graphed
terms, a fust-degree  stochastic  dominant  cumulative
distribution function must lie nowhere to the left of a
dominated curve (Anderson, Dillon and Hardaker, 1977).

The stocking rate of 1.00 animal per hectare 1s preferred
even when animal growth rates were reduccd by 10% and
25%., respectively (Figure 1) As expected, however, the
reduction in steer growth rate reduced the profitability and
risk efficiency of Plan 2.

The mean cash balance for January was US$ 71.220
followed by a stight reduction in Fehruary and a marked
drop in March {coinciding with the puschase of replacement
animals) (Fignre 2). The cash balance remains at a low level
untii Seplember when steer sales conmence,
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Figure 2 Monthly cash balances for g stocking rate of one
animal per bectare in July

8. CONCLUSION

A decision support model using 2 stochastic cashflow model
was developed fo assist a farm manager with stocking rate
decisions. The mode! was developed for a situation where
data on paslure supply and its growth rale were net
available and thercfore conventional forms of focd
budgeting were not suitable. However animal growth rates

could be estimated from historical data on the distribution of



carcass weights of livestock soid. The cumulative
distribution of end of vear cash balances were used to
discriminate between stocking rate options. This appreach

is nseful if the preference of the farmer for the stocking rate
options is unknown. Other policies, such as the purchase
date of replacement stock, could also be evaluated with the
model.

It is asswmed that a Tarmer can accurately estimate carcass
weight from animal livewsight but unless animals are
routinely weighed, in which case actual fiveweights would
be available. this may be unrcalistic. The biological
feasibility of the model ouiput should now be lesied by
collecting farm pasturc data in rclation to pasture supply
and avaitability for alternative stocking rates.
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