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Forecasting Farm Performance: Simulating Non-Normal

Distributions.

Peter R. Tozer and Geoff Kaine"

Abstract

Accurate forecasting of farm performance is essential to efficient policy development
and allocation of resources o farmers most in need of assistance. To accurately predict
farm performance researchers need to consider the distribution(s) of critical variables
beyond the mean and variance of these variables. Given that the distributions of many
variables are not normal, and are often correlated, a technique to simulate farm
performance must incorporate these two features. The method proposed in this study
can be used to reproduce non-normally distnbuted variables that are correlated, these
variables are then employed o predict farm performance. The simulation results show
that the distributions of critical varables do impact on the measures of farm
performance, and that policy advisors need w consider the skewness and kurtosis,
along with the mean and vanance, of distributions when analysing farm performance
data and making polhicy advice.

Contributed paper presented to the Australian Agricultural and Resource Economics
Society Conference, University of Melbourne, February 13-15, 1996,
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Background

Australian rural industries are constantly adjusting to changes in the farming
environment, both cconomic and physical. As changes occur in this environment, and
farm businesses adapt to those changes, the financial performance of farms within
industries varies. Since variations in the financial performance of farms can have
important implications for government policy. the ability to reliably forecast the
{inancial performance of farms and rural industries is a critical factor in the
development, formulation and resourcing of economic and social policies,

In many instances forecasts of the disiribution of performance across farms in
industries are needed because the performance of farms meeting ce rtain criteria is of
re.cenlar interest. For example, farme that are experiencing severe financial pressure
are the focus for assistance provided through the Rural Adjustme o Scheme. Hence,
forecasts of the proportion of fur.s that are likely 1o be experiencing financial stress,
and the severity of that stress. would be valuable. Unfortunately, the quantitative
techniques that are most commonly used for forecasting are not well suited 10
constructing forecasts about the range or distribution of farm performance.

Broadly speaking, quantitative approaches to forecasiing can be classified into two
categories (see Allen 1994, for @ comprehensive review of quantitative forecasting
methods). One approach is o construct econometric or time series models using time
series data and 1 use these models for prediciive purposes. Examples of this approach
are Just er al., (1991) and Johnson (1992), A major limitation of this approach is that
the distribution of outcomes across farms in an indusiry usually cannot be predicted.
This is because time series data is usually only available for industry aggregates rather
than for individual farms. Hence, forecasts can only be constructed for the industry as
a whole. The second approuch is to develop forecasts from mathematical programming
models of representative farms. Examples of this approach are Parton (1979),
Francisco (1980) and McClintock er al., (1991). The applicability of this approach is
limited by the difficulty and expense of constructing models representing different types
of farms in different circumstances so that the entire range of farms in an industry are
adequately represented.

Distributions, Corrclations and Simulation
Most of the statistical procedures that have been developed for constructing quantitative

models have been developed to ‘explain’ or “predict’ variables that are normally
distributed. Normally distributed variables are symmetric about their means and can be




compietely summarised by their menn and variance. Algebraic equations describing
such variables are relatively easy to manipulate which means that procedures for
estimating the relationships between such variables are relatively easy to formulate and
implement. Furthermore, the simplicity of these variables means that the derivation of
statistical 1ests which can be used to draw inferences about the significance of
relationships between such variables is relatively straight-forward.

The populanity of quantitative models such as regression analysis i due, apart from
their simplicity, to the fact that the assumption of normality can be justified by appeal o
Central Limit Theorems (Mutelthammer, forihcoming).  Basically, these theorems
demonstrate that as the number of observations on an independent random variabie
approaches infinity, the probabihity disttibution of that varable approaches a normal
distribution function (Larson 19823 Therefore, the assumpnon of normality can be
justified on the grounds that the actual obsenvations avaslable for a particular variable
are, i prasciple, drawn from an mfinnte provess

In many cases, however, the assumpnon that the sample of values available for a
variable are drawn from a population of values that are indeperdently and nommally
distributed cannot be jusufied o parnvalar, the assumption is invalid when the
population of values for a vartable i known not o be normally distributed, as is ofien
the case for cross-secnional data. For example. the populanon of farms in a particular
industry 18 known and 1s a number sommew hat Jess than infinity, Conseguently, givena
sufficientds large sample of these farms, the ratre of the distribution of variables
across the populanon can be reliably wferred. Often, the result is not consistent with
normality. H this s the case, the procedures that have been developed for use with
normally disinbuted data cannot be leginmately employed, unless the daa can be
appropnately wansfonmed.

Distnibutions can depart from normality in a number of ways. For example, data may
be uni-modal but exhibit varying degrees of skewness and kurtosis. Aliernatively, data
may have more thap one mode. In these circumstances the distibution is no longer
normal and cannot be summarised by mean and variance alone. The distribution may
be skewed and will be kurtotic. Skewness and kurtosis both affect the reliability of
some of the tests for assessing the significance of variables or regressions (Pearson and
Please 1975). Skewness is the third momem of a probability distibution function,
following the mean and variance. Skewness measures the degree of asymmeury of a
distribution. Kurtosis is the fourth moment of 4 distribution and is a measure of the
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thickness of the tails of a distribution relative © the thickness of a normal disuibution,!
The degree of skewness and kurtasis can affect the validity of 1ests for the significance
of relationships between variables leadmg o inconect conclagions (Pearson and Please
1975).

When variables are not normally distribwied the specification of relationships between
them becomes difficult. While such vartables can be easily simulated independentdy of
each other, wehnigues for quantifying the relationships between such variables are
available for only a fes specialised types of ditributions (see Judge er al. 1980). This
18 due to the mathematical compleaity of the distethations. Consequently, multivariate
mndels for predicting the behaviowr of related, non nonmal vanables are relatively
uncommog and tests for the siatistical sipmbicance of refattonships i such models are
pot well developed

In most cases of stausical analysis more than one vanable 1s considered, which leads
mubtivanae analysis, however in these cases 1t s also assumed that the variables are
uncorrelated  Butin reality it conld be reasonshly argued that most variables within
econstuic analyses are correlated w some depree, some tughly correlated, other
correlations approaching zera. Torexample o favmier's ivome i ghly correlated o
the prices pand and recenved for inpats and outpaits from their farming system, but it
could also be comrelated to the vize of the mdivdual enterprses or the equity of the
farmer in her/is business. Therefore, the svswnpiion of zero correlation is no
realistic, bt this assumpuion 1oncluded with others 1in many analyses, which could

lead 10 incoredt conclusions and inferend es of some models,

The use of the simulation technique 1o predict fnture performance of any economic
entity, whether it is the whole economy. a sector of the economy or @ single unit within
the economy, is based on coveral assumptions concermng the distribution of the density
funcaon from which random numbers are drawn from to generate the simulated output,
and also the correlation of variables within a muluvariate simolation model. Given that
most simulations are based on the assumption of the disiribution of the population,
from which the random numbers are drawn, following a normal disuibution pattern
with mean zero and varignce 67 Which 15 a reasonable enough assumption given that
the third and fourth moments of most distributions are not supplied, or caleulated, in
data collection. However, if these moments are not estimated, and random numbers are
drawn from a population not following a similar diswibution to that of the sample
population, then the results of such simulatons may be misleading, or incormreat,
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or o nomal distribution kurtesis always cquals 3.0 (Anderson et of 1977). Higheror lower values
can be abimned Tor non-normn) distribudons (CGreene 1993).




Another problem as mentioned earlier is the assumption of zero correlation between
variables in a mulivariate analysis, However, the generation of multivariate non-
nonnal random numbers requires more information congerning the correlations between
variables, which may not be available from data sources or initial daa collection, hence
it could be assumed that there is zero correlations between variables, and the use of
such uncorrelatet vanables could once again lead to incomreat model specification,

Since the distnbutions of the variables that we are interested in predicting are non-
normal, and are correlated, the commonly used forecasting techniques such as
regression analysis and tme series analysis cannot be employed unless these
distributions can be transformed nto approsimately normal distributions.  This wonld
be difficult given the nature of these distnhupons,

We chose to explore a methad for simulating non normal, correlated distributions
developed by Vale and Maurelh (1984). Their simulation method involves two stages.
In the first stage a procedure proposed by Fleishiman (1978) is employed to define the
non-rormally distributed vanables as a polynomial function of a standard normal
distnbution In the second stage, a provedure described by Kaiser and Dickman (1962)
is employed to denve & weighung scheme which will allow the correlations between the
original disinbutions 1o be reproduced  These stages are described in detail in the
following section,

Approximating non-normal distributions

Fleishman (1978) proposed a technigue that could be used to generate univariasz non-
normal random numbers from a polynomial power function of normally distributed
random numnbers. He proposed that a standardised, non-normally distributed random
variable, Y, could be approximated by the following function where X denotes a
variable that follows a standard normal distribution. The constants in the function,
denoted by the letiers a, b, ¢, and d, and which we will term *power funetion

cocfficients’, are calculated from the mean, variance, skewness and kurtosis of the non-
normal distribution:

(1) Y =a+bX + X%+ dx? where X~N(0,1)

The constants in the equation above are derived as follows. Consider the following
moment generating function (from Kendall, Swartand Ord 1987, 78):
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Where g, is the even moment of order r about the mean, and G2 is the variance of a
normal distribution raised to the rih power. A solution for this function exists only for
even moments around the origin, This function is used to derive eapressions for the
constants in equation (1) by substituting the values of the moments of the normally
distributed variable, X, to obtain expressions for the momems of the non-normal
variable, Y, Hence, for the first moment:

(3) eOY) = a + beE(Ny 4 cB(X?) + de(X™)

Where €4.) denotes the expected value' or mean  Since X i o standard normal
variable on substituting (3) mto (1) we find that?

(4) S{Yy=a- (.

Since Y has been standardised 1t follows that -

A simular procedure of substitution 15 used to solve for the seoond, third, and fourth
moments of Y to yield the following equations as measures of these moments
(Fleishman 1978):

(6) b2 + 6bd + 2¢? + 15d2 - 62 = ()
{(7) 2¢(b? + 24bd + 105d2 + 2) - ¥y =0
(8) 24[bd + 21 + b2 + 28bd) + d2(12 + 48bd + 141¢2 4+ 225d%)) -1 = 0

where o2 is the variance of Y, and vy and 73 are the skewness and kurtosis of the
varigble Y.

The solutions to this system of equations yield values for the constants in equation (1),
In principle, the non-normal distribution Y can be reproduced by substituting random
values drawn from a standard normal into eguation (1), given the solutions to-equations
(6), (7) and (8). In essence, Fleishman’s (1978) procedure allows non-normal

For a sndard normal distribution £(X) = £(X3) =0, and £(X2) = 1,




distributions to be simulated using an appropriate transformation of a normal
distribution. This transformation into univariate non-normal random numbers is the
limit of the usefulness of this technique, it cannot be used to generate multivariate non-
normal random numbers, where the multivariate numbers have specified correlations,

To preserve the correlations between the non-normal distributions a matrix
decomposition process is employed, Kaiser and Dickman (1962) demonstrated that
principal component analysis can be used to reproduce a correlation matrix. In essence,
principal components is a regression technique for decomposing a group of variables
into *‘components’ which are weighted linear combinations of the original variables
(Tabachaick and Fidell 1989). Usually, the technigue is employed 1o collapse a large
number of variables into a smaller, more manageable number of composite variables.
Kaiser and Dickman (1962) demonstrated that, grven a matrix of correlations between
standard normal variables, the application of pringipal components to such a matrix
yielded ‘components’ that could be employed to generate standard normal distributions
with correlations identical to those in the original mauix. Of course, being a regression
procedure this technique could only be applied when variables were normally
dismibuted,

Vale and Maurelli (1983) combined the techpigues of Kaiser and Dickman (1962) and
Fleishman (1978) 1o provide a method of generating multivariate non-normal
distributions with given correlations. To obiain the desired correlations between the
non-normal distnibutions an ‘intermediate’ correlation matrix must be specified. These
“intermediate’ comrelations are correlations that have been adjusted to compensate for the
transformation from standard normal to non-normal distributions.

The calculation of the *intermediate’ correlations is as follows. Let x be a vector of
standard normal variabies as below:

(9 X = (1, X, X2,X3)

These variables are transformed into non-normal distributions using the power function
weights in equation (2.1) above. In matrix notation let:

10y w = [abed].
The non-normal variables are the product of these two vectors;

(1) Y =wx




Letrypy; (i # j) be the correlation between two standardised non-normal variables Y
and Yj with corresponding normally distributed variables Xj and Xj. Since the
variables are standardized the correlation between Yi and Yj is equal to their expeeted
cross product, as the variances are equal to one (Vale and Maurclli 1983):

(12)  ryiyy= EOQY)
= ]ﬁi(,wixlxjwp

= W R wj

Where R is the expected cross product matrix of x; and X The expected product
matrix, R, is determined by using moment gencriating functions as described in
Johnson and Kotz (1972) and Larson (1982). The product of equation (12) yields the
following equation, which when solved for pxix2, the ‘intermediate’ correlation
hetween the standard normal variables Xj and Xj:

(13) ryqyz = pxixzibiby + 3bydy + 3dyby + 9dyda) + pil‘m&c 1€2) + p%m(édzdz)

Principal components analysis s applied to the resulting ‘intermediate’ correlations to
derive component weights as demonstrated by Kaiser and Dickman (1962). These
weights. in conjunction with a sample of values drawn from standard normal
distributions, yield 2 set of normally distributed variables with correlations equal to
those of the intermedinte correlations table. These normally distributed variables are
then transformed into the appropriate non-normal distributions with the desired
correlations by applying the power function coefficients estimated from equation (1).

Simulation Mode! of Farm Performance

The model and data used in this study are derived from the 1992-93 farm surveys
conducted by the Australian Bureau of Agriculture and Resource Economics. The
Bureau reports a range of measures of financial performange, as well as the variables
from which these measures are derived, for beef cattle enterprises in the Nerthern
Territory in Tables F11 and 12 of the Farm Survey Report (ABARE 1994, 152-153),
These measures, and the variables used to caleulate them, (A summary of these
variables is presented in Table 1), constitute the model we wish to construet. The
model itself is summarised in Table 2. We use Vale and Maurelli’s method 10
reproduce the distributions of the varfubles that are used to caleulate measures of




financial performance. That is, variables such as cash receipts, costs, capital
appreciation, interest, rent and so on . The disiibutions of the financial performance
measures themselves, measures such as profit, equity, and rate of return, are derived
from the variables by means of identities as shown in Table 2. We will use the term
variables o refer to those diswributions we reproduce using Vale and Maurelli’s method
and the term measures 1o refer to those distribotions we derive as identities.

Tabie 1: Distributions of selected financial variables for beef enterprises
inthe Northern Territory (1992-93),

Trading stocks 85362.170 454450065 1423 6.282
Capitl appreciation 224702255 422018.013 <2456 6.207
Change in dett §(W3.081 120158442 1432 3242
Cash costs §72560 251 635205.739 203 3.861
Depreciation £5400.322 126763.350 3.588 13.636
Farm det 573690301 1030207.220 2371 4.970
Fanm capital 057622.016 4197574725 2017 £.624
Cash receipts 599614 .60 THR98.441 2423 5825
Interest payments T4244.897 124816.645 2228 4,187
Off-farm income 12495.962 23584949 2.163 31457
Operator labour 15154829 17900.320 0.055 ).546
Rent 4527479 5649.253 1.887 2913

ABARE provided data on the distributions of the variables and financial performance
measures that they report. As confidentiality provisions prevent the release of the actual
data they collect, they supplied five percentile values and maximum and minimum
values for cach variable.? They also supplied estimates of the correlations between the
measures. 5000 random data observations were generated for each variable using an
algorithm for sampling from a segmented cumulative density function (Anderson
1983).% This artificial sample was employed to obtain estimates of the mean, variance,
skewness and kurtosis of each measure.

3We later discovered that there were anomaies in the data provided with respest (o the finanginl
gcrff)mmncc measures wlich we were unable o rectify, Sgethe discussionlater in this section,
“This program was tested by eomparing histograms of the simulated data with the pereenle values

provide by ABARE. The simulated data produced by the program accurately reproduced the original
distributions. “




Table 2: Summary of Simulation Model

N Total Cash Reeeipis?
minys Towt Cash Costs
@ Farm Cash Income
i"
) plus Budd-tp in Tradmg Stocks
minus Depreciaion
minus Opesmwor and Famity Labogr
: - Farm Business Profit
‘ plos Rem
plus tnterest
® Profit af Full BEquity
divided by Farm Caputal July 1

Rate of Return (exelyding Capital Apprecisgtion)

24

Profit at Full Equity

plus Capital Appreciation
= Prollt ot Foll Fguity (inclading Capital Appreciation)
: divided by Farm Capitad July 1

#

Rate of Return Gnduding Capital Appreciation)
¥ farm Capual July 1
. plus Capugl Appreciation
= Farm Capital June 30
minus Farm Business Debt June 30
= Farm Business Equity June 30
divided by Farm Capital June 30

= Farm Equity Ratle

The calculation of the power function weights requires the simultaneous solution of
equations (6), (7) and (8). Brown's Newton-based algorithm was jmplemented to
derive the solutions 1o a set of non-linear equations (Todd and Roc 1978). In most
cases we could apply Fleishman'’s technique directly, In some instances, however, the
measures exhibited combinations of skewness and kurtosis that were 100 extreme to be
reproduced by this technique (see Fleishman 1978, p526). We experimented with
various non-linear transformations of the data to obiain less extreme combinations of

5 Measures in bold type are *endogenous’, variables not in beld type are *exogenoys”.



skewness and kurtosis which could be reproduced. In general a logarithmic
transformation yielded satisfactory results. Two distributions, interest payments and
farm debt, were found to be tri-modal. Since the procedure we are using can only be
applied to uni-modal data we were forced 10 ‘split’ the data for these two distributions
into three separate pars and to calculate separate power function weights for cach part.

The accuracy of the ustimates was (ested by substituting them into equation (1) and
compuring the moments of the resulting distributions with those of the original
distributions. 1n nearly all cases this test showed that the estimated distributions closely
resembled the original distributions. In only two cases, farm business debt and interest
paid, was the result unsansfaciory and we believe that this reflects the trimodality of
these two distributions.

The next step in the process was 1o calenlate the intermediate correlations between all
variables. As discussed previously, these correlations are necessary to compensate for
the transformation of data from a normal distribution 1o a non-normal distribution.
Rrown's algorithm was employed to solve Equation ( 13).6 The resulting intermediate
correlations were analysed using prncipal components decomposition to obtain factor
weights which would enable the multivanate correlations in the data 1o be reproduced.

Having obtained esimates of the power function weighs, the intermediate correlations
and the factor weights from the principal components analysis we could now consIct
the simulation model. Fifteen samples of 5000 observations drawn from standard
normal distributions were generated  These samples were multiplied by the factor
weights from the principal component analysis (o produce a series of normally
disributed variables with correlations equal 1w that of the intermediate correlations, The
application of the estimated power function coefficients (0 these variables provided the
estimated set of non normally disributed random variables with correlations and
moments approximating those required.

The procedure required some modification 1o incorporate the separaie segments of the
interest paid and farm debt distributions. We took the approach of randomly sampling
from one of the three segments in accord with the probatility of a value falling within
each segment. Taking farm debt for example, 5 per cent of observadons in the original
sample were 7cro, 20 per cent had values corresponding 10 the range of the second
segment and the remaining 75 per cent had values falling within the range of the third
segment. Consequently, o obtain an aggregate distribution for farm debt we sampled 5

6T his program was tested using the example provided by Vale and Maurelli (1984). The pstimates
provided by the program were identical © those reported by these authors,
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pereent, 20 per cent and 75 per cent of vatues from the first, second and third segment
respectively.

In Appendix 1 the original and estimated distributions of the financial variables are
graphed. An inspection of these figures reveals that the simulated distributions closely
resemble the original distributions. The only obvious differgnce between the
distribusions is that, in some cases, the simulated values are substantially bigher than
the original values at the extreme upper end of the distributions. This reflects the
sampling of exireme values (rom the tails of the normal distribution, Recall that the
original distributions supplied by the Burean were specified as perceniles with
minkmum and masimum values which were derived from survey estimates.
Canseguently, the original distributions are truncated approximations 1o the population
distributions,  Sinee the simulated distributions are derived from sampling non-
truncated normal distributions exireme values will be simulated that exceed the
minimum or maximum values of the original distributions. In other words, the tails of
the simulated distributions would be expecied 10 be Jonger” than those of the original
distributions. This means that the skeswness and kurtosis of the simulated distributions
will tend o be marginally higher than is the e for the original distributions, In all
cases less than two per cent of the simulated values exceeded the maximum (or
minimuim) values specified in the onginal data,

In Table 3 the moments of the original and estimated distributions are compared. In
most cases the results are satisfactory with the estimated mean and variance for most
distributions being within ten per vent of the original values. More substantial errors
were obtained for the mean and variance of farm debr and interest payments. We
believe these errors reflect errars in sampling and aggregating from three different
components for these two distributions (see discussion above),

The results for skewness and Kurtosis are difficult 1o assess. On the one hand,
although the absolute errors are small in most instances they are reasonably large in
relative terms. On the other hand, reasonably large changes to the third and fourth
moments of distributions have only muginal impacts on the shape of distributions.
Note that the largest absolute errors are generally associnted with those varinbles where
values were simulated which were substantially different from the original values at the
extreme ends of the distributions (appreciation, farm debt and capital, depreciation,
interest, rent snd off-farm income for instance). If the simulation model were
constrained such that the maximum valnes produced by the model are consistent with
the maximum values provided in the original data then these errors could be easily and
substantinlly reduced. We chose not to construet such a model as we believed that
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Table 3: Comparison of the moments of the original and estimated
distributions for the financial variables,

Virlable Jistimate Istimated Listimated Tistimated
Mean Varianee Skowness Kurtosty
Trading stk B5495.944 454479.13) 1.168 5010
Capital appreciation 2277930 422021359 3,200 14.672
Cash costs 572713247 63512361 1.661 2.106
Change in debt 8045.255 120168974 1,318 2392
Depresiation §9591.022 126791585 1.99% 3.922
Fapm dety GOIDGD 454 986780432 1.213 0.061
Openisg farm capital RRLT R L 4197454 55 4.5%4 20127
(ash receis 599441 574 THINTLO3S 1.989 4.942
Interust KRT1A 0] T2 9% 0,822 -(.941
Off-farm income 12405 K1 I8 18 894 1379 20.555
Oporator labour 14145524 IRECEEIR 0.0%0 (1555
Rent 4526192 5648 5113 1.892 5.298
Variable Mean Varinne, * Showness Kuriosis
(percentern)  dper centenarn (absalute grror,  (absolute error,
percenterion) __pergentenmon)
Trading siovks (16 00} 026 1792 127 20258
Capita) apprecinion 003 000 074 1029 847 13638
Change in debt 349 anr o <001 -786 092 2838
Cash costs 00y gor 037 1822 -Lie 2991
Depreciauon .01 002 <15 4440 971 <TL24
Parm debt 16.78 793 116 -4R.84 491 9877
Opening farm capitl 0.02 001 162 5543 2050 237.74
Cash receips 003 a0y 043 3791 088 1516
Interest 19.4% A0.79 140 6306 <513 12247
Off-firm ingowe 077 003 122 5622 1710 494.59
Qperator Inbour 02 D04 003 4545 001 201
IRem 0.0 -0.01 0.00 026 239 8187




errors in the original data that were supplied, which are discussed below, rendered
developing such a model problematic,

In Table 4 the predicted values of the financial performance measures are presented.
We have not presented the original distributions for the financial performance measures
in the figures or reported errors in predicting the moments of the distributions for these
measures because we discovered errors in the original data that was provided to us.
For example, the mean of farm cash income can be shown algebraically to be equal to
the difference in the means of farm cash receipts and farm cash costs. A quick
calculation will show that this is the case for the simulated data (that is $26 728). The
expected mean for farm cash income using the original data for cash receipts and cash
costs is $27 054 yet the mean of the disuibution for farm cash income that was
supplied is -$16 336, Sunilar errors are apparent in the original datw supplied for
measures such as farm profit and profit at full equity. Clearly, these errore in the
original data mean that the data supplicd on other measures such as rates of return and
equity ratios are suspect. Conscquently, the accuracy of the simulation model cannot
be validly assessed by comparison with the original data. Hopefuliy the data that was
supplied {or the financial variables does not contain similar errors.

In Table 5 the original and simulated correlations are compared for the financial
variables. The simulated correlations are reported in the upper diagonal of the table.
The values in the lower diagonal are the residual errors, that is, the differences between
the simulated and the original correlations. On the whole the results are quite
reasonable, especially considering that logarithmic wransfonmations of some of the
variables would have attenuated many of the correlations. Approximately 59 per cent
of the residual errors between the original and the simulated correlations are less than
0.10. Only 14 per cent of the residuals are greater than 0.20 and these are associated
with farm debt and rent payments. Given the errors in the original data we did not
believe that it was worthwhile comparing the original and simulated correlations for the
financial measures. However, as the correlations do provide some information on the
linkages and dependencies between the various financial variables and measures we

have reported the simulated correlations between all the variables and measures
contained in the model in Appendix 2.
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Table 4: Estimated moments of the financial performance measures.

Estimated Estimated Estimated Estimated
Mean Variance Skewness _Kurtosis
Farm income 26728.362 277029.709 2277 9.788
Farm profit -8817.240 359587.011 1.320 8.513
Profit at full cquity $4424.113 356527.941 1.263 8.302
Profit at full cquity -140355.695 501435.433 -1.140 7.490
(including capital appn)
Closing farm capital 283342237 3988612.960 46N 30.812
Nelt rate of retorn 0,777 25.850 -0,524 11.305
Net rate of returm 27,793 28.721 -0.488 8,548
(including capital appn)
Farm cquity 2163460.451 4094776454 4,268 27.660
Equity ratio 47.954 221.609 -2 115 697.985
Debt servicing ratio 0.334 23.990 -47.770 3185.935

Simulation Experiments

To analyse the effects of changes in the moments of the distributions on farm
performance we conducted a number of experimental simulations. First, we simulated
the effect of a ten per cent increase and a ten percent decrease in mean total cash costs.
For comparison we also simulated the effect of a ten per cent increase in farm cash
receipts. The results of these experiments are summarised in Table 6. A ten per cent
increase in cash costs is forecast to result in approximately a 12 per cent increase in the
number of enterprises with negative farm incomes and negative profits. The proportion
of farms with a debt servicing ratio between zero and one is forecast to fall by
approximately 16 per cent. Note that the impacts of a ten per cent reduction in mean
farm cash costs are not the exact reverse of the impacts of an increase in costs. This
asymmetry is a reflection of the skewness of the distributions. A ten per cent increase
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Table 5: Comparison of the original and estinvated correlations ior the financial variables.

Trading Copital  Changeia  Cash  Duopreciation Famm Opening Cush Interest OfRfarm Operator Rent

stocks  spprectation  delt coris dety  Tarmenpital  receipts income Iabour .
Trading stocks 16000 03052 00624 01349 04733 -0.1578 03278 01742 61143 0.0179 0.0469  -0.0905

Caputst apprecistsan. 61216 1.0000 52678 8597 0.6780 44937 07524 0.5433 £.3086 0.1768 0.0757 04428

Change i debt 61942 20043 1 au00 1942 (.135% 04500 0151 1013 (3052 0.0726 02832 0.1566
Cash cass [eX TR a0702 0O - onsR 6749 63676 0.7340 18732 1.1 682 2228 -0.2002 06193
Deprecuston 383%9 [ N {3 1083 B lind 1. nass 87910 (5880 40345 1517 -0.0798 © 4074
Farm debt 46834 03128 08T 02ew U0y T 0 2491 0.3058 09577 0.0030 0,1273 0.1155

Opening famm capasl GUO6S w2087 0043 dodos a4 2K 10000 o 00463 02141 01659 0.5456

Cash recompts G S T R2EY By o4 dulas 1633 i} j8ke 6167 10000 Q07583 -0.2439 G214y 0.73%94
Trerest 20228 BRI T T 1217 sk R 00381 ¢ 0813 R ¢ 0.0155 02013 00712
Off-farm menrie EiRis & 0287 01, ST BEAOE R 3278 {1080 L0416 1.0000  -B2641 0.2411
COperrsiar iabow H8278 HuEle B o R s 83y D OSEs {1 1690 D asst 00598 1.0000 -0.1859
Hent [ERR g Ggires I (4 17ED gt BRELH 32098 REANY (530 L2168 1.0000
Bulg Vacwas foloaabagess  veemmatet eomrdlat e val o st apenl are el errors



in farm cash receipts is predicted to have largely the same impact as a ten per cent
decrease in cash costs. These results suggest that changes in mean revenues and costs
tend to have & more than proportonate impact on critical financial measures.

Table 6: Predicted effects of changes in means of receipts and cash costs:

B 10% increase in 10% decrease in | 10% increase in
simulation meanregeipts  mean cashecosts  mean eash costs
(%) (% chanec) (%change)  (%change)
Farms with peganve (arm 604 -11.8 -12.9 12.8
income
Farms wath negative farm 8% 4 123 127 14.5
profit
Deby servieng rano egual 46 164 179 -17.4
greater than 7o and Jess
than one
Farms "at nsk’ 213 11.5 -12.1 143

Note: “At sk’ farms zre delined as those wah negatve farm cash income and equity Jess than
0 per cent

We also simutated the effects of a ten per centinerease and decrease in the variance of
farm cash receipts which could be interpreted as the result of different seasonal
The results of this simulation are reporied in Table 7. Again, the predicted
impacts on nLeasures of farm peiformance are asymmetrical. Since the diswibution of
farmy cash receipts has a positive mean and skewness an increase in variance can be
expected to have a negative impact on profit. A ten per cent increase in the variance of
farm cash receipts is predicied 10 raise the number of fanns with negative income by

vond;rions.,

four pes ce 1. Hewever, the number of farms earning negative profits only changes
marginally. This 1s due to the fact that the simulated correlatinr between cash receipts
and farm business profit (0.27) is substantially weaker than the simulated correlation
between cash receipts and farm cash income (0.66).7 Basically, the lower correlation
with business profit attenuates the impact of the change in the variance of cash receipts.
The proportion of farms with debt servicing ratios between zero and one is forecast to
fall by five per cent. In contrast, a ten per cent decrease in variance is predicted to
reduce the number £ farms with negative farm cash income bv 12 per cent and to
reduce the numbers of farms “at risk’ by almost 13 per cent. These results indicate that
the financial performance of beef cattle operations in the Northern Territory are just as

T8ee App}gndix A Tor a mhulation of the simulated correlations between all the-variables and micasires
in the modet.
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sensitive 1o changes in the variance of farmi revenues as they are to changes in mean
farm revenue,

Table 7: Predicted effects of changes in distribution-of reccipts.

Base T mevense 10 100 decrense m Normally
sunnhition variance of varfanee of distrituted
(%) receipts Tegepts feceipts
v (% change) ___ (%change) (% change)
Farms wath segative fanm 604 1.9 122 336
ineome
Farms with aegative faom 55 4 RS 049 212
ot
Dbt servicmy st egual o 42 6 S 141 45.6
greates than 2evo and lew
thas one
Fanns "ot nsk’ N 43 127 402

Mate AL pisk farmns are dedimed as those with negausve Tarm cash ncome and eguity less than
0 por yent

We also evaluated the effect of assuming that farm cash receipts were narmally
distrhuted. For this sunulanen the mean amd vanance of cash receipts, and the
correlation herween recerpts and the other vanables w the model were unchanged. The
results of this expeniment are also summanised 1 Table 7. The number of farms with
pegative mcomes and profis falls by 3 per cent and 21 per cent respectively. The
number of farms with debt servicing rauos between zero and unity increases by 46 per
cent and the number of farms ‘atrisk” is reduced by 40 per cent. These results supgest
that invoking the assumpton of normality i order to simplily analysis can have a major
jmpact on analytical results and any pohicy implications drawn frons such results. In
this particular instance, invoking this assumption leads to a substantial under-estimation
of the numbers of farms that may be experiencing financial difficulty.

Finally, we simulated the effect of a ten per cent change in the skewness and kurtosis of
cash receipts. As mentioned earlier, reasonably large changes in the values of these
moments have only marginal impacts on the shape of distributions. We found thataten
per cent change i the these moments produced results which were almost identieal 10
those obtained in the base simulation. o other words, relatively small ehanges inthe
skewness and kurtosis of cash receipts are predicted to have little, if any, impact on
farm cash income, profit and o on. The differences between this result and the
obtained when cash receipts were treated as being normally distributed suggests that the
offeets of ehanging skewness and kurtosis are not linearly related to those changes.




Small changes have negligible effects while larger changes have, inereasingly,
proportionately greater impacts.

Tn our opinion these results indicate that the simulated model is capable of reproducing
the original data with a high degree of accuracy. Unfortunately, the errors in the
original data that were supplied prevents a proper evatuation of the tue aceuracy of the
techniques that we have used. Despite the inadequacies of the data, in our view, the
resulis suggest that this approach to simlating distributions is powerful and well worth
exploring

Conclusion

At present there 1s hinle in the way of formal, systematic procedures for generating
 forecasts of the disiribution of variables from cross-sectional data. Consequently,
quantitative predictions about how chunges in the farming environment might affect the
aumbers of farms in an industry that are expenencing severe financial suess are
difficult to make. Yet such predictions would be valuable for policy makers and others
whao need information about the way in which changes in commodity prices, interest
rates r seasonal conditions might affect specific segments of the farm population such
as those on low incomes or with high debts.

In this study a new approach to forecasting which can be used 10 make short term
predictions about the distribution of the financial performance of farms was explored,
The technique developed by Vale and Maurelli (1983 was adapted 10 provide short-
term predictions of the distribution of financial performance across farms in the beef
industry in the Northermn Territory. In principle, the method can be employed to create
forecasts of financial performance of agricultural enterprises in other industries, cither
on a state by state or national basis.

The approach we have explored in this study has a number of appeating features, First,
the approach generates or replicates daia disyributions. In other words, the method is
designed to generate predictions of the distribution of farm income for example rather
than point forecasts of ‘average’ fanm income. Second, the approach is specifically
designed for use with data which are pot normally distributed. The distribntions of
many physical and financial variables are likely 1o be asymmetrical around the meain,
that is, non-normal. Third, the approach can be applied when distibutions are
correlated. The method provides a means of generating formal quantitative foreeasts of
financial performance which preserves the relationships (correlations) between the
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variables that determine financial performance. Fourth, the approach could, in
principle, be integrated with econometric, programming or informal approaches,

"This method has the potential 10 allow more accurate and detailed assessments to be
made about the way in which changes in commodity prices, interest rates or seasonsl
conditions might affect specific segments of the farm population. The approach could,
for example, be employed to construct 4 more detailed madel in which the distributions
of indicators of physical performance such as livestack sales and the various
components of cash costs were reproduced. Total farm cash receiprs and cash costs
would be derived as identities in such a model. This would allow the impacts of quite
specific changes in revenues and costs o be analysed.

An interesting and valuable avenue for further rescarch is to validate the accuracy of this
approach to making forecasts. The analysis we have presented here could be repeated
using data from another year with distnbutions exhibiting different characieristics from
those used in this work (for example, a year in which prices were higher or farm
revenues and costs were more variable), The results of such an analysis could be used
10 assess the accuracy of the predictions obtained in the simulation experiments we have
conducted.

In conclusion, in our view, the results we have obtained indicate that the approach
developed by Vale and Maurelhi (193) can be employed to obtain useful insights into
the effects that changes in the business environment can have on the distribution of
financial performance across farms in an industry. Consequently, we believe that the
method warrants further exploration and refinernent.
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Appendix 1

Figure A1.1: Original and estimated distributions for build-up in trading stocks.
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Figure A1.2: Original and estimated diswibutions for capital appreciation.

b2
SOHIAHY oo
o~ — e s TR .
SSO0000 -4
1O .
AsumK -+ !
1}
200000 7
-2500000 -+
1
23000000 - § ; : _—
} serrmeer estimated = yiginal
-3500000 -4
14
4000606 1
A5 -
B e e e T e e e o A e L b e
5 1 15 0 25 30 35 40 45 S0 55 60 65 70 75 B0 85 90 55 100
percentiles

22




Figure A1.3: Original and estimated distributions for change in debi.
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Figure A1.5: Original and estimated disiributions for depreciation.
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Figure A1.6: Original and estimated distributions for fan debt.
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Figure A1.7: Original and estimared distributions for farm eapital (opening),
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Figure A1.8- Original and estimated distributions for cash receipts.
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Figure A1.9: Original and estimated distributions fc - interest payments.
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Figure A1.10: Original and estirnated distributions for off-farm income.
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]

Figure A1.11: Original and cstimated distributions for operator labour,
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Figure A1.12: Original and estimaied disiributions for rent paid.
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APPENDIX 2: Correlaiipns of variables andmsasures
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