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vaxamn and ,kawne:s ofmcame, I?ze:e g;p 1 ies pmvm’e measures of tfze
ovcralf risk faced by bmadacre farm enterprises thmugbour Australia.
Estimated probability distributions for each farm can be expected to vary
given the physical and :tmcmml diversity of Australian broadacre

agriculture.

~ ABARE project 1227.103




,slr*cvmc,ss of i‘mancxal and pmducnon mc:asurcs such as fm:m cashmcomc ‘Or-Croppin
yields. The results prcscntcd here! are obtained using the- modcllmg techniques cwclopcd
inrecent A.BARE research, ,

| 2 Background

Policy changes and risk management

The role of risk management has taken on increased i importance over the past decade a3
a result of changes in Australian economic palicies at the national, sector and industry
levels. Broad macrceconomic cbangcs likely to have affcctzd the risks facing farmers
include the float of the Australian dollar on world currency markets in 1983 and thc
removal of interest rate cethngs o April 1985 At the same time, a greater variety of
financial packages have become availabic for farmers, enhancing their ability to adjust
debt levels to achieve some desired mix of debt and equity financing (Peterson, Dunne,
Morris and Knopke 1991, p. 353).

The orientation of government policy in agriculture has continued to move away from
~ compensation and assistance toward policies which provide incentives for effective farm
management and adjustment. For éxample, revisions to the income cqualisation deposit
scheme were introduced to allow primary producers to better manage income variability,
:B,rob,lcmassmimcdrwimcﬁmaﬁmraﬁabﬂiq5i¢d»:tomc:fonnalannounccmcntoﬁa national
drought policy (NDP) in August 1992, The policy puts forward the view that drought is
part of the uncertainty of Australian agriculture, and encourages a self-reliant approach
to managing the risks associated with climatic variability. Similarly, the most recenit
changes to the Rural Adjustment Scheme remove its emphasis on dssistance and debt
reconstruction to focus on improving farm productivity, profitability and sustainability
(Crean 1992). The new RAS measures give consideration toa farmer’s technical, financial
and business competence, including risk management.
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: Tha importance of ;nformauon
Information about the probability dlsmbuuons associated with financial and produquon.
variables is critical to the c,velopm&nt of any.market fc»r facilitating the: manaocmcmand
; Lransfcr of farm business risk.

At each stage of the production process farmers, ‘marketing agents and processors are
‘exposed to both price and production risks. Each of these groups will demand risk
‘ ';managcmcnt services accotdmg totheir undcxstandmg of ‘heexxcncandnamn:of ttwnsks :

' A!ackofmformaﬁoucauccmmgnsksfamdorcfzhcnskmanagcmcncmmavaﬂabu
‘may lead toa less than optimal supply of risk management services. Also, financiers must
beableto asscss the risks associated ith providing financial services to farm. enterprises.

'ﬂlnfomxauon about the riskiness of income streams from fnrrmng will. also help mfth:
assessment of equity financing arrangemients for- farm enterprises.

In ;a,c‘;cp;ing r.hat risk mapagement must be mtcgramd into the z?hysiml and ﬁnancial
operation of the farm enterprise, it is clear thatinformation requirements of providers and
receivers of risk management services can be highly specific. The type of information
required could include: the financial status of the enterprise (for example, the level of farm
equity); the managcnal capacity of the operator (for example, undcrsmndmg of the
liabilities associated with hedging); and the geographic and climatic conditions affecting
the farm operations.

While the ultimate effect of price and production risks on grower rerurns may be the same,

the'tools available for: m:magmg such risks are quite different. At the same time. the use

~ ofany mdmdnai risk management instrument is tied to. the overall operationof Lhc farm
en:crpnsc. ‘




are funhc: mct,eascd by unanxzc:patcd variations in interest rates, crcdu aya,;labxli’cy,
and other changes in loan terms, as well as in leasing terms.

One of the most widespread measures of the ‘riskiness’ associated with arandom variable
is its variance. Particularly in the context of mean-variance analysis to analyse bcha‘aout‘
in risky situations. In this type of analysis risk averse agents trade off reducti n t
| variance of income: or wcalth with reductions in mean income; that is, a tradeoff s ‘uld

exist between risk and return, with individuals willing to-accept a greater level of
* variability in returns only dmewnmofmmmmn

Such tradeoffs may be established within the financial and enterprise structure of farms
(for example, through the level of debt financing or eaterprise diversification), although
the tradeoffs may be limited by geographicand climatic conditions. In some areas physical
constraints may limit the ability of farms to tradeoff mean rates of return with variability
in rates of return. This may panly explain the quite distinct pattemsin revxonal land values
seen in Australia (Topp and Beare 1993).

In recent years understanding of the importance of skewness of returns has grown. In
parucular. Machina (1982), in his development of vcncmhscd expected uuhty theory, has
shown that agents might be willing to trade off a mean-preserving spread foran increase
in right skewness.

The mean~variance approach has been criticised on a number of grounds. For example.
q-adratic uuhtv tunctions (on which mean-variance unalysis can be based) dtsplavs
ir .easing risk aversion in wealth. Other criticisms have been oudmcd by Borch 1969).
The more zeneral approachof'analysis of behaviourunder risk usmg,sxochasuc dmmnnnc:
pmccdures (sce Mever nnd Ormxston {983) can dcucnd on knowlcdzc of ;hc cmxm
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:no mcorporatc manaoﬁ, and f' nancxal conmdcratxons (such as opcrator 51{1 " cquuy
levels, non'farm investments ete.), as these are unhlfcly to be regionally correlated.

s piatiiala smoothing algori thms.ar«:i’cmp‘loyic.,d:tojmpum:a panel staucture for ABARE's farm
- survey data, and this is subsequently used to generate farm level distibution functions,
The funcnons quanufy tcmporal variation in physical and financial variables, such as
‘n:cexpts, income, rates of mmm, and crop yields.

From the indivi idual farm distribution functions, locationally specific estimate
and variance and skewness of the distributions can be calculated and com

An examplc ot‘ a farm's i mcome distribution is shown in ﬁgum L It shows the relative
frequency of a farm obtaining a range of incomes. Also marked on the graph is thc ‘mean,
standard deviation and the median.

Thc medzan of thc dxstnbutmn is Lhc measure Lhax has 50 pcr cent of thc d;stn‘buuon below

besvmmcmc Howcvcr, in the d:agram thc mean hcs 0 thc nvht at’ thc mcdmn (or is
greater than the median). This suggests that there are a few very large values in the

distribution and this is indicated by the long right haed tail. Such a distribution is right
skewed. A left skewed distribution has a mean less than the median mducmg a long lett
hand tzul The :kmvne:: caeﬁicxenns ameasure of edegresof thi

measures a. lcﬁ skcwed dxsmbuuon nnd a posmva skawncss cocfﬁczent mc:lsurcs a nght
skewed distribution. '
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4, Constmctmg temporal farm lev&l dlstnbutlons from
survey data

Theanajytxcal technique used to estimate these | income distributions is summarised in tt
section: and amore mchm&l explanation is provided in the appendix. A dcscnpuon of the
results obtained by app ymg these techniques to pnysxcal and financial data-collected i
AAGIS is given in section 5.

Data collected in the Australian 2gricultural and grazing industries survey (AAGIS)
between 197879 to 1991-92 were used o estimate the probability distributions obtained
here. The aim is to estimate the temporal income distribution of farms using repeated
survey data, There is an efficiency/bias tradeoff problem due to the incomplete structure
of the data set. Information for a sampled farm is collected for only a few years at most.
and in any given year data for only a subset of all farms are observed. The proposed
imputation process offers efficiency gains of the cost of a potential bias.

Australian agricultural and grazing industries survey data

The AAGIS target population is the bmadacm]famung sector, which comprises farms
engaged mainly in the production emls oxlsccds grain legumes, sheep, wool and
bc:t‘ camc (exc!udmg small‘ nd hobby farms), "pnmanW' 'volved in thc .




he suery for more than on ycan In té!f, |

; ; 'fyfarms were sun'cycd atsome '
lime dunn° this period. ,

‘In :my pmxcu!ar ycar the populauon is straut‘ cd and the samplc is sclcc:ed in vaz;ymcr

'The mdustry classxﬁcanon of farms ‘may change from one ycar tothe ncxt for vanous :
‘reasons mcludmg changcs in cutcrpnsc composition and receipts. In order to' appl’ ; thc

techniques dcve!opcd in this paper dustry levet it is necessary to classlfy farms ¢
their *most fn:qucnt industry’ — that is, to the broadacre mdustrv the farm is. most nﬁcn

classified as being a part of during the time the farm was in the sample.

Lo

Smooﬂxing |
The procedure for estimating farm level probability distribution functions relies on
combining time series data of the variable of interest for each farm. However, because
farms ace rotated out of the sample, there are data limitations for determining the time
series data forany particular farm. Spa tial smoothing. allows the: estimation of atime series
for the entire period 1978-79 10 1991-92, from: thc time series of ncighbouring farms in
the samplc. A heuristic: cxplanauon of the proccdur: used to estimate the pmbabtlx:y
distribution functionsis provided here: and. amore complctc technical: dxscussxon isoffered
inthe aopendn
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-

Figure 2 shows a smaﬂ nclghbourhood* 0£ sampIc farms, The objectis s tdﬁﬁiﬁﬁl&imé
inesme dxsmbuuon of the farm ofmmesr using a weighted combination of thc. xncomc :
Oi ts nearest neighbours,

Thc smcochmg me:hﬁd assumes there is a smooth nonlinear rciauonskup between arm
‘ ,‘mcomcs ard the gcographxc Iocanon of farms that is characterised by the following
equation:
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Thcgcncra.l fomofmckemelesumatorf(x) of fis:

Feas= 2y,
R

where

rise for some constant ¢,

-
-,

‘whexe w,(x) is ‘the smoothing weight of sample observation j Jj atlocarion x. X is the kernel
orweighting function and 4 is the bandwidth of the smoother and £2f is the sample weight
‘of the surveyed farm.

The kernel function K(s) used here is the Epanechnikov kernel (ses Hirdle 1950; Nelson
and Pope 1991.) As illustrated in the fi; igure, its parabohc shape gives greateremphasis to
farms closer to the farm ot‘ mmres: and less to those further away. This function is oaly
applied to farms in the square, Any farms outside this box receive a weight of zero. The
box is moved from one farm to the next with the proc:dure repeated at 2ach loc:mon.

The square ccntn:d at the farm of interest has a sxdclcngth of twice the bandmdlh. The
bandwidth i is a distance and is subjectively selected mccordmg to the desired amount of
spatial smoothing, A large bandwidth will mnd to smooth out any local variation in t‘arm
income while a bandwidth that is too small will only allow a few farms to contribute to
the avemgmg and ppotentially ‘result in an estimate with too much *white noise’. The
opumal bandwxdth hcs somcwherc b«::ween thesc two extremes.

9
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for thc fm:m in qucsuon

The technique used in this. pa‘péé involves smoothing n‘otjusr to obtain an estimate of the
mean value of the variable Yin any gm:n year but to also ach a non»paramcmc csnmatc '
of the pmbabxluy distribution function from which ¥ is obtained. Such distribution
functions are obtained for cach of the 4213 farms for each year 1978-79 to 1991-92, In

‘ vsh;om atime series of probability distribution functions for each farm is obtained.

Each farm's fourtezn probabmty distributions are averaged to obtain an estimate. of the
temporal probability distribution function. Before shifting this distribution function so that
itiscentred atthe mean, its varjance and skewness: mustbead;usted for. bnas,Asxgmficant
"bias may result in the estimates of these quantities because of the short time that some
farms remain in sample. Again refer to the appendix for a more complete tcchmcal
explanarion. ‘

Figure 3; Example of a time series of a farm’s Income
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197879 1982:33




‘I‘hc focus in rthzs sccuon isonthe business nsks facmg t’arms inthe

¢ str . These. fa.mxs arcmax_nl yinvo
 oilseeds or grain lcgumcs (ABARE I

To :llustrate the extent and nawre of busmcss risk facmv croppmg spﬁ:cxahs: fanms,

estimares t’or a range of financial :md physical variables are rcponcd The ﬁnancxal“

 variables are based on gross cashj mcomc, thatis, the income available to meetliving costs
and debt repayment needs after meeting all other farm costs (farm cash i income, defined
in ABARE 1993 page 71,  plus interest paid). All dollar amounts have been converted to
1991-92 dollars based on chan gesinthe consumer price index. It should be noted that the

‘ tcchquc outlined zbove is not specific to income and may be apphcd to any other
‘continuous variable collcctcd in the survey. Wheat yield, for example, is an AAGIS

variable that is well suited to this technique and is also presented in the results,

Only ueneral conclusions are drawn about some of the possible c:mscs of the trends
observed.

"I‘ha results Ppresented below include; the mtcrprctanon of risk dxsmbuuons, maps of
regional vagiation; exploratory data analyms, and preliminary cross-validation estimates,
All results refer to producers in the wheat and other crops industry, except the analysis of
wheat yields, Mnch is based on the subset of produgers in this industry with more than
100 hectares of wheat sown. The variables which are analysed are as follows:

- rate of return adjusted for depreciation for producers in the wheat and other crops
industry; that s, the ratio of gross cash income less depreciation of farm improyements.
plant and equipment. to the total gross value of capital (ABARE 1993, . p- 70):

— the ratio of gross cash income to closing land area for producers in the wheat and other
crops industry; and

- wheat yields for producers in the wheat and. other ¢rops industry with greater than 100
hectares of wheat sown,




key
‘m whxch thcy fall mto, wbxlc cach mtcrval contams approxxmatcly :20 percent of farms.

The fourteen-year national average of individual farm mean wheat yields for producers
with greater Lhan 100 hectares of wheat sown was. csumatcd tobe 1.61 tonnes per hectare.
The average variance about the mean was estimated tabe 0.62, mdxcatmg thatthere is a
95 percent probability that the true mean lies between 0,37 and 2,85 tonnes per hectare,

Gc,ucrally. vana,uons in wheat yield may be due to the vanabihty of tmnfau across the
continent and wammts further exploration.

Map i+ ‘d'ro producers in the wheat and qth\”w g ln ywith
~xruter than J.ﬂ et;tam of: wheat sown Local mn;es for. xm'v to l991
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‘ mﬂucncc t}m}aw mean: whcaz ymld and assf:cxatcd Iaw varation in yzcld mdmatcd mmaps
1 2nd 2 in the Byre Peninsula,

, Smi ,‘ondmons of ‘the W’:mmcm r:gxon of Viqtqm region are condiicive to reasonable
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state are mgr;:;zigf’ht;ske‘,w ; ,hchver, perhaps rcﬂccung the occas‘, nal w,ll Mbovc
average seasons.

In South Australia's Eyre Peninsula, mean cash income per hectare is relatively low,
although itincreasesslightly fromnorthito south. Variability is highet in the northern part
of the peninsula, however, as rainfall here i is less reliable.

In Victoria, mean cash income per hectare is above average in most parts of the state,

~although farms in the Wimmera region record slightly higher rerumns. The V:mabxhty in
per hectare incomes is around average levels, except in the Mallee district where
vanability is well above average,

Mean income per hectare in southern Ncw South Wales is average, while 'r:mabxhty 15
very high, Income per hccmre is below average in central New South Wales, and more:
variable. In the norhem region incomes per hectare begin to increase and become less
varizble 2s the country here is generally more favourable to crop production. und farmers
also have the option of growing summer as well as winter crops.
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adjusted for depreciation which is comparatively
‘Australia, with arelati

m Australia has a mean rate of returni
higher compared to the remainder of
ely high variation and skewness. ~
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‘m ﬁgm‘c 6 \Aost mgxons demonstram a deczcasmg ‘mean and cormspondmg mcmasmg
skewness.

V:ilidaﬁ::g the s"mﬂo t}ﬁhg'*t‘echni‘que

dtsmbuuons were compamd thh aw’ farm lcval estimates, Forcxamplc, thc mean gross

‘cash income from the. smoothed farm level distributions was: compamd with the mcan of
the ‘raw” values for each sample farm, where the mean of the *raw" values may be
,‘cnlculaccd from as few as one or two- cbservations,

- Smooth means and ‘raw’ means t'or gross cash income, e Qfmmm and wheat vield are
displayed in tables 1, 2 and it
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Table 1: Cros
producers in the wheat and other crops|

Australia 35000 (4.0) 86660 (0.3
New South Wales 85170 (1L.1) 86210 (0.9
Victoria 72420 (8.4) 4840 (0.2)
Queensland 79710 (7.9) ©.8)
South Australia 30360 (8:6) 03
Western Australia 510 (8 : QN
Tasmania 65550 (0.0)




seralia -~ - 0,058 (60
New South Wales 0,047 (21.8)
Victoria. - 0.059 (11.6)
"Qd,é:n's‘tand‘ L0061 (107
- South Australia 0,062 (108)
Western Australia 0:064  (9.0)
Tasmania 0.032 (137.2)

Na{c; F'wm in p , Wnlhts;s Are rcladvc :undard :mm express d as pcn:tnt:g:: of !b: §
estimates. See ABARE{1993 b, T2) fora guideto i interpreting the relative: sandad enors,

Gcncrally. the smoothcd averages are comparablc 10 ‘raw’ avcragcs valucs, and show no
systematic bias. At the national level, average for the raw mean gross cash i income is
$85000 whﬂc its: comspondmg smoothed average is S86 660, The relative: swndard errors
‘are 4.0 per cent and 0.3 per cent respectively, which indicates the i unpact the smoothing
process in reducing cross-sectional variation,

From table 3, the raw mean wheat yield averages 1.59 tonnes per hectare at the national
level while the smoothed mean wheat yield average is also 1.61 tonnes per hectare.

Corresponding standard errors are 2.2 and 0.4 tonnes per hectare respectively.

Table 3: Cross-validation of mean wheaz yneld tor whut :md other
tro P producers with 100 hectzm of whe:xt soWn Amage p«wm

‘Raw’ mean “Smoothed’ rean

wheat yield wheat yield

$ 1
Australia 159 (2.2 L6l (0
New South Wales 175 (5.1} 1,73 (L2
Victoria 197 (4 199 (0.9
Queensland ‘ 175 (5.3 170 {02)
South Ausunha ‘ 142 (4.3) © L350 (0N
Australi LO9 (03)
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o thc mc.zhods dc.vclc:pcd t‘or one dzmcns;ona& smoa(hmg, such as cross va\ixdm;ont may ba
appropriate in this situation. ‘ :

In further an-alys-is it will be important to link variation in farm prices to the estimates of
farm income dlsmbuuons This sill enable the analysis of changes to cxdhanae rates and
mtcmatmnal market conditions on farm income,

\ "I'nc‘csumazcs of mean, standard deviation and income variability will also be useful in
obcammg measures of land and farm business values. and the risks associated wnh farm

| debt.

x®




“This section describes how the kemel smoozhmuf‘tcchm ués are applxcd 10 an md;cnmr

~ function of the variable Y in order
In pamcular, ifinthe formulation given in sccuon 4 wcxprt:s..lon lis rcp!accd oy

KYsy) = F(yix) +&
~where F(ilx)is thc distribution funduon of Yarthe location xand I is the xndxcatoc function,
then the kernel estimate of the distribution funetion is:

Biylay= /z;w’ (I, 0.

Theoretical properties of the Kemel estimator of the unconditional distribution function
was exarmined by Wang (1991). The authors are unaware of any research on non-
parametric estimation of the conditional distribution function.’ How;vcr, Jores and Hall

(1990) have: mvcsugazcd the related problem of kemet estimation of rccrcssxon quantiles.

The end result of the smoothing process is a smoothed value of F(ylx) for each famm. In
nddiridn. the function F(.Lx) can be interpolated to provide smoothed values for locations
X whcrc raw data are unavailable. This feature is imporant in the subsequent analysis,
because it allows interpolation of distributions for all farms for every year of the analysis,
not just the years in which the farm was in sample.

Estimation of the risk profiles

The major steps involved inestimating farm level income distributions are outlined below.
It should be noted that the process is not specific to income and may be applied to any
other continuous variable collected in the survey.

Step 1

Let G, denote the incomc of sample farm & inyear 1, te { 1.2,...,T}. Calculate an adjusted
income value as: Y = = G\, ~G, , where G, is the average of the income values G,
calculated over the time the farm was in the survey, Therefore ¥,, denotes the mean
‘adjusted income of sample tarm k in year . Temporal distributions are estimated tor Y,
and then the means are added hm:k on.
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re ,99 sccmcd :o pmvzdc rcasonabiy acr*urato csumatcs of thc income d:smbutzon,
'functxousﬂ

Lc:y dcnowmyoncofthay-«ainaypyz-«)'x,and!ct[)bﬁhcmdlcatorﬁmwon

e:cach year ¢, spatially smooth the {&@) values. If Jb(y) denotes the smoothed value
thcn'

@

thnt the mean ad;ustc:d income is Acss: zhan or cqual oy in ycar L A smoothcd vaiuc: is
citained for i farms sﬁrvc‘vcd atany time inte{1.2,...T}.

TI"Em ‘:Sandwidths ‘f‘nrsmaoth'in" g were x:h‘osc*x on i‘hc“f o‘tlawing basis. iEn;r:‘allmiu&sin ¢ yat‘hr;;
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';‘,.xcmm,s were calc:ulaxcdz is ngcn in tm

were chasa:.; A df.:scupuon of haw these ¢
following steps.

Stép 4
The temporal distribution function F(¥) of the mean ad_)ustcd income of sampla farm k
eviluared abyds then obitained by averaging the () overtime. That

‘ | Rpy=1"

Intenns of the original indicator variables:

@ By=T";

Step 5

Before shifting this diswribution function so thatitis centred atthe farm’s mean. its variance
and skewness must be adjusted, A significant bias may result in the estimates of these
quantities because of the short time that some farms remain in sample. The estimate of
the p* moment. based. on the distribution function at (3) is:

FA DRI, <. JOPOR S :
“ F@”%V:P{fi@d”ﬂ%_t)}

where Filye)=0: Fil¥e.)=1; ¥ is the midpoint of the interval (¥ ¥ =¥ and

Yre1 =¥, Incurrent ABARE research it kr.ﬁﬁomﬁmiéfbr":iﬁmcxcbns&nlsﬁtgnn‘.dstfm and




Sup 7

bined s paual and tcmporal modcumg xccfnuquc dcsc.n,, 0
veucrally to any variable for which time series/cross-sectional data are
e, For ammolc, itcould be used to model t‘arn specific vadability in crop-yields
or it can easily be generalised for estimating g joint temporal distribution functions.

A key feature of the modelling process is that it results in locally smoothed income
distribution for any sample farm. These income distributions can be combined, using the
average weights described carlier, over any particular group of farms, This results inan
csxxmntc of the aggregate risk profile, and associated risk characteristics, of the group of

27
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