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Abstract: A sound knowledge of the numbers of livestock in Australia is imporlant information for input
into industry planning, land management, disease management and for estimating greenhouse gas emissions,
However, there have been persistent reports both in the literature and through less formal sources, that there
may be a significant but largely unquantified level of under-reporting of livestock in the Hivestock census and
surveys. This has implications for all of the above activities. In this paper an approach of ‘Inverse modelling’
is developed where independent data of industry cutput (slaughterings, exports) and a simple herd budget
approach is used with fitted population parameters (births, deaths) using a least squares metric 1o test the
consistency of the livestock statistics. The analysis indicates there may be a consistent hias towards under-
reporting for the beef cattle industry (or some errors in the reporting of calf numbers) but there is no need o
assume a similar bias {or the sheep industry. Possible approaches for {urther analyses are discussed briefly.
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1. INTRODUCTION

Reliable and robust livestock statistics are needed
for a range of purposes in Australia. These
purposes  include  calculation of  national
greenhouse gas emissions {Howden and Reyenga,
19991, analysis of the risks of natural resource
degradation {Brook, 19961, projections of industry
productivity and disease surveillance and control.
However, there have been suggestions that there
may exist some form of systematic bias in the
reporting of livestock by graziers {eg Young and
Giles, 1982; Mortiss 19957 as happens slsewhere
in relation to farmer-based reporting of discase
{Goodger, 1978; Ogundipe et al., [989]

The Australian Bureau of Statistics {ABS) collects
livestock statistics through a combination of both a
five-yearly farmer-response census (a complete
sample of farms above a certain value) and annual
surveys {(a sub-sample). Sampling ervor is provided
for the surveys and is typically of the order of a
few percent, suggesting that the quality control
procedures are highly effective. However,
estimates of the accuracy of the census are nol
made, it being difficult to independently check the
farmer responses. Anecdotal and other information
suggests that farmers may be underestimating the
number of animals on their properties f{e.g
Mortiss, 1995; White, 19971, but to what degree is
unknown. One of the few published studies which
enables a comparison of ABS statistics against

independent  assessment of animals numbers
indicates that ABS figures may be under-reporting
by up to &0% in one tegion [Mortiss, 1995]. It is
not possible to state whether such a disparity 1s
common or unusual and, i it exists in other
regions, whether it is of such magnitude. The aim
of this paper is to attempt such an assessment at
the national scale for both the cattle and sheep-
based industrics. The general approach is to use
independently-sourced industry production data o
paraimeterise a simple, aational herd model. A
national model is used as largely undocumented
interstate transfers make a more disaggregated
approach non-viable,

2. CATTLE INDUSTRIES

2.1 A Simple Accounting Approach

An initial asalysis was applied to the national
Hivestock statistics using an accounting approach.
In iis simplest form, such an accounting approach
takes the form of;

Change in stocksy = Inputs — Outputs (1

Where the subscripts 1 and 2 refer o successive
periods

To use such an approach, nalional livestock
statistics for the beel and dairy cattle herds were

1841



drawn from the ABS livestock statistics and placed
in a spreadsheet for the years 1986 to 199G, Datg
from earlier years were not used for two reasons:
1} 1986 marked a significant change in the size of
farm for which the census was carried out, and 2)
changes in the fivestock industry could introduce
significant trends if the time-span is extended (oo
far.  The basic livestock numbers were
suppiemented by output data from published ABS
statistics on slaughterings and live cattle exports.
These latter data on industry outputs are collected
independently from the farmer-response census
and surveys and provide the key data with which
to assess the census and surveys. The data are
associated with levy collection and a range of other
reporting requirements and so were considered in
the first instance to be robust.

The initial analysis assessed whether the
documented outputs from the herd (slaughterings
of cattle and calves plus exports) matched
documented inputs (implied births calculated as
beef and dairy calves less than [ year old plus
staughterings of calves). Inspection showed that
there was a consistent imbalance with herd outputs
between 7.3 to 10.1 million (mean of 8.6M) whilst
implied herd inputs were 6.2 to 7.8 million {mean
of 7.0M). Given that deaths should also be
included in the outputs component, there seemed
to be a case Tor further investigation.

The further investigation used a slightly more
sophisticated accounting approach by
disaggregating the previous equation further:

Total, - Totaly = Births — {Slaughterings + Deaths
+ Bxports) (2

Where:

Total; = the combined beef and dairy numbers for
all classes and the subscripts refer o successive
years

Births can be represented in a couple of ways
including through the direct use of the reported
calf statistics, but in this case it was preferred to
keep these numbers out of the equation so as to 1)
provide a check on internal comnsistency of the
analysis, and 2) reduce confounding as these
statistics could alsc exhibit bias. Instead, births
were calculated as a function of the numbers of
breeding animals reported at the end of the
previous regorting period, Given that the beef and
dairy caitle industries have different breeding
rates, two separale components were used. Hence
the equation was expanded to become:

Totaly, — Total; = R*Beef breeders + Ry*Dairy
breeders — {Slaughterings + Deaths + Exports) (3)
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Where:

R, reproductive rate applying to all beef
breeding cows and 75% of heifers from previcus
year)

Ry = reproductive rate applying to all dairy cows
Total = sum of all beef and dairy caitle classes

This approach tends to be conservative as it
assumes that ail beef breeders are kept to calve
before being slaughtered. Some heifers in the 1-2
year age class will not calve before the next
survey. Given the approximately 9 month gestation
period and assumed average age of first joining of
i3 months this was assumed to be 25%.

Death rates are not reported in the national ARS
statistics throughout the period. However, an
indication of possible rates can be gained from
ABS values for Queensland for the period 1975 to
1994 being 4.2%. This contrasts with documented
rates of 1-2% [OQ'Rowke et al, 1993], 1.3%
{Frisch, 1973); 1.3% [Coates ct al., 19877 for
studies {rom resparch stations in  productive
northerly regions. However, in other regions with
more severe climatic variation, death rales may be
much higher in some seasons [e.z. Buxlon and
Stafford Smith 1996]. Death rates also tend to be
higher on farmers properties than on research
stations with suggestions of a mean of 6% or more
across northern Awstralia [Mayer et al., 1999]
although such rates would be expected to be lower
in the southern regions of Australia. We assumed
for this analysis a death rale of 4% of the total
number of animals at the end of the previous
reporting period, acknowledging that this may be
conservative. Sensitivity analysis indicates that this
assumption does not alier the thrust of the
conclusions. Hence the equation is  further
expanded to:

Total; - Total; = R *Beef breeders + Ry*Dairy
breeders — {Slaughterings + D¥Total; + Exports)
(4)

Where:
D = death rate applying to total herd (4%)

Theoretically, the above equation can then be
solved (for example using the Excel ‘Snlver’
function) for valaes of Ry, R, and D using data
from all years. However, before this is done, there
is a need {o include some additional parameters 1o
assess whether there might be bias in reporting the
size of beef and dairy herds. This is done by
incorporating  two new parameters  inig  the
equation (8 and B,) for beef cattie and dairy caitle
respectively. These parameters are  multiplied
against the respective herd numbers. The
implementation here assumes that any bias in



reporting will be systematic across animal classes
within each industry group and thus equally affects
both the brasders and total values. When applied to
total values and death rates, there is a weighting
for B, and B; hased on the relative proportions of
animals reported in the respective industry groups.
The eqguation becames:

{Total, — Total}g 2 = Ri*Beel breeders®B; +
R2*Dairy breeders™®B; - (Slaughterings + D*Total,

Bl, B2 -+ EXPOI"LS) (5}
Where:
B.. B, = a weighting function based on relative

proportions of beef and dairy cattle

The “soiver’ approach needs to lerate parameters
1o achieve a specified target. In this instance it is
the ‘output’ of the herds with the output being
recorded slaughterings and live exports. These
statistics were used as they are thought to be of
iow uncertainty arising from relatively strict record
keeping duc to, amongst other things, indusiry
ievies payable on the numbers of animals sold and
requirements for export licenses. Hence, these
statistics are not changed in the analysis and the
other data are fitted to these. The standard method
of analysis is to evaluate modelled oulputs against
measured outputs, this requiring a re-arrangement
of the equation so that all unknown or assumed
values are on the right-hand side to conform with
the basic structure:

Qutputs = Inputs - Change in herd size;; - Deaths
Hence:

Slaughterings + Exports = R, *Beef breeders® B, +
Ro#Dairy breeders™ By ~ (Totaly — Totaly y* gy g~
ID*TOLE}[} Bt B2 {6)

A maximum likelihood statistic was computed
from the measured and modelled values. This
statistic aifows [itting of parameters to minimise
the least squares difference between the measured
and rmodelied values (ie. lower value indicates a
smaller difference). The Excel ‘Solver’ was then
applied to seek for parameter values that result in
the best fit of modelled vs measured results.
Unfortunately, there was a broad range of non-
unique sotutions possible for the relativety limited
data set available.

However, this approach did show the sensitivity of
the assumed reproductive rates to the fitting
process. Hence, the above procedure was applied
io  ipvestigate  the  sensitivity  of  assumed
reproductive rates by fitting these rates when the
herd size parameters B, and B; were set to 1 {1.e

no bias is assumed in reporting herd sizes). The
results shown in Figure 1 indicate that there i3 a
broad combination of parameters which minimise
the least squares difference between the modelled
and measured outputs. These range from a
combination of 0.80 to 0.85 for dairy and 0.70 o
0.83 for beel cattle. Some of these values are
unrealistic, for example, beef cattle reproductive
rates are unlikely to approach a value of 0.85 and
dairy unlikely to be as low as 0.70. When
analysed, the ABS data show guite low
reproductive rates, These average 0.69 and 0.77 for
beef and dairy cattle respectively assuming thal
90% of calves slaughtered were sourced {rom the
dairy herd. These calculated reproductive rales are
highly consistent across the recorded period with a
standard deviation of (.025 for beef cattle and £.06
for dairy cattle. Whilst these values fall just below
the band of likely values in the above analysis, if
these reproductive rates are assumed then there 18
not only a marked and consistent lack of goodness
of fit between the modelied and measured outputs
{Figure 2} but also about 3.5 millicn more calves
born than the ABS statistics would indicate,
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Figure 1. The effect of varying beef and dairy
reproductive rates on the least squares difference
between measured and modetied output. The herd
sizes were constrained to recorded ABS numbers.
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Figure 2. Measured and modelled herd outputs
for 1987 to 1999 assuming reproductive rates as
calcudated from the ABS data and with herd sizes
constrained 1o recorded ABS numbers.

Howewver, the reproductive rates implied from the
ABS statistics could be slightly lower than



mdustry practice. For dairy cattle, limited
consultation with farmers would suggest that they
consider reproductive rates of 76 calves per 100
cows (i.e. a reproductive rate of 0.768) to be low.
There is a trend across the period towards
reductions in reproductive rates (R; = -0.0121%year
+ 24.819; R? = 0.67). This may be related to the
increasing productivity per head experienced over
the period but it is difficult to be definitive about
this without more consultation and better data.
Very recent trends towards exteading the lactation
period over the 12 month mark would also reduce
the annual reproductive rate. Similarly, best
practice in the beef caitle industry is likely 1o have
higher reproductive rates than (.66 although it is
difficuly to eslablish an independent industry
average given the disparities between regions,
seasons, age and condition classes, and between
rates recorded on research stations compared with
on-farm values. For northern Australia, a mean
annual rate of 0.06 does not seem unreasonable for
results from research stations [e.g. Pratchett et al.,
1993] but this rate may be lower on-farm [Mayer
et al., 1999]. ABS statistics for branding rates in
Queensland from 1975 to 1990 give an average of
(0.64. For southern Ausiralia, there is no
comparable study to that of Mayer et al. [1999] but
" reproductive rates are likely to be higher than in
the north due to the better feeding conditions.
Given that the national herd is approximately
evenly split between the north and the south, the
average industry reproductive rate may be slightiy
higher than the 0.69 used here but the disparity is
likely to be limited.

Consequently, a  sensitivity analysis  was
undertaken of the influence of  different
reproductive rates on the possible bhias in herd sizes
needed to minimise the least squares differences
between measured and modelled output. Two
reproductive rates scenarios were analysed: Low
{beef R=0.69, dairy R=0.78) and High (0.75, 0.90).
These combinations should bracket the likely array
of rates experienced.

The Low scenaric (Figure 3a) approximates the
reproductive rates derived from ABS statistics and
is consistent with, but perhaps marginally lower
than, those which could be expecied from national
averages hased on current indusiry practice. Under
this scenario, the difference between measured and
modelled outpuls was minimised over a wide
range of assumed reporting bias (c.g. 6-15% for
beef and0-8% for dairy ) but with central values of
£2% for beef and 3% for dairy cattle. However,
these scenarios resulted in herd inpuis (i.e. births)
about 1.9 million higher than implied by the
statistics.
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The scenario with high reproductive rates (Figure
3b} provided a markedly different view, with the
least squares difference minimized by assuming
effectively no reporting biases. However, there are
about 1.9 million more births calculated than is
implied by the ABS statistics.
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Figure 3. The effect of varying beef and dairy herd
sizes on the least squares difference between
measured and modelled output a) the ‘Low’
scenario with beef and dairy herd reproductive
rates were constrained to values similar to those
calculated from the ABS records b) the ‘High'
scenario with reproductive rates similar to what
may be current industry ‘hest practice’.
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Figure 4. Measured and modelied herd outputs
for the years 1987 to 1999 for mid-range
reproductive rates (0.71, 0.84) and for biases 1.08
and 1.00 for beef and dairy herds respectively,

There is strong congruence between modetled and
measured values of herd outputs (e.g. Figure 4; R”
= §2%) for a large range of assumed values of
reproductive rates and reporting bias.



3 SHEEP INDUSTRY

A similar approach to that used for catde was
adopted for the sheep industry although the final
equation is more simple as therc was only one
industry to deal with:

{Total; ~ Total))*8 = R*Bresding ewes*s

{Slaughterings + ¥Total *8 + Exports) (N
Where:
Total; = total number of sheep and tambs and the

subscript refers to the period

R = reproductive rate applying to breeding ewes
D = death rate applying to the whole flock
B = factor to change the size of the flock

Breeding ewes breeding ewes plus the maiden

ewes intended for breeding reported at the end of

the previous period.

This equation was re-organised as for caltle
(Hquation 6) o have the measured outputs
{slaughterings and live exports) on the left-hand
side and the modelled values on the right. A
maximuom likelihood statistic was calculated as for

cattle, 50 as to enable evaluation of the sets of

parameters  that minimise the least squares
difference between measwred and  modelled
outputs.

In the first instance, an optimising solution was
sought for Equation 7. As with beef cattle, there
was a range of non-unigue solutions although these
were found over a ruch more limited parameter
space and so may be used as a guide to appropriaie
settings. A general set of parameters found were
0.71 for reproductive raie applying lo breeding
ewes (K), 0.07 for the death rate applying to the
whole flock (00 and 0.99 (B factor to change the
size of the flock).

The result of 0.99 for B implies that no consisten:
change in flock size is needed to explain the
abserved outputs of the system, unlike the beef and
dairy industries. As a consistency check, the values
for reproductive rates (71%) are slightly higher
than the average ol 67.6% reported directly in the
ABS  statistics but are consistent with the
calculated average value of 71.3 using the ABS
data for lambs, lambs slaughtered and breeding
ewes and ewes intended for braeding. The implied
death rate of 7% is higher than that used for cattle
but whilst there are ne compiled national figures
available it is not inconsistent with the high death
rates that can occur with inclement weather which
are well documented from various sources,
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A further sensitivity analysis was made of
reproductive  rates and  flock sizes following
evaluation of the death rate parameter (a value of
0.07 was found to be suitable under a range of
conditions), This analysis {(not shown) suggested
that within the range of reproductive rates both
reported (67.0%) and implied (71.3%) by the ABS
statistics, the least squares difference hetween
measured and modelled outputs was minimised by
a flock size very similar to that reporied by the
ABS.
4. HMSCUSSION

The results of this analysis do not provide unique
sofutions to fitting the model, largely due to the
limited data set used to fit the model parameters
and thus definitive statements cannot be made.
However, this analysis suggests that there is some
discrepancy in the reports used to compile the ABS
cattle statistics. If ABS statistics are used 1o
caleulate  reproductive  rates  consistent  with
reported herd size and composition (and these
seem 1o be only marginally below what appears to
be happening with industry}, then there i3
significant and consistent  difference helween
measured and modelled outputs. Further, if these
reproductive rates are applied in a simple herd
model, then the measured outpuis can be
reconciled by assuming herd sizes greater than
those reported (viz. the dairy herd 3% bigger than
reported and beef herd 12% greater but with a
range of possible combinations). However, such an
analysis resuits in a caleulation of about 1.9
million more calves than the statistics would
indicate,

Alternatively, 1t greater birth rates are assumed
then there is no need to assume any systematic
errors in reporting total numbers. However, the
reproductive rates are then consistently Jower than
those implied by the statistics again giving rise to
more births caleulated than the statistics would
indicate,

Such results {or cattle are not tnconsistent with the
suggestions raised by Young and Giles {1982],
Mortiss [1995] and White [1997] for extensive
fivestock and informally for other livesiock
industries {e.g. piggeries: €. Brewster, NSW
Agriculture}. These levels of under-reporting could
partly arise from the ABS census and surveys not
recording animals on very small farms ~ but the
cffects of this should be limited as the ABS has
assessed this factor. An allernative cause of the
above differences could stem from the relability
of the slaughtering and export numbers. If these
are inflated, then this will inflaie the size of the
herds needed to supply these activities (ie B and



B; will be greater than unity). However, there does
not seem to be an a priori reason for such inflation
of figures given the levy amangements noted
previously.

There is alse the possibility that this form of
analysis does not account {or differences in the
data sources used. For example, the dates differ
between the livestock census/survey (31 March)
and the date at which staughtering and export
numbers are accumulated (30 June). This will add
some discrepancies to the annual results. Similarly,
a potential overlap between the census/survey date
and the time of the end-of-wet-season muster in
northern Australia may introduce some year to
vear variation in numbers. However, a herd
budgeting approach such as this is an inherently
conservative method of analysis as animals that
miss one year tend to be accounted for in the
following year or vice versa. Anocther source of
error could be the assumed death rates. However,
if death rates are higher, consistent with those
suggested by the work of Mayer et al. [1599], the
discrepancy increases; even if they are decreased
to zerp, there remains a significant imbalance.
Given the current data sels available, # 1 not
possible to be definitive about the reasons for the
above discrepancies or bias. This is clearly an area
of work that needs further attention given the
importance of robust and reliable livestock
statistics for a range of applications.

Interestingly, the statistics for sheep were
internally consistent such that no reporting bias or
variation in reproduclive rates was needed (o
explain the flock outputs.

Independent checking of the livestock statistics is
possible via aerial survey and dung sampling
[Landsberg and Stol 1996]. However, these
approaches are Tlikely to be expensive.
Alermatively, a more disaggregated analysis of the
kind underfaken here may provide further insight
as to sources of the possible discrepancies,
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