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A Sl»;itial Equilibrium Analysis of the Queensland Kangaroo I’n&najtry:‘ An
Examination of llnrwst Off-Take Rates

Swmla, 1P, Moll, E.J., and Strong, SM.”

Abstract ‘

Both State and Federal governments are keen to foster the development of new

industries. Recently the harvesting of kangaroos for human consumption has emerged as

a potential mdustry with important social, economic and conservation benefits. In order

to satisfy the mcruasmb consumer demand for kangaroo meat, the kangaroo industry

needs to expand its infra-structure in terms of the number ard lacation of harvesters, and
storage and processing facilities. Using spatial equilibrium modelling theory this paper
identifies the potential infra-structure of the Queensland Kangaroo Harvesting Industry
resulting from uhang,w m the lmn est off-take ratc ‘

IN FRODU(‘,’I 1ION

For decades property managers in the rangelands have relied solely on their sheep and
catile operations for income Harrington e al, (1984) stated that the mulgalands of
Queensland and New South Wales carried mainly merino sheep at a stocking rite of' 0.2
to 0.5 animals / ha. Within the same area the kangaroo population has been estimated at
0.2 animals / ha (Caughley and Grigg 1982} to 0.3 animals / ha (Short and Bayliss 1985)
and Sattler (1995) stated that the Queensiand mulgalands supported approximately 4 3 3
million sheep and over 4 million kangaroos. A report by Queensland Department of
Primary Industrics (1994) highlights the financial burden many land owners face in the
Queensland rangelands.
A possible solution for many fand managers is to harvest the kan&aroos present on their
properties, Several researchers have investigated the potential economiies of kangarao
harvesting at the property level. Both Alchin (1995) and Switala (1997) have examined in
detail the financial returns derived from kangaroo harvesting to the land owner within the
mulgalands of Queensland. A paper by Peter Hardiman (1597) provides further discussion
and financial analysis on the economics of kangaroo harvesting at the property level.
Young and Wilson (1995) examined the economics of kangaroo harvesting at the
property level within the rangelands of New South Wales. However, to entice businesses
and governments to develop the kang,aroo harvesting industry, some indication of the
industry’s potential size and value is required. A paper by Switals (1995) identified the
;)oteintlal quantity and value of kangaroo meat that can be produced at state and national
evels :
More information is reqmred in Queensland as to where kangamas can and should be
harvested, how many harvesters will be required, where pmcessmg facilities shouid be
located, and how many personnel will be employed processing kangatoo meat when a
market f‘m* kangaroo meat for human consumphon deveiops" ,
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This paper provides some answers o these questions, and goes further to investigate the
effests of harvest off-take rates. In general, quotas have been set at 10 to 20% (Pople and
Caims 1995). Accoxdm;? to the logistic populutlon growth model as used by Caughley
(1987), the maximum sustainable yield is somewhese between 10 and 15%. Usmg a
similar model, Pople and Cairns (1995) state that the maximum sustainable yield is infact
closer to 20%. In Queensland, the annual quota has been set at 15%, which some
advocate is too high. However, in the shorf term, a harvest ofi-take rate above 15% may
well be advisable to reduce kangaroo populations and therefore reduce total grazing :
pressure as many rangeland areas are overgrazed. In order to investigate the economics of
vanious off-lake percentages on the structure of thc Queemland kangaroo harvesting
industry, we provide results for haweslmg rates of 10%, 12.5%, 15%, and 17.5%.

METHODOLOGY

The basis of the spatial cthbnum model to be applied to the Queensland kangaroo.
industry is that as developed by Takayama and Judge (1971). The model consists of
maximising a quadratic objective function subject to a range of lincar constraints, as
developed by Takayama and Judge (1964a, b, ¢), and later applied by Takayama (1979).
The model is a standard transhipment model with multiple Supply regions,
storageicoliection points, processing points, and fixed demand points for processed
kangaroo meat / consumption.

Advances in computer software allow much more complex programming. This study
utilises these advances by incorporating a demand function with constant elasticity,
reflecting a more realistic situation for the potential demand for kangaroo meat.
Equations 1 to 9 below illustrates the formulation of the spatial equilibrium mode! usod
to examine the Queensland kangaroo harvesting mdustxy ,
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k= demand regions for processed kangaroo meat, k= 1,2, 3.

7 = processing regions, 7 = 1,2, ..., 21,

¢ = supply regions, 1= 1,2, ..., 43,

m = processing plants, 7= small, medium, large,

I = price point estimate in demand region £,

(), = quantity point estimate in demand region &,

b = own price elasticity,

L, = maximum number of Langaroos available for harvest in region i,
C, = number of kangaroo carcasses harvested and stored in region /,

Cy- 3= = number of kangaroo carcasses tmmpoﬁed from harvest rq,non ito
processing region 7,

Mﬁk quantity of processed kangaroo meat transported from processing region j
to demand region k,

M, = quantity of kangaroo meat processed by the j* region,
My, = quantity of processed kangaroo meat demanded by the &% reg,xon, -
A, = processing capacity of region j,

R} = conversion coefficient for proc«‘ssmi, L:m;:,aroo carcasses mto bonelens
meat,

R = conversion coefficient duenfumn;, the number of harvestors required,

1Y = conversion coeff¥, ient determining the number of chiller boxes required,

RE = conversion coefficient determining the numbcr of personne} rcqmred in
processing plants m,

77 = per unit harvest cost for kangaroo carcasses,

75 = per unit storage cost for kangaroo carcasses, -

11 = per unit transport cost for angaroo carcasses from harvest regfon'+ to
processing region /, ¢

T, = per unit processing cost for small, medium or Iarge processmg mcmm:f:

o




7 ;f == per unil transport cost for processed kangaroo meat from processing region
1o demand region k,

E]' - number of harvestors required in harvest region 4,

E!" = number of chiller boxes required in harvest region i,

P+ number of personnel required n proczessing plants,

A total of' 43 Shires within Queensland were identified as having commuclallv ,
harvestable populations of kangaroos. Using past harvest records obtained from Gilroy
(1996), and kangaroo papulation density maps prepared by Carter (1996), available
kangaroo numbers for each Shire were estimated and xmposed into the model as upper
limns

Harvest costs were based on projections made by Alchin (1995) and Switala (1997),
Storage and processing costs were derived from real field data and synthetic i ydel
constructs, and validated against values identified by Hardman (1996).

The demand function 1s bused on 4 projected annual per capita consumption of 3 kg In
compartson. the annual per capita consumption in Australia durm;u 1990-91 {or beef was
39 2 kg, lamb 14 1, pig meat 18.0 kg, and poultry 25.4 kg (ABS 1993).

As with per capita consuihption, no information on the own price elastigity for ko.ngamo
meal is available. A projected own price elasticity of -1.5 was utilised as the elasticity for
kangaroo meat. Several authors irvestigating the Australian market including Gruen e
al. (1968), Main er of, (1976), Fisher (19793, Murray (1984), Martin and Porter {1985),
and Ball and Dewbre (1989}, have identified the own pnce elasticity’s for beef at -0.953
to -195, lamb at -1.131 to 1.89, and pork at -0.95 to -2.19.

RESGLTS

Figures 1 {0 4 graphically present the structure of the Queensland kangaroo harvesting
industry under harvest off-take rates of 10%, 12.5%, 15%, and 17.5%. Table 1 provides a
summary of key par'imt:ters including quantity and value of kangaroo meat produced, and
the total number of personal employed.
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Figure | Structure of the Queensland Kangaroo mdushy under
a 10% harvest off-take rate
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Table I. The structure of the Queensland Kangareo Industry under different harvest off-1ake rates

[ Percentsge oft-take L 190% i _125% . 150% . 175%
Objective Function ________________ & $89,323.766_: $04979.766 : $07932030 ; $100,313988 |
| Number of Kangaroos available TTUTHAI2000 1 1390015 7 1668018 1 1946021 _
| Number of Kan. ~o° warvested. _ 11,030,000 _f’f’ 1.37 1600000 ; 1925000 |
| Wﬁfleigfﬁﬂ_&‘is’?f;u:z&mewv,...‘.,..,.‘,,....x,;.m.,Jéz, R N I S~ N
Number of Chillor Boxesyequired 5 55 5 i 83 _Io0 ]
r Market Quantity Brisbane {tonnes) : A T T 12,3539 1:__{}'_?_1_?_
| Market Quantity Rec‘khamp_mn itonne&} : 031 1 -fﬂ 1.580.9 ig84s
farket Quantity Townsville {tonnes} SRR . i i 18652 23944 |
: Marker Price anmne;s,tonraai i 53,33 i i 82516 $22327
| Market Price Rockha L _$3301 T 827 ’”;" $2483 32200
§ Market Pn::e”‘owns&ﬁhis rmme&; ... 53284 - 32303 $2,180
; V’a!ae af tmaf meatdemané T S.ﬂ?ii} ’9"4 T $40179.583 | $42737.994
BT $22%0 ]
G L 16000 19250 ]
, omie i processimg plans |+ - 236 . 28 o338 Al
“Total number of persennel in production® aﬁl i ' 564 696

*Suny of the aumbes of harvesters, chiller box ﬁp’:ﬁl&?{& and processing plant persanel The manm of {hree chillier ix}vms equates o
one fill unie poshinn




DISCUSSION

The structure of the Queensland kangproo harvesting industry under i harvest offiinke
rate of 15% is Bustrated m Figure 3 (which is the eurrent harvest mte). A total of 1.6
nullion kangaroos nre harvested from an available population of 1.67 million (Table 1),
Four large kangaroo meat processing facihibies are located st 5t George, Roma,
Charleville and Barcaldie (Figure 3). Total production is 16,000 tonnes of boneless
meat, employimg 328 personnel within the processing facilities (Table 1). The value of
demand 15 $40 2 nullion, tnd & total of 564 personnel are employed it the production
sector (Table b)Y

The effects of lowering the harvest off-take rate by 2.5%

Frgure 2 dHustrates the structure of the indusiry under a harvest eff-take rate of 12 5%. A
reduchion in the harvest off-ake by 2 5% has resulted in the relocation and downsizing of
a targe processing facihity from St George 1o o medium stzed fetlify at Hughenden. Total
production decreased from 16,000 tonnes to 13,750 tonnes, and the value of demand ~
decreased to $38 2 oullion t Table 13 A total of 489 personnel are employed in the
production seetor, which represents a loss of 75 posihons (Table 1)

The effeets of Jowering the harvest of -fake rate by §%

Figure 1 represents the industry under  harvest off~take rate of 10% Ag illustrated by
Fagure 1, two large processing facibities are located at Roma und Charleville, one
medium stzed facility ot Winton, and a small facility at Emerald Of the 1.1 million
kangaroos available, 1.05 nuilion are arvested to produce 10,500 tonnes of boneless
kangaroo meat. A total of’ 381 personnel are employed 1n the production seefor, which is
183 positions (32°) fesver than under the industry strueture operating at a 15% harvest
rate (Table 1) The value of dunand 15 $34.9 multion, an deerease of $5.3 million or

13 1%

The effects of increasing the harvest off-take rate by 2,5% :

Figure 4 tllustrates the industry under a 17.5% harvest off~the rmte. The restructuring
results in the relocation of the Barcaldine plant 1s to Bluckall, and one new medium sized
facihity at Uharters Towers, and two small plants at Cloneurry and Emerald. Production
nses to 19,250 tonnes, an inerease of 3,250 tonnes (20.3%). An additional 325,000
kangaroos nre harvested, while an extra 132 pcrsanml are required 1o harvest, manage
storage facilities, and process kangarso meat (Table 1), The value ot‘mmxmd is $42.7
millien, ai imerease of $2 5 million. ,

CONCLUSION

An nerease or deerease in the hatvest off*take rate from 15% has major implications in
tertns of the number and location of processieg facilitics, and therefore employment
prospects in rutal communities thraughout Queenstand, Others affected by barvest rates
ere obviously harvesters and storage facility operators (chiller boxes),




The setting of future harvest off-take rates (annual quota) by the State Government
should take into consideration s.cnlabmui factors (kangaron popuiation dynamncq),
economie {rural employment and income opportunitics) parameters identified in this
paper, and the environmental parameters (total grazing pressure and rangeland condition)
which are currently gaming much aftention.
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