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6. MLP Model

6.1 Introduction

The static LP model showed the potential for improved profitability of the case study
farm with the use of SDI, annual horticultural crops and redclaw. Inclusion of the
activities identified by the static LP model as having potential for improving operating
profit requires capital investment. This capital is provided from cash surpluses
generated from within the farm business from preceding years and borrowings. The
planning problem is one of detcrmining the most appropriate activity mix and

investment decisions in order to ma:.imise the objective function in the long run.

MLP is an appropriate planning tool in dealing with this planning problem, given the
mix of possible activities and investment decisions available to the case study farm

managers.

This chapter presents the structure ¢ f the MLP model and discusses the results obtained
in the base run. It explores the ef ‘ects of changes in critical variables such as water
allocation, credit availability and c:sual labour constraints upon the optimal farm plan

and operating profit.

6.2 Model Specification

6.2.1 The objective function

The objective function for the model is the maximisation of operating profit for the
farming business as a whole over the planning period. It was intended to examine the
optimal farm plan and associated activity mix and investment decisions over a 10 year
time period. However, the size of tl e model and the limitation of What’sBest! to 16 000

numeric cells restricted the planning horizon to five years.



6.2.2 Activities

From the static LP model results, he following activities were identified as likely to
enter the optimal farm plan wherc the announced allocation was 80 percent of the
nominal allocation, with no limit to the hiring of casual labour:

e SDI lucerne

e SDI navy beans

e raingrown mungbeans

e breeding cattle

e traditional and SDI cucumbers

e table grapes

e redclaw crayfish

In the pre-intensification situatior the ootimal farm plan included some of these
activities, together with spray irrigited lucerne and navy beans. Where the hiring of
labour was considered a constraint. traditional and SDI zucchinis, and SDI sweet corn
also entered the optimal plan. On reflection, the co-operator felt that sweet corn could
not be considered a practical optio1r owing to its high insecticide use and the need to

purchase harvesting equipment specific to this crop.

This information was used to redu:e the list of possible activities so that reasonable
size MLP model could be formujated. The spray irrigated lucerne activities were
combined to produce two activities - a spray irrigated lucerne activity combining equal
areas of first, second and third year lucerne, followed by either traditional cucumbers in
autumn or spray irrigated navy bzans. For SDI lucerne, there were two possible
activities in the third year, either cucumbers or navy beans after the lucerne was
ploughed out in December. The establishment phase in SDI lucerne was combined with

first year SDI lucerne.

The breeding cattle activity on ‘Conmurra’ is unaffected by other changes within the
farm business - there are always 65 cows in this activity which contributes $22 490 to
the annual working capital. This a:tivity was included within the MLP model via this

contribution to annual working capi al.
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The grape and redclaw activities can begin in any year within the model. The yields of
these activities increase over time until full production is achieved. This occurs in the
fourth year after establishment (see Tables 4.4 and 4.12 respectively). This significantly
adds to the size of the model. Fo- example, in Year 5 there are five possible grape
activities, those established in any o " the preceding years plus the current one. Table 6.1

shows the activities and their codes 1sed in the formulation of the MLP model.

Table 6.1: Activity list for ML]> model
CODE Detail

LucSI123TradCuc,n® Spray irrigated luceine (3 years with cucumbers following third year lucerne)

LucSI123NavSI,n Spray irrigated luceine (3 years with cucumbers following third year lucerne)
NavSI,n Spray irrigated navy beans

SDINav,n SDI navy beans

MunRG Raingrown mungbe:ins

TradCuc,n Traditional cucumb:rs

SDICuc,n SDI cucumbers

SDILy,n SDI lucerne

SDILy,Cuc,n SDI Lucerne follow :d by cucumbers within the same year
SDILy,Nav,n SDI Lucerne follow :d by navy beans within the same year
Grapesy,n Grapes

RClawy,n Redclaw

InvSDI,n Investment in SDI installation

InvShed/Flift,n Investment in shed : nd forklift

InvCroom,n Investment in coolrcom

InvAnnHEq,n Investment in annual horticultural equipment

InvGrpFC,n Investment in grape fixed costs

InvGrpEst,n Investment in grape establishment

InvRclawFC,n Investment in Redclaw fixed costs

InvRclawEst,n Investment in Redclaw establishment

BWCap,n Borrowing of worki 1g capital

BInvCap,n Borrowing of investment cap tal

XFERWC,IC,n Transfer of working capital to investment capital

HLab,n Hiring labour

InvXWCap,n Investment of exces; working capital

PTIn Pre-tax income

CS,n Cash surplus (after 1ax)

INW Increase in Net Worth

"1 is the year number

b y is the age of perennial investment since first nstalled

There are several investment act vities available to the case study farm. Their

implementation is necessary before :ertain production activities can be undertaken. The
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details of these investments and associated production activities are presented in Table

6.2.

Table 6.2: Details of investment activities incorporated in the MLP

Code Details Cost Activities

InvShed/Flift Packing shed, forklift $15 200 Annual horticulture
Table grapes
Redclaw®

InvCroom Coolroom $25 000 Annual horticulture

Table grapes

InvAnnHEq Melon trailer, washer an 1 table $6500 Annual horticulture

InvGrpFC Mister, crates and sundries $5500 Table grapes

InvRclawFC Feedblower, testing equipment, $17 505 Redclaw
harvesting equipment, other costs

InvSDI SDI Installation $1966/ha All SDI activities

InvGrpEst Grape establishment $16 462/ha Table grapes

InvRclawEst Redclaw establishment $58 945/10 ponds Redclaw

? For the MLP model it was decided to include the shed &nd forklift as requirements for the redclaw activity - in the

DCEF analysis presented in Appendix 10 these h: ve not becn included in the capital cost

The first five investment activities in Table 6.2 were specified as binary integers, as they
are necessary for their associated activities to enter the optimal solution. One of the
problems in specifying some activi ies as taking only integer values in the solution, is

that the dual values cannot be meaningfully interpreted.

The capital related activities included:

e the borrowing of working capital (BWCap) which was limited by an overdraft facility
of $100 000. The annual interest cost wes 13 percent.

e the borrowing of investment capital (BInvCap) with an annual interest cost of 12
percent.

e an activity for the transfer of ex:ess wcrking capital (XFERWC) to the investment
capital activity.

e an investment activity for exces; working capital (invXWCap) which allowed it to

earn 5 percent interest p.a.
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The coefficients entered into the BlnvCap column were based on the approach outlined
by Dent et al (1986, p. 183-7). In Year 1, tae interest component was entered as 0.12 in
the Pre-tax income tie row, and the principal component of the payment was found by
subtracting 0.12 from the amortisation factor 0.27741 (it was assumed that money
borrowed for investment has a term of 5 years). The coefficient for principal payments
was thus 0.15741 in the first year of a loan, and was entered in the Income allocation

row.

The hiring of casual labour to supplement permanent labour was a further activity
included within the model. The final two activities were pre-tax income (PTI) and an

after-tax cash surplus (CS).

6.2.3 Constraints

The constraints used are summariced in Table 6.3. The constraints are largely self-
explanatory. The initial RHS level for the working capital constraint of $22 490 is the
annual working capital provided to the farm business by the 65 breeding cows stocked
on ‘Conmurra’. The scale of the breeding ectivity always remains at the same level as it

is the only activity which uses non-: rable land.

A series of investment permission constraints were required in order for SDI, annual
horticultural crops, table grapes and redclaw crayfish activities to be undertaken. The
overdraft limit was $100 000 each year. The announced water allocation was set at 80
percent of the nominal allocation in each year of the model. Permanent labour available
for activity related purposes was set at 8760 hours annually. Hired labour available was
set at 100 000 hours annually so ttere was no constraint on the optimal plan. Annual
fixed costs of $96 000 were paid from the pre-tax income. A marginal rate of tax of 29
cents in the dollar was used to convert the pre-tax income to a cash surplus for transfer

from year to year, after allowance fcr $24 000 in annual living costs.

As with the static LP model, there were limitations on the maximum allowable areas of
SDI, annual horticultural crops, table grapes and redclaw crayfish activities. The final
constraint was for profit accumulat on over the MLP. This allowed for the increase in

net worth of the optimal farm plan ¢ ver the time period of the MLP model.



89

ey

U GME[OPY [ W

183K snotaald ur auraon] 183K Yl SUIMO[[OJ U JBIA Ul dUIAIN| JEdA YI§ MOIS 0] UOISSTWID]

ey 0 w U‘pMe[opIY | WIdd Jeak snotaald ul auIaon| Jeak pI¢ SUIMO[[O] U JEIA Ul 2UIIN] JLIA Yl MOI3 0] UOISSIWID]
ey 0 s U CMB[OPIY [ UL 183K snotaaid ur ou1aon| Jeak puz SuIMO[[0] U Jedk Ul dUIadn| Jedk pI¢ MOJ3 O UOISSIWIog
ey 0 s U‘ZMeB[OPIY | WIdd Jeak snotaald ut au1aony Jeak 15| Surmoj[oJ u Jeak ul JuIddN Jedk pug MoI3 0) UOISSIULIDG
ey 0 s US| MEB[OPIY | WLIad S1S00 JUAWYSI[BISS ME[OPAT U JUSWISOAUT SUIMO][O] U JEoA Ul MB[OPAL JedK S| MOIS 0] UOISSIWIS]
ey 0 s U [ MB[OPIY [ WLIdg AT]OPAI 10 SISO PIXI] UI JUIUIISIAUT SUIMO[[O] U J8aK Ul MEB[OPAT J8aK IS] MOIT 0] UOISSIULId]
ey 0 s US| MB[OPIY | WLIag YI[I0J 29 Pays UI JudW]SIAUI SUIMO[[0] U J8JA Ul me[opal 18k 1S| MOIZ 0] UOISSIWLIO]
ey 0 5 u‘gsodeinguirag 123K snoiaaid oy ut sadels 1eak yiy Suimo[[o) u Jeak ur sadeis Jedk Yig mOI3 0] UOISSIULIO]
ey 0 s u‘psaderny ueg Ieak snoiaaid ayy ur sadeid 1eak pig Fuimooj u seak ur sadeid 1edk iy M0I3 01 UOISSIULID]
ey 0 s u‘gsadernguuiag Ieak snoiaaxd oy ut soders reak pug Suimoqo) u reak ur sodesd Jeak pig moid 0) UOISSIULID]
vy 0 s u‘zsadeinguiag Jeak snotaald ayy ut sadesd 1eak 15 Fuimorjoy u 1eak ur sadeid 1ok pug moI3 01 UOISSIULIDG
ey 0 s u‘[sadeinpuieg 1500 Juawystjqelss adeid ur yusunsoaut Juimofjoy sadel3 1s| Mmoi3 0] UOISSIWIDJ
ey 0 s u‘[sodeanguriog $1500 pax1y adead ur yuounsoaur Suimojjoy sadeid 1ok 1| M0I3 0) UOISSIULID]
ey 0 < u‘rsadeanzuuad wool100d ul Juounsaaul Juimofjoj sadeid 1eak 15| Mmoi3 01 UOISSIULID]
ey 0 w u‘sadeinuisg IPH0J 29 poays ul Judsunsaaul Juimofoj sodeis 1eak 1S| MoI3 0] UOISSTULIO]
ey 0 s u‘on)guiIog jusudinbe [eamnonIoy [enuue ul JUAWISAAUL I9}JT SIOQUINOND MOI3 0] UOISSIULId]
ey 0 < U ON)ZWId WOO0I[O0D Ul JUDWISIAUL 191JE SIqUINOND MOIF 0] UOISSIULIO]
vy 0 s u‘on) | uIeg PIPI0J 29 Pays Ul JUSWISIAUL J9}JB SIOqUINOND MOIF 0] UOISSIULIO]
SIeak 12ijIed 10 S1Y) Ul [(S
ey 0 s UABNOND [ONTTIAS W9 Ul judaunsaaul Sumol[o) u reak ut sueaq AAeu [(S 10 S12quunond [(JS ‘Quladn] [JS MO0I3 0] UOISSIULIdg
Ieok snotaaxd ur ouroonj [(gS 1804
ey 0 5 UABNONDEONTISTWIOd  pug 1oije u Jeak ul sueaq AAeU [(S JO SIoquunond [(JS pue auledn| [(S 1ea4 pIg MOI3 0) UOISSIULId]
ey 0 s u‘zon IS [ wiad 12k snotaald ur oueon| [(IS Jeak 1S I9)je u 1edA Ul ouIddn| [(JS Jeak pug moi3 0) UOISSIULID]
ey 681 s u‘pue) u 1edk ur puej aiqeieAn[n)
$ 0% s u‘MOLIOGXBIN U 1824 Ul pamojje SuImoLIoq WNWIXeA
$  06vTT$ s u‘depm u 8ok ul [endes Juriop
$ 0$ s u‘aurde) u 1eak urjusunsaaul fende)
oA
nun [enyj apoD JUIBIISUOD)
[PPow JTIA 10§ 381 JUIRNSUOD) €9 AqE]



90

£d
Joquinu seak ayi st u

$ 0% = uonBNWNIIE J1JOI] pouad TN Y1 Je uoneNWNOde 11jold
ey % s ISMEB[DYXRIA S1S0D JUOWIYST[QRISD MB[OPAI UL JUDUNSIAUL AQ papiwnidod me[Opal JO BAIR WINWIXEA
ey ] < DAMeIDUXCN SISOD PAXIj ME[OPIL Ul JUOUNSIAUL AQ PoywIdd me[Ipal JO BoJe WNWIXEIA
vy 01 s Isgearyadernxey 1500 Juawysi qelsa adead ut uaunsaaur £q pannutad sadesd jo eare wnwixey
ey I s Djearyadeinxey §1500 pax1y adei3d ur jusunsaaur Aq paniwidd sodessd jo eore wnwixey
arranirdialaa

ey I s DAsdoryniogxey [eanyno1oy [enuue ul Juounsaaul Aq paptutad sdolo feinjnonioy [enuue jo gose E:E_ws_z
ey ] s wooi)sdornioHxeN woolj0od up juounsaaul Aq pantuniad sdolo [einnonioy [enuue jo eoJe WNWIXeA
vy I s YILA/payssdoryniogxey JJIpjI0) pue pays ur juounsaaul Aq paytuied sdols [ein)[nonioy [enuue Jo vose WNWIXEIA
ey 08 s eAIVIASXEN paj[elsul aq ued jey) [JS JO eoIe WNWIXEIA
¢ 000vTS- = U UOIEIO|[E AUIODU] u Jeak ur uoneoso[[e awoouy
¢ 00096%- = an uouj xel-aid u Jeak ul a1 dwodul Xe)-a1d
Sy 000001 s u‘Inoqe oIy u 1eak ul Inoqe| pallyg
siy 09.8 s u‘noqer] u Ieak ur Imogqer]
TN STLL s U'IoIE A\ U Jeak Ul uoEdo|[e JoJEM pasunouuy
$  000001$ s UXBIAIPIOAQ u 1eak Ul JIuI| JJeIpIdAQ)

oA |
nun o eng 2po) Jurensuo))

U0 €79 9qE ],



91

6.2.4 The LP Matrix

A five year MLP model was developed using the activities and constraints specified.
Although a longer period was preferred, this. was not possible owing to the limitations of
the What’sBest! software. The maximum allowable numeric cells (which includes zero
values) is 16 000. With 156 activities and 141 constraints in the five year model there
were 21 996 numeric cells in the model. The Omit command in the What sBest!
package was used to exclude fow ranges of zero numeric cells which reduced the

numeric cell number to 14 519 and ¢nabled a five year model to be specified and solved.

The model has a block diagonal structure of the form represented in Figure 6.1. The

coefficient details within the submairix are presented for Year 5 in Appendix 12.

6.3 Solution

The original optimal farm plan using 1996 prices and a zero discount rate is given in

Table 6.4. Here the initial plan is thz pre-intensification plan presented in Table 5.6.

In Year 1 there was an investment in 18.5 ha of SDI, which was planted to lucerne as
there was insufficient capital to invest in the necessary horticultural equipment to allow
annual horticultural crops to be grown. The area of spray irrigated lucerne fell to 51.1
ha, with a total lucerne area of 69.6 ha. The area withdrawn from lucerne production
was planted to raingrown mungbeais, resulting in an increase to 119.4 ha. ‘Conmurra’
was used to run 65 breeding cows 11 all years. The overdraft facility was utilised fully,
but no hired labour was necessary. The annual operating profit fell to $55 984

compared with the initial farm plan evel of $250 260.

In Year 2, sufficient funds existed for the investment in the equipment necessary for
annual horticultural crops to be giown - the shed, coolroom, forklift, melon trailer,
washer and table. An area of 8.4 ha of cucumbers was grown using an area of SDI
lucerne from Year 1, resulting in a 1eduction in the area of SDI lucerne to 10.1 ha. The

area of the spray irrigated lucerne ar d navy beans rotation was increased to 56.1 ha.
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Table 6.4: The original optim: | farm plan

Activities Units Ini ial plan Year 1 Year 2 Year 3 Year 4 Year 5

Crops and livestock

Spray irrigated lucerne ha 713

Spray irrigated lucerne/navy beans ha 511 56.1 549 48.8 47.0
Traditional cucumbers ha 253 303
SDI lucerne/cucumbers ha 18.5 10.1 10.1

SDI cucumbers ha 8.4 19.6 29.7 297
Raingrown mungbeans ha 11.7 119.4 104.3 85.1 82.0
Breeding cattle cows 65 65 65 65 65 65
Investments

SDI ha 18.5 11.2

Shed & forklift units 1

Coolroom units 1

Annual horticultural equipment units 1

Grape fixed costs units

Grape establishment ha

Redclaw crayfish fixed costs units

Redclaw establishment ponds

Other

Borrowing working capital $ $0 $100 000  $100 000 $100 000 $100 000 S100 000
Casual labour hours 0 0 0 14 117 39 668 43 834
Annual operating profit (after tax) $ $250 260 $55984  $143424  $275 550 $457 526 $598 535

Raingrown mungbeans were excluded from the farm plan. Permanent labour was
capable of operating the existing tarm plan without the need for casual labour to be
hired. The annual operating profit increased to $143 424, still below that of the pre-

intensification farm plan. The cumulative operating profit was $199 408.

In Year 3, there was further investment in SDI, with 11.2 ha installed. This increase
together with that from Year 2 wis used to grow SDI cucumbers. The area of SDI
lucerne from Year 2 was carried fcrward into Year 3, followed by autumn cucumbers.
There was a slight decrease in the area of the spray irrigated lucerne and navy beans
rotation. Raingrown mungbeans were once again grown. The increased area of
cucumbers required 14 117 hours o " casual labour to be hired. The operating profit was
increased to $275 550, which excecded that for the initial pre-intensification plan. The

cumulative operating profit was $4° 4 958.

In Year 4, the entire area of SDI was used for the production of cucumbers, with 25.3 ha

of traditionally grown cucumbers :1so grown. The area of the spray irrigated lucerne
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and navy beans rotation was reduc:d to 48.8 ha, with raingrown mungbeans down to
85.1 ha. The increased production of cucurabers required 39 668 hours of casual labour
to be hired. The operating profit was $457 526, with the cumulative profit equalling
$932 484.

In Year 5, the maximum allowable area of annual horticultural crops was reached, with
30.3 ha of traditionally grown cucumbers and 29.7 ha of SDI cucumbers. Lucerne
remained a significant crop, with 47 ha of the spray irrigated lucerne and navy beans
rotation. Raingrown mungbeans and cattle breeding completed the activity mix, which
resulted in an annual operating proit of $598 535 (a cumulative profit of $1 531 019
over the five years of the MLP mod:l). There were 43 834 hours of casual labour which

had to be employed.

The key features for the five year ortimal farm plan investigated are:

e the initial investment in installation of 13.5 ha of SDI in Year 1, followed by further
investment in this technology in Year 3 (bringing the total area of SDI to 29.7 ha,
below the maximum allowable aiea of 80 ha).

e investment in capital equipment 1equired by annual horticultural crops in Year 2.

e ecxpansion in the area of annual horticultural crops from zero to the maximum
allowable area of 60 ha in Year 5 (with around half grown traditionally and half using
SDI).

e a significant component of lucerie grown in all years (although declining from 69.6
hain Year 1 to 47 ha in Year 5), orincipally using spray irrigation.

o full use of the available overdraft facility in all years.

e a significant increase in the usz of casual labour with increasing use of annual
horticultural crops (from zero hours in Yzar 2 to 43 834 hours in Year 5).

e asignificant increase in the annu il operating profit beyond Year 3 compared with the
initial plan. The cumulative opcrating profit at the end of Year 5 was $1 531 019,
compared with an estimated cwnulative operating profit for the initial plan at the

same time of $1 251 300 - an inc 'ease of 22 percent.
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6.4 Sensitivity analysis

6.4.1 Announced Water Allocation
The announced water allocation for all years was increased to 100 percent and decreased
to 60 percent of nominal allocation to ascertain the effect upon the optimal farm plan.

The results of this analysis are presented in Table 6.5.

With the announced allocation at .00 percent of the nominal allocation, there was a
greater area of spray irrigated lucerie and navy beans grown in all years, and a greater
area of SDI installed (to around 60 ha) compared with the other water allocations. As
with the original optimal plan, SDI ucerne was initially grown and investment in capital
equipment necessary for annual horticultural crops was made in Year 2. In the third
year cucumbers were grown on the 3DI lucerne area in autumn after it was ploughed out
(15.9 ha). In addition, SDI cucumters were grown in Years 2 to 5, with the maximum

allowable area of 60 ha in the final two years.

In Year 2, the area of raingrown raungbeans fell substantially at 100 and 80 percent
nominal allocations. In both situations, not all cultivable land was used. In all other
years the full 189 ha was used for cropping. This coincided with the investment in
horticultural equipment which liriited the available funds for the variable costs

associated with raingrown mungbean production in that year.

When the announced allocation was reduced to 60 percent, the area used for spray
irrigated lucerne and navy beans was reduced to 50 ha in Year 1. By Year 5 it fell to 30
ha. Capital was initially invested in horticultural equipment in Year 1, enabling 3.3 ha
of traditional cucumbers to be grovn. In Years 2 and 3, investment in SDI was made,
resulting in a total area of 22.2 ha which was used to produce cucumbers in Year 3, 4
and 5. In this plan, raingrown muigbeans were excluded in Year 1, resulting in only
53.3 ha of cultivatable land being 1sed. The full 189 ha of cultivable land was used

from Year 3 onwards.
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In all years and at all levels of wate - allocation the overdraft facility was fully used. At
all water levels the use of casual lahour commenced in Year 3. The amount hired was
greatest at the highest water levels, and increased until Year 5. This increase resuited

from the expansion in the area of cu:umbers (both SDI and traditional) beyond Year 3.

With the existing assumptions of unlimited labour, but no capital borrowing, neither
table grapes nor redclaw crayfish ac:ivities entered the optimal farm plan in the first five
years. This is of interest given the presence of the redclaw activity at is maximum
allowable level in the static optimal plan at all levels of announced allocation from 60 to
100 percent. The table grape act vity entered the static farm plan when there was

unlimited casual labour available (sce Table 5.8).

The annual operating profit for the >ptimal farm plan prior to intensification (see Table
5.6) was extrapolated to five years and compared with that produced by the MLP model.
The aim was to examine the effect of intensification and differing water availability on

the cumulative operating profit. The results of this are presented in Figure 6.2.

Figure 6.2: The impact of differing water availability pre- and post-
intensification upon cumulative operating profit
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The impact of falling water supp.es is clearly evident in both the pre- and post-
intensification scenarios. With acoption of SDI and annual horticultural crops, the
cumulative operating profit takes 1ive years to exceed that of the pre-intensification
scenarios at all levels of announced allocation. Beyond this period, the annual operating
profit is higher as a result of the greater gross margins for annual horticultural crops

grown with SDI.

6.4.2 Availability of borrowed capital
The effect of available borrowed c: pital on the optimal farm plan was examined using
borrowing limits of $100 000, $20) 000 and $300 000 in Year 1. The results of this

analysis are presented in Table 6.6.

An increase in the borrowing limit irom zero (see Table 6.5, announced allocation at 80
percent of nominal) to $100 000 resulted in an increase in the area of SDI installed in
Year | from 18.5 ha to 27.1 ha. By the end of Year 4 the area of SDI installed was 38.1

ha. This compares with 29.7 ha installed where borrowing was not available.

The investment in capital items reqiired for annual horticultural crops took place a year
earlier, resulting in an earlier exparsion in the area of cucumbers grown to fully utilise
the area of SDI installed. There remained a significant area of spray irrigated lucerne

and navy beans in all years.

An increase in the borrowing limit i1 Year [ to $200 000, resulted in quicker installation
of SDI, with 77.9 ha installed in Ycar 1. This was greater than the area installed at the
$100 000 borrowing limit, and resulted in a larger area of SDI lucerne being grown
compared with the former. The area of SDI was gradually used for annual horticultural
crops with spray irrigated lucerne ar d navy beans increasing to 47 ha in Year 5 when the
maximum possible area of cucumbers was grown on 60 ha of SDI. A further increase in

the borrowing limit in Year | to $3(0 000 had little impact on the optimal farm plan.
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Figure 6.3: The impact of changes in the borrowing limit upon cumulative
operating profit
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Neither the table grapes or redclaw :rayfish activity entered the optimal farm plan in the
five years examined, despite increased borrowing in Year I. The impact of increased

borrowing in on whole farm profitability is demonstrated in Figure 6.3.

Allowing borrowing up to $100 00) in Year 1 results in an increase in the cumulative
operating profit in all years. By th: end of" Year 5, the cumulative operating profit for
this scenario is $1 614 967 compared to $1 531 018 where no borrowing was available
(an increase of 5 percent). Increasing the available borrowing to $200 000 in Year 1
results in a cumulative operating profit of $1 732 317 at the end of Year 5, an
improvement of 13 percent. There is no significant impact of increasing the allowable

borrowing beyond $200 000 upon tle cumulative operating profit.

6.4.3 Starting capital
The effect of increasing the capital available for investment in Year | upon the optimal

farm plan was examined. The resul s are presented in Table 6.7.

With $100 000 of capital initially available, investment in annual horticultural
equipment and 27.1 ha of SDI took >lace. Investment continued in SDI until 60 ha were

installed. The SDI was initially used for 19.9 ha of lucerne, and the balance
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planted to cucumbers. In Year 4 the whole SDI area was planted to cucumbers. In all

years a significant area of spray irrigated lucerne and navy beans were grown.

Where there was $200 000 of inves ment capital initially available, most of the possible
area of SDI was installed (77.9 ha) together with the annual horticultural equipment.
Lucerne was planted on most of the SDI area, with a significant increase in the area of
cucumbers in Year 3 (48.4 ha). In Years 4 and 5 the maximum allowable area of
cucumbers was grown with a corresponding decrease in the area of SDI lucerne. The

area of spray irrigated lucerne and nivy beans increased in these later years.

With a further increase in initial investment capital to $300 000, a similar investment
pattern to that above was followed. In addition, investment in a redclaw crayfish
activity also entered the optimal plan. These investments resulted in 13 redclaw

crayfish ponds being installed in Year 1.

The impact of available investiment capital upon whole farm profitability is

demonstrated in Figure 6.4.

Figure 6.4: The impact of intial investment capital upon cumulative operating
profit
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Increasing the available investment capital in Year 1 to $100 000 resulted in an increase
in the cumulative operating profit n all years. By the end of Year 5, the cumulative
operating profit for this scenario was $2 031 872 compared to $1 531 018 where no
investment capital was available (a1 increase of 33 percent). An increase in the initial
available capital to $200 000 in Year 1 resulted in a cumulative operating profit of $2
332 982 at the end of Year 5, ar improvement of 52 percent. An increase in the
available investment capital to $300 000 in Year 1 resulted in a further improvement in
cumulative operating profit to $2 198 423, an increase of 56 percent over that where

there was no initial investment capital available.

6.4.4 Casual labour

The optimal plans presented in Tibles 6.5 to 6.7 indicate high demands for casual
labour owing to the presence of laige areas of annual horticultural crops present. The
co-operators initially indicated that casual labour availability would not be a limiting
constraint in implementing the optial farrn plan. However, in the initial LP model the
use of casual labour was limited to 5475 hours annually. This constraint was imposed
on the MLP model to determine its impact on the optimal farm plan. The results of this

analysis are presented in Table 6.8.

With the availability of casual labour limited, development of SDI was restricted to 18.5
ha which was installed in Year 1 (comparec. with 29.7 ha). The impact of this constraint
was to restrict the area of horticultural crops that can be grown to 14.3 ha of cucumbers
in Year 5. At the same time the a-ea of cucumbers grown where there was unlimited
casual labour was 60 ha (around talf traditionally grown and half using SDI). With
limited labour available, there was a greater area of spray irrigated lucerne and navy

beans grown, together with raingrov/n mungbeans.

The effect of this labour constraint on profitability was to restrict cumulative operating
profit to $1 056 841, which is 69 percent of that where labour was readily available ($1
531 018).
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6.5 Summary

Given the assumptions used, the optimal farm plan involves the investment in SDI
technology and capital equipment 1ecessary for annual horticultural crops in the first
and second years. SDI lucerne is initially grown and replaced by cucumbers.
Traditional cucumbers are also grovn, with the total area of annual horticultural crops in
Year 5 limited to 60 ha. This limit results from co-operators perceptions of the greater
risk associated with annual horticultural crop production compared with the more

traditional crops.

In the optimal farm plan, lucerne and navy beans continue as significant activities under
spray irrigation, together with raing -own mungbeans and the cattle breeding activity. In
Year 5, the annual operating profit is $598 535, more than twice that in the initial farm

plan.

With a decline in the availability cf irrigation water, there is earlier investment in the
annual horticultural crop capital ec uipment and less SDI is installed. The maximum
allowable area of cucumbers is grown, with all the SDI area used and the remainder
grown traditionally. The impact «f declining water availability to 60 percent of the
nominal allocation, is a reduction in the cumulative operating profit of around 15
percent, compared to that where the announced allocation is 80 percent of the nominal

allocation.

Where borrowing of $200 000 is allowed in Year 1, there is rapid investment in SDI and
annual horticultural equipment. Tie majority of the SDI is used initially for lucerne
production, and in turn for horticultural crops by Year 5. This results in an
improvement in cumulative operat ng profit over the five year planning period of 13

percent to $1 732 317.

Where there is initial capital avail: ble for investment, the improvement in cumulative
operating profit is even greater. Compared with nil initial capital the improvement is

approximately 33, 52 and 57 percent for starting capital of $100 000, $200 000 and
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$300 000 respectively. Entry of the redclaw crayfish activity into the optimal farm plan
occurs when there was $300 000 of available starting capital. At this level, 13 redclaw

ponds are installed in Year 1.

The importance of casual labour availability on the optimal farm plan was also
examined. The reduction in casual labour to 5475 hours annually limits the investment
in SDI and the area of cucumbers v/hich can be grown. There is a resultant increase in
the areas of raingrown mungbeans and the spray irrigated lucerne/navy bean rotation.
There is a fall in the cumulative ¢ perating profit from $1 531 018 to $1 056 841, a

reduction of around 31 percent.
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7. Discussion

7.1 Introduction

This chapter examines the results ¢f the static LP and MLP models. The implications
for future management of the bus ness are discussed, particularly with respect to its
activity mix and future profitabilicy. The impact of changes in the availability of
groundwater, capital and labour is ciscussed. Finally, the importance of this research in
the context of future adoption >f management approaches by irrigators to the

diminishing water resource is dealt with.

7.2 Static optimal farm plan

7.2.1 Activity mix

The key features of the static optim: ] farm plan were:

e the maximum allowable 60 ha of lucerne was grown using SDI

e there were 16 ha of navy beans grown (6 ha using SDI and the balance with spray
irrigation)

e the maximum area of annual ho ticultural crops was grown, with half in spring and
half in autumn. In spring, 10 ha were grown using SDI and the balance with
traditional drip irrigation. The autumn crop was all grown using SDI as third year
lucerne was ploughed out ir December.  Zucchinis dominated the annual
horticultural crops grown in spring (29.6 ha) and autumn (17.9 ha), with cucumbers
and sweet corn making up the balance in the respective seasons.

e the redclaw crayfish activity wis present at the maximum allowable scale of 40
ponds.

e the table grape activity was present at its existing level of 2 ha, as was the cattle
breeding activity on ‘Conmurra’ (65 breeders).

e the optimal plan was able to operate with the existing overdraft facility of $100 000.
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This plan produced an annual operating precfit of $676 737, which was nearly triple that
of the optimal farm plan pre-intensi ication. This plan required the maximum allowable

area of SDI to be installed (80 ha).

7.2.2 Announced water allocations

The optimal plan operates where the announced water allocation is set at 80 percent of
the nominal allocation. This level 1as been applicable to both sections of the alluvium
in which the case study farm is loc.ited (Sections 7 and 10A) since 1990-91 (see Table
2.1).

Of concern, however, is the likelil.ood that this situation could change in the future.
Continued failure of recharge events to materialise increases the likelihood that further
restrictions are likely. The model was used to test the impact of changes in water
availability upon the optimal farm plan by altering the announced allocation downwards
to 60 percent of the nominal allocat on (579.6 ML), and also increasing it to 100 percent
of the nominal allocation (966 ML'. The water available from the 50 ML dam used to

supplement irrigation was similarly adjusted.

The impact of these adjustments was shown in Table 5.5. The key features of the

optimal farm plan with these changes were:

e lucerne remained a significant cc mponent of the farm plan at all levels, with the arca
falling by around one-third wlen the announced allocation was reduced to 60
percent.

e the total area of annual horticult iral crops grown remained at 60 ha, the upper limit
imposed by the co-operator. It v/as the mix of annual horticultural crops within this
total area that adjusted with chanzes in available water.

e afall in the area of navy beans ar d sweet corn with decreasing water allocation.

e an increase in the area of zucch nis and raingrown mungbeans with lowering water

levels.

The pricing of water is an importan' issue in the adoption of new irrigation technologies
such as drip irrigation (Caswell and Zilberman 1985; Chewings and Pascoe 1988; Dinar

and Yaron 1990; Dinar and Zilberman 1991; Mallawaarachchi et al. 1992; p.200-1;
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Poulter et al. 1993, p. 18-9; Yaron and Regev 1989). This has implications for the
adoption of SDI by Callide Valley irrigators. The shadow price of water for the case

study farm and the current groundw iter price are presented in Figure 7.1.

Figure 7.1: Comparison of water shadow prices for pre- and post-intensification
(bars), and existing groundwater charges (lines)
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The current market price for allocat on water is $9.75/ML (see the lowest horizontal line
in Figure 7.1). Price penalties are in place as a means of limiting excess water use.
These are shown by the upper three horizontal lines. They represent charges of:

e $19.50/ML for for water up to 2( ML in excess of the announced allocation;

e $78.00/ML for water from 20 to 50 ML in excessof announced allocations; and

e $175.50/ML for water in excess of 50 ML above the announced allocation.

Prior to intensification the shadow price for water was $223/ML (over a range from 663
to 1890 ML when the announced allocation was 80% of the nominal allocation), with a
slight increase in the shadow price caused by a fall to 60 percent, and no change with an

increase to 100 percent of the nominal allocation.

A different situation arises where intensification is possible. At full allocation, the

shadow price is $105/ML. With decreasing availability the shadow price rises to
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$314/ML when the announced allccation 1s 60 percent. The elasticity of the shadow
price 1s -1.36 with an increase in allocation from 80 to 100 percent (a 1.36 percent
decrease in the shadow price for ezch percent increase in the nominal allocation). For
the fall in allocation from 80 to 60 percent, the elasticity of the shadow price is -3.90 (a
3.90 percent increase in the shad>w price for each percentage fall in the nominal

allocation).

The operating cost of using groundwater ranges from $35.07/ML for SDI to $45.93/ML
for rolling sprayline systems (see Appendix 7). This includes the water charge for
allocation water of $9.75/ML. In Figure 7.1 it can be seen that the shadow prices in all
situations exceeds the current market orice for allocation water. In the pre-
intensification situation, the shadow price exceeds the market price for all water,
inlcuding that used in excess of allocation. With intensification, the shadow price at full
and 80 percent of announced allocations is below that for water used in excess of 50 ML

above allocation.

An important implication of these -esults is that the existing excess allocation charges
(listed in Appendix 5) do not by themselves discourage the excess use of the
groundwater resource. This is due to the potential returns from using excess water (as
shown by the shadow price) exceecing its cost. Only in recent years has the charge for
water in excess of 50 ML of announced allocation more closely aligned the cost of water
with its true economic value. Irriga:ors who use water in excess of allocation more than

twice can be prosecuted. This threa: 1s more likely to limit excess use.

The impact upon profitability of changing allocations is evident in Table 5.5, where an
increase in the announced allocaticn from 80 to 100 percent increased profitability by
$21 254, an increase of around three perceat (an elasticity of 0.126). With a fall in the
allocation to 60 percent, the loss in operating profit was $47 261 which is around 7

percent (an elasticity of 0.279).
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7.2.3 Activity level constraints

7.2.3.1 Maximum lucerne area

The constraints imposed on the lev:ls of some activities impact upon the optimal farm
plans and their profitability. Whe1 the maximum area of lucerne is unrestricted the

effect is clearly seen in Figure 7.2.

Prior to intensification, the optimal area of spray irrigated lucerne was 96.6 ha at a 100
percent allocation, and fell to 56.6 ha when the allocation dropped to 60 percent. This is
just below the 60 ha imposed as a constraint in the base model. Where intensification
was possible, the area of lucerne grown exceeded 60 ha when a 100 percent allocation
was available, but fell to similar le sels to those in the original optimal plan at both 80

and 60 percent allocations.

The operating profit falls as the levcl of available water is restricted. There is generally
little impact on operating profit by removing the constraint limiting the maximum area
of lucerne grown. An increase in operating profit at 100 percent allocation becomes a

decrease at 80 percent, and a similar level ar 60 percent allocation (see Figure 7.2).

These results demonstrate the impc rtance of retaining lucerne in the activity mix used
by irrigators. Staff of the Departm:nt of Natural Resources have indicated their desire
for the area of lucerne within the Callide Valley to decline as a means of reducing the
volume of water used (A Baker 19¢6, pers. comm.). This is based upon the high water
use attributed to lucerne (see Apper dix 2). This, however, would decrease profitability
of the optimal farm plan because of the high gross margins for both spray irrigated
(Table 4.7) or SDI (Table 4.8) luce ne. These activities provide the necessary cashflow

to allow investment in SDI and annual horticultural crop production..
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Figure 7.2: The impact of removing the lucerne area restriction upon the lucerne
area (bars) and profitability (lines) of the pre- and post-
intensification optimal farm plan, as affected by water
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7.2.3.2 Maximum annual horticultural area

The lifting of the constraint limiting annual horticultural crops to 60 ha results in
significant changes in the optimal firm plan (see Table 5.7). Here the area of lucerne is
significantly reduced (down to 11.0 ha from 60 ha). At the same time the mix of annual
horticultural crops grown adjusts, with a dominance of watermelons within the plan.
July/September working capital, the July/September overdraft limit and available casual
labour become significant constriints limiting the maximisation of the objective

function (with shadow prices of $0.25, $0.25 and $26.18/hour respectively).

The horticultural crops are generally considered risky in comparison with more
traditional crops (see Table 4.9). W atermelons for example, are considered to have high
price fluctuations and harvest timeliness s critical. This is the reason for the limit
placed on the area of annual hortizultural crops. Considering the risks involved, the
large scale replacement of the lucerne area with annual horticultural crops is not a

preferred option by the co-operator.
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7.2.3.3 Casual labour

The hiring of casual labour has a significant impact on the optimal farm plan (see Table
5.8). Where it is unlimited there is potentially a 33 percent increase in operating profit.
The level of hired casual labour uscd increases from 5475 hours to 26 404 hours. This
is nearly a five-fold increase and the likelihood of this level of labour being available
needs to be considered by the co-op:rator. [t does, however, highlight the importance of
casual labour in the intensification >f activities. Increases in labour availability results
in an increase in the more labour d:>manding, but higher returning, annual horticultural

crops such as cucumbers being grov'n as alternatives to zucchinis.

The other impact of removing the nired labour constraint is to allow the area of table

grapes to increase to the maximum permissible area of 10 ha.

7.3 MLP optimal farm plan

7.3.1 Activity mix and investmert decisions

The optimal farm plan over the five year planning period is presented in Table 6.4. The
optimal plan involves initial investinent in SDI on 18.5 ha with lucerne planted on this
area. In Year 2, investment in anr ual horticultural crop equipment takes place. This
enables 8.4 ha of SDI to be planted to cucumbers and the area of SDI lucerne reduced to
10.1 ha. In Year 3 a further 11.2 hi. of SDI are installed, and planted to cucumbers. By
the end of the planning period th: total area of SDI is 29.7 ha, and it is used for
cucumber production. The balance of the annual horticultural area constraint is planted
to traditionally grown cucumbers. Spray irrigated lucerne and navy beans remain a

significant component of the farm plan throughout the planning period.

In the MLP model, there was no liniit on the availability of casual labour. Despite this,
neither the redclaw crayfish or table grape activity entered the optimal plan within the
planning period. This is despite their presence at the maximum permissible level in the

optimal plan in the static LP model ‘where labour was unlimited - see Table 5.8).
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The optimal plan involves a significant comrponent of hired labour for harvesting annual
horticultural crops. It is required for the cucumber activities undertaken from Year 3

onwards. The demand increases to <}3 834 hours by Year 5.

The annual operating profit falls relative to that of the pre-intensification plan for the
first two years of development. By the end of the planning period the cumulative
operating profit has improved by 22 percent over that for the pre-intensification

situation (from $1 251 300 to $1 53 019).

7.3.2 Announced water allocatios

The impact of different announced ‘vater allocations throughout the planning period was
summarised in Table 6.5. At the higher allocation, there was a greater area of spray
irrigated lucerne and navy beans grown, which in turn allowed for a greater area of SDI
to be installed. By the end of the fi/e years there were 60 ha of SDI installed where the
announced allocation was 100 percent of the nominal level. The elasticity of investment
in SDI with respect to an increase i1 the allocation from 80 to 100 percent is 4.07 (there
is a 4.07 percent increase in the final area of SDI installed for each percentage increase

in the announced allocation - see Tabole 7.1).

Table 7.1 Elasticities of selected viiriables with respect to the water resource*

Variable Water Allocation Water Allocation
Increase Decrease

SDI Investment area 4.07 1.01

SDI Annual horticultural crop area 4.08 1.01

Traditional annual horticultural croy area -4.0 -0.99

Spray irrigated lucerne area 1.46 1.45

SDI lucerne area 0 0

* estimated for the total period for investments and Year 5 for activity areas

This 60 ha is used for the production of cucumbers by Years 4 and 5. The SDI area
initially installed is planted to luc:rne which is retained for three years. In Year 2
investment in annual horticultural crop equipment enables these crops to enter the

optimal plan. The elasticity for SDI annual horticultural crops of 4.08 indicates an



115

increase of 4.08 percent in the are: of these crops for each percentage increase in the

water allocation from 80 to 100 percent.

The impact of declining allocations is to restrict the extent of final investment in SDI,
but bring forward the investment in the annual horticultural crop equipment. The
elasticity of investment in SDI is 1.J1 (there is a 1.01 percent decrease in the final area
of SDI installed for each percentage decline in the announced allocation from 80 to 60
percent). At all allocations, the maximum allowable area of annual horticultural crops
are grown. With greater water -estrictions a greater proportion are grown using
traditional drip irrigation as opposed to SDI - this can be seen in the lower elasticities
for SDI and Traditional annual horticultural crop areas where the allocation is decreased

compared to where it is increased (s e Table 7.1).

The change in allocation from 80 o 100 percent increases the area of spray irrigated
lucerne by 1.46 percent for each peicentage increase, and the fall from 80 to 60 reduces
the area of spray irrigated lucerne similarly (a 1.45 percent decrease for each percentage

decrease in the available allocation)

The impact of changing allocations upon the cumulative operating profit are clearly
evident in Figure 6.2. By Year 5, the cumulative operating profit is greater at all three

allocation levels compared with that were intensification had not occurred.

7.3.3 Capital considerations

Allowing capital to be borrowed at the start of the planning period results in investment
in annual horticultural equipment « year earlier (see Table 6.6 compared with the nil
borrowing which produced the optirnal farm plan in Table 6.4). Where $100 000 can be
borrowed, there is also an increase in the final area of SDI installed (from 29.7 ha to
38.1 ha). The second stage of SDI nstallation also occurs one year earlier. An increase
in the borrowing limit to $200 000 results in 77.9 ha of SDI being installed, all in the
initial investment year. Where the limit is raised to $300 000, an amount of $203 980 is

borrowed and the maximum permis;sible 80 ha of SDI is installed.
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The impact of the associated inves ments resulting from increased borrowing capacity

were:

e increased area of the SDI lucerne/cucumber rotation

e the earlier production of cucumbers

e the operating profit increased for borrowing limits of $100 000 and $200 000 over
that for the initial optimal plan (see Figure 6.3). There was, however, no benefit

from increasing the borrowing lirnit to $300 000.

Increased starting capital availabl: for iavestment had similar effect as increased
borrowing capacity. However, the area of SDI installed where $100 000 of starting
capital was available was greater tian where a similar amount was available through
borrowing. The area of SDI irstalled was 60 ha, equivalent to the maximum
permissible area of annual horticu tural crops. The expansion in annual horticultural
crop production was more rapid wit1 increased starting capital - by Year 4, 60 ha of SDI

was used to grow cucumbers.

A redclaw crayfish activity was a feature of the optimal static farm plan (see Table 5.5).
This activity only entered the five year planning period of the MLP model where the
available capital for investment ir Year 1 was $300 000. Here, investment in the

associated fixed costs of the redclav’ activity and construction of 13 ponds was made.

The availability of starting capital significantly increases the operating profit of the
optimal farm plan (see Figure 6.4). However, the inclusion of the redclaw activity
within the optimal plan where stating capital is $300 000 is not much greater than
where the starting capital is $200 €00 (within the 5 year planning period of the current
MLP model).

7.3.4 Casual labour availability

Within the MLP model the impac of labour availability on the optimal farm plan is
clearly demonstrated in Table 6.8. When restricted to the original 5475 hours, there is a
limit on the area of SDI installed. This occurs as the area of cucumbers which can be
grown is limited to 14.3 ha owing to this crops high labour demand at harvest. In turn,

the revenue generated from this activity is reduced and less funds are available for
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investment. There is an increase in ‘he area of the spray irrigated lucerne and navy bean

rotation in Year 5 as a result.

The impact upon the operating profit is clearly seen in Table 6.8 where the cumulative
profit as a result of restricting labour is 69 percent of that where casual labour is readily

available.

The availability of labour is clzarly an important consideration in the future
development of the case study farr business. In the longer term, its availability needs

to be addressed in order to optimise the future farm plan.

7.4 Adoption of drip irrigation technology

The study has shown the potential ‘or SDI and the use of annual horticultural crops to
increase operating profits for the cuse study farm. The increase in profit occurs at all

groundwater levels tested.

Research has identified the followir g factors which impact upon the rate of adoption of

drip irrigation technology:

e improved profitability through yield increases and cost savings as a result of more
efficient water use with drip irrization (Caswell and Zilberman 1985; Feinerman and
Yaron 1990; Mallawaarachchi et al 1992).

e water pricing policies (Caswell and Zilberman 1985; Dinar and Yaron 1990;
Mallawaarachchi et al 1992).

e size of irrigation farms. Larger farms were more likely to adopt new irrigation
technology and at a faster rate (Caswell and Zilberman 1985).

e source of irrigation water. Farris sourcing irrigation from groundwater were more
likely to adopt drip irrigation then those using surface water (Caswell and Zilberman
1985).

¢ the quantity and quality of the available water resource (Dinar and Yaron 1990; Dinar
and Zilberman 1991).

e human capital factors such as aze, and experience with existing irrigation systems

and drip irrigation (Dinar and Yaron 1990; Feinerman and Yaron 1991).
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The slow adoption of new technology and management practices aimed at conserving

the existing water resource has been attributed to a number of factors. These include:

¢ the need for improved availabilit of information on the economic and environmental
benefits of best management practices such as irrigation scheduling (Feather and
Amacher 1994).

e the “common-pool” problem in vvhich the groundwater resource is commonly owned
by a large number of producers. Farehed Shah et al (1993, p. 497) suggest that this
results in over exploitation of the resource from a social point of view, and low rates
of adoption of resource-conserving technologies such as drip irrigation.

o the low market price of water which prevents the adoption of irrigation scheduling

and the use of new irrigation mar agement technologies (Meyer 1992).

This study demonstrated the need for a link between the installation of SDI and shift to

the production of annual horticu tural crops in order for such investment to be

profitable. This is a similar result to that found by cost-benefit analysis of the transition

from a traditional to a modern irrig: tion project in the Jordan Valley, Israel (Dinar et al.

1992; Regev et al 1990; Yaron and Regev 1989). The chief findings of this study were:

1. investment in modernisation of 1in irrigation project incorporating drip systems and
high-value cash crops achieves a high internal rate of return;

2. investment in modernisation of an irrigation project incorporating drip systems is not
economically justified where a traditional crop mix is retained;

3. where capital resources are scarce, partial modernisation systems may still be

profitable at a reasonable level.

In these studies, the modernisation of the irrigation project was only feasible when
higher valued horticultural crops coald be grown. One of the concerns expressed by the
authors was the limited market demand for these high income crops. This in turn would
limit the development of modern c: pital intensive irrigation projects. They pointed out
that this is not a problem at the single farm level, but at a national policy level there is a
need to develop profitable farming systems, which incorporated horticultural crops with

the more traditional crop and livestcck activities.
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The foregoing discussion and evidence from the case study farm is sufficient to warrant
further investigation of the use of SDI ard alternative activities for irrigation farms
within the Callide Valley. The potential for improved profitability with possible future

changes in the groundwater supply supports this suggestion.

7.5 Summary

The profitability of the case study farm within the five year planning period can be
maximised through the installation of SDI and investment in annual horticultural crop
equipment. This enables annual hoiticultural crops to be grown up to the limit imposed
by the manager’s perception of thei - associated risk. The choice of annual horticultural
crops to grow will be determined by their potential returns and the availability of

adequate casual labour.

In the longer term, a redclaw cray ish activity can be included within the farm plan.
This will further improve profitabil ty. Consideration needs to be given to how best to
finance this intensification of the :xisting farm plan. The availability of finance or
investment capital will increase the speed of intensificatton. However, the associated

risk may be more than the manager s willing to accept.

For the case study farm, intensification is a profitable alternative to the traditional
activities irrespective of groundw:ter supplies (within the range examined). Many
factors will determine the wider applicability of SDI installation and activity
intensification, and the rate of acoption of these approaches. Further research is

necessary to examine these with othzr farm businesses within the Callide Valley.
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8. Summary and Conclusions

8.1 Intoduction

This chapter presents a summary of the study. Each of the hypotheses postulated in the
Introduction is re-examined in ligit of the study findings, and either supported or
rejected. The major findings of the study and its limitations are presented, together with
suggested future scientific and eccnomic research. Finally, the achievements of the

study are detailed in the Conclusion

8.2 Hypotheses

No formal statistical hypothesis tes's are applied in this study, rather, the LP and MLP
models developed, and the associatcd sensitivity analysis, provide the basis upon which

the four guiding hypotheses outlinec in the Introduction are either accepted or rejected.

8.2.1 Hypothesis 1

‘The inclusion of horticultural crops in exiting farm activities will improve profitability

as water resources decline’.

Allowing horticultural crops to ent:r the tase LP model increased operating profit by
180 percent (from $241 794 to $676 737). This increase was caused by both
traditionally grown and SDI grown annual horticultural crops entering the optimal plan.
Although the optimal mix of crops changed and profitability adjusted in line with
increased or decreased groundwate - supply, the maximum permissible area (60 ha) of
annual horticultural crops was grov'n at all levels of announced allocation tested. The
proposed hypothesis is therefore ac:epted on the basis of the available evidence for the

case study farm.

8.2.2 Hypothesis 2
‘Subsurface drip irrigation is a projitable alternative to existing irrigation system use in

growing traditional irrigation crops under conditions of declining water supplies’.
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The gross margin comparisons be ween traditionally grown irrigated crops and SDI
crops indicated the potential imprcvement in annual returns possible from the use of
SDI for the case study farm. At all allocations investigated, the maximum possible area

of SDI was used in the optimal LP farm plan.

In the MLP model, the area of tiaditionally grown irrigation crops (spray irrigated
lucerne and navy beans) fell with ceclining groundwater allocations. The area of SDI
installed also declined as less funds; were zenerated for investment in this technology.
Within the five year planning pericd examined, the area of SDI was initially used for
lucerne production. Once the necessary investment in horticultural crop facilities had

been made, the SDI area was then used for annual horticultural crops.

The evidence from the models support the stated hypothesis for the case study farm

business.

8.2.3 Hypothesis 3
‘The inclusion of a redclaw crayfis1 enterprise into existing farm systems will improve

their profitability as water resources decline.’

In the static LP model, the redclaw :rayfish activity entered the optimal farm plan at the
maximum permissible scale at all water allocations investigated. The MLP model
brings into question the feasibility f undertaking a redclaw activity within the five year
planning period. Investment in the redclaw activity was absent from all optimal farm
plans where the announced allocat on changed from 100 to 60 percent. This activity
only entered the optimal plan for he case study farm when the available investment

capital at the start of Year 1 was $300 000.

For the case study farm in question. the models indicate that a redclaw crayfish activity
should be included in the overall firm plan in the long term. However achieving this

within the planning period consider:d is unlikely.

The hypothesis proposed cannot b¢ accepted on the basis of the evidence provided by

the models.
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8.2.4 Hypothesis 4
‘Given the resource constraints exi: ting it is possible to develop a more profitable farm
model using horticultural crops, subsurface drip irrigation and/or redclaw production

than exists with current farm design and operations.’

The evidence provided by the mcdels supports this hypothesis. A more profitable
optimal farm plan is possible through investment in SDI and the necessary capital
equipment to enable diversification into annual horticultural crops. Over the five year
planning period the cumulative ope -ating profit for the optimal farm plan using SDI and
annual horticultural crops was $1 531 019, an improvement of 22 percent over that

estimated for the initial farm plan piior to intensification.

With the existing resource constraints, neither redclaw crayfish nor table grapes entered
the optimal plan. Redclaw were included only where $300 000 of investment capital

was available in Year 1.

8.3 Major findings

The study has demonstrated the poiential improvement in profitability possible through
the use of SDI and annual horticul ural crops for a case study farm within the Callide
Valley. Redclaw crayfish entered tie optimal plan in the longterm, although not within

the five year planning period examiied in the MLP model.

The importance of water, capital and labour in determining the optimal plan were
examined using sensitivity analysis of the models. The use of SDI and annual
horticultural crops improve profitatility at all levels of water allocation from 100 to 60
percent. The availability of capital through borrowing or initial investment capital
hastened the investment in SDI and annual horticultural crop infrastructure, which in

turn increased profitability over the planning period examined.

The availability of casual labour was an important constraint affecting the mix of
horticultural crops undertaken in the static plan, and the scale of the table grape activity.

In the MLP model, the impact of rcducing the available supply of casual labour was to
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restrict the area of annual horticultt ral crops that could be grown. This in turn limited
the investment in SDI. The result over the planning period was a 31 percent reduction

in the cumulative profit.

An observation not initially considered in the study objectives was the importance of a
lucerne activity to overall farm profitability and future development. This enterprise
remained significant at all levels of announced allocations. In the absence of alternative
activities, it fell from 51 percent to 30 percent of the cropping area with a reduction in
the announced allocation to 60 percent. Where alternative activities were possible, the
area of lucerne fell from 40 to 1¢ percent of the cropping area with the decline in

groundwater allocation.

The current market prices for water were lower than the shadow prices for this resource.
Therefore, current water prices provide ro incentive towards the adoption of more

efficient water use.

8.4 Study limitations

There are a number of limitations with the existing study. Firstly, only a single case
study farm has been used. The gencral applicability of the study findings to other farms
within the Callide Valley is only pcssible if the case study farm is representative of the
greater proportion of farms present. It is not possible to claim this as there is no detailed
information on the characteristics of irrigation farms within the study area. The
advantage of using the single case study farm was the depth of detail which could be
obtained and used in model develor ment. This was particularly important as the farm in
question was the first to use SD. in lucerne within Australia. It had also begun
intensification through the use of .nnual horticultural crops and table grapes. It was

thus ideal for the collection of data 1ecessary in the development of the models.

A second limitation was the neglect of risk within the model. The co-operators
perceptions of the risks associated with the range of activities were obtained, but not

specifically used within the model levelopment. These perceptions did however aid in
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the interpretation of the model output in the context of on farm decisions about the

activity mix and investment in new technologies and activities.

Thirdly, limitations of the software estricted the planning horizon to five years. This is
a short planning period in terms «f the investment decisions about the inclusion of
redclaw crayfish and table grape act vities within the overall farm plan. However, it was
sufficient to provide guidelines or the investments in SDI and annual horticultural

Crops.

Finally, there was no discounting of the objective function within the MLP model. This

simplified model development, but : hould te included in future versions of the model.

8.5 Future research

The foregoing limitations of this s udy provide opportunities for future scientific and

economic research. Further scientif ¢ research is required into:

e the quantification of water savin s and yield improvements attributable to the use of
SDI with a range of field and hor:icultural crops;

e the technology of redclaw crayf sh production aimed at increased growth rates and

overall productivity; and

o the technology of table grapes production aimed at earlier productivity increases.

Future economic research could include:

e analysis of SDI technology and he results obtained from scientific research into its
use;

e analysis of commercial redclaw crayfish production and current research into this
activity;

e a survey of the characteristics o existing farms within the different sections of the
alluvium. The data collected czn be used to test the generality of the MLP results
within this study;

e cxtension of the MLP model to incorporate a longer planning period;

e greater detail of the labour requirzments for the activities available; and
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e analysis into other alternative :ctivities such as herb production and floriculture

currently being undertaken.

Economic and scientific research is needed to determine the most profitable application
of new technology and activities in a range of situations encountered by Callide Valley
irrigators. This will provide information that irrigators can use in making better plans

for the future given the existing groi.ndwater supply limitations.

Further research should also aid ir policy decisions that impact upon the use of the
groundwater resource - in particular, water pricing and announced allocations. These
and other policy decisions can be tsed to bring about adoption of more profitable and

sustainable irrigation technologies a1d activity mixes.

8.6 Conclusions

This study has shown that the use of SDI and annual horticultural crops is a profitable
approach for the case study farm in dealing with diminishing groundwater supplies.
This approach is profitable across tl.e range of groundwater supply situations examined.
It has also demonstrated the impor ance of lucerne production within the overall farm

plan in maintaining profitability, and generating funds for future farm development.

Other achievements of this study include:

e development of annual gross margins for traditional and alternative cropping and
livestock activities;

o detailed estimates of the establichment and operating costs for a range of irrigation
systems, including the new SDI t>chnology;

e production of discounted cash f ow analyses for table grapes and redclaw crayfish
activities; and,

e development of LP and MLP models which can be used with data from other farms
to evaluate alternative approaches tc maintaining profitability with declining

groundwater supplies.



