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ABSTRACT

This paper builds on a recent study on sustainable land use options for a 651 ha pastoral hill
country farm by providing an analysis of the effect of downside risk on pastoral and forestry
enterprise mix, A Target MOTAD model is developed to determine the risk efficient
combination of sheep, traditional bred cattle, bull beef and forestry enterprises.

The results indicate that the optimum enterprise mix of 250 ha in forestry and 401 ha in bull
beef can be farmed with little or no downside risk. The transition from the current pastoral
system to a risk efficient enterprise mix increases the downside risk. This is due to the loss
of income when significant areas of the farm are in immature forest.

The views expressed in this paper are those of the authors and de not necessarily reflect the official view of
the New Zealand Ministry of Agriculmre and Fisheries, The typing assistance of Pekinn Gabriel and
comments from colleagues are very much appreciaied.
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ABSTRACT

This paper builds on a recent study on sustainable land use options for a 651 ha pastoral hill
country farm by providing ap analysis of the effect of downside risk on pastoral and ‘fr:src*srry
enferprise mix. A Target MOTAD model is developed 1o determine the risk efficient
combination of sheep, traditional bred catle, bull beef and forestry enterprises.

The results indicare that the optimum enterprise mix of 250 ha in foresiry and 401 ha in bull
beef ean be farmed with litile or no downside risk, The transition from the current pastoral
system to a risk efficient enterprise mix increases the downside risk. This is due to the loss
of income when significant areas of the farm are in immature forest,

INTRODUCTION

Revenue from the sale of timber from exotic forest plammiom in New Zealand has increased
significantly over the past 5 years due to a doubling in the real price of export logs. This has
resulted in an increased demand for Pinus radiata seedlings for afforestation. Based on a
survey of nurseries, the Ministry of Forestry estimates that 70,700 ha of forests was planted
in the season ended 31 March 1993. The area planted was made up of 23,100 ha of restocking
and 46,600 ha of new plaming (MOF, 1992). (The arca of forest planted in the previous
season was 15,440 ha),

During the year to June 1992, the exotic forest plantation on farms increased by about 7% to
113,837 ha, while the area of plantations not on farms declined slightly (0.12%) to about 1.2
million ha. Tt is believed that a higher proportion of new forest planting would take place on
existing farm lands.

It is expected that farmers will increase the rate of farm conversion into plantation forest on
the basis of expected good future retumn from forestry. Also, soil erosion on hill country
pastoral farms in New Zealand concerns both policy makers and local communities, Changes
to livestock management systems and accelerated afforestation schemes have been proposed
to arrest soil erosion, improve the long term viability of these farms and for the sustainable
management of land resources (Keoghan and Cossens, 1990: Korte, 1990; MAF, Landcare
and TRC, 1993).

A Target MOTAD Analysis of Forestry Development on o Pastorat Hill Country Farn Page 2



The ehoice of farm diversification options must address not only the sustainable management
of the physmal resources of a farm, but also farm viability and the reduction of the risk of
' his paper is 1o provide as 'yms and ruummlu mr
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A ‘PRE\’IQI}S STUDY

This study builds on a recent study of sustainable land use options on hiu conntry in the
Taranaki region of New Zealand (MAF, Landeare and 'TRC, 1993). A dewmiled assessment of
the sustainable management of seven land classes, based on slope, pasture growth, stock
carrying capacity and mwmh;y for forestry was undertiken for a 651 ha farm. The present
farming system is pmma) carrying approximately 5000 stock units of sheep (70%) and catle
{30%). Pinus Radiat is an appropriate forest pl ntation spccm for the area, and yields of
between 637 m3/ha 10 747 m3/ha recoverable volume are possible after 28 years of growth,

An evaluation of the profitability of a number of pastoral and forestry enterprise options was
undertaken using deterministic prives and yields (Spall and Meister; 1988; MAF, Landeare
and TRC, 1993). The exclusion of price and yield variability meant that the riskiness of the
proposed farm plans could not be determined. This could limit the applicability of the results
from the study to only those famers who are risk takers (Parton and Cumming, 1990).

In the present study, a model that uses the downside risk concept to determine the opmmﬂ
combination of risky pastoral and forestry enterprises for a hill country pastoral farm in the
Taranaki region is developed.

THE RISK MODEL

Management of risk in farming has also been receiving increased attention as a result of the
deregulation of the financial sector, and the phasing out of farm input and output subsidies
over the last decade (Martin and Lee, 1990; Johnson 1992), When considering options for the
diversification of an existing farming enterprise, one needs to consider both business risk is
(i.e. risk associated with variable yields and prices) and financial risk (i.e. risk associated with
not being able to meet a fixed target income, such as debt repayment, using cash generated
from the farm).

The combined effects of these risk factors may be measured by the expected net farm income
and the distribution of net farm income about the mean or target income. The model used in
the study is denved from . MOTAD (Minimisation of total absolute deviation) risk
programming technique (Hazell, 1971). An application of the MOTAD model used in this
study is the Target-MOTAD model which is concerned with minimising negative deviation
of net revenue from a target income ( Zimet and Spreen, 1986; Parton and Cumming. 1990).
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where a high dis-wiility is 1 low income years, Such a condition would
apm 10 many pastoral hi - debt levels, where retumns from enterprise

combinations :umblcx 0 cover me:qumely dnbt ramymm.s isof concern.

‘The risk moidel, in essence, selects enterprise combinations in order to maximise expeeted net
revenue subject to constraints on fivailable land classes, seasonal pasture yield, target income
and an aeceptable mean n%’um deviation of revenue from 1 trges income (Figure 13 The
optimum enterprise combination is said to be risk efficient since it yields the highesr expected
net revenue for & given level of risk.

50 possible
gross marging
per enterprise

Risk Efficent Farm Plaos

FIGURE 1 7The risk modgel

The risk model comprises two main components, a simulaton model and a lmear
programming model. These are described briefly below.,
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Gross margin templates were developed far a nomber of livestock and forestry enterprises.
A Maonte Carlo simulation approach was used to select values from statistical distributions of
animal production, stock mmmhty plantation forestry yield and prices which were then used
to ealenlate possible gross margin wﬂnm. Correlation between varmblcs were maintined
using Spearman’s rank correlation coefficients.

The linear programming sub-model selects enterprise combinations in order to maximise
‘expected net revenue (Z) subject 10 constraints on available land classes, seasonal pasture
growth, seasonal feed deficit, target income and an aceeptable mean negative deviation of
revenue from a target income. The Hnear programming model may be stated as (Parton and
Cumming, 19901

Maximise Z=RX
subjecttor AX<B; REX+d->T, Pd- <1 X, d->0
Where

R* = isaseries of m, 1 x n simulated net revenues for each enterprise opuon derived

from the simmation model described above;

1 x n vecior, the mean of R¥;

1 x n vector of petivity fenterprise) levels;

1 x k vector of resource constraints ;

k x n marix of resource requirements (mainly seasonal paswure dry mater

required by each class of livestock stock, ares required to grow forest trees);

= m x 1 vector of equal target income (fixed financial obligation);

- = 1 x mvector of negative deviations from targen;

1 x m vector of probabilities (each equal m);

= g scalgr, parameterised from 0 to large value (desired expected negative
deviation from T

R

b
o onon

& =3
I

I

n = npomberof sctivities (1 sheep class, 8 beef cattle classes, 2 forestry enterprises);
m = Number of observations (50);
k= number of resource constraints {7 land classes, available seasonal pusture dry

matter growth on each land class, maximum winter feed defici,

The model maximises the expected net farm income suliject 10 constraings shown above and
for specific levels of downside risk. Resuls for differem levels of risk aversion are achieved
by solving the model successively for parumeterised values of D, from 0 (o a large number.
The solution for D equal to zero corresponds to a (safety first) no risk decision rule, while
the solution for very large D is equivalent to the solution from a deterministic linear program.

. R SR A, S 1y R R A A 5 ok v
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MODLL SPECIFICATION AND DATA samz‘t:rss |

The enterprises included in ‘
~syeanets, and calving 3 he olicy and (d) Pinus radinm plantation
forestry, These enerprises are fanneci in the Taranaki hill mumry rcg,ign. A typical m:)hcsy
in the study area combines sheep and cattle in the ratio m* 70730 stock units

gl mg cow, smhng

“The ﬁmribmmn% used in the Monte Carlo simulution were estimated from time series data
ammmbi& to the Taranaki hill countey. The main sources of daw were @ number reports on

igh erige schedule meat prices from the NZ Meag and Wool Boards Evonontic
, and Farm monitoring reports from the Ministry of Agriculture and Fisheries; |
{1’938)* New Zealand fan,str;) statistics, Ministry of Forestry (1993);  Foaneial limig,t:x
Manual, Lincoln University (1992). The prices were deﬂamﬁ} 1o 1992 values. Estimuted
parameters of some of zha disiributions are shown in Table 1.

Spearman’s Rank Correlation copfficient between variables were estimated from time series
data, Using a two tailed test, coefficients that were significant at the 15% Jevel were used in
the Monte Carlo simulation model

Data on pasture dry matter production of ¢ ach of the 7 Jand classes used in the study was
obtained from MAF, Landeare and TRC (1993). Research data wus used to estimate seasonal
pasture yield and seasonal feed required by each of the livestock policies used in the study
(Scou, et al, 1980; MeCall, 1993).
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PABLE 1 Distribution of some of the variables used to simulaie enterprise gross nargins,

Bew distribufion

shape parameters™

- Mean Min Max , ocy
Lambing-survival o sale{%) 92 87 99 1.3 2
Wool weight (kg/stock unity 54 8.1 58 10 1.6
Prime wether lamb carcase wt (kg) 139 124 150 1.6 14
Calving-survival 10 sale (%) 85 83 88 1.3 L3
Bull beef carcass wi (kg) 229 208 a7 Lo 0.8
Pinus radiata recoverable yield
site rafing 34, age 28yrs (3} 679 {1 747 09 1
Pinus radiatg recoverable yield
site-index 28, e 28yrs (m3/ha) 580 = 638 0.9 0.1
Prices
Pritme wether Tamb schedule
price (e/kg) 237 129 465 0.8 1.7
Wl price (cfke) 480 240 730 1.5 1.5
Pinus radista-stumpage (S/m3) 29 iy 38 1.7 1.3
Heifers 30 month schedule
price {e/kg) 277 w3 I 14 L7
Bull beel schedule price (v/kg) 208 208 406 1.4 1.7

*The shape parameters can be used to infer the skewness of the distribution (Anderson, Dillon and Hardoker,

1977).

#* - The hary,w of that year could be lost due 1o fire

s

s e e s
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© RESULTS AND DISCUSSION

Estimated dis

tribution of enterprise net revenue

The distribution of enterprise gross margins derived from the simulaton model are shown in
Table 2. Bull beef was the most profitable and least risky pustoral enterprise sine
“expected, minimum and maximum gross marging were higher than corresponding valucs of
: xh& other pustoral enterprises.

The gross marging | ver h caleulated for Pinus radiata was based on a rotation of 28 years, and
assumed all age classes were equally mpresmiwﬁ in the forest crop. The simulation model
jmum gross margin from forestry could be negative when mm years

indicated that the minin
yield was Tost due to some adverse event eg. fire,

TABLE 2 Engrprise net revenue distribution (Livestock $/stock unit; Forestry $/ha)
Stteq carry between 5.2 - 12.3 stock units /ha) (1992 prices)

Enterprise Metn Min Max Beia
' Distribution
Parameters
3 iy

Sheep hresding flock 357 18,1 570 EA LS 259
Breeding cows - weaner policys

calve 3 yrold heifers 39.6 i 501 162 2.5(}
Bull Beaf policy 95,1 57.6 1369 1.95 2.8
Pinus radiala - site- index 34 67,0 -23.9 Q40,0 155 l A0
Pinus radina - site index 28 548.6 -26.5 7820 3.64 148
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Its from the
'md‘ 40 ]'

Al :]'@m(im resu
250 fa in fores

paf;mml and. mrcstxy entm)mps mum b mmed wuh lmlc: or no dowumda msky, ag mdm' ed,
by the zero rgan negmwe deviation; The expected net revenue was $497,591 per farm, The
results were e.gpected sinee the bull beef enterprise was more profitable and less risky than
either the .s)mp or bmdmg came policies. ‘

3y

BLE 3 Risk efficient famm plans for trget income levels of $60,000, $120,000 and
$180,000 per farm. (No Sheep-Cattle ratio restriction; No restriction on stock poticy;
:r”xmu Size 651 ha) ‘

“Parget Income S60,000 £120,000 $180,000
Mean Nepative Devintion 50 50 $0
Expecied Revenue $497.591 $497.591 $497,501
Bastoral (ha) 401 401 401
Forestry (ha) 250 250 250
Sheep (su) [{] 0 0
Caitie {su) Bull Beel Policy 3,91 3,79 3,741
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Increasing the level of zncu.pt.xbm ri%kg ns. ewemed resulted in an marcm in net revenue, At
the highest level of risk, (mean negative deviation of about $3000), the expected optimum net
revenue was about $360,( por! farm, I“‘nre‘;lry was the pmfumd enterprise at this high level
of aceeptable rigk,

T — ety 300
el '» ~ ‘F‘?f - 380
g u B P
i ) 4‘ Hdw g
i 2 i . 2
T 1 K o b BB B
K bt .
E 1 | = g
8 a4 ] o 200 $
q o b "
A o pep 2
=1 B8D
- pAp
Nean ;eoutWe devluttun
Pagtoral Cha) %Fomstry tha) e NOL POVONUG

FIGURE 2 Risk efficient prmduCLimn T1ontier and muawxpr;%@ min:
target income $180,00; farm size 651 hy; sheep\breeding cow ratic
TH/30 stock units
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' Figure 3 shows the result of 1 scenario in which the ahmp/ﬁmtle ratio was t 70/3() stock

gnits, and bull beef was used instead of breeding catle, This farmin v sysiem clearly
{ poliey yielded a luz,hm' cxnuc(ed

dominated the system shown in Figure 2, since the bull
et revenne for nll fevels of risk (L’t)!llpm‘é I”x;aures‘ and ’3)

At zero mean negative deviation, the optimum nct Tevenue was $348,884, the omimum
enterprise mix was 310 ha forestry and 341 pastoral (70% sheep and 30% bull beef). As
:\pcmed net rwenuc and the area under (‘(m:ﬁtry increased with risk,

BOG. oo i I AR SN S USRS

el

e b

Area (nad)

20 |-

R s
i
fad.
tH
Net révenue {5 000

+ 350

100

£ Bl Dot 345
m 1nnu mn 1300 «mu 2000 - 2230 2500 2730 A%
Mean: negative deviatlon £

Pagtoral Cha) Forestny Chal e ML FOVONUG

oo

FIGURE 3 Risk efficient produwtéan Frontier and enterprise mix:
target income $180,00; farm size 6%1 ha; sheepibull beef ratio
70730 stock units
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The analysis hus so Far examined the case when all enterprises were developed and yielding
a sustainable, albeit, vartable annual earnings, Itwas assumed thatall age classes were equally
represented in the forestry plantation and the rotation was 28 years, The development phase
of livestock enterprise is relatively short or alternatively matured livestock may be purchased
and transported to the farm, ‘

The development. phase of a forestry plantation s relatively long (over 28 years), It is
generally believed that the financial risk associated with having farge tracts of farm land in
immature forests may not be acceptable to most farmers, The Target MOTAD framework
developed in this study is used to quantify the risks associated with exeluding parts of the
farm land from immedine production,

(a) 70/30 sheep/breeding caitie ratio

In the case of the 70/30 sheep/breeding cartle policy analysed in Figure 2, it was shown that
the optimum area of forestry enterprise corresponding (o the lowest level of risk was 195 ha.
At maturity, the risk associated with this enterprise would be $1829 mean negative deviation.
The maximum negative deviation would be $40,583, and ir could be expected that 3 years out
of 50 net revenue would not be sufficient to meet the target income of $180,000 (Table 4).

When a part of the farm was temporarily removed from production the risk to the farmer was
increased. For example when 100 ha of the farm was taken out of production, The mean
negative deviation increased by over 100% from $8,808 1o over $18,312. The expected net
revenue fell by about 10% to $174,182, At this level, the probubility that net revenue would
not be sufficient to achieve the target income increased from 19/50 10 32/50. The maximum
negative deviation would be expected to reach $80,000.

Increased risks associated with the development phase of forestry conld limit the area the
farmer planted in trees, An opportunity to harvest the forest crop before the 28 vear maturity
period used in this study would assist in managing the downside risk, Studies on the
reservation price of forestry indicated that the opportunity existed to harvest forest plantation
at any age class when the prevailing price exceeds the reservation price for the age class
(Lohmander, 1985).

— . T — g i R —
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TABLE 4 Changes in the level of risk-and a;\pected net farm revenue when part of the ‘
farm area is temporarily removed from production

Shcep Catle Ratio 70/30; Traditional Breeding Cow Policy; Farm area 651 ha,

Tmmature Forest

Risk Level: Target Income §180,000

Expected Revenue

Crop $
B ,
Mean Neg Max Neg No Neg Deviation
Deviation {S)  Deviaton ($)
0 8,808 68,529 19750 195,325
50 12,996 74,561 27/50 184,757
75 15424 71,576 20/50 17941
S0 18,312 80,592 32150 174,182
Target
Mattre Forest
195 1,829 40,583 350 258,130

{b) 70/30 sheep/Bull Beef ratio

The risks associated with having large areas in immawre forests would be reduced
considerably if the breeding caule component of the livestock was replaced with bull beef
enterprise (Table 5). In this case the warget area of farm that should be planted imto forestry
was 310 ha at the zero (safety first) risk level. At naturity, the expected net revenue would
be $348,884 per farm. For example if 100 ha was temporarily excluded from production the
expected level of downside risk would be $199 mean negative deviation compared to $18,314
if the breeding cow policy was continued (See Table 4). The maximum negative deviation
and probability that net farm would fall below the target income was reduced considerably.

A Target MOTAD Analysis of Forestry Development-on o Pastoral Hill Country Farm
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TABLE § Changes in the level of risk and expecied net farm revenue when part of the

farm ¢

rea is temporality removed from production
Shcep Cattle Ratio 70/30; Bull Beef Policy; Farm arca 651 ha,

Immature Forest Risk Level: Targot Income $180,000 Expecied Revenue
Crop 3
{ha)
Mpan Neg Max Neg No Neg Deviation
Deviation (8) Deviation (5)
0 0 0 0/50 283414
50 0 ] (/50 WB07Y
75 ‘ 21 1,033 1750 260400
100 199 6,302 250 253,715
250 4,198 Sro17 11750 206,741
Target Mawre
Forest
310 (4] 0 0450 8884

A Target MOTAD Analysis of Faresiry Development on a Pastoral Hill Country Farm
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The aim of this papur isto
when strategies are bei ng de p managen
country farms. In part ,Aul'u* fhe p'q er smught ;pmvici&,matiu I
an enterprise within the fami. The results of the stdy indicated that it was risk ¢ff ‘
pastoral farmers to plant Pinus radiata forest on a portion of the farm. A risk taker would
allocate a higher proportion of the farm to forestry.

This paper shows that the risks associated with forestry development on pastoral farms can
be reduced, by improving profitability of the accompanying livestock enterprises. In this
example, replacement of a beef breeding herd with bul! beel reduced downside risk
cunsxdembly,

The downside risk associated with forestry development increases as the area under an
immature forest crop increases. The management or reduction of risk would also email the
‘ impmvemttm of the pmmml system, The ability to barvest the forest crop before the 28 year
matarity period used in this study would assist in the management of downside risk during
the forestry development phase.
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