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PREFPACE

Cne of the research projects of the Agricultural
HBeonomice Research Unit is concerned with assessing the
trofitability of land improvement on various classss of
Tarming country in New Zealande. This is an impertant
guestion since it is insulficient to assess the physical
potential of a farm or of an area withcut considering
whether its development 1s ecouncmically justified - whether,
in fact, the development payse. But it is alsc a difficuls
guestion to answer, not least because of the rather complex
criteria required to msasure prefitability especially for
farm development projects involving long periods of time
Tor completion,

In this paper, Dr Ward is concerned with formulating
a basic criterion of profitability and with setting ocut
the basic metheds of analysis gppropriaite to the appraisal
of farm development projects. ‘

The paper is part of a larger study which Dr Ward
has carried out on the econonmics of land aevelopment'in
the North Island, the results of which will be published
early in 4965, We have decided to publish it separately,
since 1t is perfectly general in nature, bheing concerned
with the basic methods which the Research Unit is adopting
in a series of empirical studies to be the subject of
later publicationse.

Tinecolin College Be P. Philpott
December 496L






INVESTHENT AWATNSIS TFOR FARH IHPROVELENT

- THEE GENERAL ANALYTICAT FRAVIVORK

Introduction

The Agricultural Development Conference has
concentrated attention upon the faet that Hew Zealand's
future growth will depend upoir her ability to sell an
increasing volume of wool, meat, butter and cheese in
overseas markets in order to sustain the rising flow
of imports which are essential to support her developing
secondary industries. The Targets Committee of ths
Conference has estimated that in order to secure a modest
2 per cent growth in resl income per head per annumriﬁ'
will be necessary to expand total exporis from the 2300
million amchieved in 1962/% to £L67 million by 1972/3,
an increase of almost 55 per cent.2 It has also been
eatimated that only £24L million of this can he loocked Tor

outside the pastoral industries so that our traditional

Y rhis paper covers one aspect of work I have been sngaged

on at Lincoln College over the last four yearss I have
benefited not only from specific comments on this paper
but also from general discussion with colleagues working
in the field of production economics: Professor B.P.
Phijipott, Dr J.D. Stewart, Mr E.D. Parkes, lr N.Gs Gow,
Hr G.A.Ge Frengley and Mr A.T.G, MeArthur,

Report of the Targets Committee of the Agricultural
Developnent Conference., '
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sHpOT will have te increase Tfrom £282 million to ZulLS

millione Agsuning that thess additional producis can be

o

seld at 4962/3 prices this will necessitate an increase
of livestock numbers from 80 miliion ‘ewe equivalentst? in
4962 to 414 Yeiwe equivalente® in 1972/3, representing an
aveprags increase, at compound rates, of 3.5 per cent per
ANnUMs Details of the composlitilon of the swe eguivalen
have not bsen mads available Lot it is generally accepted
that the major emphasis will he on expanding numbers of

o

sheep and beel ecatitle with @ gmaller proportionate increase

wnodsiry cattle. Under Tew Zesland conditions such a

pelicy implies thai fThe major emphasis is to be placed on

by
[
s
o
l"\
v..?

ounhry developnentd.

The basis of expansicn

In reviewing the prospects for expanding agricultural
production, two possibilities may be considered. Firstly,
sxtensive development, that is, bringing new areas cf land
inte productlon, and secondly, intensive development, that
ig, increasing cutput from land already farmed by means of
more intensive inputs of capital, in ﬁhe form of fertilisers,
fences, new grasses and labour.  Both prackices have

played a part in increasing asgricultural cutpudl over earlier

deczdes and both are likely %o contribute to future
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Since the Second World Wer much of the extensive
land development has bheen sarrisd out by the Department
af ILands and Survey, primarily for setitlement undsr the
Returned Servicemen's Rehabilitation Scheme. In the
carly postwar years the majoriity of seut¢emﬂnt farus cane
Trom Crown land already under dasvelopment before the war
or from grassed properties purcshased for sedbtlement, Tab

foom 1952 the emphesis changsd and settlement was hased

and the latsr shages of dsveiospmsnt could follow. Owaw
the past ten years the Deparimsnt has broughit intoe sstitlsge
zment between 40,000 and 50,000 acres a year, the bulk of

it in the North Island, partliculizrly ih the districis

s ; 4 .
of Rotorua, Auvckiasnd, Te Euiti and Hawkes Bay. The
enliy davelopment of any signifizant sizge in the Scuih

island has tesn in Southland,

The Department of Tands and Survey has almost one
millicn acres of wnipproved or reverted land undsr various
stages of de velopunent at the pressnt time whiie 1i% has

heen sswimated that a further mililiorn acres could b

ot

off largs ~oprment hy the
ef Lends an \ & cecently besen carvied
ineoln Gallege and ths s s wili bhe
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developed immediately if facilities were évailable and

that an additional one and three guarter million acres,
while of lower priority, could bhe developed in the

:1‘.?13.@:&*6;i Assuming the Department could develop to
settlement 50,000 acres of land a year, what would this
contribute to reaching our target of expanding agricultural
proeduction hy L4 per cent per annum? In the course ¢f
gettienent the better more easlily worked land has generally
been put down to dairy farms and the more difficult

country to sheep farms.. A typical pattern for 50,000

acres might be as follows:-

Acreags Farms Production

10,000 acres at 150
acres per unit - 67 dairy farms - 670,000 lbs b/fat

0,000 acres at 500
acres per unit - 80 sheep farms - 640,000 lbs wool

64,000 lambs
5,600 eattle

The output represents an average level of production
soon after settlement; - the potential level of production
is greater than this. In terms of physical production

these increases represent only a fraction of the annual

1 See Annual Reports of Director-General of Lands and

SUrvey.



inorease in output required; walusd at 1962/3 prices
they amount to approximately £450,000, or 0.15 per cent
of the toial wvalue of agricultural output, which is
roughly one thirtieth ¢f the annval target rate of growth.
Clearly the great bulk of the ine rease in output .wast be
gought by intensifying output on land already settied.

Of New Zealand's total area of 66.4 million acres,

only d.4 miliion acres are under arable production and
178 miilicn acres are olassified as improved pasture,

while 1%.2 millicn scres remain unimproved pasture. Mest

from the imnproved land and fuvvrs expansion will depend
wpor the iantensificeticn of produstion on this land plus
more radical improvement of hilL land 2till wnder tussook
and natlve grasses. Broad geographical areas in which
athention might primerily be concentrated are the hill
countrlry of the North Island and the lower tussock country
of the Scuth Island. Ag a guide to policy 1t is neczegsary
to carry cul research inte development of these classss

of country. This research must conbine a technological
and economic appreachs. It ig Zinsufficient to assess

the physical poterntial of an area without considering alsc
whether i1ts development would be economlcally Jjustified.
The eritical problem that has o be mnswered is "Does

development pays’e



This question, fuﬁdamental though if ig, is not
guite so simple to answer as 3% might appear.  Apart
Lrom therformulation of an appropriate efitafia# fo?
measuring profitebility, with which this paper is
‘primarily cdncerned, it is necesgary to distinguish
the point of view from which ths question is being-aakﬁﬂa
‘Development which may be Judged worthwhile from a natiémal
point of view, in terns of the increcase in output ssecured
in relation te the real resourees employed, may not pay
from the farmer's point of ﬁiaw, due to the divergence of
private costs and benefits from socisl costs and benefits,
If results'indieéte'that_develepment can be we#thﬁhile '
to the nation but does not provide sufficilent inducement
to the individual farmer then further studies Wili be
necessary to expose the impediments ﬁo'pfivate-iﬁ@anﬁive
and to diseover possible means of overcoming them. Hany
possgible impediments have already been suggésﬁed;' the |
disincentive effect of high income tax and high deabh
duties; the shortage of finanée through lack ef eredlt
faciiities; the shorbage of labour; the system of land
ﬁenure, all have their propenents. Bach of thése and
many ether facets will have te be investigated but in the
present paper we are concernsd solely with the guestion of
how ﬁé measure waesther developﬁemt pays from the point of

view of the individual farmer.



In view of the vasgt amount of private improvement
that has taken piace on Hew Zezland's farms in the post-
war pericd it may seem surprising, even astonishing, that
this guestion has to be asked. The answer to i1t is
perhaps sufficiently clear in geperal terms; the increasse
in stock numbers and the rise in total production over the
vyears are a physical manifestation of successful develop-
ment of which the financial counterpart is the striking
improvement 1n the income and czapifal position of the
farmer, But we should not ke too hasty in attribating
all these results to developuent in the sense we are

& of them is due to

w

discussing in this paper - some
techneliogical change, to rising produst prices and, in the
zage of the farmer's capital position, te a sustainedl rise
in land walues which has accompanied the fall in the real
vaiue of the pounde. Thess factsrs would have benefited
many farmers even if they had ecarrisd put no physical
improvement teo thelr properties at all and one of the
difficulties in reviewing past evenis is in determining

exactly what influence waricus factors have played.

The method o analysis

In lgoking for an =soswer to this problem the
economist must chooss the most appro-iate method of

analysis, One peseibility would be 2 cross secbional



study of a group of farms in a given area at different
levels of development; policy recommendation would be
based on the assumption that variations in net income
observed were primarily attributable to different stages
of improvement, Cross sectional analysis of this kind

is however subject to logical problenms. In particular,
the assumption that differences in net income can be
azeribed only te the level of development is usually
impossible o sustain, because of gualitative and gquantit-

tive differences in other causal veriables and inter-

e

o

relationships between them. This paper is therefore
concernaed with a method of analysing a development
programme Lor an individual farm,. Such & programme and
its profitability will be strengly influenced by the
character, Tinancial pesiition, managerial ability and
gven family commitments, cf the individual farmer. This

mpiies that it cannot be assumed that the results obtained

£

for any one farm would necesgarily be repsated on similar
Tarns in the samne area. The method of analysis could
however be applied to other farms taking into account
thelr own individusl Ffeatures.

Within the case study Tramework itself two alter-
native approaches have to be considered. The analysis

mey be historical {ex post) based upon improvenents

already underisken or it may be projecied {ex ante) based



on the anticipated results of a proposed development
Progranme Despite this basice difference the histerical
analysis and the projection analysis have a aumber of
problems in common. For both of them it is essential
that attention should be focussed upon marginal rather
than average relationships and that an objective critsrion
of profitability should be established which incorporates
a satisfacltory way of handling the dimension of time.

Both these pointe are discussed fully in the later section
cutlining a projection analysis, although they are equally
applicable to an historical studye For the moment I wish
te concentrate upon the essential difference between the
two types of study; this lies.in the fact that_an
histecrical study analyses the records of what actvually
happened as the resuli of a developnent programme, whereas
a projection study is necessarily baséd upon estimates as
to what is likely to happen in the future. Both of these
approaches have their advantages snd disadvanitages and

each will be discussed in turne

The historical analysis

The historical analysis can lay claim to beling more
seientific in that it deals with Psctual events rather than
egtimates. Evidence of the past records the true physical

and economic effects that have cceurred when a development



pProgramne has been put into operation. Unexpected zpop
faillures, unaccountable losses of stock, the vagarises of
the weather and the market and the frallty of managenent
are all embedied in historical records. Or rether they
should be. Farm survey worii brings home to the investi-
gator the pauvcity of both financilal and physical recurds
and the fact that the primary purpose in keeping zccounis
is for taxation purposes in general and to minimise
asgessable income in pariticulars Their success in this
respact is freguently at the expense of their usefulness
g8 guides to management decisions.

A pumber of parhticular difficulties arise when the
purpose of historical analysis is teo evaluaie a development
PrOUraline » Firetly, there are accounting problens.

It is extremely difficult to sextract from the usual set

w3

of profit and loss azeounits, even when supplemented with
balance sheets, development expenditure as distincet from
normal annual expenditures Thig 18 particularly true of
items such as fertiliser usage and fencing. in the
ilatter case the taxation progedure under which repalrs and
maintenance to fences is allowable against taxable income
whereas caplital expenditure on fenceg is not, unhapplily
obscures the plicture even furthere

A second difficulty in analysing historical records

is that the financial ones, which are the primary source
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of information, ars subject to the problem that the unit
of account changes with the depreelation in the value of
BONCY e Bxpenditure of £4,000 on fencing ten years ago

is not comparable with an expenditure of the same amount
Hodaye In order to measure the itrue prefitability of
development to the individual farmer it is therefore
necaessary te express cosis and returns in ceonstant real
tErns. One method of doing this is to deflate the tine
Berieg. The most satisfactery approash is to apply
appropriaste indices for costs and products but this in
furn raises further difficulties because changes in cosgts
and product prices are seldom uniform between different
types ol farming, so thalt several indices will be reguired
and, in practice, their suidability and reliability may wvary
with source and construction.

An alternative approach, which in theory is more
satisfactory, is vrecording historical echanges in physical
inputs and output and then valuing these at constant pricese.
Once again however we come up agalinst the paucity of |
physical records as is evident from field surveys even
when individual farmers are subjeet to budget control, as
has been the case wWith Rehabilitation settlers working
under the guidance of the State Advances Corporations It
seems probable that the only really satisfactory way of

seeuwring physical data of this kind is teo record a develop-



ment progranms fully while 15 Ls in operation rathsry than
rely upon Scarching throush mizcellanecus records after
it has been completedsﬂ

Finally., a study of past events, even if accurately
made, caanct necessarily be taken as a guide to the Tuture,
due ta the insildence of changes in technology . narket

gonditions, mansgerial abllity and cther fachbors.

The projectlon snalvsis

An alternative appreach is %o make s projection
analysis baged upon the effcct 1t is anticipatsd a

development programme will have upon a property. This

avoids some of the probisms encountered in an historical

11}

gtudy, in that constant {real) prices mayv be used in the

budgets but it is in turn subject Lo some pariicular

problens, The mzjior one iz thot the probability of the
cuboome of the development belng exachly as planned is very
sliszht, “hie pace of development, bthe physical resudd

of inputs and the relationsghin behbween product prices and

costs are all wnknown subiect o the ungerbalinty impoesed

Hor a recorded study of an lmprovement programme see
P.RR. Barrer aﬂd R.C. Stuart, "Resulis on a Banks
Peninsunla Demonstration Farm®, W.Z. Journal of Agric-
vltare, Voi.101, .3, Sepiember 4960, pp.234-249 and
PR, Barrer and A.G. Dewwell ©Psnks Peninsula
Demonstration Tarn”, N,Z. Jowenal of Agriculiure Vols
108 T3, March 1984 pp.255-261.

:.;,.‘;3
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by elimatic, economic and human factors. Experience with
development budgeting suggests that the main danger lies

is making predictions which are too eptimistie,particularly
with regard to the SPeed,of-dGVBlbpmeﬁﬁg on ﬁhe-other
hand, new secientific and te¢hnolegical advanees mey bring
about revolutionary changes in .production in the fuiturs.
The impact of molybdic superphosphate orn the pumice lands
of the Central North Island and of D.D.T» in eontrolling
grass grub on the light land of the Canterbury Plains
illustrates this pointe.

Events of this kind camnot be foreseen however and
all degisions have to ve made in the present on the basis
of’ the best estimate we can make new of the future. Any
prcposal for improvement of a property must be based on a
plan of some sort, however informally and sketfchily
concelived, It is surely worth taking a little extra
trouble to formuiate it as precisely as possibile, incorpor-
ating the experience of the past as a guide,but basing the
current decision upon what is anticipated in the fubture
rather than what is known to have happened in the paste.

A projection analysis should preceed through_three
stages |

1) Drawing up a rhysical development programme
2) fMransposing this programme inte a Tinancial budget

3) Evaliuating the resultse
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The first stage, outlining development by means of
a series of snnual teehnical Iland utilisation and stocking
programmes has been the traditional appreoach to private
preperty development in New Zealand for many years. I
has been an integral part of the teaching in farm management
at Linceln College and Hassey €ollege and has been widely
practised by advisory efficers and more reecently by Farm

1 Annual pregrammes are drawn

Improvement Club advisers.
up in physical terms of areas of land to be ploughed o
oversown and topdressed, fenéing and water requirements

and the build up of stock numbers. An essential feature
of the budget has been correet phasing to ensure that the
incregse in stoeck numbers is ¢o-erdinated with the
developing feed supply. This approach has proved its
worth teehnieally.in the imprevement of large areas in

this counitry and the accompenying inerease in stock numbers
singe the Second World War.  The expressien ef the
technical progrémme in Tinaneial terms and its eeonomic
evaluation has however been far less satisfactory. This

is not to imply that there has been no finaneial analysis

1 This approsch has received less atitention in the United
Kingdom partly because advisory work has been based more
on inter-farm efficiency standards rgther than the
single farm budgeting approach popular in New Zealand
and partly because the problem of farm development has
net received the same amount of atiention there.
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ef.sueh development programmes; on the contrary published.
repers and advisory work have almost always follewed up

the propeosed technical programme with a financial analysis,
but it is submitted, with full recognition of the socund
techiieal adviee that has been given in these matters,

that the esonomie analysis has been inadequate. In
partieular, it is suggested that the following major peoints
should be taken into account in evaluating the development

budget.

1) Attention must be focussed on marginal rather
than average relationships,

2) Some allowance must be made for the uncertainty
of both the physical outcome of the programme and
the future level of preduct prices and costs.

3) An cbjective criterion of profitability must be
established whieh incorporates a satisfaétary way
of handling the faet that returns and costs are

spread ovér tine.

It is the last two points involving the incidence
' efltime which raise the greatest problems and which have

been most inadequately treated in the past.

1) Marginal relationshivs

The traditional farm management approach has been

to draw up annual budgets for the situation before gnd
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after development and Lo compuite the average rate of

ceburn on Lotsl caplial invested in each sitiation.  This

was the method ol analiysis ussd by mernbers of the
Deparimnent of Agriculture in the study of improving a_'
Banks Peninsula farm at Pave Bay %o which réferenca has :
aliready been mades The asgunpilon implicit.in this
approach is that if the average raﬁé of return qn pats]
Jeveloped stage is sa;isfacﬁcﬁyy {judged in eﬁﬁparison
with rates of return computed for'faPms in & simiiér.state
off development in the same avea), then the deévelopment
was worthwhilis. |
This approach Zs subject to the major c¢riticisih that

it is concerned with averags rather than marginal rslation-

ashipe The critical guesticn that has Lo b5 answered is -~

What iz the profitability of the additional asapiftai

e

invested? ~ not of the totai capital. A simple exampic

may help to nmeks this clesaw, Aszume that the total

2

Investment on a farm is £20,000 and that the farm surpiuvs,
calgulated in the usual way as a resldual, is £2,000,
giving a vebturn on total farm cepital of 10 per cent.

Fow assunme that a development plan is pab into operation.

and that it involves additional eapital investment in land

1 . . . . - .. .
dor an earlier discussion of this point see B.P.Philpott

Ticonomicz Bfficlieney in Agrizsuiture - The Individual and
Fational Viewpoints", Proceedings, N.Z, Institute of
Agricultural Science Vol. 7, 1967,pm.113=122,



improvenent, stock, ebg., ol 5,000 so that the Lotal
invesitment begomes £25,000. Now LT the gnnual Term
surplus after development is =50 this represents an

average raite of return on the total farm investment in
the new situation of 9 per cent, v fh_ch woeuld be thought
of 285 gocd for many classes of properdty in New Zealand,

Ll g

Bat the crucial point to considsr is the marginal

- R - L. i, [ g . - R ko iy L RN | "t £
relatlionshin. The invesument of an additiocnal £5,000
L) oy g iy T s PR " U . S . = £ L B
has resulted in an additiornal mnet ilncome of only £250,

which represents a marginal rate of réturn of only 5 per

pent, lsss than the current Pate of borrcwing. The

oy

former approach suszgesss superficially that the dewvslop-

nent programmne is worthwhile whereas the correct marginal

wesd

aiyeis shows clearly that 14 Zg note These figures

sre sumnerised in Table 4.

nnual Average Marginad
Tarm ratarn Additional return
furpius  on caplial capital on capital
£20,000 £2,000 4 O% -
£25 000 82,250 % £5,000 5%

The examplie shoulid not Lsad to the assumption that
the worgiral return on capital will necegsarily be below

the average return, in fact in cases where the property

il

ig being farmed below ites ophimum intensity the marginadl
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return will be higher than the ovorage return. Thig

- arises beesuse of the heavy initisl fized eostsrig
Tarming; once these major cegts have besn incurred
additional investment can result in disproporiionately
high merginal returns over a phase of development. A
hypothetical example is shown in Table 2, in which the
average rebturn on tosal farm capital is just under 5
per cent, slightly below the current rate of borrowing,
tut the marginal return is 10 per cent, indicsting that

the investment for development is worthwhile.

TABLIE 2

Total Anraual Average Margingl
farn farnm return Additional rveturn
investment surplus on capibtal capital on capital
240,000 £500 5%
£12,000 £700 59 £2,000 10%

2) Uncertainty of the Pubure

Drawing up a development plan necessarily involves
rrojectlons of future eventis which are shrouded in
unsertainty. This affects a farm improvement programme
in two ways as neither the physical outcone of development
nor the price conditions which will be ruling when ths
inercased physical output i1s put onto the market can be
predicted with any degree of certainty. The former is

subject to the influence of weather, discase, pests and
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the ability of managemenit, while the latter is dependent
vpen esonomic forses which lie outside the control not
only »f the farmer himself but, in New Zealand's ecase,
virtually beyond that of the country as a whols.

While it would be foelish t@.ignare the serious
difficulties that uncertainty plages upon any estimaina
of the future profitability ef develephent, it would e
azgually foolish to throw up our hands in despair and
assume that nothing at all can be done be allow for these
Pagtbors in making investument decisions. | Twe bhasie appreaches

may be considered fer both physical and escnomie wariables.

®

2! A single valued estimate may be used; the choice of
a4 gongervative figure willl go some way towards disgounting
fubares uneertalntys In the wase of physiecal produstivity
this estipate shauld be based aﬁ.ape@ialised knowledge of
farming similar properties in the area and of the mnanager-
il ability of the farmer himselfs ‘ In areas whers fthere
‘s litile or no technieal knowledge of the physical
rasponse that may be expected from land improvement, the
dsgres of wncertainty could be reduced by trials designed
to give results of value from the managément as well as

the seientific aspect. With regard 4o estimates of futurs
prizes and coste 2 conservi bive zsbimate based upon recsnt

values and Observed trends may be used. The greater useé



of econometric research may provide a more sclentific

bagis Tor selecting such cstimates.

t) Instesd of basing the development budgets upon
single valuss a wrange of probable physical production
and of product prices., costs and interest rates, may he
used to cover future possibilities The use of ’parsnetric
tudgeting’ produces a series of results which gives soms
indication of the stability of the solutions and their
gensitivity Tto changes in critical wvariables. Decisions
can then be based on estimates of the probable accuracy
of the various assunptions. The amount of time required
to carry out an analysis of this znature with a desk
caloviator is prohibitive hut it may be reduced to s
reglistic level by programming the budgets for a computser.
Simuiaticon procedures may alsso be adaptable Tor this kind

Of analysis,

2) The analysis of profitability over itime

In the simple examples used earli er in this paper
to illusirate the marginal reiturn on capital the method
of calcoulsgtion implied was %o express the additional gross
return from the lnvesitment minus additional operating
costs as a perecentage of the initizl caplital investments
This is the cconventicoel mathod of ow.surensnt widely used

by many asccouatants in general conmered as well as farm
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to measure the capital investment asg the average investment
over the 1ife of Tthe asscet or as ithe replacement cosi
rather than the initial costy 1t will be apparent that
egch concept will give a diffeirent resulbe

Whichever measupre of capital investment is employed
however the traditional rate of roturn approach is unscund
“n that its validiity rests upon three assurpitilons which
are seldon justified in practlice, especially Tor a loag
tern project such as land develiopment. They are as

folliows:

2y That the capital cost of the assct is incurred at

4]

one moment of fime. This may be appropriste in the cas:

]

of a firm purchasing o plece of egulpment on a given dat
butb Lt Is neot covrvect Loy an asset whoss constructicon may
take several ysars; Lt is particularly unsultable Low
Jand developmeni for agriculiturg.

by That the anrnual net return is uniform. If the net
return from investing an sdditicnal £1,000 in a farn
property is £100 in cne year, £200 in another and only
L0 in a thirzd 1% is nct possible to dstermine any

ralevant rate of refurh. Here agaln the assumption of

. N

Fer g ceriticad discussion of this meithod and a review
of alternaiive approaches ges A.S.Carrington "The
Fvaluation of Calial enditare Projects and Return

on Capltal®, Address tu the Univer:ity of Canterbury
1962 Study Conference on 'Financing New Zealand
Business Today?®
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constant annual returns is not itypical for agriculbture
where annusl net returns vary widely dus to fluctustions

eld and in product prices, and to the
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prattbern of development, parsicularly whers large and
indivisible inputs are lnvelved with technieal time lags.

¢) That the income stream continues in perpetvuity. In
the case of short lived sssets the wasting of the capital
invelved invalidates the usual rate of return concept, but
this assumption may be realistic in the case of agriculture
in that glven appropriate mensgement it can be conducted

on a ‘sustained yield' basise

In order Lo find a crilerion of profitability which
is more sultable Tfor handling the difficulties raised by
these points 1t is necessary to consider the time profile
of revenue and costs. In the course of land development
the costs and returns invelved will not relate to the

S

seme time period. Development from scriub or tusscck to
wvell established pasturss covers several years and it may
be several more belore bthe potential carrying capacity of
the newly developsed land has bgen fully achieved and
integrated intc the existing farm business. We are
therefore Taced with the dual problem that the majority
of costs will be incurred some years before the full

bensfit of returns is reaped, while the costs themselves

and the future returns will also be soread out over time.

=



How it is & matter of common observation that a return

of £100 in five years® Htime is not worth as much as a
return of £100 here and now. In economic terms we talk

cf a time preference for the present over the future bul
the philosophical reflicetions behind this need not concern
us hereg we may merely note that if a man recei.ez £100
today he can invest It in one of several ways which will
ensure that it is worth more than £400 in five years® iime.
Jf he invests it in a goveromen® bond yilelding 5 perrmant

sch of the next five years and

L
o

he can draw £5 & year over

that time. This is the

41}
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8t1ll have his £100 at th
soncept of simple intersst, Alfternatively he may reinvest
his interest each year (assuming he san do so at the same
rate of interest) and allow tne sapital and interest to
accunulate over the five yesars when 1t will have reached
a Talue of £927. 10s.! This inbtroduces the conceph of
compound interest which is ths fundamental element reguirsd
for handling investment over time,

The basic relaitionship hebween a single wvalue at

the present time and the fubture value may he represented

Mo allowance hags been made for the depreclation of thsa
value of the pound due te inflation. With an annual
rate of inflation of arcund 2% per cent, £127.10. in
five yesrs would be worth approximately £113 in real
terms, still sigaificantly greater than the origilnal
HE00s



by the formuls

P("Eﬂ"i)n LR {"E

Uz
I§

where
S = future value of the investment
P - present value of the investment
1L - market rate of interest.

n - number cof years over which the investment
is contempiateds

An alternstive way of ecowmpardng a future return with

a present cost is by discounting the former to its present

WOrthe In this case we have to calculate what is the
present sum which would sccumulate to the glven future
value at a cerbalin rate of interest. By simple rearrange-

ment of the first eguation we have

- 2
P..., ﬁdinﬂwm‘“ 2000 @6 (2
and we say that P is the discounted value of 5, while
7 is defined as the present worth factor, Applying

(4+1)T
this conecept to our Lirst exauple we could say thalt a sunm

of 8127e 10s. offered in five years' time has a present
worth of £100 if it is discounted at 5 per cent (i.e. the

market rate of interest is 5 per cent).
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Discounted cash £low

Se¢ far we have considersd the case of ‘single inoub-
single cutpuit’ only. Thisg is useful in praciice when the
compariscon to he made is between a single cost incurrsed
in purchasing an asset in a gilven year with its anticipatsd
realisation price some years later, for example 1. pur-
chasing a block of land for subsequent resals. In the
usuai zase of develcoping a farm however we have to handle
not single values but a stream of anticipated costs and
rehurns. This may be done by using a Hiscounted cash

flow analysis® in which all future costs and returns are

lan

ate of interest, Lo their

disccunted, st thes seslsctad

B

present value, The difference heiween the present value
of returns, V, and the present wlue of ecosts, C, is

Xnown as the present worth f the investment. In general

Torm
R, R, R, Rﬁ (
= L 4 &
e . - . Fazmz P < S
‘\Jr (q - b f}”i“g:... ,{,qh_,‘x:.; %0008 ( oxn e & \3
[t +E ) N LAl (1+%)
. [
G'i 92 Lc':% Un \
and ¢ = + = =+ . :’“%' sevwe °F n & o AR
Chad) {4+1) {Fa13 {4+1i)
wWhepea,
Rﬁsemﬁ -~ anticipated additional returns in years
o : 1 cec I
C,eee,. — anticipated additional costs in years
L B T eee It
i = market rate of interest
n - number of yesys additional costs

N

and returns are anticsipsted

j1)
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The general eritericn of profitability using the
discounted cash flow analysis is that V - ¢ should bhe
positive, This implies that the propossd prograums
could meet all costs at the market rate of interest and
still return a surplus or prefit, the present worth of
which is nmeasured by V - C& An alternative critarion
is provided by measuring the relationship between the
discounted income strean and discounited cost stream in
terms of a ratic, V/C,. The eriterion of profitability
igs that the ratio V/C should be greater than 4. This
‘profitability index' is extensively used in cost/benefit
analysis of irrigation, conservation and river basin
development projects in the United S'ta“a-esg,ii It is
primavily of use for ranking projects and as such is
less appropriate than the ‘present worth' criterion for
assessing a development programme on an individual farm.

The ‘*discounted cash flow'! approach has the advantage
that no compounding is involved so that the number of
calculations is kept to a minimum. On the other hand

it has the defect that as costs ave not compounded forward

it is nolt possible to draw up a capltal profile, which is

1 see 0. Eckstein "Water Resource Development: The Economics
of Project Bvaluation®, Harvard University Press 1961.



8 vibtal congideration in considering how tc finance o

developnent programme. A secondary disadvantage is

that it does not provide an indication cf the Fuituvrs
worth of the improvement, in relaiion o the ccst of

carrying it out,_since-all values are expressed in

discoutntad Lermus, A method of analysis which cvercomss

these difficuities is suggested in the sscond part of
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It has been pcinted oult That the conventlional
method of assesging rate of veturn on capital investienty
ig dinvalid bscause of its inadeguate treatment of the
i

dilmensgion of time bulb that. this particular problem may he

surmounited vy wsing discounited cash Llow snalysis. Thie

Ll
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will mive an answer to the gusstlion 'Is thiz part
developmant programme worthwihile when the borrowing raie
of dinterest is {(say) 6 psr cent?', buit it will not give
an answer to the more general gusestion ‘What is the rate
of weburn yiclded by this perticular progranms?’. The

guegtion therefors arlses a3 to whevher 1t iIs possible

(’ﬂ

to uge compound intersest bechnigues to derive a true rate

e

Vinternal rate of retur' in this way is subject to a
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price of an asseht is not a single payment incurred ati

oneg mement of time but & serdes of costs extending over

i

(1

the davelopment period, we have frowm sguations 3 and by

Gﬂ , 02 C Rﬁ 32 ; Rn

b 0.0 = 1 as o e‘nea(f}

{141) (1+r)2 (raedt (i) (i+f)2 (1+p)"
which may e simplified in the form of the net i.come

Tilow and sel to . zeros

A !

J-_;i ) .@:.2 _ .An L ;-
T 5 # save - I = Q eeast T

{4+r) {i+7) Ay

WSS,
A~ the annual net rvefturn R - C
© - not the market wate of interest, i, {except

as a special case) but the unknown internal

et

rate of reiturn Tor which The equation has o
be soived.

SBoiving eguations of this nature for © is subject
1o ths mathematical difficuliy that they are polynomial
Tunctions with up to as many roots as there are years
in the development programmé; in cther words there nay
be a nunber of 'break even' rates of lanterest rather
than a2 unique one, In practice, the lncidence of
maltipie resl positive solultlons appears to depend upon
the nature of the eguation ami; in particular, the number

of changes of gign in a series sx@prsessed in the form of
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Empirical studies have shown that the

4]

gxpected form for a development programme where a series
of net costs in the early years igs succeeded by a series
of positive returns in Jlater years will yield a singls
real sclution.

An equation of this nature way be sclveda ~Lth the
aid of a desk salcoulator by 2 prosess of successiva
approxination, The prozedure consists of cbtaining
approximate values for » and then interpolating @g obes i
the final @31,1:15;'u'uemdﬁ A more accurate solution may e
obtained, with Jesgs tedious work if a2 number of equations
have te be sclived, by using a ccupulter programns.

Bven where the mathematlical prohlems are overcoms
and a unigue solution is okltalnaed for the initernal rate
of return the guesticon aUill rewaing as to whether 1t has
a significance meaning in pracstilcs. The internal rate
of return applies to negative as well as positive values
in the esguation; this impllies that the farmer borrows at

the same rate of interest as is yielided by the assath.

¥

Obviously this would only oscur as a special case; in a
vear when costg exceed returuns the farmer must Torrow Lo

aover the net cost and he will in faaet borrvow gt The rats

[
@

A different procedure for solving for r is given in
Brockie and Grey "The Marginal Bfficisency of Capital
and Invesiment Programcing’, Eoonomic Journal,
December 1%56,
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THE CGRITERION OF PRGFITABILITY'm DEMAWD PRICE : SUPPLY PRICE

In erder to overcoms these difficulties & madified
form of discounted cash £low? is suggestsd as the mest
appropriate form ¢f analysis For farm lmprovementc progranmes.
This embodies compound interest techniques to determine the
‘supply pri&;eéz and ‘demsnd prize’ of the programms. Ihe
supply price is defined a8 the toital net cost of laplemeuting
the progeamme up to a certain point in time and the demand
pPrice a3 the walus of The improvement at thatﬂ@imeu The
point of time may he faksn as thal year in which the
additional returns from the Improvement Cirst exceed the
additional costs. The former will consist of the value
of additional salies of weold, steck or butterfat off the
property and the latisr of additional inpuis of fertiliser,

Tencing, sitock, labour and other costs,

The supply prics

¥or farm improvement the major benefits will be an

increasse in oubtpui which is concentrated affer the develop-

n

2

ment phese is complets Pput there will also be some changs
in production during the initlal phass. In the first year
or two output may astually fall as the farmer raiains

tock fo build up his numbers, but by the third or fourth

yvear the major pard of this will have n2en acshieved and



he wcan then look to an increase in oubpube. Additionald
reyenis generated during thls earliy phase of deveioonent
npay be introduced iontoe ths analysilis by incorperating it

with zosvss  any £211 in voevenue (due to stocking uap

the early yesrs wWill lncerease the coest of impro
while ingreases In revenus in the latsy years of . 2v2lop-

he w2t cost of ilmprovement. “he mnsi

ment will decreass

of

each year may be compoundad over tha

peried of development to allow for the incidence of tims.

B.= additionsl oo

v o= (%43} = the sompounding faotor

n = runber of years of the improvensnt programes

in eaiculating ths additicnal annuel coshs o the
property swney Lt is essentisl te taks the farmer®s annual

tax positicn ianle socount as, up to stehutory Limids,
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progranne nust be lncorporated into bthe cash
as they represent an integral part of the net cost op
return of dsvelopment to the individual Parmer. The
suprly price, S5, may be Tthought of as the overdra s which

the end of the dsw
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the farmer would incur by
L he financed the lmprovement by bank credit, It may he
compared with the ‘demand price’ cr fubluve valuse of the

inmprovement which we pust now consider,

Lre demand price

P

The demand price, or fulture vaiue of the dsvelspuent,
may be theught of in fsrms of income or capital Lncrsmnsnt;
in both cases we are concorned witn additional rather than

abscluate values and have to envisage the position With and

e DO ERammne , It shouid net prove
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Aifficults to ask farmers 4o consider whether lncome or
capltal iz thelr major slims Many of them invest ouiside
farming and will he aware thot the first guestion & share-
broker asks s olisnt seeking advice on invesitnent is fAre
you looking for income or capital gain?®', and in sone
spects investment in land development is directiy com-

parablie to investment in equity stock.



increase in net incons

Where the majicr considaeration is the incoms effect,
we have first te consider the stresm of additicnal neid
inrcome which mey be antlicipated from the end of the develop-

ment phase l.c. when additional reiurns flrst sxeeed

additicnal costs, 0 the beginning of the year uen the
additional nst income beaomes sitablilized, This may be

expressed as;

P
0

A + 4

et + 4

T2 T SR + An cer

The present worth at ithe beginning of year an+tl of

this ircome strgam maey be obiained hy summing the discounted

value of ecach itemg;

8 R, e m
i [v 5 L o
e SN S o o el = - e poe w.m;r_-i}:T:{:l PR, K » i}
- % SRR T P g e 6‘ oy M-Ti
{1487 (i) C4as) {4

] ) P
E A-;GXJ - » soe %7

n a 3'

where,
A, =R, = (
o d 4
m = year when additional ned income bzcomes shabllized

il o3
K = [*f’;’?ﬂ] , the discounting factor
L e,
i - pmarked rate of intarest.

dditional net income 4oes Dhecone

jux]

How assume that the

L

of the inprovementd

$ed

stabilized {A') when the full poteniia

k.S
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¥ 1 9 1 -~
A.m + Am'-f"ﬁ + Am+2 20006 AP : oo 0 (Jﬁd
wherea,

4 o £ e ¢ o = ? =4 i
Am = Am+@ Am+2 oae Ap A
The presen®t worth of this stream in the year m is given [N

£
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where,
Vﬁ = the additional eapitallzed wvalue at the beginning

af the year m

DoooP = the number of years the uniform inecome flow is
agxpected to continus.

When, as with ntst cases of development,it is antliclpated

that the increase in the annual income @an be maintained

in perpeftulity we have the Liniiting nase of the traditional

valuation formuls g

?
Vm = "“-Ll'“" eo s (Jk;i-
since |1 - S =~ tends to 4 as p appreoaches infiniiy.
(1433270

By discounting the capitaiized wvalue given in
geguation 414 we can determine its pressent value at the

beginning of the year n+d:

Vo = it cee (43
LT

which may be expressed in the earlier notation as
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Adding this wvalue to the discounted value of the
non-uniforn income flow over the coansclidation period
we can determins the demand price, D, of the improvement

at the beginning of year n+l;

m
=L Hl'“r -
Dg,z Aao.‘&g '§'AB * RN ("if

By using the concepis developed in this seaction 1%
is possible to assess the profitabliliity of a farm improve-
ment pProgramme,. Where income is the major considerstion,
the develocpment programme Will te worthwhile if the demand
price {(the capitalized wvaliue of the anticipated increase
“raﬁma?nﬂ;m@m1} gm&%rtmm*mesqmﬁypﬂﬂe(ﬂw
sompounded cost of the programme}. In terms of the

previous egquaticns the ilmprovement programme will be

worthwhile where g

o =t ; M=% e : Tiwe
23 ALemd™h 4 Av.x ) (C.-R,)ay™d see (18
jemaq 9 5= S T

The present worth, FW, of the invesiment programme
at the time when the initial dseisisu whether to put the
programme into operatiocn has 3¢ be taken, will be the
discounted value of the difference hetween the demand and

supply pricesg

L
Piy= E Aaezguﬂ“ﬁ'Aﬁ axm ‘ eoo(‘gg
J=net 1
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An alternative way of viewing the prefitabilidty of

mer which iz terned
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his eguity. This wiil be a2d ir a number of ways by

the programme; the value of the property itself viil

increase with lmprovement, siock mumbers will rise and
there may aiso be a change in plant and eguipment. in

addition, the programme will siffect the farmer’s financiszl
position with regard o liguid capital and degree of
indebiednsss. In evaluating the progranmns it is neaéssary
te EaEa all suech charngss into accounts

The aflfert of the programns upon the capltal value
of the property should bhe assessged in terms of the likely
market walioe wilth and wiithout the dsvelicpmant, lgnoring the

possibllity of any general change in land wvalues due to

infiation. This asgesapent of adilticnsl valus should he
based wheraver possible on comparatbtive market sales i.2.

what a developed farm of this type would e likely to fetch

in compaxrison with an undseveloped farm of simlilar type in
the sams arsa. This reliancs upon markset yvalues conitrasis

with the iancome capitalizatior method suggested in the

previocus section where the critical guestion ls not the

enhanced capital value of the property and stoek buit the

o o o 4,

additional income L% will z»otvrn to Lho present ownsr as
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a going concsrie The two approaches will not normally
give the sanc result because open market valuss placed cn

P

developed properities in many parts of

How Zealand do not
generally relflect the additionai earning power of the
develcopnente The ressons Tor this are not entirely clear
but three major possibilities may be considered. In the
first place, & developed property éomman&s a higher shsolute
price and therefore it is more gifficult %o finance iis
purchase; secondly, in the opinion of experdenced valuers,
any additional wvalue created in th@ property will always
be 1ess‘than the cost of the improvements hecause the
purchaser could make such improvements himself if he wished
to do so: and finally it may be surmised that the rveturn
cn developing a property, parﬁicularly'when this can bhe
financed ocut of taxable income, is though% to be greater
than the reburn on a developed farie

Changes in the stock and plant on the properiy,
attributable to the programme, should be assessed on the
basis of market prices and not book walues used Tor
taxaticn purposes, which do not refleet the true change
in the capital values of these Lltens. -?inally, changes
in the degree of indebtedness of the farmer must be
agsessed: this should take into aeccount any change in
long term debt l.e. new moriLgage cammitmants or alteration

in @xisfing ones, as well as changcsz in the current position
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ie8. bank overdraft cr surplus, sicock and station acecount
etc,
Uhere appreciation in the eguity pesition of {he

property cwned 1s the major consideraiion the criteprion

of profitability becomes

™

v s — Ty .
Rt ,> T {CL =Rl ey Y ces (20

o T |

E' - change in Farmer's equity positicn attributable
to the improvenent programns.
The present worth of the improvement progranne

will now take the formn:

L . . n=3 n
EE = 20 “Ra}sey J x > e {:21

5=t
In practice, it seems Likely thad farmers will

not be concorned sclcly with elther additional income or

ApoIrealLa ‘

Lon in tholr eguity poeition but will consider a

Fad

-

daevelopument prosramme with both elements in minde One
case which may be considered for snalysis introducss anti-

cipated income and caplital change in & specific manner,

1o Bz oana . -
Recent Tield experilence amongst a group of farmers

interssted in development in the Cheviot area of Norih

Canterbury indicates that the relative importancs atiached
to these two considerations wvaried with the age, filnancial
position, fanily commitments and temperament of individual
farmers. 4 report on proposed farm develcepment programmes

in this area is to be published shoritliy by Lincoln Cellegee
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A man may contemplate farming his property for a given
number of years after introducing a developmsenl programme
and then settling for retirvement. For example, a man of
thirty five may think of a five year development programme
followed by ten years? farming at a higher income and

1

retirement at fiftys’  In this case the criterior may

be expressed in the Torm;

: — no et . .
ﬁ A;,-»‘JXJ n + B ?-'_é".}ip E> g (C ""'R;if) ,a';]fm J aae 5\22
S-&'—-n"fr“)ﬂ &} jo) 3 = d o
The present worth of the improvament programme

then takes the Tormy

B d=n “T <z nﬂvq n

‘ ALgx: - + E ?"'a X,p [ e Ci=R. iy ¢ X s e {:23
§§;+1 J P _ ?gz( J 3) Y J

where p is the numbey of years the farmer contemplates
farming after development and before selling the property.
It is anly in this particuliar case that income and
capltal consideraticons can bé evaluated together. Whersa
a farmer's planning horizon is indefinite so that he does
not contemplate selling the property, because he intends o
go on farming it himself or hand it on to his son, the
income approach shouid be applied. To include both

together, except in the case illustrated by egquation above,

i Sueh a time horizon is by no means untypleal in New
Zealand although it may apear strange in many overseas
countriss.e
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woulid be to become involved in double counting, because
the farmer may only continue to enjoy the increased income
from the property (together with the initial income) as
lcng as he does not sell ity while on the other hand he
can only secure the improvement in his eguity position if

he does sell,

o cGce s s

A note on the rate of interest

In this paper it has been suggested that the rate
of interest used for compounding and discounting streans
of cosis cor returns should be the market rate. In tackling
empirical prcblems we are however faced with the question
"Which market rate$®, since there is no single rate of
interest but a structure of rates.

With regard to compounding costs the answer is fairly
straightforward in that the individual farmer will incur
interest at the borrowing rate in the mariet when he draws
on bapk overdraft or credit facilities of his stock firm
in order to finance his improvement progranme, Where he
finances the development, in part or wholie, out of his owan
income, as is frequently the case, he should charge the
opportunity cest of his own capital, that is the refurn it

would yield him in aliternative investmonte. For reasons
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which &re discussed below, it 1s suggested that the rate

of interest charged on his own funds 'lent! to the devslopment
programnmne shouid be the ssme as that GﬂmeCd by the trading
banks 1f they were financing the programme; that is, we
should regard the farmer as an individual lending to the

farm business at the market rate of borrowling.

In discounting a future stream of lncoemes and, in
particular, in capitalizing a uniform net income in
perpetuity the raite of interest used has o pronounced effect
upon the demand price of the impf@vem@nt; An additional
net income siream of £500 a3 year,expecied o begin in five
vears' hime s has a future vaLue, at the beginning of the
Fifth year, of £8,333, and a present worth of £06,600 when
diseounting at & per Gent, I7 a rete of 3 per cent is
used the future value bescomes £45,666 and ithe pfeséﬂt worth
L1, 800,

in valustion for statutory purposes it is custeonary
to base the discount rate on the yleld on government stock,
cr The moritgsge rate on real properitys The experience of
twenty five years of inflation indicates nowever that
investment in fairm property is regarded by the market as mors
akin to an sguity than a fixed intecrest investmeni. This
suggests that the average yield on ordinary stock, which
reflects the capital appreciation of eguities during

intlation, would be a more asppropriaie rate To VS8,



Theoretically, the rate of discount used for
evaluating the profitabiliity of an individual farm improves
ment plan should bhe subjective rather than an objective
Oone. More precisely, it should be the minimum rate of
return the Tarmecr is prepared to accept on his investment
taking into account his own position with regard vo capital,
liguidity, taxation, alternative investment opportunities
and also his personsl motives in wishing to develop the
propertye

The last two points suggest that the rate of interess
used in discounting Tuture returns would be considerably
lewer than that used in compounding costs of developmente
This weuld have the effect of enhancing the demand price
of an imprevement programme in comparison with the supply
price. &= In effect we would be wreiting the anticipated
incidense cof inflation on property vaiues and the personadl
inclinetion of an owner for improvement into our ansiysis.
This may be the correct Tthing to do bub I believe that it
would ineur the danger of double counting. If a farmer
is teld that an investment would be worthwhile on an
geonomic basls, he 1s likely to make some subjective
aliowance for personal preferences, and also possibly for
the prospecis of future appreciation in land valiues, It
may thereforse be better in practice Lo use the same rate

of interest, namely the marzet rate of berrowing, for
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discounting future reburns and for compounding costs.
The error iavolved would be on the side of conservatism,
which is a desirable feature in a programme of land
improvement which is subjeet to a2 considerable element

of prisk.
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