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PR :G: F A CE 
~ -- -..-..Ult-- ----=--• _._ .... .,,, 

This Discussion Paper is a imed at. making Anthony 

Chisholm's Master's thesis more widely available than 

would otherwise be possible . The thesis is reproduced 

as originally presented, except for the transfer of a 

technical description of the sand country soils from 

the main text to Appendix XII. 

The explicit findinc;s of Chisholm's study (summarized 

in Chapter VII) are that approximately 39,000 acres of the 

poorest sand country soil types should be developed for 

forestry rather than sheep f a.r m:i.11.3. .l\ t present only 

15,000 acres of this land has been allocated to forestry. 

The author has calculated t hat the development of the 

remaining 24,000 acres into forests would yield revenue 

with a present value £400,000 greater than that to be 

attained by continuing it s development for fanning, 

The land use recommendations made by Chisholm are 

tabulated in this preface. Nl ore importB.1"1.t, in my view, 

than the explicit reconmiendations, is the example which 

this study provides of the objective evaluation of the 

profitability of alternative land uses. The expected 

yields, development costs, and returns from both forestcy 

and farming have been carefully laid out, and the present 

value of land used for farming and forestry has then been 

calculated. 

Three types of objection can be raised in connection 

with this study, These are '. 

( i) '.Dle Wro::ig ~~hnic al ~ )?rise Assllll!Pli<?.~.J'•ia,y 
Have Been Used 

This is undoubtedly a valid objection} t hough as the reader 

will be able to see, Chisholm ha s been at great pains to 

collect as much pertinent information e, s possible before 

ma.king his assumptions a s to ~~ice s , yields and the lilce. 

The really important )_)Oint , however, is that the study 

provides a framework into ·wh i ch other assumptions may 

readily be fitted. It is quite possible for the protagonists 
of agricultural development to claim that, say, fencing and 
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initial cultivation costs have been over estimated. If 

they can show how land could be satisfactorily developed 

with a lower expenditure, then the increased present value 

of agricultural development can be easily calculated. }3'rom 

one point of view t he study shows "what sheep fa;:ming has 

to be able to achie ve to be able to compete with forestry, n 

and from the other point of view, "how far the stumpage 

value could decline before forestry ceased to be the most 

profitable development ." 

The important po int is that the study states explicitly 

what forestry and farming a re expected to achieve in the way 

of costs and yields, and hence converts any " emotional11 

arguments about l and use into technical arguments about what 

can and c annot be expecte d. from different uses. 

(ii) The Analym Ig}lores Effects_ o~the :Jalance 
£L Payme11ts 

Some feel that ac count should i1ave been taken of the effect 

on New Zealand's balance of ;)ayrnents , There are two 

difficulties here, :f'irstly, it would have been necessary 

to trace out, fairly exactly, the inputs and outputs from 

all enterprises to see whether they came from or were 

destined to go overseas. Worse still, the result of not 

growing trees, .or the alternative use of labour and 

capital freed from the processing of forest products would 

have had to be considered. This would have been a vast 

task. Secondly, even if we knew that, say, fanning would 

result in £1M more of expoi~ts each year, what allowance 

should have been made for thi~? So f a r as I am aware, 

there is no official estimate of the value of earning 

an extra£ of foreign exchange. Hence we would not know 

whether to allow 20/- , 25/- or 30/- for each extra pound 

sterling earned. It may be a r g ued that it is not until 

the value of extra overseas exchange is decided that we 

can usefully replace the official exchange rate in the 

calculations illustra ted in t h is Discussion Paper. 
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( iii) The Ana;!,y_sis .,:3,_-~_s_.;;~~-!_he F~~~. Gate" 

Some believe that ac count snould be taken of the use which 

is made of the agricultural or forest products before final 

sale. This argument really reduces to accepting the pro­

jected market prices ass umed in the study but then arguing 

that, say, 1'forest products a re really worth more than their 

market price, because of the v alue added in processing. 11 

Just as for the previous objection on the value of overseas 

exchange, this 11 processin,s '; objection would require a 

separate study to see whether processing was exceptionally 

profitable, and an estimate of the 1':c'eal value" of forest 

products would ba ve to be provided before an allowance 

could have been made in this st udy, In economists' terms, 

this argument r elie s on farm or forest processing industries 

earning more than their transfer earnings, or on some 

element of monopoly profits in these &ct ivities. To 

establish this would be a major undertaking. 

The origina l thesis expl~ined Chisholm's reasons for 

tackling the study in the way he did. Despite the 

criticisms which have b een made of certa in aspects of the 

study, no attempt has been made to add to the original 

arguments in the thesis. This is i) ecause such ar.guments 

would further lengthen the discuss i on paper and , however 

convincing the a r guments appea 1°ed to their a uthor, they 

would undoubtedly be felt to be unsatisfactory by at least 

some readers. 

I hope that most readers Hill agree that this thesis 

gives us a much better picture of the relative profit~ 

ability of farming and forestry development of the poorer 

classes of sand country than was ava ilable previously. 

It illustrates a factual fra me,wrk within which arguments 

about land use can be discussed objectively. 

At the same time , it i s certainly true that if 

Chisholm had had more ·chan eig hteen months to conduct 

the study, and if the terms of reference had been 

Viidened, still more useful and pertinent information 

could have been presented. 
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EXISTING- MID RECOI-M.IBND:CD LAND USE ON THE POORIB SAND COUNTRY 

Younger Dune Complex: 
- r~·-Protective 1 S 1 1 Preparation Sheep- ~ j Undeveloped • 

Tenure l Coastal arge ca e ; f Da iry 
Dc~f ~~ ! and exten-

Total l 
F t . or . li'arms Area j Strip ores j -., t , 

1 l· or es ry , li'arming ~ 1 sive grazing 
-i 

Crown j 5,000 I 4,400 I 8,000 I I 
3,218 l I 

3,000 

I 
23 ,618 

! 
- -

! I l Private 1,500 1,000 j 800 2,661 512 - 13,909 20 ,382 

Total ! 6 500 
(Actual) l ' 

Total --t--;;~00 I 29,000 
j (Recommended) J _ _ _ ' _ ! 
lflimatang i - Foxton Land 

~ Total ·-·--·-1-- ·--~-
(Actual) j 

~ 

I 

j 8 ,800 : 2 ,661 I 3,730 i - I 16,909 I 44,000~ 

~ - ~ - j -1---- t +-----' - I 44,000 i 

t~--~-.. ••r:. _J , I ; I , l 
~-700-1 15,000) }~~~0-L__ _ J 30~~00• 

l 10,500 I - J~~~o l J 30,000 

5 ,l~OO 

I Tota l I 
(Rec ornrnended) l 

Source: Tables 4. 1 and 4. 2 and Chapter VII. 
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INTRODUCTION 

This study i s an attempt to evaluate the relative profit­

ability of agriculture, large scale forestry and farm forestry, 

on the lower producing soil classes of the Ilianawatu-Rangitikei 

sand country. 

The study has been cotivated by three related considerations: 

(a) There has recently been a considerable intensification 

of competition for the use of the sand country as both forestry 

and agriculture attempt to expand. 

(b) The competition for land between these uses is not, 

in general, resolved through a perfect pricing mechanism. 

(c) The author was interested in economic models appropriate 

for the analysis of long term investment problemfr. 

In the absence of an impartial economic analysis, the 

allocation of land between fanning and forestry has neces3arily 

been a matter of rule of thumb and common sense negotiations. 

It is hoped that this procedure can be improved upon. 

In this study an endeavour is made to select and apply a 

suitable economic model to the above problem. 
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CHAPI'ER I 

BACKGROUND 

This chnpter provides a background to the changing national 

and regional balance between forestry and agriculture, In par-

ticular, it outlines the pre sent and estimated future balance in 

the southern portion of the North Isl€1.nd, This is followed by 

a guiooto the contents and problems enco untered in the study. 

1.1 The National Balance Be-t;ween Forestry ?-nd Agriculture 

An abundant suppJ.y of high quality timber was available 

during New Ze aland's early development. Exotic forests were 

established only on l and which had been assessed as incapable 

of supporting agriculture. 
... 

This position i s changing, and an 

increasing proportion of future timber supplies are likely to 

have to be met from exotic f orests grown on l and which is at least 

marginally suitable for agriculture. As a consequence the 

allocation of land has ceased to be the simple technical problem 

of allocating to forestry only the l and unsuited to farming, and 

ha s become an economic problem of allocat ing land between compet:i.rg 

uses. This change has been contributed to by t wo factors : 

(a) The agricultural t rend over the last decade has been 

one of falling prices, rising costs and increasing difficulty 

in finding profitable markets. This downward trend has recently 

levelled off, There is, however, no substantial evidence of a 

general long term upwar d price trend for agricultural products. 

In addition, future development of land for f a rms will tend to 

occur on less fertil e land. 

Despite the substantial increas e in agricultural efficiency 

during t he last decade, there is now an increasing public aware­

ness that agricultut'e should not be ::.~egarded ~ :e,riori as the 

----------~---~-,-~--------~--------
:;; For example, the esta1Jlishment of extensive exotic forests on 
the Centra l North Island pumice country before the cause of 
"bush-sickness" was known. 
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most profitable l and use. 

(b) The decline in the "economic; ' value of land for 

agriculture has coincided with an increased imputed value to 

land from fore s try. ,;, This change has been caused by the con-

tinuous depletion of our capital reserve of indigenous timber, 

together with the utilization of extensive areas of exotic 

forest by pulp and paper mills . 

Studies based on esti mat ed population expansion and likely 

trends in Eer Cc!J)ita cons~mption of f orest products, forecast 

the need to double the present area of exotic f ores t by the 

ye ar 2000 A, Do (4, 2,3,4,5) . 
It has been shown that there has been a change in the 

supply and demand for forestry and agricultural products. 

Following this change, a vroposal has been made to expand the 

area of exotic fore st by one milli on acres , This has the 

effect of extending the area v1ithin which farming and forestry 

compete for land. Land is not the only factor to be con­

sidered. Capit a l and labour have to be combined with the 

land to produce either product. 

In short, the change i n land alloc at~_on from a simple 

technic al problem to an economic problem, indicates the need 

for an economic analysis to determine the r el ative profit­

ability of forestry and agricultu~e, 

1.2 The Domestic Forestry_ ?olli.,y 

The broad domestic poli cy governi ng future forest 

establishment in New Z.caJ.ancl :i.s one of regiona2. self­

sufficiency (6). This policy i s, in part, due to the 

relatively high transport costs for a bul ky~ low unit value 

* The present supply and demand s i tmti on fo r forest products 
is misleading with respec t to probable future trends. This 
situation arises because of: the tempo r ary oversupply of timber 
in the Rotorua ConJe rvancy, r esulting from the peak maturation 
of the extens ive ·1925 -35 J:'lantings . 
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commodity such as timbero ::, 

Because of economios of scale the present forest policy 

advocates the establishment of a small number of large pulp 

and paper mills. The proposed expansion in forestry is aimed 

to meet a relatively limited regional market~ with the exception 

of areas where the establishment of pulp and paper mills or an 

export trade are envisaged. At pre sent pulp and paper mills, or 

an export trade, are expected to be sited at Rotorua, South Otago 

and probably Nelson, A planting program.rue should incorporate a 

detailed assessment of the present and estimated future regional 

demand for timber. The intra-region market analysis for forest 

produce, which is s ufficient in the light of the present policy 

of self-sufficiency is in contrast to a major exporting industry, 

such as the agricultural industry, where general world trends 

need to be borne in mind. 

1.3 The Balance Betwee~ Forestry and Agriculture in the 

Southern ~rtion of the ~9rth Island 

This study is concerned with the possibility of economically 

expanding exotic forestry on the l\ianawatu-Rangi tikei sand country. 

This area is situated within the l'lanawatu-Wanganui region which 

is a part of the ·wellington Fores t ry Conservancy. A projected 

timber supply-demand balance for the regions within this Conser­

vancy is available (6). This forecast is based on estimates of 

population expans ion and likely trends in per capita timber con-

sumption. The additiona l area of exotic forest, needed to 

fulfil the predicted regional demand within the Conservancy, is 

shown in Table 1.1. Of the 25,000 acres deficiency anticipated 

in 1:he Manawatu-Wanganui region, approximately 15,000 acres is 

at present held for future exotic plantings . 

•'• ... 

This area, together 

In some ins~ance s the cost of t r ansporting timber from a 
surplus region to a deficit region i s equivalent to the stumpage 
value being received within the deficit region. For example, 
the present flow of timber fr om Rotorua to t he l';ianawatu. The 
present transport cost is approxbnately £ 350 per acre of sawn 
timber. The reason for the present f low of timber between these 
regions is due to the temporary oversupply of timber in the 
Rotorua Conservancy, and the consequent nominal stumpage values 
prevailing. 



Region 

Taranaki 

Manawa tu-
\fanganui 

Vlellington 

Vfairarapa 

Lr"\ Hawkes Bay 

Conservancy 
'l'otal 

TABLE 1.1 

Projected Demand-Suppl_y Dalance for Timber in the Wellington Conservancy* 

Requirements for I::quivalent Area 
Estimated Net Present Area Available in Year 2025 Exotic Forest Exotic Forest 

Forest Area Acres 
Local or Imported 

Deficiency Indigenous Timber Acres 
Acres .Acres 

-

41,000 17,000 4 , 000 20,000 

6-1 ,ooo 30,000 6,000 25 ,ooo 

102,000 1 ,ooo 11 ,ooo 90,000 

10,000 9,000 - 1,000 
i 

54,000 20,000 5 ,000 29,000 

268 ,000 77,000 26 , 000 165,000 

··· The source of Table 1,1 is Grainger (1960), (6). 

J.fore detailed data is at present being assembled in a l{ew ,~eal and exotic forest 
survey, conducted by the New Zeal and Forest Service but was not available at the 
time of this study. Indications are, however, that with the exception of some 
minor a lterations, the broad trends will be as shovm in the above table . 
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with the probable expansion in f ar m forestry as a result of 

recent incentives, should satisfy the i'Jianawatu-Wanganui regional 

demand. Hawkes Bay and Wair arapa will also be self-sufficient. 

Taranaki on the other hand, has a negligible area of land on 

which it is likely that forestry could compete with agriculture, 

Taranaki will therefore be a timber importing region. The 

Wellington region with a.n estimated 90,000 acre forest deficit 

provides a substantial future timber market. To the author's 

knowledge the only feasible ~rea for exotic forestry within the 

We1lington region, i s a block of 1narginal undeveloped land in 

the Hutt district . Even with regard to this area there is 

controversy, since the very low soil fertility and high establish­

ment and extraction costs would probably not be offset by the 

lower transport costs .* 

'.I'he regions expected to supply the Wel lington market are 

the Wairarapa and I,lanawatu-Wanganui. Allowing for a sector 

of the Wellington and Taranaki market, the :Manawatu-Wanganui 

region could. reasonably ant icipate a future profitable market 

for 50,000 acres of exotic forest. This is in addition to the 

existing exotic forest s , and the 15,000 acres at present allo­

cated to future exotic afforestat ion. 

1.4 Competition Between l<,orestry and Agriculture on the Sand 

Country 

Following discussion with members of the Forest Service, the 

Manawatu-Rangitikei sand country was chosen for this study. The 

area appeared likely to be rela t ively profitable for forestry 

because: 

(a) Substantial areas are marginal agricul"';ural land, 

whilst being capablo of suppor ting reasonable tree growth. 

(b) The a rea i s in a timber deficit region, well situated 

to supply the Wellington market , 

•~ It is significant and characteristic of land use decisions that 
there should be "controversy" over such considerations. This 
controversy should be overcome by an analysis of the type used in 
the present study. 
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(c) Costs of establishment, logg ing and transport are 

relatively low. 

( d) In many i nstances the r ange and combination of moist 

and dry soil types, characteristic of sand country, suggests a 

strong possibility of a complementary relationship between agri­

culture and farm forestry. 

1 ,4. 1 T.he Problem Defined i n Detail 

At this stage a detailed specificat ion of the problem 

can be made . The overall problem of evaluating the relative 

profitability of agriculture and f orestry on the Manawatu-llangitikei 

sand country may be divided into the series of sub-problems 

specified below • 

.f::., V!hat is the r el ative profitability of developing the 

selected classes for: 

( a ) Dairy f arming , 

(b) Sheep f armi ng . 

(c) Large scal e forestry. 

(d) Dairy farming or sheep fanning combined with farm 

forestry. 

( e) Run-off properties? '~ 

B Could developed or partially developed l and at present 

in one of t he above l and uses be mor e profitably converted to an 

alternative l and use? The potent i a l alternative land uses being 

as outlined in sect i on A. 

In this study t he above analysis i s carried out for t wo major 

soil clas ses on the sand country. 

1 . 4. 2 ~ces of Data 

The followi ng have pr ovided. the major sources of data 

used in t his study: 

,:, The information derived from the solut ion to the problems out­
lined in section A, is assumed to include whether the development 
of these soil clas ses for any of the specified l and uses is 
economic. 



fl. Forestl:,.Y 

') u 

(a) A survey of 7 exotic sand country forests.i 3 of 

which had an associated saw mill . 

(b) The New Zealand Forest Service, Wellington 

Conservancy. 

.£• 

a survey 

Clubs. 

1.4.3 

(c) New Zealand 2orest Products Ltd. 

(d) Sand country farm forests. 

Ag ric u],. t ure 

(a) The collection of physical and financial data from 

of 16 sand country: f arms. 

( b) The Valuation Department, 

(c) 1rhe Lands 211d. Survey Depai~tment , 

( d) The Department of i'\g ric ulture and Fann Improvement 

Jhe Place of Protective Forestry in this Stusy 

In a study of forestry on t he sand country it is necess­

ary to distinguish between protective and commercial forestry. 

Because of the encroachment of ·nind-blown sand on to productive 

soils, it is necessary to establish a protective belt of sand-

binding plants, shrubs and trees along the coast. This protect-

ive belt of forest, ·.,hich it is anticipated will be one quarter of 

a mile wide, v;ill ultimately border the 40 mile coast and comprise 

6,500 acres of protective forest. 

The function of the protective belt is to stabilize drifting 

sand and to provide a windbreak to assist production inland. No 

data are available which would permit the beneficial effect of the 

protective belt to be quant ified. The protective belt is necess-

ary, however, regardless of the land use ir;,land. Hence for the 

purposes of this s tudy there is assumed to be an equivalent bene­

ficial effect from the protective belt for both forestry and 

agriculture. The cost of establishing and Qaintaining the pro-

tective belt is t herefore exc luded in t hisstudy. The implicit 

assumption of all sand country experts> that it is better to 

stabilize the sand than allo·,, it to blow inland has been accepted. 



9 -

1.5 ~de to the Thes~ 

This section presents a guide to the contents of the thesis 

and the problems encoW1tered. 

1. 5 .1 Development of the Thesis 

The thesis may be broadly divided into 4 main sections: 

(a) The formulation and discussion of a suitable 

economic model to determine the relative profitability of alter-

native long tenn investments. 

(b) A description of the natural conditions and current 

land use of the ifanawatu-Rangitikoi snnd country. In particular, 

reference is made to the formulation of a suitable soil classif-

ication. The sources of data and survey methods used for 

acquiring physical and financial input-output data for forestry 

and agriculture are discLl3sed. 

(c) The application of the selected economic model to 

determine the relative profitability of agriculture and forestry 

on two soil classes . 

(d) A presentation of the results of this study. 

Finally the usefulness of the selected method, both in terms of 

absolute accuracy and in terms of present alternative methods of 

decision making for long term investments, is discussed. 

1,5.2 Outline of Problems Encountered in the Study 

To the author's knowl edge, apart from a comprehensive 

soil survey (35) no survey r esults for agriculture or forestry, 

applicable to this study, were available. Hence a considerable 

portion of the author's time has been spent on field work and 

data collection. This has included a detailed land use study 

of the sand count!"J, and the collection of sufficient data for 

an economic analysis of forestry and ag riculture. 

The main problems encoW1tered in the collection and assembly 

of data were: 

(a) Due to a very variable soil pattern the land use of 

the sand country is diverse and complex. 'i'his increases the 

quantity of data needed and a l so narrows the scope of application 

of any one set of results, as compared to an area of uniform soil. 
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(b) In many instances there we:.ne few r ecords and 

often the usefulnes s of the records available wa s limited. 

There were two reas ons for this : 

( i) Records in the form of farm o,n forestry 

accounts are normally prepar ed for purposes of taxation or 

audit. For this reason there i s usually a substantial 

difference between the "real" c osts of f a rm and forestry 

production and the costs shown i n accounts . For example, 

the division of capita l and ma int enance expendi t ure. 

(ii) Even when data that accurately reflect past 

produc tion patterns are available, t hese ce.n of-cen only be 

used as a guide to the future. Thi s i8 b ec~use technological 

change has sine e taken place, but tho lon,:s term effects of 

this new technique can only be subjectively p,~edicted. For 

example, pr-esent forestry output data a r e based on unt ended 

forests . These data have to be s ub sJcantiall y adjus ted to 

be representa tive of the expected poTlormanc c of forests 

receiving intensive silvicultura. 

Additional problems of speculation, price control, 

imperfect markets ~ sustained y ield vors us i QT.cdiat e planting 

and the effects of non-economic fact ors o~ decis jon making, 

are discussed as they arise. 
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CHAPTER II 

AN ECONOiviIC HODEL FOR LONG TERM 

INVES Tl1.J:::NTS 

In this chapter considerations influencing the selection 

of a model f or long term investment decisions are discussed. 

Following this, t wo models ar e introduced. One model is then 

selected and described i n det~il , The shortc omings of the 

alternative model are di scussed. In the main, this chapter is 

a discussion and summary of the ideas pr esented in references 

(7-24 inclusive) whic h should be consulted for further detail . 

2.1 Necessa!Y Consider2:,.tions .-'...h~n Sel_ecting an Econ~ic Ho del 

These a r e divided i nto the importance of non-economic factor~ 

in decision maki ng and the import ance of "time" in long term 

investments. 

2. 1. 1 Jmportance of Non-Economic Factors in Decision Making 

The extent to whi ch economic factors sho uld determine 

the allocation of r esources is a contentious issue. There is a 

need, however, for an economic model, accept able to policy makers, 

which could be used to determine tho social benefit of alternative 

long term enterprises. The economic model could serve as an 

objective basis upon which the more subjective social and political 

c ons iderat ions may be superimposed. For example, the aims of 

maintaining full empl oyment, non-aggregation of land ownership, 

or alleviation of a small are a of poverty, could then be assessed 

in terms of their economic cost. In the absence of such a model, 

national economic c onsiderations are likely to be subor.dinated to 

local and political i nterests , and decisions will be made which 

do not r ati onally consider the cls.ims of alternative projects. 

It is t herefore important to know hov, resources would be allocated 

on economic grounds alone. This permits the cost and wisdom of 

supporting non-economic aims to be evaluated. 

On the ot her hand, t lv:: re may be a danger that a numerical 

but incomplete economic analys i s suggests a misleadingly accurate 
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solution to the problem. It should always be remembered that 

the original problem will often have been simplified in order 

that a numeric al economic analysis can be made . In these situ­

ations the economic or cash analysis represents the first 

approximation of the real profitability of alternative investments. 

In the final analysis, any less tangible benefits and costs not 

accounted for in the original numerica l model must also be con­

sidered. 

2. 2 The Significance of "Time" in Long Term Investment Decipions 

Land economics is concerned with the optimum allocation and 

use of scarce resource s (7 ,1 7). Land cannot be valued in 

isolation, but only in the context of the value and productivity 

of the other scarce r eso urces combined with l and, Land economics 

is particularly concerne C with problems in which land is regarded 

as a special factor of strategic or limiting importance. An 

important feature of most l and use enterprises is a long production 

cycle. 

2. 2.1 Time Prefe~2.£.U,ime P~oductivity of Capital 

A model used f or determini.ng the present value of alter­

native investments should incorporate nmnerical estimates of all 

the benefits and costs, each evaluated with respect to the points 

in time at which they occur. The long time period required for 

forestry production and, to a l ess er degree, the development of 

l and for agriculture , provide examples of the importance of 

valuing inputs and outputs according to thr; points in time at 

which they occur. 'I.'he imrortance of the t i ming of inputs and 

outputs arises from the opportw1ity cost of capital. This is 

normally expressed in terms of an annua l interest rate. It is 

necessary to briefly consider the determinants of the interest 

rate . This enables t he need for inc orporatinc; an interest charge 

for all capital inve stments in which the re i s a 11 waiting period11 

between inputs and outputs to be shown. 

The determinants of tho ma:.·ket in-se r es t rate may be broadly 

divided into two basic component3: 

( a) The time-produc t j,,:;_t;v 0f 0.P1,ga1 i:'f a facto;r of 



production; and 

(b) The time-preference for capital as a factor of 

consumption. 

The time-productivity of capital investment is determined 

by its r ate of growth . The greater the economy's anticipated 

marginal rate of capital growth, the hi;sher will be the demand 

for investment capital. 

interest rate. 

This demand is reflected in the market 

The time-preference component for consmnption capital arises 

because individuals place different values on consumption at 

different points in time . Time preference for capital normally 

reflects a preference for present consumpt ion ove r consumption 

at some future date (24). Hence a marginal quantity of present 

consumption v1ill normally only be foregone for a greater resultant 

future consumption, 

The rate of interest in the economy represents the inter­

action of time-productivity and time -preference for capital 

savings. In a perfectly competitive market these two factors 

are equated and jointly determine the interest rate. Thus a 

five per cent rate of interest not only implies a five per cent 

rate of marginal time-preference, but also a marginal product­

ivity, or growth rate of capital investment, equal to five per 

cent. The fundamental relationship between time-preference 

and time-productivity of capital is well exemplified in Fisher's 

original theory of interest (14). In this theory he regards 

investment not as an end in itself, but rather as a process for 

distributixig consumption over time. The importance of this 

underlying theory of interest has apparently been overlooked by 

proponents of the internal-rate-of-return rule, as a criterion 

for evaluating optimum long term investments. 

this model are discussed in a later section. 

Shortcomings of 

In assessing the efficient allocation of scarce capital an 

important point emerges from the above discuss ion. This is, 

that the rate of growth of capital in any investment should be 

at least equivalent to: 

(a) The potential growth rate of capital in alternative 

investments. 
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(b) The satisfac t ion fo regone in postponing additional 

present consumption, 

That is, the foregone earnings from a lternative investments, 

together with the time-preference for consumption, jointly 

determine the market interest rate. This has to be charged 

to the enterprise selected as the opportunity cost of capital. 

The interes t charge causes a sum of money received or 

paid at the present time to be worth more than the same sum at 

some time in the future. The more distant the time that the 

money is to be received the lower its present value. This 

relationship can usually be expressed in terms of a mathe­

matical equation (17,8). One method, discounting, is the 

process by which revenues received or paid at some future 

date are converted to their present value. For example, the 

present value, PV, of a sum, V} received at the end of n years 

is given by the following eqootion : 

PV = 
V (b..1.) 

Where r = the annual interest rate. 

An alternative method of comparing net revenues received 

over different time periods is to compare the future value of 

present cos ts with future i ncomes. Converting present expend-

itures to future values is called compounding of costs . For 

example, the future va lue of a sum V, 1. :ith present value, PV, 

is given by the following equation, where the symbols are as 

defined in equation ( 2.JJ. 

V = PV ( 1 + r)n (.?.:_g) 

Relationships between a stream of net revenues (or net 

costs) and net revenues received (or costs paid) in a lump 

sum at different points in time are presented algebraically 
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and graphically i n Fig . 1. • The us e of mathematical 

equations for comparing investments through time is expanded 

in section 2.3.2, where economic models for determining the 

profitability of fori::.stry 8.nd ar;riculture are discussed. 

2.2.2 l J.,. Distinction Between External and Internal Interest 

Rates 

In connidering economic models for long term invest­

ment decisions it is necessary to distinguish between the external, 

or market rate of interest, and the internal rate of interest . 

The external rate of interest represents t he price at which 

marginal capital may be borrowed or invested within the economy 

a s a whole. That is, it is indicative of the capital investment 

and borrowing opportunities outside the firm , On the other hand, 

the internal interest rate represents the "marginal" investment 

opportunities within the firm. It indicates the anticipated 

rate of growth of marginal capita l i nvestment within the firm. 

Divergence between external and internal interest rates are 

generally attributable t o an imperfect capital market wherein, 

at a certain level of borrowing , capital is absolutely rationed 

to a firm. Or conversely, a borrower may not be prepared to 

accept the risk of addit ional borrowing if already heavily 

committed, even though the anticipated internal r a te of return 

is higher than the externa l r a t e of return. 

2. 3 Selection of an Economic ;;odel 

This section outlines the assumptions on which the economic 

models are initio.lly ba sed. Following t his two economic models 

are described and discussed. 

study. 

One i s selected for use in this 

~' Fig.2.1 is a slight ly modif'ied version of a graph presented by 
Faris, J . Eo (1960), JoFoE, , ~' 759. 

The pound values in Fig2.1 ~ss ume an annual interest rate 
r = 5 per cent, compounded annually for n = 10 years. The 
amortized value, A, is t hat const&nt annual payment which is 
equivalent to the lump sum present va lue, or lump sum value 
at a specified future date. The remaining symbols used in 
Fig. 1 are defined in equat ions (?,1), (2.2), 
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2. 3 .1 Assumptions J'.'lade_ in the Basic r!iodels 

The models for long term economic analysis are initially 

outlined in the absence of complicating side issues. This enables 

the fundamental principles of long term investment decisions to 

be clearly shown. The restrictions imposed on the models 

presented in this chapter a.re relaxed in chapter three, and the 

problems which arise as a consequence are discussed, with par­

ticular reference to their relationship to forestry and agri­

culture. 

The assumptions made in initially selecting an economic 

model are: 

(a) The aim of the economic model is to rank alternative 

enterprises so that the "present value" of real national income 

is maximized. 

(b) It is assumed that perfect knowledge enables the 

magnitude and timing of future yields, costs and prices to be 

specified without error, with the sole exception of the value of 

land. 

(c) The market price of all factors of production, with 

the exception of land, reflect their true marginal value 

productivity. 

(d) The scale of the enterprise under study does not 

affect the existing cost and price structure. 

2.3.2 The !Viodels 

There are two commonly recommended methods of economic 

analysis (18) which may be used for appraising the value of 

alternative flows of inputs and outputs through time. Both of 

the proposed methods evaluate the net value of the income stream 

at a particular point in time. The net value is obtained by 

discounting inputs and outputs to obtain their present value, or 

compounding them to obtain their value at some future point in 

time. These two methods are : 

(a) The present value method. 

(b) The internal-rate-of-return method. 
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2.3.2.1 The Present Value Eethod 

In thi s method an exter:1al interest rate is specified 

and all future costs and revenues ar e discounted to their present 

value via the external interest r ate. 

A general equation':' for converting fut ure income streams 

to their present value is : (bl,) 

PV = V1 V2 +-.---+ Vi +---+ Vn + --~ ·----~~ -~ 
1 + r (1 + r) 2 ( 'i + r)i (1 + r)n 

Where PV = the pr esent value of a fut ure income stream 

r = the external inter est rate 

Vi the net cost in the -th = or revenue :i. year 

i = 1 , 2 ,--- ,n. 

I n applying the present value model to fores try and agri­

culture the procedure adopted is: 

All inputs and outputs are valued at their estimated market 

value, with the sole except i on of l and. The income stream is 

then converted to a present value, The re s ultant residual or 

deficit thus imputed to l and , is normally defined as the Land 

Expectation Va lue. The r esidual can then be conveniently 

expressed i n terms of the estimated amount an enterprise can 

"aff ord11 to pay for the l and. At the same time, the enterprise 

pays the market price for all other inputs and achieves the 

external r ate of interest on the total invested capital, 

including l and. 

In previous asswnptions it was stated that the market price 

for all inputs reflect s their t+ue mareinal value productivity. 

It is therefore clea r that tho price of these inputs reflects 

the " opportunity c os t" of what they could have earned in other 

investments had they not b8en drawn into t he s elected enterprise . 

Hence the residual imputed to land reflects the marginal value 

productivity of land, or the amount added to the value of the 

outputs by l and. 

The expanded equati ons for forestry and agriculture are 
given in their respective chapters, .A f ull listing of dis­
counting equations i s given in Appendix I. 
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In practice the ma i n limitati on of this method is the need 

for policy maker s to specify a long tenn external interest rate. 

2 ._3.2.2 An Alternative il'ios!el and its Shortcomi~ 

In practice, the difficulty of specifying a long term 

external interest rate leads to the initially plausible reco~end-

ation of rankir~ alternative enterprises according to their inter­

nal-rate-of-return (10,16). The internal-rat e-of-return may be 

defined as the particular discounting rate p, which reduces the 

future stream of net returns to a present value of zero. 

A general equation for finding the internal r a te of 

interest for an inves t ment l. c-• 
i.:J• 

PV = V1 + V2 -:----+ Vi +---+ Vn 
1;-; (1; p) 2 ·c,·=~) i (1 = p)n 

Where the symbols a r e as defined in equation (2 • .3), 

with the exception that in equation (2.4), p represents the 

internal interest r a te. 

In this model p is unknovm. The problem is to find a 

(--2...Jt) 

value, or va lues, of p which solve the equat ion giving a present 

value of zero. The particular value, or values, of p which 

provide a present value of zero, is defined as the internal ra.te 

of interest. The investment yielding the highest internal­

rate-of-interest is selected as the most profitable. This 

method attempts to find a purely " internal" meas ure of the 

time-productivity of capital, fo r a pa rticular investment, 

which is independent of t he ne ed to specify a market inteli"est 

rate. It is considered basically useful in allowing decentral­

ization of decision maki ng, as it provides an easy and conven­

ient criterion f or determining the opt imum allocation of capital 

within a finn. 

For t he followi ng reasons, however, the internal­

rate-of-return method has not be en used in t his s tudy. 

( a ) There i s not necessarily a unique value of p for a 

particular investment. :There an enterprise represents a 

series of outlays and revenues of va rying magnitudes through 

a l ong time period, there ar e likel y to be a number of break-

even r ate s of p, which solve t he equation. For example, an 
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nth polynomial may have up ton real roots, all of which 

provide a solution to tho equationo Thus, because of the 

particular structure of the flow of outlays and revenues, 

a f orestry enterprise may be shown to pay at a high and low 

rate of interest, but not necessarily at an intermedi ate 

interest rate. 

(b) In calculating the break-even discount rate p, the 

method implicitly assumes that all intormediate revenues may 

be reinvested at an earning rate p, and intermediate outlays, 

if financed from borrowing, can only be borrowed at an interest 

charge equivalent top. This ia clearly not the normal 

situation. For instance, asswno a unique break-even value 

of p has been found for two investments, for example forestry 

and agriculture. Furthermore, the present value of each 

ente rpris e is plotted over a range of interest rates from 0 

to 15 per cent, as shown in Fig. 2.2. 

\ Fore stry 

5% 7% 10% 15% 
Interest Rate 

Fig . 2.2, Hypothetic al Profit-lnterest Rate Relationships 



The example in Fig. 2. 2 illustrates that a change in the 

interest r ate ha s a differential effect on the profitability of 

the two onterprises, due to their differing outlay-revenue 

structure. Agriculture has the highest internal-rate-of­

return, that is its present value falls to zero at a 15 per 

cent discounting rate, relative to a 10 per cent discounting 

rate f or forestry. Hence the internal-rate-of-return rule 

would select agriculture as tho most profitable investment, 

regardless of the ruling external interest rate. However, 

the present value rule clearly indicates that in a perfect 

capita l market forestry is more profitable than agriculture 

when the external interest rate is below 7 per cent, and 

conversely for an external interest r a te greater than 7 per 

cent. For this reason, even v;hen there is a unique solution 

for p, the choice of the enterprise with the highest internal­

ra~e-of-return i s not necessarily the most profitable. 

There are a number of less important limitations of the 

internal-rate-of-return method. These together with the 

above limitat ions are fully outlined and discussed by 

Hirshleifer (1958) (18). This discussion includes the 

limitation of the method to distinguish between multiple 

tangencies and t he extreme breakdown of the method under 

conditions of non-constant market interest r ates over time. 

Thus the method, in attempting to provide a purely internal 

measure of the time prodixtivity of capital, completely over­

looks Fisher's statement (14) that "investments cannot be 

considered in isolati on, but only in the context of the other 

investment and consumption alternat ives available" . In so 

doing, the assumptions implied about the external opportunities 

for borrowing and invest i ng capital are not generally correct 

or even generally reasonable. 

For these reasons the internal-rate-of-return criterion 

has not been used in this study; the author is of the opinion 

that no method which attempts to avoid the difficulty of 

specifying an appropriate market interest rate for long term 

planning c an be successful. 



- 22 

2.4 Problems in Es tt!lill$.. the Land E:is.I2,ec tat i on Value 

The land expectation value method of as sessing the relative 

profitability of fore s try and agriculture is selected for use in 

this study. Under the previously stated assumptions, this 

model provides a perfect criterion for determining the real 

profitability of f or es try and agriculture, In practice, however, 

the main limitations of this method are : 

( a ) The difficulty of estimating a l ong term external 

interest r a te and future produce prices 

(b) The frequent paucity and inadequacy of present data 

for predicting future phy s ic al inputs and outputs for forestry 

and agricultm~e on the sand country . '.rhis is largely a result 

of intens ive farming on the area of sand country under study 

being a recent phenomena. 'l'he l and has previously been used 

for extensive grazing. At present no f arms are fully developed 

and many are only at early sta8es of development. Hence data 

are limited and , in sofile ins tances, data even when available are 

ob solescent a s past technologies have been superseded by new 

technologies, t he long term r esults of which can only be sub­

j ectively predicted. 

The author considers that the difficulty of limited data 

and the need for subjective estimations will be encow,tered in 

most land use studie s. The most important l and use decisions 

have to be ma de at the pre-development s t age when knowledge is 

normally incomplete. I t is of limited value to make a sophis-

ticated and accurate analys i s of the pr oblem in retrospect, when 

complete dat a are available, and on this bas i s make recommendations 

of what th e l and use sho ul cJ. have been at the time when development 

was initiated 15 yea r s pr eviously. 

As a conseq uence of the dynamic natur e of agriculture on 

this class of sand country it was considered necessary to 

incorporate any imminent changes i n technology which are not 

reflected in past methods of deve l opment and/or present production 

patterns . 

Clearl y , the above data problems will ari se in t he use of 

any model for dotermining the r elative profitability of forestry 

and agriculture, The use of the i nternal-rate-of-return 
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method obviates the need to specify an external interest 

rate. In spite of this advantage, the method has not been 

used in this study. The reasons for not using this method 

are given in th e preceding sect ion. 

(c) There was a problem o~ determining the relative 

standard of management at which the profitability of forestry 

and agriculture should be determined. In this study an 

attempt is made to compare the profitability of forestry and 

agriculture under high standards of management. The implic-

ations of a high staridard of management are later outlined in 

the respective budgets for forestry and agriculture. 

(d) Problems of applying the land expectation value 

method in an imperfect market are discussed in the following 

chapter. 



CH./1Fl'LR I II 

PllOBLEl'JS OF APPLYING A~,J _t;CONOi'1ITC HODEL . ... - . ··~--- . . 

TO i-\.N IivIPERFECT IiAillili"T 

The re sults of an economic anal ysis ar e , in general, 

dependant upon a number of restricting assumptions and con-

siderations. The ass umptions on which the basic economic 

models ar e based have been given in Chapter II. These 

assumptions are now relaxed and t he important problems which 

arise are discussed. After a review of the literature 

(24-34) the author has selected for discussion what he 

believes to be the most i mportant considerations. These 

considerations are initially outlined in a general context. 

Following this an endeavour is made to explain their relation­

ship to forestry and agriculture, When interpreting the 

results of this study t here should at least be an awareness 

of these problems, even though their numerical estimation 

is considered beyond the scope of the present study in many 

instances. 

3.1 Differenc~ B~tw~e1_1 Private and Social Jiet Product 

The importance of problems arising from an imperfect 

market vary according to : 

(a ) The t-ype and size of the enterprise . 

(b) Whether va lue is expressed in terms of private or 
social net profit. 

For this reason the importance of t hese considerations 

is discus sed at two distinct levels of benefit : 

( a) The net value of each enterprise to t he 

individual f armer or forest ovmer. 

(b) The net value of each enterprise to the nation 

as a whole. 

The primary aim of the pr esent study is to compare the 

value of forestry and agricult ure a t the level of individual 

f a rmer or fore st owner benefit. However , there is clearly 



25 

a need to be aware of the additional problems involved in 

extending the r esults of the present study to give the resl)ect­

ive social net profit s from eac h enterpriseo 

3. 2 EffJzts of . lhsk an~ Uncertain~ 

The original economic model implicitly assumed perfect 

forecasting of changes in technolo,3:v, population trends and 

consumer preferences. This implies that the supply and demand 

curves for all r esources and products associated with each 

enterprise can bo projected into the future with complete 

accuracy. Risk and t.u1cert2-inty, however, are important 

factors in long t enn planning, and it i s clearly not possible 

to predict precisely ell future outcomes of today's land use 

decisionso Generally in lor.g range economic projections, all 

t hat can be hoped f or i s that all data are thoroughly ana]ysed. 

Then in tho context of a r easonable set of assumpt ions a 11 best 

g uess" is made f'or t ho opt imum allocation of' land, In broad 

terms three possibl e knowledge situations of future trends can 

be identified: 

( a) Imperfect knowledgeo 

(b) Partial knowledge, 

(c) Perfect knowledge, 

(a) Imperfect knowledge is a situation typified by a complete 

absence of studies on the past or anticipated future supply and 

demand trends for resource s and pro d.ucts. In this instance 

the only reasonable assumption that can be made is a continuation 

of present prices, as t he re is ~n equal probability of future 

prices risi~~ or f alling . 

(b) Partial knowledge i s the normal situation where some data 

and studies a re available, 1r his t:nables a more speciflc 

postulation of future trends to be made. lor example, in the 

absence of unforeseen major technological changes, increased 

demand is expected to keep pac e with increased supply of a 

product, and there is 2. high prob&.bility of present prices 

being maintainedo 

(c) The perfect knowledge situat ion, In this instance 

uncerta inty is eliminatedo "Pure risk" is quantitatively 



incorporated in the re s ult s by exp~e ss ing a ll possible outcomes 

in the form of a probabilit y dis t ribution. In biological pro­

due tion physical yields a re somet imes expressed in terms of 

" pure risk" ,. It i s the a uthor's beJ.ief , however, that long 

range price projec t i ons will always r ema in in the field of 

uncertainty. Unde r -:-· .rJent knowledge profits from agriculture 

and forestry are eva luat e d in an environment of uncertainty. 

The investigator is well aware of thC:\ uncertainty of a particular 

outcome, but doe s n ot have sLtf'fic :5..en t data to express all 

possible outcomes in the form of a probability distribution. 

In this study t he method a dopted for incorpora ting uncer­

tainty is to expre s s the r e sult a s a n:,ng e of possible outcomes. 

The . range of possible outc omes i s derj_v e d by varying the 

vulnerable assumptions e1!lbodi e d in the b a sic model, within 

what i s subjectively cons ider ed r easonable minimum and maximum 

limits. For example, pa rtic ularly vulner able assumptions in 

the present study a r e prices and ·che ] ong term external interest 

rate. The method out lined js normally termed parametri9 

budgetting (25) . 

Risk and uncerta inty a r e cons ider e d equally important 

at both levels of priva t e and social ne t profit. 

The input-outp ut structure of f or es try and agriculture 

differ. The uuthor c ons ider s that there b a higher risk 

for forestry product~_or t han ag ::.'ic nl t ure because of the longer 

time period between input s a nd outputs .. 

3. 3 Effects of Political Decis i ons _c'n Prices 

The origina l ,node l ass ume d that a J.::.. p rice s were determined 

in a perfectly competi tive mar ket . In this case, the market 

price reflects the true ma:::-6 i nal valw:J productivity of resources. 

Hence the market price c har ged to an enterpris e for the use of 

a resource reflects t he r eal 8arn:Lngs fo regone in an alternative 

investment also compet i ng f or the us2 of t he scarce resource. 

In the existing economy, all prices chat a re determined under 

some fonn of protec t i on, for exc:":.p:i e s ubsidization, special 

taxation, direct pric e -::ontr o.1, i :",po,.'t, rest!'.'ictions and tariff 

policies, may ideally need adj us tm·:mt ·r,ef or e representing their 
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true nationa l value . For example, when a government advocates 

a policy of full employment with a compulsory minimum award 

rate, there are likely to be periods of under-utilization or 

unemployment of l abo ur, In th es e instances the average wage 

will overvalue the true marg i na l value productivity of labour. 

When comparing alternative i nvestments i t may be very signifi­

cant as to whether labour is valued at its marginal opportunity 

cost, or at t he award wage. For example, in the situation 

where there i s a l a rge unemployed s ector maintained by State 

unemployment benefits, It will clearly be of particular 

importance when the relative iJr ofitability of a l abour­

intensive and a l abour-extensive enterprise are being compared. 

Similarly, an industry may have an ~nnua l return to capital of 

10 per cent, but only because t here is a restriction on cheap 

external supplies of the particular product, through import 

restriction and tariff control. 

From the individua l f armer's view point the prevailing 

resource and product prices are clear cut indicators of the 

net value of alternative investments . On the other hand, 

from the view point of social benefit, it is questionable 

whether price ratios established by politicians should be 

accepted , or whether an attempt should be made to derive 

"real" world prices , Ideally the price s of all resources 

should be expressed in terms of t he ir true marginal opport­

unity cost. 

It is conceivable that i n eval uat ing the relative profit­

ability of a l abour-intens ive and a labour-extensive enter­

prise, under condit i ons of disg uised. unemployment* that the 

labour-extensive enterprise i s t he rnost profitable to the 

individual f armer, but the labour-intens ive enterprise is 
more profitable in t erms of sociel benefit ,, 

In this study no adjustments have been made to existing 

market costs and price s associated with agricultural and 

forestry enterprises , The most s i gni f ic ant non-competitively 

determined price in t his study is tha·c for sawn timber. Price 

control was initially imposed on sawn timber in 193 6 with the 

primary intention of maintaining l ow ho using costs. Timber has 

* For example, in the s ituation where the State pays unemploy­
ment benefits. 
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been under continuous price c ontrol since this date. A wide-

spread view poi nt has sub se quently ari sen that present levels 

of price control for t imber a r e too l ovr. If this a ssertion 

is true the author c onsiders that one or b oth of the following 

situations must be prevailing: 

(a) A sys tem of r ationing timber because, a t the present ... 
level of price control, consumer demand exceeds supply., 

(b) For c er tain types of proce ssed timber there is no 

price control between merchant o.nd consurner. Hence in the 

a bsence of r ationing , supply and demand wi ll only be equated 

by selling the limited suppl y of processed timber at a high 

price. I n this instance the r11erchant will be obta ining a 

high "mark-upil, but this i s not :r.eflected back to the mill and 

stumpage, bec ause the merchant iR una1Jlc to buy mill timber 

above the controlled price. In this case there would be a 

tendency for merchants to ensure their ti,;.'.Jer s upplies by 

becoming integrated miller-merchants o:i:- grower-miller-merchants. 

The present system of rationing, wherein a consumer can 

only buy a certain quant ity of high grade timber providing he 

also buys a minimum amount of J.o,·r e;rade timber , indicates t hat 

the pre sent control price of high qua:i..ity timber i s probably 

too low. Tb.-J author's impression, after discussion with 

timber merchants and f oreste:cs , waf; tha-:; merchants were 

obtaining r e l atively high "mar1'~-U:,Js" f c:.~ some processed timber, 

not at present under price control, This , together with the 

t endency for me rc hants to obtain c cnt:.'o]. of mills and forests, 

also indicates that the contro-:. : •.'.'ice :."c:- somrJ timber g rades, 

particularly hi gh quality timber, is tco low. 

The above situation does not ne~esBari: y indicate that 

present control prices f or sawn timber, ovc .-:-all, are too low. 

Difficulty i s at present being ec~o1m~c,: c- d in se lling low grade 

box timber at t he controlled price. :C- o:i:· ~-his reason, just as 

the control. price for high gr2 de tiwt: ::· :;_s probably too low the 

control price for low g rade timb1:;r ::_::; p r cbo.bly too high , It 

i s the author ' s contention that the 1~e:·.;:, ,,a1 of price control 

on sawn timber would cause a large-i' c2.i:':""' :-cr.tial between the 

price of high g r ade and l cw grade tii;_.:,L~r_. rather than a 
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significant absolute rise in t imber prices. 

reflected back to stumpage values. 

This would be 

In brief, the author considers that price control on sawn 

timber could only effectively achieve lower hous ing costs if 

timber was rationed to the consumer.';: If the control price 

of timber is too low demand will t end to exceed supply, and a 

rationing system would need to be adopted to distribute limited 

timber at that price . The author's impr essi on is that at 

present sawn timber i s not rationed in an absolute sense. 

GeneralJ.y high grade timber is rationed, whilst low grade 

timber appears to be over supplied at present leveJ.s of price 

control. 

It is contended that , unless price control is preventing 

monopolis t ic profits, it should be removed, This would enable 

consumer preferences for different grades of timber to be 

determined by a competitive market, and allow stumpage values 

to be related to the demand for sa¥m timber. 

The price elasticity of demand for sawn timber in New 

Zealand i s unknown. Hence, it is considered beyond the scope 

of this study to make any predictions of a likeJ.y long tenn 

supply and demand equilibrium for sawn timber in the absence of 

price controJ.. In this study, where agriculture i s mo re 

profitable than forestry, it will be shown to what level the 

control price would have to be raised. fo r forestry to just 

"break-even" with agriculture. In this situat ion policy 

makers would then need to decide whether there would be a 

significant decrease in timber conswnption at this hi gher 

price level. 

The assumptions made in predi ctiq; future stumpage values 

are outlined in Chapter V. 

3.1+ Effect of Degree _ of~£rocessir1.8, on Apparent Profitability 

of Agriculture and Fo;:sstn: 

It is important to clearly define the point in the pro­

cessing chain at which the comparison of the relative profit-

~:, Thi s is dependant upon the proviso that, in the absence of 
price control, there would be no elements of monopoly in the 
~4114~~ o~~ ~~11;na A~ +~mho~ 
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abilHy of each s n-c eTpri sG i s made For example, in this 

study a comparison i s made at tho fa r m gate a nd a t the stump 

for agriculture and forestry reapectivelyv In this instance 

the r e l a tive profitability r anking implicitly a ssumes that the 

subsidia ry servici:rJ;'~ a n d pr oc e ss ing industries, for the 

additiona l amount of l and converte d t o agriculture or forestry, 

are all ea rning the market r ate of int erest, Consequently in 

the pure economic s ens e , i ·c is a mat t er of' inc7. ifference whether 

capita l and l abour a r e employed in t he servicing and processing 

industries of agriculture or fores try, or i n s ome alternative 

enterprise e qua lly ca1,abl e of p:cofi.t .1bl y ab s orbing a dditional 

capital and labour. On the other hand, if the market is 

functioning impe:cfectly and one of t h o s ubsequent industries 

has a nmark•-up" g reater than t he av e r a6 e ''mark-·up' ' , account 

must be taken of the additiona l profitability of this enter-

'l'here may be a h i2; her quantity of c apit2. l a nd labour 

employed in associa ted process i ng a nd s ervicing industries for 

one enterprise than anothe r . If the less intensively pro-

cessed a nd serviced ent er prise is s e l ected a s the most profit­

able a.t the f a rin ga t e , it i s important to k now whether the 

additional c o.pit ,11 o.nd l abour a ssocia te d with the competing 

enterprise could be equa lly profita bly employed in an outside 

investment .. Such a study, however, would be difficult a s 

account would need to be t aken of the economiea and diseconomies 

of scale, when exis tin::; se1·vi cil1{:; and proce s r,ing industries 

marginally expand to meet the inc re o.s e d agric ul tu.ral or 

forestry production . It would a lso be necessary to specify 

the point in time a t which t hey would be r en_ui1ne d and to express 

their net profits in terms of a p r e sent va lue 

For the purpo s es of this ctudy the point in the processing 

chain at which the comparis on has been ma de is the f a rn:. gate 

and at the stump for agriculture anc, f ores t ry respectively. 

A compa:cison at this point 1•eflocts t h o re J.l value of the two 

enterprises under a ll conditioMs t o tho i n <lividual farmer. It 

a lso reflects t he s ocia l b enef i t of each enterpri,se under the 

proviso tha t the servicing a nd processing industries associated 
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with agriculture anc1 fore stry ar e all earnirJ8 the external 

interest rate. 

3.5 ~cial S a se o:f th5: Lxcha~v~ate 

Because of the pr esent bal anc e of payments deficiency 

facing New Zeal and, it i s extremel y probable that the pre-· 

va iling forei gn exchange r 2.te over -values New '~ea l and 

currency. Hence it is nece ssary to consider the net effect 

of an enter pr ise as an earne r of over seas funds 

It is cons idered r easonabl e to assume that agriculture 

and forestry ar e equival ent in this re spect . Agriculture 

directly earns overseas exc hange and. forestry indirectly 

earns overseo.s Gxchange by St'.ving the need to import timber 

f or internal conswnption, Imported raw materi a l to provide 

inputs for agriculture ,rn<l fo re stry ar e ass umed to be approx­

imat ely equival ent 

3. 6 _:Qff ec:t of~O-~t_£ui:.__2_n~Pr:i:9e 

The original model ass umed t hat the introduction or 

expansion of existing enter)rises wo.s on too small a scale 

to significantly affect the present cost--price structure for 

any resources or products associated with either enterprise. 

Clearly at the level individua l f a rmer benefit, t he prevailing 

market price i s normally an accurate indicator of the va lue of 

marginal f a rm product i on. This is not necessarily the case, 

however, when the agg r egate mar ginal production is being con­

sidered on a national scale and in terms of benefit to the 

nation as a whole . From a nati onal view point, the following 

points should be cons idered when planning the expansion of 

ag riculture f or an export t r ade : 

( a ) The size of the expo1·t market. 

(b) The proport i on of tho tota l expor t market supplied 

by New Zealand. 

( c) The price el astic Hy of tlei,iand for the particular 

export producto 

New 1,ealand is in t h8 awkward posit ion of being an important 

supplier to some expor t ma rket s. l"or example, butter , cheese 

and frozen l amb to the United I~inJdom market. Coupled with her 



importance a s a suppl ~e:'.' , ls a jY,'::-:1able t.m:':' avourable price 

elasticity of demand. Conscq1.l3::1tly it i s c onceivable that 

the reduction in ave r age ex:xJ'.' t pri oe c a us e d by an expansion 

in production may abso r b a sute co.ntial por t ion or all of the 

profits accruing f :.·orn t he: o.dc\j t.i_or:.1 J. p-;_~o duc: tion, 

In br}e~, t hi s c ons i_r:e:i:-atic:1 is not i mpor tant in a ssessing 

the profitability of ag r icu.l tu-'.'e ano. f or es ·l:: ry at the f a rm gate , 

However, by c a rryin; this 7ic-·., i> . .,J.n-~ over to the nationa l level 

the ma rg i na l va lue of 2.d.(li ~ion,1.J. a1~ric ul tlT2.l r roduc tion is 

likely to be ove r ~valmcL 

3 , 7 Credit Fac:i.~~!~:1!. -~ .c.1:~_:: 1
:•~ .'.'.T:..~ur1~'_].:_:_::0._::c,d; ~ta te fo:: _ Long 

Tern Inye::t;ner..c '., 

Economic policy n orn· 1. ·•-~-Y .,,,~::r:: to :i.rr.:~rove economic welfare 

in the face of conr;t r 1.int.··... ~;,·-:ic1;~ai:ltf ~'1:· t::J physic al, 

lega l, admini s t r at:i.vc; c--.- · ,t rcc•clc, ~cr,dn,;el leval of risk, 1:or 

example, there may LJ(; Q. :.. • · --~ .•. c: .. : t~:8 :,_•r,tr of LXpans ion of 

forestry c a used by the nc. ~,l "to e~~i•inc~ ~,e2'.',3C:"nc l an d diff use 

administra tive kn o-;1-- ro'1, •• 

should be inve3t ig1:ier' : :1 .':: J.y :).::··.'o:ce theJ 8.r e acc epted as 

fixed. 

In t his s t udy it i~: c ·,~•-" ·; -~ trwt tbrJ 1nost important 

Credit ins ti tut~ ens tenu ·co lc.,.,l O'c. concl~.t i ons of existing 

securitie s r o.thcr -~br-·.1 c _ ~:," ·- :-J,,., __ -~ ;_al of tnr-; par t icular 

investment, Capi..to.}. ·· _., ',..--__ ,_ 

c, , '.,".' iJ . .J i nd::.. v~i.'.1~1e. l farms. 

Often r at ioninr; ,·: .. 7 .l t·.:rn ·:·· •; ~u~-1 of d. st~) ladder of 

definite inte:>.' cs·c ra.t 'L-' : .. ; >···. _,-_._· :1c; inc:~0-.ros. There are, 

however, firms tho:c ;'Tn s.;·~:::-=-> ww.clr, to bo·-:- _-o·i'i more credit 

a t a ny inte:re~t r :,tCJ, 

Clearly even i ?; f r r,,_, ,-,_ .. :i.·i -Lc-m,l v:i '.JW : ·c i n t, forestry 

a p pea red mor e p1•of~ ~:.;,::il,; Uic ·. :·:·~·isuJ.t m ,, cap i ta l would still 

tend to flow into c-.g:.·i.' 1J_:' ·· : :; , 'r ,,,.. -:i.' c:c: Lc,,m ':ho f a rmer' s view 

point there i s: 

(a) l\ hi0her ri sk J. ~1_on3 t en:i investment such 

as forestry. Th3 r o i c; o.~.-~.'J ,...._ r.· ·- ·~ .. ~'.',, -:l i +:.0 11J1l view point 

tha t land sho ul d ')flly ·. . ·· •-' 1 .',.,_c· .fc:csJt::·::,· a3 a. last resort, 
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(b) With the capita l market being imperfec t , in many instances 

capita l r ather than l and will become the most significant 

limiting re sourc e. As a r esult a f ar mer may be forced to accept 

a lower return to his capita l by investing in agriculture and 

so obtaining an annua l return to provide for pre sent consumption, 

even t hough forestry may be more profit able in the long run. 

In l ong term investments such as fores try there are two 

complicat i ng f ac·cor s . First ly, there i s the high risk element 

which is simply a function of the long production cycle and the 

uncerta inty of the di st ant future. 3econd]y, there is the 

quest ion of how much capita l a country , and more particularly 

an indivi dua l, can ;, aff ord" to invest for 30 to 4.0 years before 

obtaining revenue s . Cl8arly most sma ll firms cannot afford 

to inves t substantia l ly i n forestry as t he only forestry loan 

scheme known to the author i s the recent l y introduced Govern­

ment farm fore stry scheme. 

Hence at pr esent ther e is an i mperfect capital market 

facing most potential fores t g r owers, al thouc;h the Government 

f arm forestry scheme ha s to some extent alleviated this position 

•ro a lesser deg r ee 2.n i mperfect ca.pi t~-:1 marlrnt also faces 

agricultura l producers. Ther e i s the importdnt distinction, 

however, that whe r eas a far mer in t he f ace of capita l rat ioning 

can adopt a f orm of extensive agriculture on partially developed 

l and , fore stry is essontial an nall or nothing enterprise 11
• 

3 • 8 _S tlIIl_!1lar.x 

There a:i.~e a nwnber of important c ons i clerations to be 

taken i nto account when interpreti.~:.g the r esul ts of this study. 

(1) There are two di stinc t levels of benefit: 

(a) Individual benefit , 

( b) Benefit to the n.:i,t ion as a whol e. 

The benefit assessed at one level does not necessarily 

reflect the benefit a t the other level, 

(2 ) The r ange of possible outcomes due to risk and uncertainty 

in l ong term i nvestments i s incorpor ated by varying the interest 

r ate and pro duct pr i ce s,. 'rhetH; are considered the two most 

vulner able a ssumptions 9 the variation of which tends to over-~ 

shadow other vetriables, for example variat ion in physical yields., 



(3) The degree of imperfection of the capita l market and 

the resultant consequences are more severe for forestry than 

agriculture. 

(~_) It is likely that the ruling average price for somo 

agricultural products tends to over""'€stimate the value of 

additional agricultura l production, at the level of benefit 

to the nation as a whole. 

(5) The common argument that forestry provides profitable 

employment of labour and c apital, addit ional to that in 

agric ulture, because of the higher degroo of processing of 

the raw product, is in the a uthor's belief at least partly 

erroneous. Firstly, the point in the processing chain at 

which a comparison is made is only important when subsequent 

processing industries are obtaining a return to capital which 

is below or above the average market return. Secondly, 

agriculture has a higher quantity of servicing industries 

before the product leaves tho farm gate and,thirdly, the 

returns from the subsequent wood processing industries will 

not be r,2alized for 30 to 40 years and hence should be con­

verted to a present value 

(6) Forestry and agriculture wero anticipated to have an 

approximate equivalent effect on tho balance-of-payment 

problem. 

(7) The most important non-competitively determined price 

in this study is the control price of timber , 
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CHAPI'ER IV ____ ._.__ __ ....... ~~ 
.....,__ . ....,__._._ ...._ ...... ..a..--. , ..... ~ 

TKC NATUHJ.L CONDITIOh3 !\ND CU&:"1ENT IJJiJD --~· ---·=· - ...... ~~ ......... . . ,,._............ .. ... ..... -· ~ -------·-..,.,, 

us:c OF . THE . r1U\NAdllT1J-RIINGITI IC,'I SAI'!"D co~ 

This chapter provide s a b ackground of the natural con­

ditions and current land use of the Manawatu-Rangitikei sand 

* country. This follows th o selection of this a rea for study 

in Chapter I, and the subsequent selection and discussion of 

a suitable economic 1,10de l f or c omparine; the relative profit•· 

ability of forestry and ag:dculture jn Chapters II and III 

respectively. 

The Manawatu-Rang itikei sand country represents a very 

variable soil complex, which in turn has determined a 
~:: ::: 

diversified land use pa ttern. For this reason a detailed 

study of soil survey r esults i s made in thi s chapter, A 

method of soil classific ation i s 2.dopted on which rrproduct­

ivity classes; 1 for forestry and agriculture can be identified. 

finally the sMd country 1,oils on which competition between 

forestry and agriculture is s trongest are s elected for an 

intensive s tudy . A detailed land use cl2.ssif ication of 

these soil classe s is made , 

4-1 pe[ini tion 0LJJ1e Area 

The soil cla sses to be :::t udie c1 comprise a large area of 

the Manawatu-Rangitikei sand country , The following des­

cription of natura l conditions and classification of soils is 

based largely on a comprehensive a nd detailed soil survey 

compiled by Cowie and Smith ( 1953), (35) and Cowie and 

Fitzgerald ( 1963), (36) . The lfanawatu-Rangi tikei sand 

country, as defined in t his so il survey , extends a distance 

.,. . ,. See locality map, Fig. XII 1 . 

:::::, For illustrat ion, see land use and s implified soil maps, 
Figs. XIIL2, XIIL3 and XIII.4, Large scale, detailed 
soil maps of t he sand country and additiona l r aw data used 
in this study a re lodgec. with the Department of Agriculture 
Economics an d Fa nn J.!ianagement, Hassey University of 
Ma nawa tu. 



of 40 miles a long the west coast. The a rea extends from the 

Hokio Beach in the so uth to the W~ngaehu River in the north, 

and inland to a depth r anging from 2 to 12 miles. This a rea, 

covering approximately 170,000 acren , is composed of a l a rge 

number of different soil types, che parent material of which 

is generally wind blown sand. i our rivers, the ifanawatu, 

Rangitikei, Turaldna ,::-. nd ·fan;;aohu, f low thro u,3h the sand 

country. Small areas of alluvial flats and terraces 

bordering the rivers' lowor courses are included in the soil 

survey, but not in this study , There is approximately 100,000 

acres of sand country south of the Hokio Beach and north of 

the Wangaehu River which has been excluded from the soil 

survey and this study" It is thot.ght , however., that the 

results of this study could provide a guide on similar soil 

classes on this area . 

4, 2 ClJ:.ma teand Relief' 

The Manawatu-Rangi tikei .~i Gnd country lies rrithin the 

Wes tern Wellington climatic district, 1nhich is characterized 

by warm summers, mild winters and a reliable rainfa ll, evenly 

distributed throt.ghout the yea r , Condition <J on the sand 

country, however, are drie r than further inland . The average 

rainfall is 33 to 35 inches per annum, Strong westerly and 

north westerly winds are a cominant feat ure of the sand country 

These winds have controlled the orientation of the dunes , 

During spring, westerly winds increase in fre quency, c a using 

a loss of so il moisture, pa r ·cicul,0.rly on exposed sites , It 

is al so a time when salts cB.rried inl2.nd by win.d can damage 

and reta rd the g rowth of p&stures and crops. During summer, 

which is warm, r ainfall is compar atively low and variabJ.e, 

inducing drought conditions on freely draining soils" Autumn 

is warm and, if the rainfall is adequate, this is a time of 

1~apid growth. 

The overall relief of the JV!anawat u-11.angitikei sand 

country is flatt i sh with a gentle slope from sea level inland, 

up to a height of 300 feet above sea level. This low OV 8rall 

relief is obscured by the a lternation of dunes and plains, 
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micro-relief, by affecti ng the level of the water-table and 

impeding natural dr ainage towards the coast, is an important 

detenninant in the formation of different soil types. 

The sand country may be divided into t wo broad classes : 

(a) The Y ~ung e_r D~C..2..!!lE_l~x 

This is a strip of r el ativel y immat ure sand country 

bordering the coast to a depth r ang i ng from one quarter to 

four miles. The YoU11,5er Dune Complex consists of relatively 

unconsol i dated dunes and plains , large areas of which have 

insuff icient plant cover to prev ent wind erosion of sand. 

Approximately one- thi r d of the a r ea is raw uns t abilized sand.• 

The erosion of sand on t hi s E, r ea ha s i n th e past been init iated 

and agg r avated by burning, ploughi113 and over-grazing of the 

natural plant cover, 

The Younger Dune Complex comprises one quarter of the 

sand c ountry. 

(b) The Ol~E,._~une Com..P..~.2S 

This i s an area of r el atively ,natur e sand country 

sitwted inland from t he Younger Dune Complex. The Older 

Dune Complex whi ch extends from one quarter to 12 miles 

inland, consists in gener al of consoli dat ed dunes and plains 

on wh ich plant cover i s good There is l ittle serious 

erosion, with the exception of some small localized dw1e 

areas. 

Attantion i s now focussed on the two l and classes selected 

for a detailed study.······ 

4.3 J\ Deta iled Land Use C.J~iftc-'?;...~~~n of_Jhe S~lected 

Land Classe3 
This section provides a deteiled de script ion of the 

current land use of the Younger Dune Complex and the Himatangi-~ 

Foxton l and clas s of the Older Dune Compl ex. 

For illustration see F:i,g XII . 5 . 

:;, ~: i\ de tailed technic al descript ion of sand country soil 
types, orig inally part of th e main text, has been tra.:1sferred 
to Appendix XII. 
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4 , 3. 1 The Y o~~r pune Com_p~e~ 

This area has been dc ncribed in section XIIo 2.2. ::-

The current l and us e of the Youn6 er Dune Complex is tabulated 

in Table 4. 1 • 

The land use patte:cn shown in table ~-.1 is: 

UB,_c1_eve1=_o..E,ed Land 

This cons ists of: 

(a) 16,000 acres of completely undeveloped l and, 6,500 

acres of which arc to be utilized for protective forestry. 

The remaining 9 , 500 acres may be developed alternatively for 

forestry or agriculture. Regar dless of future l and use, 

the initial development will be the planting of marram grass 

and tree lupin to fully stabilize the sand, and to build up 

the initial f e rtility to a level where it is possible to 

establish pastur e or trees. 

(b) 16, 209 ac res of relatively undevelo~rnd but stabilized 

sand country ·rhich is used for extensive grazing or is being 

developed for fore stry. 

1Tithin the Younger Dune Complex 26 ,709 ac res are eithe::c 

in the undeveloped state or at a very early stage of develop -

ment. This figure excludes the p:cotective belt, but includes 

1,000 acres of relat ivel y w1d.eveloped land classified under 

sheep and dairy farming in Table l1 •• 1 . 

pevelo,.E,_ed Lanq 

The tot a l area of developed land within the Younger Dune 

Complex is 10,971 ac r es. This is subdivided into: 

(a) Sheep-beef farming : Of the 3,730 ac res devoted to 

she e p fanning, 3,218 ac r es are in the process of development 

and subdivision. 'l'h0 tentc,tive subdivision plan is for 5 

sheep units and 1 dairy unit , The rema i n ing 512 acres is a 

small dev eloped block forming part of a l arge w1developed 

property . The a verag e carrying capacity at present is 2.0 
ewo eauivalents ** per ac r e . 

~ The need for and expected extent of a protective coastal 
belt of fore st on the Younger Dune Complex has been outlined 
in Chapter I. 
,~,:: For conversion of stock to ewe e 0uivalents see Ap11endix 

vIII. 



TABT;E 4-.1 

The Curre_pt I.and Use . of the Y~er Dune Complex 

r=- Protec t ive i E.:x i sti ng La r g e 1 Land _ in Process - ! Dairy Sheep-Beef j Undevelop~:J Tote. l r 
Coas~a l l Scale Forestry l of' b ei ng Devel oped l Fa rming I'ar ming and Ex~ewave Ar ea 1 
Strip l ; fo r fore s try _1· Gr a zing l 

' ! ' ·-~~~-' ~ 1r· ! ( acres i _ r---ea~-re s) r-· (acres) - __ c.c-:e.)~t ~~c·:_,:;;:i-f _ (acres)- fcacres) ! 
rr\ . J . , + ' . l 1 i 

J Cr own ) l 1 l ! 
j Ownershi p j 5,000 : 4 ,400 j 8,000 l - I 
l Private l l j l l 
~w_:ership j '•~ 1 ,000 ~ . _ 800 i 2 ,661 I 

Tota l : 6,500 j 5 ,400 L. 8,8oo L2,661 . ! 

3 ,218 3,000 i 23, 618 l 
I 

I I 
1 5-12 13 , 909 I 20,382 l 

3,730 16,909 44,000 I 
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(b ) Dairy f a rming: The 2 ,661 acres devoted to dairying 

have been in the process of development since the 1920s. .At 

pre sent there a r e 7 dairy unit s, of which 240 acres are devoted 

to farm forestry ., The average butterfat production is 75 

pounds per acre 

(c) Forestry : The two CroYm fo rests have a combined 

planted a r ea of Lh400 ac r e';, The r e i s e. further 1, 000 e.cres 

of private fore stry g iving 5 ,400 acres of e stablished forest, 

excluding farm fore 0t s , 

.A broad classification of l and classe s wi thin the 

Younger Dw1e Complex is: 

(a) A 6,500 acre protective belt. 

(b) 26, 700 acres of Lrnd in en undeveloped state or 

at a v ery early stage of developi.1ent. 

(c) 10,800 acres of r e l atively deve loped and farmed or 

forested ennd country. 

4-.3.2 TheRimata~oxton kmd .Cl~ 

This l and class comprise s approximately 30,000 

acres. The land class is scattered and dispersed amongst 

the other soil classes wi thi n the Olde:c Durw Complex. How-

ever, four r el at ively l a rge a r eas which a re predominantly the 

Hima tangi-Foxton soil class can be identified. 

These are: 

... ... 

( a) An a r ea of a pproximately 7,000 acres situated 

to the s outh of the forest 01:ne d by the 1•.:a rton Sash , Door and 

Timber Co . r.td 

(b) An a r ea of approximately 7,000 acres in the 

Oroua Downs district. 

(c) An a r ea of approximately 8,000 acres which is 

bounded by the Sans on-1Ve llington highway 1 the Palmerston North­

Himat ang i highway and the Eane.wat u :,-liver, 

( d) An area of approximately 2 , 500 acres directly 

east of Waita r e r e For est. 

~-~----· . -·~-- -- --.--~-·~· ------
Seo soil maps, Fig s. XIIL2, XIIL3 , XIII. 4,. 
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Table 4, 2 indic ates the c w.0 r cnt l and use on the Himat2,ngi­

Foxton l and class . 

(a) Sheep-beef f .:-,, rming: Of the 15 ,000 acres devoted to sheep­

beef farming, much is on l a r g,.3 pro;_:>erties with considerable 

portions in an undeveloped or partially developed state. 

The average r a t e of stocki ng is 1.6 ewe equiva l ents per acre. 

(b) Dairy farming: Da iry f arms ar e g enera lly at a more 

advanced stage of development than sheep-be ef farms . However, 

there are still areas of undeveloped l and on most dairy farms. 

The average produc tion is 72 pounds of butterfat per acre. 

(c) Forestry: There a r e only two f orests exceeding 100 

acres on this l and class . There a r e a number of small 

plantations r ang ing in s iz e f rom 5 ·- 50 ac res , The aggregate 

700 ac r es of forest i s based on al l plantations exceeding 

25 acre s. 

(d) Run--off s: "~ full c1i sc us s i on of sand country run-offs 

i s g iven in the fo llov in;:~ section , 
necessary bec a use of t he ~1 r ese:rit high 

4, 3, 2 . 1 .TI!_U?-F; h . Val ~ of Jl un-off s 

This was considered 
urice for run-offs. 

Table XII. 4 indic ates that ap proximately one third 

,;, It is necessary to me.kc cl, d.i1rLinction between the use of 
l a nd for run-offs and the u ::i e of Lmd for extens ive grazing, 
Undeveloped but stabilized sand country on the YoU113er Dune 
Complex can be used for extensive g r azing , provi ding it is 
s trictly controlled ancl very li:~htly ;:; tocked Ut:- ½ ewe 
equiva l ent s per acre). 

On t he other hand, the Himo:tangi-:Foxton soil class in 
it s natura l state i s moro mat uru, a nd can be relatively 
heavily stocked without serious wind eros i on of sand, In 
addition, thi s a r ea is better sited and roa.ded for run-off 
subdivisi on. 



of the Himatangi-Foxton lcmd class is at present used for 

run-offs. The dry, warm nature of these soils and their 

close proximity to the heavy, low-lying clay soils of the 

Kairanga pla ins, provide idea l conditions for wintering 

dairy and beef stock. 

Sand country run-offs serve a number of a reas and 

systems of f arming, including the follovli.ng : 

(a) Dairy farms within the s 2.nd country sited on poorly 

dra ining soils , for example those on the ::.i u.1<:epuke-0manuka 

soil associetion. 

(b) Dairy f a rms ancl sheep-be ef farms situated on the Kairanga 

plains a nd in the Foilding district. 

It i s considered beyond the sc ope of this study to 

determine whether the r elat iv ely high market "price of run­

offs i s economically justi f ied for the r ange of farming 

systems involving the use of a run-off. An a ssessment of 

the economic va.lue of a run-off •.1oul.d be complic ated by the 

follou ing two factors: 

(a) The difficulty in many inst&nce s of accurately quantify:ing 

the proportion of the t otal f nrm production contributed by 

the run-off. 

(b) The diversification of f ar.ni n:; systems which make 

use of a sand country run-of f •.mul e. nece ssit a te a larg e 

survey sample , 

Althou:;h a deta iled economic s urvey of run-offs is 

beyond the s cope of this s tudy, i t is important in the present 

study to have some knowledge of me. ;.~ke t prices and existing 

and likely future trends in the demand for run-offs. 

The following is t he author' s general impres s ion based 

on informat ion as ,sembled jointly from the Valuation Department 

and discussion with ,;;.g ricultura l extension officers and farroors. 

At pre s ent approxima tely one-third of the Himatangi-

Fox·con l and class i s used for run-offs . The market price 

for dairy f a rm run-offs in the past five years ha s ranged 

from £40 to £90 per acre, 'l'he a ver ,g e price being £60 to 

£70 per acre for undeveloped land devoid of buildings . The 

size of dairy f arm run-of fs renges from 40 to 140 acres. In 



- 43 

contrast to dairy f a r m run--offs, sh8 ep and beef cattle run­

offs are generally leased at a rate of £3 to 27 per acre per 

yea r, and r ang e in si ze from ·150 t o 4-00 acres A r ent of £4 

per acre per year i s approxi,i1a.tel ::,r equivalent t o a purchase 

price of £70 p er acre, assill:lin;,?; a 5} per cent external interest 

rate is rea listic - Hence some undeveloped and partia lly 

developed run-offs have a per acre n~arket price which is 

higher than the govern;nent va lua tion f or developed dairy 

farms, inclusive of buildings, situated on moister sandy 

soils. The a uthor has no deta iled numerical data but his 

impression is that the r ecent market price of run-offs is 

higher than their productive value. This impres s ion is 

based on a high proportion of ,:'un---off owners being in a 

sound financial posit ion and appar ent ly prepared to pay for 

the easy and convenient method of overcoming wintering 

problems that a run-off provides , For example, excluding 

the effectiveness of each method, a run-off is normally a 

psychologica lly more acceptable met hod of overcoming wintering 

problems than providing a sacrifice paddock within the farm.* 

In the pre sent study i t i -:; assumed that the market price 

for run-offs r eflects their true productive va lue. Further 

consideration i 3 g iven to run-offs in Chapter VII, where the 

results and recommendations of thi s s tudy are presented" 

4. 4 S ummar,.y 

(a) The development and utilizati on of the sand country 

presents a number of problems . These a rise from a complex 

soil r,attern, varying and often unfavourable moi,'3 ture con­

ditions , and l a ck of c onsolid2:cion of the soils. 

(b) Following a gene r a l description of t he natural 

conditions, methods and prob l ems of soil classification on 

the sand country have been describe d. and d iscussed. 

'~ Clearly it may be a r g ued that ''psychic 11 factors, s uch a s 
ease and convenience of a system combined with freedom from 
worry, constitute rea l pr oductive va lue which a farmer is 
economically justified in paying fo r . The management award 
to a f a rmer with a run-off could well be lower than the cost 
of mana.3ing a farm with out a run-off . 
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( c) A modified metho d of soil classif ic at ion has been 

adopted for use in th i s st udy. Thi s method classifie d. s and 

country farms ( or forests) into one of five "productivity 

classes", one within the Young e r Dune Complex and four within 

the Older Dune Complex. 

(d) Two "p1·oductivity classes 1
; ~ ,-,here competition between 

forestry a nd ag riculture i s most marke d , have been 9elected for 

an intens ive study, 'The prGsent l and utie of t hese a reas, 

namely the Young er Dune Complex and Hima cang i-Foxton l and 

class, has been described in detail" 
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CHAPT:GR V 

Amongst the most i mportant information needed to 

evaluate the economics of forestry are: the growth rates 

and yields of timber, the predicted effects of silviculture 

on future stumpage values, the estimated costs, returns and 

timing of forest operations, and knoviledge of the benefits 

and disadvantages of farm forestry relative to large scale 

forestry 

This chapter provides a description and discussion of 

farm forestry)/ VIith particular reference to the recently 

introduced farm forestry scheme and the relative merits of 

farm forestry and large scale forestry . This is followed 

by a description of the surveyed forests and the interpretation 

of data obtained from this survey. The outlook for the round 

produce market is also discussed, Finally the forestry l,J.nd 

expectat ion values are ca lculated. 

5.1 FarrnFo~:tt:a: 

In this study farm forestry is defined a s: 

A farm v,ith IJinus J~diata plantations ranging in size 

from 5 acres to 1 00 acres, which in aggregate do not exceed 

one half of the total farm area. The plantations are assumed 

to receive pruning to a minimum height of 18 feet and not less 

than two thinningD, with a final harvest between 30 and 40 

years of age. 

Until the last decade the purpose of farm forestry on 

the Younger Dune Complex and Himatangi-Foxton land class was 

ma.inly to provide shelter and protection age.inst wind erosion 

of sand. The harvesting of timber has been a secondary con-

sideration. More recent planting ;;, , however, have been 

initiated because of a g rowing awareness of the direct value 

of well grown timber. On the Younger Dune Complex 240 acres 

of farm forests were established over the period 1926-58. 

The only silvicultural treatment has been lov, pruning. A 



further 150 acres have been ost c:,blished within the last three 

years. On the Himatangi-Foxton l and class approximately one-

half of the s urveyed properties l11~ d farm forests, ranging in 

size from 5 to 30 acres. 

Yie ld and stumpage do.ta from fann forests vrnre very 

l:united bec a use fen farm forests have been harvested. Those 

that have been harvested were generally scattered shelter belts 

which have had little or no tending. The limited data that 

were available have been used to substantiate yields and 

stumpage values given in 'l'able 5. 2 foT existing large scale 

sand country forests. 

5. 2 Th~ Fann Fore~, t·:z Scheme 

The Forest Service expects that private plantings, of 

which a substantial portion will be f arm forests, v1ill provide 

approximately one half of the addition2l one million acres of 

exotic fore st envisaged by the yo ct r 2000 A D The recently 

introduced ( 1963) Govern,nent farm for0stry 3cheme is a 

reflection of the importanc e pJ.aced on the part farm forestry 

is to play in the envisaged future afforest a tion programme 

in New Zeal and. 

Briefly tho essent ial points of the proposed farm forestry 

scheme are (37): 

(a) Tho establishment by the Goverrment of a credit reserve 

of £700,000 for the purpose of providing finance for estab­

lishment and silviculture of f arm forests. 

(b) The maximum loan is £25 per acre for e stablishment and 

£15 per acre for subsequent silviculture. The minimum area 

for which credit will be loa ned is 5 acres and the maximum area 

100 acres in any five-year period. This restriction is 

designed to ensure orderly iJlc.mting and a planned age-class 

distribution to be ach ieved. 

(c) Conditiona l on the correct adopt ion of defined establish·-

ment and subsequent silvicultural proc.-,r'Jures, up to £20 per 

acre will be -written off as a sus;_) ensory loan. 

( d) Repayment of pri r,,-,~ -n,:i 7 p,nr'1 int erest at a rate of 5 per 

cent will be by t able mortgage ovE.r •"' neriod of 20 years, 

commencing in the 20th year after establi <-.~n-:;nt or in the year 
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of first realizat ion. 

The recent incentives for establishing fann forests 

given both in the form of availability of credit and giving 

confidenc e to potential growers, reflect some important 

advantD,ges offarm forestI"IJ , These e.re now discussed. 

( a) i'Jhere farm forests are e s tablished in settled f a nning 

area~, there is "' large sav:Ln:; of socie.l overheads, 

for example roadin,g , power reticulation and buildings. 

·where a large forest i s establi shed in a completely 

unsettled area; these social overheads have to be 
provided. 

(b) In many fanning 2,reas, particularly the sand country$ 

there i s a range from low•-1)roduc ing to high-producing 

soil types, within individunl farms. Consequently, 

although there may not be large unbroken areas of soil 

types suitable for extonsivo forests, there are often 

many suitable small areas within farms which in aggregate 

would repre sent a subst,;1,ntial forest, Farm :forestry 

also provides a diversification of farm production, and 

secondary benefits in the form of a cheap supply of farm 

posts, shade, shelter ;:,,ncl pi~otect ion against wind 

erosion of sand. When assessing the land expectation 

value for farm fo r ests , no attempt has been made to 

place a numerical value on these secondary benefits. 

There will be a wide variation of these benefits between 

farms. 

On some f arms, farm labour may be utilized for tending 

plantations during a slack f armin:~ per-iod At this time the 

opportunity cost of the labour Hill be low. li'or example, 

using dairy fann labour for pruning after the milking herd has 

been dried off. 

A further advantage of farm fo restry is the absenc e of 

reading and tracking costs. Hovrnver , this advantage is 

normally more than offset by the additional fencing costs 

required for farm forestry, The main disadvantage of farm 

forestry is the higher log{;ing costs incurred in harvestins 

scattered farm forests. Further considerations for a 



successful farm forestry scheme are the need for a system of 

co-operative marketing to ensure a steady supply of timber to 

the mill and to minimize transportation of heavy logging 

equipment between plantations. There would also be a need 

for an extension of service for extending correct silvicult­

ura l techniques to fanners. 

5.3 Credit .. and _ Taxatio:t)_ C onsidorationJ?_ i'rith_ Res.,Eect to . F~rm 

Forest.E;Z 

5.3.1 Credit -~-~-
The Government f arm forestry scheme is the only 

official source of credit available for establishing and 

tending farm f or est s at present known to the author. This 

raises an important problem when using the l and expectation 

value crit erion to deterr.1ine the relative profitability of 

farm fore sts . The present value method implicitly assumes 

that the capital market is perfect. Therefore in choosing 

the optimum combination of f arming land and farm forests, it 

is assumed that the farme r i s i n fact able to move to his 

optimum time preference pattern fo r consumption, by financing 

the investment in a perfect credit market . In addition to 

borrowing credit f or t he investment, a f o,rmer who has a sub­

stantial propor t ion (20-40 per cent) of t he farm in f a rm 

forests would probably need to borrow credit for present 
~~ 

living expenseso 

Bec a use of lending constraints and the forestry input-
(,:1;1 

output structure, many farmers may often be forced to accept 

a lower return to capital by devoting some l and to agriculture 

which could have g iven higher long tenn profits a s a farm 

forest. _f:i possible method of overc omi ng t h i s problem would 

be to instit ute a farm forestry scheme, whereby the Govern­

ment paid an annual rental to f e,rmers for land planted in 

tree s . 

•,, Quite apart from the likelihood of these credit sources 
never being available, the hi gh risk of borrowing to this 
extent, for an inve stment not y ielding returns until 30 years 
in the future, would be unaccept2,ole to most fanners. 

:l:f/1 For an examnle of the flow of income during the establish­
ment phase of a- forest see _4ppondix II. 
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5.3.2 DeathDuties y.nd Ta,xat~ 

This sect ion briefly summarizes pertinent fea,tures 

of taxation and death duties wit l1 respect to farm forests. 

For a detailed account reference should be made to Grainger 

( 1950), (38) and Mitchell ( 1963), (39). 

Death duties are no lor.gor a disincentive to establishing 

farm forests, as trees were made completely exempt from death 

duties in 1960. i'lith r espect to taxation, Mitchell states: 

"It seems fair to say that there is little in the taxation 
field for the farm forester to ask for, so long as his forestry 
activities are within the scope of the Fann Forestry Act 1962. " 

The present method of forest taxation is st ill claimed to 

be discouraging to forest companies. For example, the 

interest earned on capital invested as a pro vision for future 

forest maintenance expenditure is at present _taxed. At t he 

same time, the fores t is not yielding any returns during this 

establishment phase. 

5.4 Existing Sand Count~~Jorest~ 

A survey was made of 7 relatively large scale sand 

country forests to obtain the data necessary to determine 
J, 

the profitability of forestry • . ,. A summary of the descriptive 

data collected during the survey is given in Table 5.1. 

data are given in more detail in the following sections. 

These 

A number of experimental tree species were established 

in sand country forests . For example, f.inus pinaster, 

P. muricata and P. _p_onder~~, The results have shown that 

beyond the protective belt f.:__Ya~iata is eas ily the most 

rapidly growing and most profitable species. 

only species considered in this study. 

5.5 Forest Productivit_y -~n Sa!l<?: ~~'?-~~!._r_x__.§,o}J.s 

This is the 

The stumpage yie lds and values given in Table 5 . 2 have 

been derived from harvested areas of sand country forests on 

the Younger Dune Complex and Himatangi--Foxton land classes. 

~~ These forests are shovm on the l and use maps , Figs . 
XIII.2 , XIII .3 and XIII.4 given in Ap~endix XIII. In these 
maps the first letter of a forest s name indicates the 
forest. For example, Ylaitarei~e forest is shovm as W. 
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TABLE 5.J_ 
Existipg San~ Count;;:y_ Forests 

r r I ~~-----

O,mer­
ship 

Cro.m 

Potential 
Area 

(acres) 

Planted I Date of Pl a nting 
Area Year Total plant-

(acres) ed area. 

Sil vie ult ural 
Treatment 

Soil 
Cl.ass 

(acres)~-~~--~---~ ---h 
3 ,-00-0--+a-~2-,5-5~5-~li---1-9_3_5~~·--~-9 All planti~s have b;e~ 1· Hol:io-

j 

1

. 194-5 876 pruned and thinned, although "iTai tare re 
i 1955 1 909 treatment of older stands 

I 1961 2 '555 was much del':'yed and not 

Harveste 
Area 

(acres) 

None 

h ' fully effective. 
· l 8,800 l 1 ,656T4925-35 400 1 ~?5~35 plant i ngs ~nadequatel Hokio- i· 

! i • 1945--63 1 650 si.tvicultural t~ea-cment.. Wa i tarcre None 
. , '! ' All other J?lant i ngs receiv-
i i~ intcmsive :pruning and 
11 · tlnnr.ing . Propo8ed plnnt ir,g . · t programme is l~00-5 00 acres 
i . per year. 

~1-T-an-· _g_i_m_o_a_n_a~--ri--c-r_o_v~m-i Unknown ·1 800 1925--2 9 800 I'.Ib~~d-a_n_d_g_e_n_e;~ii:/ ··-·-- ' ]:iol5:io-
l inadeo_uate s ilvicult ural prai tare re l 42 
1 trea tment .• Pl "'.nt cd in l _ ! I I El~~t5ii~~;e :~:1,3 h i;; i' rorn j J 

~oxton_:-~· ~~-r Crown l ~ Uri-bl:-v~· i 35 1927~30 ---23 lleceiv~~ fuJ7 ~,iJtl~ltltur;l-rl. Himatangi-1 
Railway j ! treat,,1ent. Foxton 23 

I ~ • I · i-~- - -~--~~-------• --~ - • · -~-0
-~ - • t 

Harton, Sash, 
Door and Tirn.ber 

Private 1,000 900 1948-62 900 lLeceiving full s ilvicultura 11
1
Hokio-

treatment. Jaitarcre I None 
( inland area) 

Co . Ltd. l _ -I _ + ·---~---- ~ 
Kcrnoha.n ) Private l 400 350 1925-35 
Gibbs ) l 400 !Areas planted in last 

dec ade receive full 
silvic ultura l treatment. 

Himatangi­
Foxton 50 
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Table 5.2 gives the yields from harvested areas of 41.7 
acres and 23 acres re spectively. The age of the stands at 

harvesting has been approximately standardized to 33 years 

using gener alized yield prediction table s (40,41) . The forest 

;'site index" bo.:.;ed on I,owis's tables (L~O) ranges from 65 feet 

on poor areas of t ho Younger Dune Complex to 85 feet on the 

Himacang i-Foxton l and c1as s. 

based on forests with 

These data a re genera lly 

( a ) inferior seed sources, 

(b) unrecorded blanking, and 

( c) inadequate silvic uJ.tural tre atment 

producing a high proportion of low grade timber. The data 

in Table 5.2 can therefore only be used as an approximate 

guide, particularly for future stumpage values , 

TABLS 5._2 

Final Harvest Yields _ and_Stwn_p~c Values 

To the author's knowle d,se no sample plots have been established 

to obtain measurements fo r forests undor intensive s ilvicultural 

manag ement on these classes of sand country. Generalized 

yield t ables for i ntensively managed F~ r adiata forests are 

in the process of being prepared at the Forest Research 

Institute, Rotorua. 
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The proportion of a large representative area of the 

Younger Dune Complex on which it i s possible to ob t ain a 

productive P. _ radiat_§; forest i s not accurately known. The 

two largest established fores ts of 2,555 acres and 980 acres 

respectively, have a ht3her proportion of dunes than is 

characteristic of thi s l and class as a whole, and are there-

fore not truly representat ive . i?ithin these two forests 

there is a negligible area of soil types on which it has not 

been possible to establish ~-:Sadia.ta. 

areas are too wet. 

These few small 

Difficulty in tree establishment has occurred in the 

Santoft Forest on the imperfectly dr aining Hokio sand and 

Hokio peaty soil types. However, it is possible that 

techniques of ridging and cheap drainage combined with the 

natural drying up of wet areas s urrounded by forest will 

overcome this difficulty. \[here these methods are not 

successful less productive species more adapted to moist 

conditions may be planted. 

It is estimated that for a l arge scale forest sited on 
-" 

the Yot.1W;er Dune Complex, 25 per cent··· of the land would be 

classified as unproductive due to: 

(a) Access tracks for ffre protection and tending 

operations. 

(b) Camp sites. 

(c) Excessively wet, swamp and lagoon areas. 

(d) Loss of forest due to fire, insect attack, 

disease and wind-throw. 

The equiv alent unproductive area for the Himatangi-Faxton 

land class is estimated to be 20 per cent. The lower unpro­

ductive area is due to there bein,~ negligible areas of 

exceedinoly wet and swampy soils on this soil class . The 

estimated unproductive a rea for fann forestry is 10 per cent 

for both land classes. 

The lower ;'unproductive" f a nn forest a r ea is bec ause 

~' The loss of production due to unproductive soil types 
is derived from existing unproductive areas on sand country 
fores ts, together with E'.ppraisal of detailed soil maps of 
the sand country. 



- 53 

normally the only los s of production will be from fire, insect 

attack, disease or windt:1row. ifois t a reas will be farmed. 

On the Younger Dune Complex, 5 per cent of the total area 

is estimated to be unproductive agricultural land, due to 

swamps, lagoons and l akes. Hence relative to agricultural 

prodootion ,on this l and class, the 11 productive 11 area for 

large scale forestry and farm forestry is estimated to be 

20 per cent and 10 per cent lower, respectively. 

The land expectation valuESfor a large forest planted 

immediately and farm forestry are estimated to be equivalent. 

This is bec ause the lower proportion of II unproductive11 land 

in farm forests will tend to be offset by slightly lower 

stumpage values obtained from harvesting small scattered farm 

forests. 

5. 6 Round Produce Barket 

This i s an important aspect of forestry as round produce 

from thinnings provide revenue at a relatively early point 

in time " The future outlet for round produce in the fonn 

of posts and poles is complicated amongst other factors by 

the likely subs titution of wood for concrete, as an increasing 

quantity of good quality round produce is suppliedo Conse-

quently projected demand figures can only be used as an 

approximate guide for future nemand trends . For the ~anawatu-

Wanganui region the estimated future demand for round produce, 

based on present sales, is 600,000 cubic feet per annum (6). 

With production of 600 cubic feet of round produce from 

the first thinning and 300 cubic feet from the second thinning, 

25.7 cubic feet of round produce per acre per year is prodooed 

from a 35-year rotat ion s ustained yield forest An area of 

approximately 23,500 acres of a 35-yea.r rotation sustained 

yield forest would meet this 2nnua l 600,000 cubic feet 

demand. Considering the exist i n;~ 30,000 acres of exotic 

forests, and the probable plantin:'5 of an additional 30-80,000 

acres in the Manawatu-Wanganui district} it is evident that 

the supply· of round produce in its preser1t form 1,;ill tend to 

exceed demand. The sand country has a transport advantage 

over alternative s upp1y Ftreas hence t he 5:ross figure is not 
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directly applicable. However, this f actor would tend to be 

offset by the fact t hat there would a l so be some roundwood 

from the fin2. l ha rvest , hence estimated gro s s acreage require­

ments may be slightly high. 

To the author's knowledge, alternative outlets for round 

produce have not been formula ted , It may be possible to 

convert the round produce to ch i ps, by the use of portable 

chippers and to tran sport t he raw chips to the nearest pulp 

mill for furthe r processing _ Thi s method is adopted in the 

U, S , A" ancl, despite long tran sport distance s , is evidently 

economic. At present, however, there i s little indication 

of this p ractice evolvins in New •;~eala. nd . In the event of 

an over-supply of round produce, -chere is the possibility of 

the establishment of a fibre or p.:i, rtic1e board plant . If 

such a plant were e s t abli shed, ·tho s ource of round produce 

would have to be concentrated vrit hin a s ma ll distance of the 

processing pla nt, beoause of high internal transport costs in 

New Zealand. 

If no alternative outlet for roQnd produce can be found, 

the adoption of the r osulta nt method of poison thinning to 

waste would represent a ma rke d decline in the profitability 
>~ 

of forestry, as estimat ed af, st umpag e, 

If there is a future over -supply of round produce, an 

important question arises as to whe ther a Sta te forest should 
i,::i;: 

maximize its own profits or maximize national welfare. A 

tree-growing company in a monopoly pos ition will tend to 

··· In the absence of a full sc ale study on the future of the 
round produce market, the a ut hor wa s unable to obtain reliable 
estimates of future round produce prices. However, the data 
that are available ( 6), toe; eth er with the general opinion of 
the Forest Service, s ug,; estc t hat round produce prices will 
tend to f all" In this s tudy, fore stry land expectation 
values have been calc ul,'." ted for a range of thinning prices .. 
The maximum price in this range is t aken to be present day 
prices and the minimum, the cost of poison thinning. When 
calculating the most likely l a n d expectation va lue for 
forestry, round produce has been v o,lued at one half its 
present price. 

This point is illustra ted in l. ppendix III , 
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maximize its own profit s by adj usting the supply of rotind 

produce entering the market so that net profits are a maximum. 

The level of supply will depend on the price el asticity of 

demand for round produce" If the l atter is accurately pre­

dicted, t he level of supply of r ound produce would be such 

that an increase in supply woul d give a greater quantity at 

a lower price per unit volume and a lower overall net profit. 

From the nationa l view point , however ~ thinnings represent 

a by-product which for n s rne.11 additional cost may be harvested. 

There i s a fixed minimum cost of th inning, regardless of 

whether the thinning s a r e utilized. This fixed cost is the 

cost of poison thinning, Consequently the national cost of 

nupplying round produce t o the mc.rket is g iven by the additional 

cost of harvesting thinnings above the alternative method of 

poison thinning to waste , Thus a State f ores t with the 

object of maximizing national welfar e should increase the 

supply of r ound produce by supplying thinnings to a level 

where the average price r eceive d for thinnings just meets the 

additional cost of harvesting , That is until t he marginal 

cost of harvesting thinnings equals t he average per unit 

revenue obta ined from the sale of thinnings. Only when the 

price has reached this level sho uld suq>lus thinnings, if any, 

be poisoned. In the event of this policy being adopted, 

careful consideration would need to be given to maintaining 

an unfluctuating supply of round produce. And oocondly to 

the tendency for wood r ound produce to abso rb rapidly markets 

previouszy supplied by concrete products, Clearly in an 

economic sense, if a sub sti tute product can be produced more 

cheaply in the form of wood, a la:rge proportion of the labour 

and capital at present producing concrete products should be 

released and aided into alt ernative avenues of production , 

5. 7 Ex,,;eected Effects of New Silvie ultura l Practices 

A problem arises in dete rmining expected timber quality, 

growth r a tes and timing of forest oper a tions for future 

rotations. This is bec a use the limited dats. f rom previous 

rotations, on which ant icipated future yields are estimated, 

is based on comparatively unt ended forests . 



Intensive silvicultural practices prescribed for future 

rotations, al though r easonably clear in their general effect 

(42,43,41+), are difficult to estimate numericaJ.ly as no data 

are available from r otations which have been completely 

managed along these lines, 'I'he essent i a l ~spects of inten-· 

sively managed future rotations appear to be: 

(a) Low and high pruning, to a minimum he i 6 ht of 18 feet, 

to give a l a rge proportion of high quality timber. The 

present control price differenti~l between timber gr ades, 

makes this an economic practice. For example, box grade 

34/9 to 41+/9 per 100 ft . ft , compared vrith finishing grade 

61/6 to 84/6 per 100 bd. ft, 

(b) An intensive thinning programme, vrhere, depending 

upon market outlet for round produce and small saw logs, each 

rotation will have from two to five thinnings. 

The thinnings have a threefold function: 

(i) To ensure that the better pruned trees are not 

dominated by trees of inferior form, and also to allow the 

maintenance of a deep g reen crown on pruned trees. 

(ii) To provide an early financial return which, 

because of its early timing, is important in effectively 

decreasing the r apidly i ncreasing compounded ntream of 

establishment and pruning costs , 

(iii) To g ive a final harvest yield which has a 

lower final harvest volume than that for an equivalent 

unthinned forest. However J t~e yield is represented 

by fewer stems of greater volume, and greater value per 

unit volume, than from untended stands. The estimated 

effects of silviculture on future stumpage values is later 

discussed in section 5.9. 

The following table indicates the esti mated management 

schedule s for a 30-year and a L~0-year rotation on the 

Hirnatangi-Foxton l and class. 
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Est~mated Fore~'t)fanag,ement .§.2hed½,les for_the 

Himata~i-Fox~J.,an<l. Class 

•----=-·--·.~ .----"-, ,,__.__.. 

1±9-Year Ro\~tion 
Age (years; 10 

-"& .-. 

Stocking before thinning (stems) 90 0 

Vo1ume before thinning (ft3) 2 ,20 0 

Thinning volume (ft3) 80 0 

Volume after thinning (ft3) 1,40 0 

Stocking after thinning ( stems) 25 0 

Total yield (ft3) 
Mean annual increment (ft3) 

l.,0-Year Rotation 
Age (yea;;)-

Stocking before thinning (stems ) 

Volume before thinning (ft3) 

Thinning volume (rt3) 

Volume after thinning (ft3) 

Stocking after thinning (stems) 

Total yield 

Mean annual increment (ft3) 

---

10 

90 

2,20 

800 

1 ,40 

25 

-
0 

0 

0 

0 

18 28 ___ , 
250 150 

~-,500 6,500 

1,800 2,000 

2,700 4,500 

150 ' 90 

' 

- . 

16 30 

250 110 

3,600 

1,600 8,000 

2,000 

110 ! 

40 

90 

9,000 

13,600 

340 

10,400 

347 

The above management schedules for the Himatangi-Foxton 

land class are based on ass embled data from harvested sand 

country forests, as previously shown in Table 5 , 2_ The data 

have been adjusted using gener e.lized yield prediction tables 

(40,41,42) and yields from thinned and unthinned experimental 
~,: 

plots established by the Fores t Research Ins titute. This 

has enabled the expected effects of thinning to be allowed for. 

The management schedules for the Yolll18er Dune Complex are 

estima ted to be the same as shown for the Himatangi-Foxton 

land class, with the exception that the final crop yield 

is 1,000 cubic feet lower. 

~' The yields given in Table 5.3 were finalized after dis­
cussion with members of the Forest Service. 
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This section briefly outlines the pertinent establishment 
* and management costs . 

5.8.1 Establi~hment Costs 

£ 
Cost yer Acre 

(a) Land preparation 5 

( b) Roading and tracking 3 

(c) Trees, planting and blanking 15 

( d) Release cutting 7 

Total establishment costs £30 

The a bove establishment costs represent averages for a 

l arge sand country forest. The range of establishment costs 
;~>:c 

is estimated to be between £30 and £35 per acre , The main 

reason for the varia tion in cost s is due to the more than 

proportiona l rise in fencing costs as the s ize of the forest 

decreases. Thi s is bec ause fencing costs are approximately 

equal to t he square ro ot of the forest area enclosed. Small 

farm forests may have f encing costs up t o £10 per acre but 

these are partially offset by the absence of roading and 

tracking costs. 

5. 8. 2 :g.outine iviana,E__ement __ Cost~ 

The annual forest maintenance costs will vary 

depending upon whether a new forest, with the overheads of 

buildings, is to be established, or whether an existing forest 
:~: >:,: 1,-; 

is to be expanded. Where a new forest including all over•· 

heads is to be established , the annua l running costs are 

estimated to be £2.5 to £3 per acre. However, where overheads 

for a forest are already established, and the existing forest 

Full det ails of forest costs are g iven in Appendix IV. 

*,:, These establishment costs were derived from the survey of 
sand country fore sts and discus s ion with members of the 

Forest Service. 
·:••'•••,. See Appendix IV for derivation of routine management 
costs. 
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is to be expanded, the additional annual running costs are 

of the order of £1.5 to £2 per acre . Farm forestry running 

costs are also est imated to be £1 .5 to £2 per acre. For an 

expansion of forestry on the sand country, many of the over-­

heads are already provided. 

5. 9 Time._~0 ields _ and Pr:i.9.§.§. 

This section gives forest budgets bas ed on a 3O-year and 

~-O-year rotation. 

Table 5.4 shows two rotation schedules for a sand country 

forest, sited on the Himatangi-Foxton land class . (A) 

indicates a 4O-year rotat ion and (B) a 3O-year rotation. 

'I'he forest returns shown in Table 5.4 are based on the 

following stumpage values for timber. 

(a) Round produce and small sawlogs 
from first and second thinning O - 6d per cubic foot 

(b) Sav,logs from third thinning 9d per cubic foot 

(c) Sawlogs from final harvest 30 years ·J2d-18d per cubic 
foot 

40 years 12.5-21.5d per 
cubic foot 

Returns from thinnings are based on present prices vath a 

lower limit representing the situation where poison thinning 

is adopted, due to the possibility of a future over-supply of 

round produce. 

Final harvest stumpage v8.lues are based firstly on a lower 

limit, where it is simply assur118d that present stumpage values 

being received for untende d plantations shown in Table 5. 2 are 

projected into the future for fully tended forests. The 

evaluation of the increased stwnpage attributable to intensive 

silvicul ture is based mainly on research work by Brown ( 1962), 

(42). Essentially the higher stumpage values from fully 

tended forests are attributed to a higher proportion of high 

quality timber grades, a higher conversion rate of large logs 

into sawn timber and, to a lesser extent, lower per cubic foot 

logging costs . The full increased value estimated by Brown 

has not been allowed for in this study for the following 

reasons: 
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T!~J3LE j.4 

For Two Rotation Schedules _for -~ 

Sand.~C_C?_Ufltry _ 1>).r~st 

Cost of establishment 

Annual running costs 

First pruning at (6- 8') 

Second pruning at 

Third pruning at 

First thinning at 

Second thinning a t 

( 18 I) 

(35') 

6 years 

9 years 

12 years 

10 year s 

16 years . 

18 years 

28 years 

£ 
Cost per Acre 

A 

30-35 

i. 5·-2. 5 

8 

9 

15 

B 

30--35 

1. 5-2.:: 

8 

9 

£ 
Return per Acre 

A B 

-5 -:-20 . -5 +20 

20-40 

25-4.5 

75 Third thinning at 

Final harvest at 30 years · t · L~00-600 

40 years 11 JI · 550-800 

~__,__,._,,-----~-~~-- •--------·---- ..,._. ~ .... ..-. ·_________ ·----...- ............ . -. ... -~~· ---..--

( a ) The additional stumpage values a r e based on the 

Conical Hill sawmill which is f'it·i;ed i'dth band saws, and is 

therefore unlikely t o be r epr esentl1.tivo of future saw ;TI.ills 

serving sand countrJ for ests. 

(b) There wo uld be a hi :;lwr capi -t c1 l investment required 

in milling equipment if exis t i ng sand country sawmills were to 

produce high quality timber ::, . For thi s reason a part of the 

increased timber value would need t o be attributed to the 

sawmill. Also, the los s of timber through removal of the 

knotty core i s considered to be under-estimated. 

(c) Finally, the calculations are based on production 

of board timber only, whereas a sub stant i nl portion of the 

timber supplying the w-elli ng ton market will be framing. 
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5, 10 Forestry L~d Jf.x_p_ectati'?.!l Vall!;_~ 

Forestry land expectat ion values based on data given in 

Tables 5.3 and 5.4 are now presented in tabulated and graphical 

form. 

.!,.ABLE ..5 ~5 

- -~·-·- • ·:••- -
Annual Interest Rate 

(per cent) - -----· --
4½ 5 5½ 6½ 

.. k .~ 

£ £ £ I"' w 

( 1) Maximum 138.1li- 104. 50 85.68 52.43 

(2) Average (H-F) 85,37 63 , 36 45 _67 21 . 55 

(3) (Y,D, 167,13 48 ,40 33.46 12. 68 

(4) Minimum 31.34 17.04 5. 83 -9.76 
., -~ ................. ----·---... ----· 

Table 5.5 expresses the forestry land expeotation values 

for a range of external interest rates from 4½ to 6½ per oent. 

The land expectation values are bas ed on an 11 immediate planted" 

forest. That is, the complete plantation or forest is assumed 

to be established in the first year. The effects of a longer 

planting period, aiming for a sustained yield forest, are dis­

cussed in section 5.11. 

The average land expectat ion values shown in Table 5.5 

are based on reasonably conservative estimates of the likely 

increased stumpage values for a fully tended forest. The 
*~' actual costs and returns used a re shovm in the worked example. 

The average land expectation values have been calculated for 

the Himatangi-Foxton (H-F) land class , and the Younger Dune 

Complex (Yo D., Co). 
------------•-· ~--.a . __.___ ___ ~~-----... -----------

~• The complete method of computa tion used for deriving forestry 
land expectation values is given in Appendix V. The method 
of specifying land expectation values in terms of an annual 
rental payment for land is al.s o known. 

See Appendix V. 
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The minimum and maximmn land expectation values have 

been derived from the two extremes of the values shown in 

Table 5.4. Finally, single variables have been varied, for 

example, the value of first thinnings, the results of which 

are discussed in the following section. 

Land expectation va1ues b&sed on a L~O-year rotation 

are not shown in Teble 5.5> as a 30-year rotation imputes a 

higher land expectation value for all external interest 

rates exceeding 3½ per cent. 

In Fig . 5.1 the forestry l and expectation values have 

been graphed over a range of external interest rates from 

3½ to 7½ per cent , The graphs are numbered as given in 

Table 5.5. 

5.11 Discussion of Res'-!,lts of YAi:¥J.~.-li~~;e_tio~~'Jith 
Res~ct to Foresi:_j,Ianapeme~and Yields 

The following significant points arise from Table 

5.5: 

(a) The extreme sensitivity of the imputed land expect­

ation value for forestry to the selected external interest 

rate. For example, an incre ase in the external rate from 

4½ to 6½ per cent reduces the forestry land expectation 

value by approximately £64 per acre. On the Himatangi­

Foxton land class, forestry imputes a positive land 

expectation value up to a 7J per cent interest rate. 

(b) Although not shown in Table 5.5, the comput2,tions 

exemplified the important effect of the ruling interest 

rate on the optimum forest management schedule. An 

increase in the external interest rate will reduce the 

length of the optimum rotation and conversely for a 

reduction in the external interest rate. For example, 

at a 3½ per cent external rate the value of the final 

harvest for a L~O-year rotation would only have to rise 

by £90 to break-even with a 30-year rotat ion, whereas 

the corresponding rise at a 7~- per cent interest rate 

would need to be £350. 
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(c) The magnitude of the effect of an increased annual running 

cost. For example) at a 5{ per cent external interest rate 

an increase in annual running costs from £'i .5 to £2.5 per acre 

decreases the l ancl expectation value by approximately 30 per 

cent. A constant change in the annual running cost does not 

alter the optimum rotation . I n the assessment of forest 

running costs a problem emerging from tho study was the 

optimum level of fire protection for a for est. For a full 

analysis of this problem one would need t o know the probability 

of a forest being destroyed by fire at different sta.ges in its 

life .. On economic g rounds t he ma intenance of stringent 

fire protection :neasures in the early phases of establishment 

of a forest is questionable . l'irstly, the value of the 

forest is much lower in early life than near maturity and, 

secondly, the effect of ear],y maintenance costs are ;nar; nified 

as they are compounded to the end of the rot e.tion. It is 

consequently quite clear that it i s possible for a forest to 

be too well protected against fire . The author considers 

that present relatively high fire protec-cion cos-cs for some 

forests should be carefully reviewed in the light of the 

probable value of forest saved from fire, at varying levels 

of protection, and the cost of maintaining this level of fire 

protection. 

(d) The importance of bein,:; able to find a profitable ;-1arket 

outlet for first thinnings i s exemplified when at a 5½ per 

cent interest rate the adoption of poison thinning, reduces 

the land expectation value by approximately 25 per cent. 

An increase in the price received for thinnings will shorten 

the length of the optimum rotation and conversely for a 

decrease in the price of thinnings . 

( e) It should be stressed that the forestry land expectation 

values ,'jiven in Table 5. 5 are based on the assumption that 

all forestry l and is planted in the first year. In most 

inste.nces this will be a r ealistic as sumption for fann forests 

and sme..11 plantE'. tions. J\ l a rge forest, however, is normally 

est ablished over a period of year.s . The est ablishment !Jeriod 

of a forest will vA. ry v,ith a r..wnber of factors, the pri,nary 
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one being its size. Two conflicting aims arise when planning 

the establishment of a large forest. These aims are: 

( i) An at tempt to achieve on even distribution of age 

classes, by staggering planting dates, thus enabling the 

forest to be managed on an approximate susta ined yield basis.* 

This will ensure a steady supply of timber and a steady 

demand for labour in the various forest operations. Clearly 

if the complete forest was established in one year there 

would be tremendous fluctuations in labour requirement s as 

the major tending operations fe ll due, for example pruning. 

( ii) Secondly, an attempt is made to establish the 

forest as r apidly as possible , partly because, during the 

establishment phase, many overhead facilities necessary 

from the beginning of the establishment phas e are provided, 

but are not fully utilized until the complete forest is 

established, e.g. buildings. 

When establishing a sustained yield forest, it is 

important to know whether land held for future planting is 

earning its opportunity co st during the waiting period. If 

for any reason the land is lying idle during the pre-planting 

period, the opportunity cost foregone by not utilizing it 

for extensive grazing or f arming should be charged as a 

cost of establishing the forest. If unplanted forestxy 

l and is used for extens ive grazing, but the alternative to 

forestry is to develop the land f or fanning, account would 

need to be taken of foregone ean1ings. The difference 

between the value of the land for extensive grazing and 

its value for fanning (after development costs have been 

taken into account) constitutes the foregone earnings. 

Land expectation values derived for a r ange of forest 

* A II complete" sustained yield forest (for a 30-year 
rot ation) is one in which the total forest is divided 
into 30 age classes of equivalent size . 'i'he age 
distribution of these classes r anges from new plantings 
to 30 years. In practice this is very seldom, if ever, 
achieved. 



- 66 -

>l<' establishment periods are presented in Table 5.6. 

TABLE 5.6 

B&_latiQ.9.§hi,J?.., Between Land ~Ex,,Qectation Va~ 
and Rate of Forest bstablishment 

~· _ .. . ,.. __ ,, ·-- ·- _ _._.._ ___ __._,_., ----------.-.... ~-
Rat e of Forest Establishment (yea]'s) 

Soil Class Immediate 
Planting 

- -~ 
2;i~ 10 15 25 30 5 

.. ~ -
Himatangi- 45,67 39 Foxton .10 34.56 30. 61 27.32 24.55 22.14 

Younger Dune 
33 , 46 28 Complex ,64 25.30 22.41 19. 85 17.96 16. 21 

-----
Table 5.6 gives forestry l and expectation values for 

seven possible forest establishment plans. These range from 

"immediate planting" to a completely sustained yield f'orest. 

The land expectation values are the amounts forestry can 
11 afford" to pay for land and have unplanted part lying com­

pletely idle during the establishment phase, Le. no allowance 

has been made for using l and during the pre-planting period. 

Present rates of planting for large scale sand country 

forests, for instance Santoft, indi cate a 15 to 20-year 

establishment period, 

In Chapter VII forestry and agricultura l land expectation 

values are compared on the basis of a 15-20 year planting 

period for large scale forestry. 

* The method of computation 
is given in Appendix VI. A 
rate is used in Table 5.6. 
expectation values are given 
and planting periods. 

us ed for deriving these values 
5½ per cent external interest 
In Appendix VI the land 
for a range of interest rates 
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CHAPI'ER VI 
•~CO<..· ..... ~~­
... -~---~ 

AGRICULTURAL LAND EXP8CTATI0N VALUES 
- --- -- -- .. _ ... _ _ ~-- ,•=-- ~-

This chapter incorporates a desc ript ion of data require­

ments, sources of data , survey methods, budgetting procedure 

and a description of the methods and costs of developing land 

for agriculture. Following this there is a section for both 

sheep and dairy fanning, which gives a brief description of 

each system of fanning, together with an example of the 

budgetting procedure used for deriving the net residual value 

to land. Finally the land expectation values are calculated 

for both sheep-beef fanning and dairy f arming over a range of 

external interest rates. 

6.1 Sources of Informati-9.!:l 

A survey was made of 16 fnrms, 6 sheep-beef fanns and 7 
dairy farms on the selected land classes, and 3 fanns on other 

soil classes. The aim of the survey was to obtain the 

following data for both sheep and dairy farms: 

(a) The period of development to the present level of 

production , and the approximate costs of development. 

(b) The present level and value of production, and the 

inputs necessary to "maintain" this level of production . 

(c) The anticipated future level and costs of production~ 

and the period of time and capital inputs required to e~hieve 

this level of production. 

In addition to the survey data , bas ic input-output data 

have been assembled for 145 properties on the sand country, 

including 40 properties sited on the Younger Dune Complex 

and Himatangi-Foxton land classes. The main source of these 

data has been the Valuation Department. Apart from the use 

of these data to compile land use maps, the data have been 

U3eful in providing a broad background to fanning systems, 

inputs and levels of production, for a r ange of soil classes 

on the sand country.* ---~--~~-~-------~------
* See footnote** p,34. 
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6. 2 pugg_etting Pr<2.9*edur...§J,_J\doJ?_t._9.Q 

(a) The prices and costs for agricultural products and 

resources used in the following budgets are based on average 

prices within the Hanawatu region during the three production 

seasons 1961, 1962 and 1963. 

(b) The budgets incorporate the total value of gross farm 

outputs and the value of all inputs, regardless of their 

ownership, used in acquiring this production, with the sole 

exception of land. 

(o) The farm inputs may be divided into two classes: 

(i) Direct costs, which are nonnally completely 

utilized within a year's farm production, for example, 

shearing costs, wages and fertilizer. These costs can 

generally be readily asseused as they are recurring annual 

costs, and can normally be directly attributed to one year's 

production. 

(ij) Indirect costs arising from inputs which give 

services over a long period of time, for example, buildings, 

plant and machinery. These overhead costs are not as easily 

evaluated as short tenn inputs. 

Two distinct costs are rec ognised for long term inputs. 

(i) Repairs and maintenance, incurred during the pro•-· 

ductive life of the input, necessary to maintain the 

factor of production in efficient working order. 

(ij) The ul ti.mate replacement cost of the input which 

is normally expressed in terms of a depreciation reserve. 

In this study the above costs have been incorporated and 

expressed in tenns of the following averag e annual costs: 

(i) An annual charge of 3 per cent of the original 

capital value for buildings. This cost is divided into a 

2¾ per cent repairs and maintenance charge and a ¾ per cent 
* depreciation reserve. The average life of farm buildings 

is assumed to be 40 years . 

* The percentage depreciation reserve is that constant 
annual sum which, if compounded over the life of the asset, 
gives a total cash sum equivalent to the replacement cost 
of the asset See Appendix VII. 
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( ii) An annual charge of ·10 per cent on the original 

c~pital value of plant anG machinery . The average life of 

plant and machinery is assw11ed to be 15 years, with annual 

charges of 5 per cent for repairs > maintenance and depreciation 

respectively. 

When isolating a residual payment to land it is necessary 

to make allowance, via the market interest rate , for the value 

of all capital inputs combined with land. The procedure 

adopted in this study is to allow an annual interest charge 

of 5½ per cent on the capital value of stock, plant, machinery 
* and buildings. 

Where farms are already partially developed, the past 

capital outlay for pasture establishment, fencing, drainage, 

water supply, etc. is regarded as an 11 historic cost". These 

improvements can only be used to service agriculture and hence 

have no opportunity cost for any other enterprise. In this 

instance the land expectat ion value is expressed in terms of 

how much agriculture can "afford" to pay for this land 

inclusive of these improvements. In the determination of 

the land expectation value of undeveloped land being considered 

for agricultural development, the total development costs are 

taken into account . 

section 6.5, 
This distinction is later outlined in 

6.3 The Devel~ment of _ S_and Co~~tz.LJ:or L~~ 

There is considerable variation in the methods and costs 

of developing sand country for f a rming. These costs depend 

upon the original cover of the land, the relative proportion 

of moist flats, dry flats and dune areas, whether the land is 

being developed for sheep or dairy fanns, and finally the 

methods of development used. 

This section outlines the methods and costs of developing 

sand country for farming, 'l'he important aspects of pasture 

establishment on the sand country are: drainage, preparation 

* The interest rate charged for the capital value of stock, 
plant and machinery is varied over a range of external 
interest rates, 
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of the .seed bed, sowing a suitable grass seed mixture and the 

application of an appropriate fertilizer mixture 

6. 3. 1 Drainage 

On the Younger Dune Complex peaty swamps often 

occupy what would otherwise be the most productive land. 

The formation of these swe.mps is lar3ely a r c: sult of the 

natural drainage towards the co ast being impeded by sand clunes. 

Because of the dependance of pasture growth on the height of 

the water table, however, care must be taken, when planning a 

drainage scheme, not to propose one which wo uld cause over­

draining of neighbouring soils. In many places it is not 

advisable to drain small low-lyins patches of Hokio sand, 

peaty phase, bec ause this will lower the water table in nearby 

soils which previously had a good moisture status, The small 

advantage gained from drainage on the peaty phase would often 

be more than offset by the l oss of production from neighbouring 

soils. A possible alternative to drainage is the addition of 

sand from nearby dunes to peaty soils to build up the surface 

to a level where dra inage is no l onger necessary. To date, 

this method has not been adopted to any significant extent. 

The method of draining is one of open vee drains . A 

drainage problem does not arise on the Himatangi-Foxton land 

class, as there are negli gible areas of very moist soil types. 

6.3 . 2 PrEW,aration of the Seed _Be~ 

The old method of deep plo¼ghing of moist flats has, 

in most cases, been superseded by one of rotar y hoeing. J\fter 

rotary hoeing, the area i3 either dir ectly sown to pasture in 

the autumn or sovm to a winter cro:p, uslUllly chou-moellier or 

swedes, followed by pasture establishment in the spring. 

The above method may be used for development of dry flats, 

but this involves a risk of wind erosion. An alternative 

method at present being developed makes use of a flail harvester 

with rotary chain flails. The dry fl ats are chopped and 

levelled, leaving the area suitable for disc drilling of grass 

seed • This method allows the preparation of a seed bed with 

., m;n;m11m nis:ttnrb:=mr. e of the relatively light unconsolidated 
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sand. After a period of 5 to 10 years when the area has 

been consolidated and t he fertility e,nd organic content of 

the soil increased, t he are a will be rota, ry hoed and resown. 

This method is at pre s en-t in t he experiment al stage, conse­

quently its long term result s a r e unc e rta in. 

The development of dune a reas a l s o reouires a method 

involving minimum disturbance of the rela tively unconsolidated 

sand. 

(a) Waita_;'_ere dunes: This ser j_e s repres ent s the raw uncon­

solidated dunes within t he Younge r Dune Complex which are now 

stabilized by vegetat ion . TJ.1ese no:..0 ..1 2-lly provide rough 

grazing. They may, however, b e par t i a lly developed by the 

surface sowing of grass and clover seed on shady faces under 

the cover of tree lupin, where sand i s moist and temperatures 

lower. Grazing can only be light and strictly controlled, as 

the surface is easily broken by stock, and this results in 

serious wind erosion. 

(b) ~t~n dunes: The s e r epresent a more mature and c onsol:idated 

phase than the 1fait a rere dunes and can be developed more fully. 

The present development method is to spray lupin, gorse and 

bracken fern, feed hay on t he a rea and crush the growth with 

cattle. This is followed by t he s urface sowing of seed. 

The average cost of spraying tree lupins with 2-4-D is £1.15.0 

per acre, and the cost of spraying gorse with 2-4·-5-T, £7. O. 0 

per acre; sometimes t wo s pray a pplications are necessary for 

a complete k:ill. Gra 7,ing must a lso be carefully controlled on 

these dune areas. 

Seed Mixtur~ 

Pasture mixtures vary according to drainage con-

ditions and the consequent mois ture s t a tus of the s oil. The 

usual seed application is a relo.t ively heavy one of 30 to 4.0 

pounds per acre . On sand dune s and dry flats the common seed 

mixture is ryegrass, cocksfoot, paspalurn and subterranean clover 

(Talarook and Mt. Barker species). On flats with a good 

moisture status, the us ual seed mixture is ryegrass, cocksfoot, 

and white and red clover, whilst on moist peaty flats straw-
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berry clover replaces white clover; this latter clover thrives 

in wet saline conditions. On a number of occas ions a poor 

strike on dunes and dry flats has necessitated resowing of 

pasture the following season O:n these land clas ses pastures 

tend to "run out" to poor and low producing species from 8 to 

10 years after establishment; this is largely the reason why 

a summer or winter crop i s the usual practice on this class of 

sand country . The reason for pastures " running out 11 is because 

of the light, dry nature of these sandy so ils. 

Soil moisture is the main f actor determining pro­

duction on the sand country. However, correction of nutrient 

deficiencies in plants and animals i ,s a vital factor in attaining 

higher production. Sand country soils a.re deficient in a 

number of major and trace c lements (36). 

Limi:r:i_g: Most of sand country soils are moderately acid 

to slightly alkaline, and r ecognized responses to the 

application of lime have been few. Consequently liming is 

not a general practise except on some wette r areas and with 

the establishment of a lucerne stand. 

SU,EQD?_~OS...E,hate: Levels of phosphorus obtained from soil 

tests range from medium to high . However, good responses are 

obtained from phosphate topdressing on nearly all of the sand 

country soils. This may be due to a high proportion of the 

phosphate ion being in a form not readily available to plants . 

As a result of this possible conversion and leaching of soluble 

ions, the usual applicat ion is 1i- to 2½ cwt. of 33½ per cent 

potassic serpentine superphosphate per acre , in a split autumn 

and spring application. 

Pota~: The potassium content of sand country soils 

ranges from very lov, to very high , with mo st of soils being 

in the low range. Even in so:Us with medium or high levels 

of potassium, their potassium-supplying power is low and 

deficiencies are common under intens ive farming. Sand country 
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soils cannot hold potassium and it is therefore taken up 

rapidly by plants in larger quantities t han they need, or 

is leached from the soil. Thus, responses to potash are 

shortlived and consequent ly thG normal topdressing procedure 

is a split autumn and spring application, in the form of .33½ 
per cent potassic superphosphate, 

Trace . elem~nts: Very few data a re available on the trace 

element status of sand country soils, Trials conducted by 

the Department of Agriculture, on the I.ands and. Survey develop­

mental properties, have given no significant pasture responses 

to trace elements, with the exception of molybdenum on some 

areas. In the past stock thrift problems have been very pre­

valent on the selected classes of sand country , For example, 

lambing percentages on sheep farms ha ve been as low as 60 per 

cent and hogget mor:tality as high as 30 per cent. However, 

with the advent of selenium, copper and, to a lesser extent, 

cobalt, together with an intens ive drenching programme, hogget 

deaths have been reduced to 3-5 per cent and lambing percentages 

increased to 85-110 per cent , 

In summary, drainage is an important factor on the Younger 

Dune Complex, but is not normc.lly necessary on the Himatangi-

Foxton land class. Eethods a nd the type of pasture mixture 

established vary according to the particular soil ty~Je . The 

capital and maintenance application of fertili.zer on these 

classes of sand country is high relative to potential production. 

Capital applications are of tho order of 2½·-3½ cwt , of 33½ 
per cent potassic superphosphate per acre) and maintenance 

applications 1½-2½ cwt. per acre . Generally one or a com­

bination of the trace elements copper, cobalt or molybdenum 

is included in the fertilizer mixture. 

6. 4 The . Cost of _ De.yelJ).£_~!:!f..__~<i Couni:E,.Y 

The reasons for variati on in the costs of developing sand 

country for farming have been given in Section 6,3. 

In addition to the va riation of development costs, problems 

were encountered in attempting to obtain costs which would be 

represent c.tive of future development on the sand country. 
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These problems arose from: 

( a) Paucity of records a nd> in many instances, a reliance 

on a farmer's memory. 

(b) Considerable changes in technology which often 

render past records, even nhen o.ve,ilable > inadequate. 

(c) Variation in the r o.te of developmcmt; depending upon 

size of property and fina::ic i a l posit ion <:'.net object ives of 

farmer. 

The development cos t s given b elow are based, in the main, 

on past development methods . .!idjustrnents have been made to 

some development costs in an attempt to make them represent-­

a tive of anticipa ted future trends, for example > replacement 

of deep ploughing with rota:;::y hoe ing . 

-~ Dey,tl9..E_nent _ Costs 

Grass seed 4-, 10 , 

Fertilizer: 3 cwt ,., 3 z1 OI :Y; per cent copper· 
ised potassic superphosphate 2. 1 o. 

Fencing 3 'I 0. 

Dra inage e.nd water supply 2. '10, 

0 

0 

0 

0 

Spr aying, trackirlG, culverts, rogr a ssing 
and mi scellaneous 

~3-•-~~.~~ I 
b · 1 . ) £20, 0, 

m di n\ s ~~~~-- I 
Tota l development costs _(excluding L 0 I 

---------- -,----~-~---~ ---~-~-1 
The above development costs a re considered to be reason­

ab ly representative of an average sand co 1.mtry de velopment 
>:; 

plan, It should b e str essed, however , that the e,bove develop-

~' Table 6.1 i s b ased on data from Lands and Survey budgets 
for t wo large sand country de velopmental properties , together 
with data from 4- properties being developed privately. 
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ment costs are average costs only, designed to show the 

individual items of development, Thero is considero.ble 

variation in individual costs between fanns. Overall 

development costs a re estimated to vary between £15 and £25 

per acre. After discussion with managers of private and 

State development properties, a 10-year developmental period 

has been selected for this study. 

6. 5 Shee.,E_-Beef Fann.i!?£ 

This farming system is at present adopted on relatively 

light sand country, which has tho associatecJ problems of 

slow and difficult pasture establishment , weed control and 

stock thrift The proport ion of dry soil types is ,;; enerally 

higher than encountered on dairy farms . Thh higher pro­

portion of drier flats is considered as a physical constr~int 

to dairy f anni~ on these a rea s . 

Data have been asse;nbled fro r,1 a s urvey of 6 sheep farms, 

including two l arge developmenta l properties, There were 

small variations in the systems of f arming between farms, for 

example, the area of cropping. However, the basic farming 

pattern was essentially similar. Briefly the normal fanning 

system was one in which a ilomney breeding flock was maintained~ 

surplus sheep being sold in forward store and fat condition. 

A beef breeding herd was a lso maintained, surplus cattle being 

sold as weaners and yearlings on the more developed properties, 

and a s two-or three-year-old st eers on the l ess developed pro­

perties. A summer or winter crop was the normal procedure, 

ma.inly due to pastures ''running out" eight to ten years after 

establishment. A stand o.f lucerne was groVJn on one third of 

the properties. 

The first step in this section is to exemplify the method 

of budgetting which has been used to impute a net return to 

land, Following the example, t he net re turns to l and from 

the survey f anns are expressed in ta1)ulated form and the 

correspondi~~ l and expec tat ion values for sheep-beef f arming 

are derived. 

The property v1hich ha s been selected to exemplify the 
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method of calculating the land expectation value for sheep­

beef fanning was acquired by the Lands and Survey Department 

in 1956. 

This experimental development block, which is now partially 

developed, consists of 2,865 acres which is divided into: 

265 acres high producing Pukepuke soils. 

700 " of Himatangi flats on which pasture 
is established. 

200 11 of ungrassed Hirnatangi flats .. 

1,700 11 of sand dunes. 

Total area: 2,865 acres 

The tentative sub division plan divides the property into 

4 sheep-beef units with an aver11,3 e size of 708 acres. The 

estimated cost of additional development is approximately £10 

per acre 

The property is at present ma naged as a s ingle sheep and 

cattle breeding unit. 

The present winter stock carrying capacity is: 

Romney breedi~~ ewes 

Hogget replacements 

Rams _. 

2-tooth wethers 

Breeding cows (Aberdeen Angus) 

Dry cattle 

1,856 

850 

50 

630 

290 

240 
"' This represents a carrying capacity of 2.1 ewe equivalents 

per acre, and an average development cost to date of £10 per 

acre. 

The estimated future carrying capacity, at the time of 

settlement, based on a total subdivided area of 2,832 acres 

is: 
4 sheep and cattle uni ts, average size 708 acres. 

Romney breeding ewes 1,050 

Hogget replacements 400 
Rams 28 
Breeding cows 75 

Dry cattle 100 

* See Api0endix VIII for basis for converting all stock to ewe 
equiva ents. · 
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The above carrying capacity is 3.2 ewe equivalents and 

the additional development costs ,~:-10 per acre. This represents 

an increase in carrying capacity from the present 2.1 ewe equiv­

alents per acre to 3.2 ewe equivalents per acre. This is a 

substantial rise in production, when it is realized that the 

additional land being brought into production is of a lower 

quality than the land already in production, and that breeding 

ewes are replacing 2-tooth wethers. 

In exemplifying the application of the l and expectation 

method for estimating the profitability of sheep farming, the 

following land expectation values are evaluated. 

(a) The land expectation value for completely unimproved 

land which is being planned f or development into sheep-beef 

farms. The average farm size is 708 acres. The period of 

development is estimated to be 10 years and the cost of all 

capital improvements to the land, excluding buildings, is £20 
* per acre. 

(b) The land expectation value for partially developed 

land. In this instance capital development to the existing 

level of production is regarded as an 11 historic cost". All 

inputs required to maintain t his level of production are 

accounted for. 

(c) The l and expectation value where development to the 

present level of production is considered an "his toric cost" , 

but the land is further developed from its present carrying 

capacity of 2.1 to 3.2 ewe equivalents per acre. The estimated 

period required for additional development is 5 years, and the 

additional development costs £1 0 per acre. This is an average 

development cost per acre ; individual areas on the property 

range from completely undeveloped to fully developed. 

* A breakdown of development costs has been given in section 
6.4. 'l'he development costs and estimated period of develop·­
ment have been derived from budg ets held by the Lands and 
Survey Department and discussion with members of this 
institution. · 
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The following budget is an estima te of t he value of the 

annual production, en d the va lue of inputs required to maintain 

this level of production, for t he fully developed sheep-beef 

farm. All inputs and output s a r e expre ssed in £s per 100 

acres. This enable trends in per unit a rea inputs and outputs 

between f a rms to be easily r ecognized. 

The budget a llows a l abour and management award of £1 ,000. 

The net profit equa l s gr oss profit less tota l expenditure. 

Total expenditure i ncludes t he l ab our a n d management award and 

interest on capita l investment , wi t h the exception of land. 

Two dis tinct periods are r ec ognize d in the following cal­

culation of the land expectat ion valt:.8 fo r undeveloped land. 

The externa l interest r ate in thi s ir: s t a.'1ce is a ssumed to be 

five per cent. 

0utE,_u,:_ts £' ~..,Per 100 acr~ 

Wool and skins 

Sheep sales 

Cattle s a l e s 

Tota1 c;it put 

326 

231 

193 

£750 

* The followi ng b udg et has :Jcen CJ.er·i~, od afte r discus s ion with 
members of the Lands and Survey Depa rt"".ent and analysis of 
their current working bud3et s . The r c.r, dat a on which the 
budgets for she ep- beef f a:c·!nir.,:; have be en derived are given 
in Appendix IX. Bud[; et s a nd c a l cuJ.a t-: o::-1s of land 
expectation va l ues fo:::- :-:.. : a:.1 0. ( c) a l ''.) r,::.c: o given in 
Appendix IX. 
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Inputs £' s_.Eer 100~~c~ 

Wages and management 144 

Stock purchases 21 

Fertilizer 122 

Contract work (cultivation and hay) 39 

Motor expenses and cartage 30 

Shearing, dipping; veterinary and 
farm stores 52 

Repairs, maintenance and depreciation 

Miscellaneous 

* Interest on capital investment 

Total input 

Net profit = £127 

50 

70 

95 

£623 

£1.25 per acre per 
year 

(a) An initial 10-yea r developmental period. During 

this period the net profit is estimated to average one half 

of the profit at the fully developed stage . 

The land expectation value imputed to land over the 10-

year developmental period is given by the following equation: 

* The interest charge is based on the following capita l 
investment: 

Stock 
Buildings 
Plant and 

£6,900 
q.,500 

machinery 2,000 
Total capital -­

investment £13,400 
( excluding land) 

The reason for the relatively high plant and machinery 
investment is because cultivation is done with farm equipment, 
in contrast to contract cultivation for the partially developed 
property - see budget B, Appendix IX. 
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- 10th year 

- 10th ye ar 

V1 

r 

n 

- 10th year 

= 

= 

V1 
r (§_J_) 

Land expectc tion value for 
sheep farming over the 10-
year developmental period. 

= annua 1 net profit, yea rs ·1 to 1 O. 

= 

external rate of interest , 

length of developmental period , 

0,625 
= ·oao5 

1 - 1 - ] 
[ \1.05)10 

= £4.83 per acre, 

(b) From the 10th year after the beginning of development 

an average annual net profit of £1.25 per acre in perpetuity is 

estimated. 

The land expectation value from the 10th year, in 

perpetuity, is derived from equation (6.2), (Appendix I): 

Ls10 -
= . (~ (§d) 

where symbols are as defined in equation (6.1) 

Ls10 - = W!_) 5 

( 1005) 10 

= £15.35 per acre 

Therefore the total land expectation value, excluding 

development costs, is: 

Ls1 = £l~.83 + ,S15 "35 

= E20. 18 ::;:ie r acre 
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(c) Development costs are estimated to be £20 per 
~~ 

acre, and have been given in section 6.4. 
The present cost of development is derived from the 

followi~g equation: 

PCD = 
0 

r (~) 

Where, in addition to 
symbols defined in equation (6 . 1), PCD = present cost of 

development 

PCD = ~0 1 
0.05 

= £15.44 per acre 

C = annual per acre 
development 
expenditure 

1 : 
.. I 

( 1 005) 10 _I 

The land expectation value f or undeveloped land planned 

for development for sheep-beef farming is: 

Ls = Ls1 -~ · 10 + Ls10~ •. PCD 

= £20.18 15.44 

= £4. 74 per acre 

This represents the amount potential sheep-beef farms could 
11 afford" to pay for undeveloped l and, and achieve a return to 

the total capital invested in the farm, including land, equivalent 

to a 5 per cent external interest r ate " 

* In this instance it i s esti mat ed that approximately one-
tenth of the property will be developed each year, and that 
development expenditure iE; evenly dis tributed over the 10-year 
developmental period. The fact that net profit will, on 
average, be slightly higher than one-half of the net profit 
obte.ined after development is offset by development costs also 
being generally slightly higher during the init ial period of 
development. This i s considered to be reasonably repr esentative 
of a future development plan for the sand country. The 
author was not able to obtain '~- more specific and detailed 
development plan than has been Given, as development was not 
planned in det2.il £:or more than -t·,rn or three years in 
advance . 
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Budget B (Appendix IX) estim.ates the value of the present 

annual production and the corresponding value of inputs required 

to maintain this level of production for the partially developed 

property. The budget is based on an effective grazing area of 

2,000 acres. The va luation of some inputs in this budget is 

particularly subjective because it i s not poss ible, from the 

available data ~ to distinguish accurately between capite. l and 

maintenance expenditure, For example, the problem of defining 

a maintenance application of fertilizer 

The land expectation value for partially developed 12.11 d 

assumes all development costs to the existin6 level of pro­

duction as ''historic costs ;' , and only includes the inputs 

necessa ry to maintain t his level of production, 

The land expectation value for the maintenance in 

perpetuity of partially developeQ l and; ass uming a five per 

cent rate of interest, i s shown below: 

Ls = ( +) 
where 

Ls = l and expectation value for partiallly 
developed l and 

V = per acre annual net profit 

r = external interest r ate 

Ls = (Q& ) 
0.05 , 

- £12.60 per acre 

This represent s the amo unt sheep--beef farms can :'afford" 

to pay for partially developed l and inclusive of improvements. 

6.6 Present_~tion and Discus__~jo~_of 3E~e,.:e_-Beef Farm Result~ 

This section presents and discusses the range of product­

ion levels and land expectation values for sheep-beef f a rms. 



Minimum 

Average 

Maximum 

Farm Area 

(acres) 

581 

1510 

2948 
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Per Acre 

.3tocking Rate 
(ewe ec1 uiva lent s ) 

1.4 

2.0 

2.5 

Net Profit 
(£) 

0.5 

0.73 
0.95 

Table 6.2 shows the present minimum~ average and maximum 

farm size, stocking r ate and net profit per acre for the 6 
surveyed sheep-beef f a rms. .i( s~gnificant facto:tl' arising from 

the study was the effect of economies of scale on the residual 

net profit imputed to land. Lar ger farms with an equi vale rrt 

per acre stocking rate generally have a higher per acre net 

profit, due mainly to a lower overhead of building s , plant, 

machinery and labour. For the purposes of this study sheep-

beef farm land expectation va lues, for fully developed farms, 

are based on a minimum f arr,, size of 600 acres with a potential 

carrying capacity (10 yea rs after s tarting development) of 3, 5 

ewe equiva lents per acre. On farri1s snmller tha n 600 a cres , 

after a llowing for a ll expend:,.ture i nc luding the f arme r's 

labour and management award, tLe net r es idua l to l and is 

normally below £1 per acrE. pe r yee,r, 

T-0E; 6.). 

Sheep-Bt:ief. Farmiri,g_ Land .,~x;e_ede:cion Values · ----r per acre)~ ·~~- · 

- ·----=-------~ - --
Land Class nterest Rate 

· ...-=-... ... __, 

5% 5~ 6~ 
. - -- - . 

£ £ £ 

Undeveloped Land 4° 74 2.20 -2.02 

14. 50 12. 64 9.77 
'. 
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Table 6. 3 expresse s t l1e l and expectation values for 

sheep-beef farms, for both undeveloped and partially developed 

land, for a range of external interest r at es from 4½ to 6½ per 
~' cent , The land expectat ion val ue s are also expressed in 

graphical form in Fig . 6, 1 for a range of external interest 

rates from 2½ to 7½ per cent . 

There i s variation in sheep-beef f arm land expectation 

values for partially developed f nnns , depending largely upon 

stage of development, f arm size and the efficiency of the 

farm manaeer. The range in per acre stocking r ate and net 

profits for the surveyed sheep-•bc ef f arms have been given 

in Table 6. 2. 

In Fig. 6.1 gr aphs 1, 2 and 3 show the relationships 

between the land expectat ion value for partially developed 

land and the external interest r ate. Graphs 1 and 3 

represent the present maximum and minimum annual net profits 

of £0.95 per acre and £0.50 per acre respectively, whilst 

graph 2 shows the average net profit of £0.73 per acre. 

Graph 4 shows the relat i onship between the land 

expectat ion value for undevelope d land and the external 

interest r ate, assuming an annua l net profit, when developed, 

of £1.25 per acre per year. 17hen assessing the annual net 

profit of £1.25 per acre per yea r , an attempt has been made 

to allow for a probable ris e in the level of production 

following the initial ·10-year developmental period. However, 

because of the possibility of W1dere stimating this probable 

rise in production, the l and expectat ion value has also been 

calculated for an annual net prof it of £1, 50 per acre for 

the 10th year onward. In the absence of major technolog ical 

change or variation of present prices , the a ut hor estb1ates 

that at a 5½ per cent interest r ate, the maxim um l and 

expectation value for undeveloped l and planned for sheep-

* It should be noted that part of the sensitivity of the 
land expectation value to the ruling r ate of interest is due 
to the annua l net profit , imputed to l and in the underlying 
farm budgets , va rying wi th the externa l interest rate. 
This is due to a varying external rate of interest being 
charged for the total capital investment in stock, buildings, 
plant and machine.r:y. 

See Appendix IX for data on which budgets have been based. 
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beef farming on the selected land classes is £6.5 per acre , 

In broad terms for a 5-} per cent external interest rate, 

it is concluded tha t the amount sheep farming can "afford11 

to pay for l and i s within th e range of £2 2 to £20 per acre, 

depending upon the existing level of development . Clearly, 

as no farms are fully developed , most ,;ill have '3 Ubstantial 

areas of land throughout the above range of l and values, 

including some areas of fully d eveloped l o,nd with a valoo 

up to £25 per acre . 

6. 7 Dai~ FarmiPf5_ 

PhysicaJ. o.nd fina ncia l input -output information, coITes ­

ponding to the data collected for sheep-beef f a rms, has also 

been assembled for dairy farming, from o s urvey of 7 dairy 

farms on the Younger Dune Complux and Hirnatangi-Foxton land 

classes. II significant factor is t hat dairy fanning is 

normally adopted only on are as which have a r e latively high 

proportion of moist soil types. Hence the land expectation 

values derived for dairying c annot be applied to the whole of 

these land classes , The author estimates that approximately 

20 per cent only of the l an d classes under stuay would have a 

sufficient area of mo ist flats to support the land expectation 

values to be derived for dairying. 

As would be expected there were small variations in 

farming systems between dairy fanns. Briefly, however, the 

dairy farm s were carrying milking cows plus replacements, 

and supplying whole milk for casein production. :.:ioth a 

summer and winter crop were norm~l procedure, the former 

being mainly for combat ting drought conditions. A lucerne 

stand was grown on ~- of the properties . 

In order to exemplify the me thod of budgetting and 

deriving land expectation value s for dairy f a rming, a 

253-acre property has been selected. The property consists 

of 138 acres of established pasture, 85 acres of ro~h 

g razing and 30 acre s of exotic plantctions .. Approximately 

50 per cent of the total f ar• a rea i s cla3sified as moist 

flats. 
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The present carrying capacity is: 

Milking cows 70 

17 Heifer replacements 

Production 19,000 lb butterfat . 

Hence present production for ru, effective grazing area of 

223 acres is 85 lb of butterfat per acre. 

A summer crop of 7 acre s of turnips and a winter crop 

of an equivalent are a of chou-moellier is provided, A 

10-acre lucerne stand he.s also been established and approx­

imately 1,200 bales of hay are harvested annually. The 

farm at present i s manag ed a s a one •~man unit. 

Over e. period of 5 years it i s estimated that the 

carrying capacity will be increased to 90 cows and production 

to 24,500 lb of butterfat, or 110 lb per acre . At this 

carrying capacity the f arm i s expected to be managed by one 

man and a youth. 

To exemplify the budgetting procedure and method of 

computation for dairy farminG, budgets and land expectation 

values corresponding to those in sheep- beef farming are 

evaluated. * 
The following budget is an e stimate of the value of the 

annual production and the value of inputs required to maintain 

this level of production for the fully developed dairy farm. 

Two distinct periods are recognized in the following 

calculation of the dairyin3 land expectation value for 

undeveloped sand country. The external interest rate is 

assumed to be 5 per cent. In the final estimates a range 
., 61 of external interest r ate s between 42 and -2 per cent is 

given, 

( a) 11n initial 1 O·-year developmenta l period during 

which the net profit is es timated to average one-half that 

at the fully developed stag e The value imputed to land 

over the 10-year developmental period is derived from the 

* The source of information for dairy farm bucgets has 
been from farm account s 0.nd discussion v,ith f armers during 
the survey. Data used for compiling dairy farm budgets are 
given in Appendix X. 
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following equation: 

1n1 - 1 0th year = Vi 
r 

I 
I 1 
I_ 

= ~·li 1- 1 

i_ 

= £ ·!3. 51 per acre 

(1 1 l . 10 
+ r) --

1 10] (Z:--0:f) 

C Annual Busg,,et . for . Develo,Q_ed Dairy: . Fann 

* 

0~1=1j;s 

Butterfat 

Stock sales 

£ 1 s _..2.er 100 acre_§. 

Total output 

Inputs 

** 

Wages and management 

Fertilizer, seeds and spray 

Contract work and cultivation 

Motor expenses and cart age 

Herd testing and veterinary 

Stock purchases and stock foods 

Repairs, maintenance and depreciation 

Miscellaneous 

Interest on capital investment 

Total input 

1,605 

287 
-~·-· 
1,892 
-----·-

628 

180 

72 

99 

58 

25 

133 

140 

205 

1,540 

Net profit = £3. 52 per acre per year 

* The following equat i ons us ed for dairy farming have 
previously been define d for sheep-beef f anns. (See also 
Appendix I ., ) 

** Interest is based on the fo llowing capital 
invest ment: 

Stock 
Buildings 
Plant and machinery 

£.3,640 
4,000 
1,500 

Total capital investment £9,140 
( excluding land) ----
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(b) From the 10th year after the beginning of develop­

ment, an average annual net profit of £3 .5 per acre in per­

petuity is estimated: 

(c) 

1r>10 = ( --;~) 

--~-10 
( 1 + r) 

= (hl) 
0. 05 I 

( 1. 05) 10 

= £42.97 per acre 

* Development costs are estimated to be £25 per acre, 

and evenly distributed over the 10-year developmental period. 

The following equation is used for estimating the present 

cost of development. 

PCD = ....9..... 
r 

= b,2_ 
0.05 

! 1 
I 

I i __ 

1 

·-

1 
- ~--- 10 
( 1 -:- r) 

= £19.31 per acre 

The land expectation value for undeveloped land planned 

for development for dairy farming is: 

Ln = Ln1 - 10 1n10 + ..,,. C.:~ -- PCD 

= £13.51 -:- 42 . 97 19. 31 

= £37 . 17 per acre 

The calculation of land expectation values for partially 

developed dairy farms is given in Appendix X. 

* Development costs for dairy farns are slightly higher 
than for sheep-beef farms because of greater sub- division, 
roading, and water facilities. 
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TABLE 6.1.L 
~ - ~ · - ...__ --~ ---

i---T F(:r!~)a --~te:::f :-N=t 
t (lb) (£) 

64 1.89 

325 79 

520 i 95 I 
Average 

Haximum 

2.18 

2.41 
r ! L-~-------~-_____ ,L_~--·-J.-----~--

Table 6.4 shows the farm a r ea , per-acre butterfat pro­

duction and annual net profits fo r the 7 surveyed dairy farms. 

As with sheep- beef fanning, ec onomies of' scale effects were 

apparent on the surveyed dairy fanns " For example, the 

smallest dairy farm ( 180 f,cres) had the highest per-acre butter-• 

fat production, but at the same time ha d the lowest per- acre 

net profit. This was mainly a t tributable to the higher :per,--

acre overheads of buildings, plant , machinery and l abour. 

Int his study the m:inimum- sized dairy unit considered is 

a 150 acre one-man unit, potentially capable of producing 

18,000 lb of butterfat, 10 ye·ars after beginning development. 

Table 6.5 expres s e s tho l and expecta tion values for 

dairy fanning for both undeveloped and partia lly developed 

land. The l a nd expectation values aro calculated over a 

range of external int er est r a tes from 4½ to 6½ per cent. 

Land expectation values for undeveloped l and have been 

calculated for an e s timated minimum and maximum production 

potential at the stage of full development. 



T.A.BLE .2.:2. 

1-------L-a_n_d~~~as: ·- .. • ~:- f -4~=~;~tfi~r~~~~i1 
(3) Undeveloped Land (min.) · 32.0 ~ 22.4 15,3 4,3 I 

I (2) 11 
" (max, ) j 48,1 [ 37,2 28.8 14.9 I 

! (1) Partially Developed Land: 57,8 1 50,0 42.0 , 28 . 0 

l Additional Development ! f 

_5_~~•~-i•l-~ Devel-~p•:__t._- l 59 -~--~-L.2
~ 

6 

The land expectation values are also expressed in 

graphical form in Fig, 6 2 for a range of external interest 

rates from 2½ per cent to 7½ per cent . Graphs 2 and 3 show 

the relationship between the land expectatio:i value for 

undeveloped land for an es timated maximum and minimum potential 

production, Graph 1 shows the relationship between the 

maximum land expectation value for partially developed land 

and the external interest rate , 

In summary, for a 5½ per cent external interest rate, 

the land expectation values for dairy f arming on moister 

soils are within the range £15 to £55 per acre, depending 

upon the present stage of development. As pointed out at 

the beginning of section 6.4 only 20 per cent of these 

land classes is estimated to have a sufficient area of 

moist flats to achieve these l a nd expectation values. 
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This chapter provides a swnrnary of results and recommend­

ations, together with a general discussion of what can be 

achieved by land use studies and their limitations. 

7, 1 ~ma~,9f Results ~E,?.,;._ Recommendations 

Table 7,1 shows the comparative land expectation values 

for sheep-beef farming) dairy f arming .?.nd forestry over a 

range of interest rates from 4½ to 6½ per cent , These values 

are also swn~~rised in Fig . 7o1 . DairsJ f arming land 

expectation values (1) and (2) are based on a minimum and 

ma.ximum expected production respectively, as the author was 

not able to specify the future pJ~oduction potential exactly. 

The land expectation values for dairyi~~ apply only to 20 

per cent of the total area of the two land classes under study. 

The remaining area is considered to llave an insufficient 

proportion (less than one-third) of moist soil types to be 

suitable for dairying. 

For forestry, land expectat ion values are given for 

three rates of forest establishment on the Himatangi-Foxton 

land class (1), and the Younger Dune Complex (2). 
~: 

Assuming a 5½ per cent external interest rate, Table 

7.1 shows: 

(a) On the Younger Dune Complex and Hirnatangi-Foxton 

land class, large scale forestry is more profitable than the 

maintenance, development or adcli tion.s,l development of land 
* ~· for sheep·-beef farms. On the basis of this study, an 

increase in agricultural prices of 14 and 21 per cent would 

be needed to attain break-even land expectation values for 

* The author considers this to be t he best approximation of 
the external intere8t rate , 

** This is based on partially developed farms with a present 
stocking capacity of 2,2 ewe equivalents per acre. The 
author was not aware of any farms with a higher stocking 
rate. 
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TABLE_I.1 

Land Use 
I nterest Rate 

(per cent) 

4½·---1-·- 5 - f 5½ -+-----··~ ,~---
Forestry , I 

Immediate Planting (Himatangi-Foxton) ( 1) 85. 7 1 63.i+ j 45 . 7 
i 1 

(Young er Dune Complex) (2) I 67.1 l--·---~8-·::__l__ 33.5 i 

( 1 ) : 67. 4 I 48. 2 ~ 31+. 6 l 10-Year Planting Period 

6½ 

21. 6 
-12. 7 

15.5 

c2) 53.1 _ 1 36.9 i~, 25 .3 i 9.1 
• 1-

20-Year Planting Period (1) l 55 ,5 I j'.).:) ) 'i. (.5 j 11 0'.;/ \ 

~-~-----~ 43.7 ··--L 30._:_~ I 19.9 I 7.0 __J 
l
. , . r i : : l ~ . Undeveloped Land ~- . 

I 
'+• I l ~- ~ 

Partially Developed Land 16. 8 14. 5 12.6 
• ·1 -------r-~-~~-

Dairy Fam~ 

i l 
Undeveloped Land (min.) (1) 32.0 22.4 15.3 

(max.) (2) 48.1 
I 

37.2 28.8 14.9 ' 
Partially Developed Land 57.8 50.0 42.0 28.0 
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* partially developed sheep•-beef farms and large scale 

forestry, on the Younger Dune Complex and Himatangi-:B'oxton 

land class respectively. 

The corresponding price increases needed to attain 

break-oven l and expectation values for undeveloped land 

are 31 and 41 per cent respectively. 

With an increase in the external interest rate to 6½ 
per cent, the relative profitability of maintaining 

partially developed sheep-beef farms or converting them to 

large scale forests is of the same order of magnitude. 

It is estimated that undeveloped l and , planned for 

development into sheep-beef f arms, should be potentially 

capable of supporting a stocking rate of the order of 

magnitude of 4½ ewe equivalents per acre. At this 

stocking rate the profitability of developing land for 

sheep-beef farming or large sc ale forestry would be 

equivalent. Present estimate s are that, in general, 

this stocking rate is unlikely to be achieved with less 

than 50 per cent of the f ar m ar ea planted in farm 
*~"~ 

forests. 

(b) The maintenance (or additional development) of 

dairy farms on the Younger Dune Complex is more profitable 

than their conversion to large scal e forest s. There is 

no significant difference between the relative profit­

ability of mainta ining dairy f a rms or converting them to 

~• In this study no differences between land expectation 
values of less than £10 per acre have been considered 
significant . The reason is given in the following 
disc us s ion. 

** See Appendix IX. 

*~'* The author does not consider farming a property with 
more than 50 per c0nt of the area in farm forests to be 
feasible. The reason being due partly to credit 
restrictions, particularly providing for current living 
expenses, and partly to severe management problems 
imposed by a large number of scattered plantations 
sited on the low-producing farm soils - for example, 
the cost and inconveni ~nce of providing stock access 
between paddocks. 
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large scale forests on the Himatangi-Foxton land class. 

There is also no significant difference between the profit­

ability of developing l end for dairy farming or large scale 

forestry, on both land classes. However, due to the range 

of soil types within a farm, clairy i'e.rms combined with f arm 

forests are more profitable thc:tn the development of land 

for dairying without farm forests. 

The following figures a r e given as a general guide. 

There will be wide variations between farms, depending on 

f arm size, existing overheads and l abo ur supply. 

Vvhen planning the development of l and for dairy fanning, 

it should not be developed unle ss potentially capable of 

producing at least 110-120 lb of but t erfat per acre 10 years 

after the initiation of development. Soil types within 

undeveloped fa11ns not capable of thi s production should, in 

general, be planted in farm forests. Within partia lly 

developed dairy farms, undeveloped areas should only be 

developed providing they are capable of producing 90-110 lb 
,:, 

of butterfat per acre. If they ar e not considered capable 

of this production, these a r eas should be planted in farm 

fore sts. 

The application of the above conclusions to the existing 

land use pattern of the Younger Dune Complex indicates: 

(a) Approximately 29,000 acre s of relatively w1developed 

land should be developed into large scale fore st s. 

(b) The 2,900 ac r es which is 8-l r eady partially developed 

for dairy f arming should be maint&ined i n dairying. In 

addition, approximately 5,600 ~cres should be developed for 

dairy f arming combined wi th farm forestry. 

(c) The development of l and for sheep-beef farming is 

very much l ess profitable than fo r estry .. No further land 

should be alloc ated to thi s use. 

* The lower butterfat production requirement for the 
partially developed l and is because, in most instances , 
overheads capable of servic i ng additional cows are 
already established. 
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The land use pattern of the Younger Dune Complex based on 

the above recommendations would be: 

Protective forest belt 

Large scale forestry 

Dairy f arming 

6,500 

29,000 

8j500 

The application of the results of this study on to the 

Himatangi-Foxton land class is more complex because of run-offs. 

The present market price for run-offs (£45··90) per acre 

indicates that the employi,1ent of a proportion of this land 

class for run-offs is the mo c;c profitable land use, At 

present approximately 40 per cent is being eo used. The 

use of the remaining Go per cent of this land class is a 

problem. At present there is approximately 15,000 acres 

of the Himatangi-Foxton land class which is being developed 

for sheep-beef farms and 4,500 acres for dairy farms. If 

in future the aggregate demand for run-offs does not exceed 

50 per cent of the Himat&ngi-Foxton land class (at prices in 

excess of £40 per acre), the development of this land for 

forestry would be more profitable than its development for 

sheep-beef fanns, The existing scattered pattern of run-

offs, however, would greatly complicate the acquisition of 

land in large blocks and the systematic establishment of 

forests . Jin exception to thia is the Whirokino developmental 

property si tuatcd directly east of the Waitarere Forest. 

This property is at present being deve1oped for sheep-beef 

fanns. In the author's opinion approximately 300 acres of 

high producing Pukepuke s oils on it should be developed for 

dairying. The remaining 2,550 acres of poorer soil types 

(Himatangi-Foxton), at a relatively early stage of develop­

ment, should be transferred to the ·qaitarere Forest. i~any 

of the overheads of the existii-15 fore st would be capable of 

servicing the expanded area of forest without additional 
* capital outlay, 

* See Appendix XI for a detailed tabulation of the 
estimated comparative retttr'ns from forestry and sheep­
beef farming on the 1ivhirokino property. 
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7.2 General Discu~~ion 

When evaluating the usefulness of the l and expectation 

value method, it should be considered both in terms of 

absolute a ccuracy and in relat ion to existing methods of 

decision making , It is the a uthor's content ion that, of 

the errors which might arise in using this method, the 

inaccuracies of the data. are likely to be the main con-

tributing source, Two so urces of possible error, 

arising from data limitations, can be identified: 

(a) The difficulty of estima ting physical input-

output relationships for forestry and agriculture, nhich 

will be representative of the 2'ctual production achieved 

over the next 50 yea r s , In the first group the following 

can be cited: the estimation of future timber grades and 

yields from forests under in-cens i ve silvic ulture, and the 

problem of assessing routine man ag ement costs for a large 

scale :f'orest . In agriculture, there are problems of 

distinguishing betwe en maintenance and capita l expenditure 

(e.g . fertilizer), predicting the likely increases in per 

acre production, and obta ining realistic estimation3 for 

depreciation and repairs and maintenance costs. 

(b) The second group of errors are those arising 

from inaccuracies in predicting resource costs and product 

prices 50 years into the future . 3eyond this time period, 

prices and costs will still have some effects but, after 

discounting, these are relatively ins ignificant The 

potential magnitude of errors arising from incorrectly 

specifying prices has been sho,m in Table 7 ,1, The table 

illustrates the extreme sensitivity of the profitability o~ 

forestry to the externa l int er est r ate 

In the light of the above data limitations, the author 

considers that no differenc Gs in land expecta tion values 

of less tha n £10 per aero should be treated a s significant, 

On the other hand, differe;:.ce s of E40 per acre, a s have 

been assessed in this s tudy, are consi dered significant. 

The a uthor contends that , in the 2.bsence of unforeseen 

major technological or price changes, differences of this 
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order of magnitude reflect the r elative profitability of 

the two enterprises. 

The usefulness of thi s ;nethocl is ill ustrated by the 

magnitude of the differenc es in l and expecta tion values 

betwe en forestry and sheep-beef farming , In spite of this 

study concluding t ha t forestry is sig nificantly more profit· 

able than sheep-beef farmin3 , l a rse a reas are being alloc ated 

to sheep-beef farrni11g, through the existing rule of thumb 

planning approach. 

In conclusion, the author consid,,·r s t hat the land 

expectation value method provides an objective framework 

upon which land use decisions can be made , It is considered 

that this approach is superior to existing rule of thumb 

methods. Because of the extreme s ensitivity of results to 

long term product prices anc1 the external interest rate 

( which are virtually impossible to accurately predict1 the 

author would not advocate channe lling of large amounts of 

research monies into sophistication of analytical techniques 

used in this study .. In the author's opinion this would 

;~enerally only lead to a spurious display of the accuracy 

of the underlying data , However, it is considered that 

macro-economic effect s j discussed in Chapter III, could be 

more effectively inc orpor.'.:l.ted in the f ina l analysis than they 

have been in this study , The importance of the se effects 

will increase with the magnitude of the area being considered, 

and will be particularly i mportant when pl anning the balance 

of forestry and agriculture on a national scale . Even on the 

scale of this study important macro-economic considera tions 

could arise. For example, if on some land classes it had 

been advocated tha t forestry should r e1Jlace dairying, account 

would need to be taken of the re percussions of this decision 

on the whole milk or cream suppl y to existing d2.iry factories, 

the overheads of which a re already providedu 

Much additional research is needed to obtain numerical 

estimates of macro-economic effect s , particularly at the 

level of benefit to the nation as a whole. 
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SUi~J.i.A.2..Y 
~ ~ .... .,_._ 
..__ __ _.._ .......... .. 

A study has been conducted to evaluate the relative 

profitability of forestry and agriculture on the lower pro­

ducing soil classes of the r.:ianawatu_.R2.ngitikei sand country, 

Two economic models for determinin6 the profitability of 

long term investments have been considered. The economic 

model used in this study has been the land expectation value 

model , This expresses the net ~rofits from each enterprise 

in tenns of how much they can n afford" to pay for land, a:fter 

meeting all other production costs, including interest payments 

on the total capital investment . Prnblems likely to be 

encountered in applying a model of this type to an imperfect 

market, with particular reference to forestry and agriculture, 

have been discussed. 

Severa l classes of sand country have been considered. 

These involve a large number of so il types, exhibiting a con­

siderable range in levels of forestry and agricultural pro­

duction. Special soil productivity classes appropriate for 

this study were formulated. Two soil classes, where com­

petition between forestry and agriculture is most marked, were 

selected for intensive study. 'l'hese are the Younger Dune 

Complex and the Himatangi•-Foxton land class. Physical and 

financial input-output data were collected for sheep-beef 

farming, dairy fanning and forestry on these land classes. 

The relative profitability of these enterprises has been 

evaluated and expressed in terms of land expectat ion values. 

On the basis of these results, recommendat ions of the most 

profitable land use of the Younger Dune Complex and Himatangi­

Foxton l and classes have been ma de , 

Briefly, the general trend of results was that large 

scale forestry was significantly more profitable than sheep­

beef farming, the profitability of large scale forestry and 

dairy farming was of the same order of magnitude, dairy 

farming combined with farm forestry was more profitable 

than either enterprise on its own. 
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Finally, the usefulness of the land expectation value 

method, both in terms of abs olute accuracy and in relation 

to existing methods of alloc ating land, has been discussed. 
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APPENDIX I -----~-
Sum':!§-£Y_ of _ Discounting :Sg_uati~ 

The general discounting for~ula used in the preceding 
* 

calculations for determining l and expectation values is: 

where 

n 
PV = 

,:,:_- Vi 
I (.:!_) c.::... 

( -1 r)J. i = 0 + ! -
Fv = the present value of all revenues over a 

period of n years. 

Vi 

r 

= 

= 

the actual revenue received (or cost 

paid) at the end of the ith year. 

the external interest rate. 

The present value of a constant annual revenue or cost 

over a period of n years may be expressed as: 

PV =..LI 1 
r I 

1 

'-
As n approaches infinity the above equation reduces to: 

PV = V 
r 

The present value of a perpetual income stream beginning 

in year n is: 

PV -c V . - __ ) 
. r ; 

"' '.['he equations given in this study may be found in the 
following references: 

Heady, EoOo, 1952, Econom.,ic~a~--1~r_i_c½lt~al Production and 
Resource Us e. ~r entice Hall, Inc,, 
p . 382. ~ -- -

Duerr, WoA o , 1960, Forestq :Sc~<2no.1!1iCJ?. ]foGre.w-Hill, New York, 
p. 11 o. 

Petrini, S., 1951. Llem~nts _of ForeGt i conomics. Oliver & 
Boyd, Bdinburgh, p. 77. 

Faris, J , E, , 1960, Analytical techniques used in determining 
the optimum replac ement pattern , 
J. Fa_nn. _E90,B. !t_g, p. 759. 
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Given a present land expecte,t ion value, this may be 

converted to a constant annual rental payment for land, by 

modification of equation (.g.). 

A = F5V "-----~-- .... ·- ... ~-& .cs.. ---.,... 
(j.) 

.....L l-1 
- --l~~ -I 

r __ ( 1 -:- r) ~ 

where A = the annual renta l payment for land 

The forestry land expectation values have been checked 

using a modified Faustmann formula: 
(.§.) 

Lf = Fn + Ta(1 -:- r)n-a - Pb(1 
n-b . n 

+r) -C(1+r) -e ·--~~~--~ --~~~-• •-•-- •-• A • ~~~• 

( 1 -:- r )n - 1 

where Lf = land expectation va1ue for forestry. 

Fn = stumpage value of timber at yearn. 

n = length of rotation in years. 

Ta = sum of value of thinnings during rotation ,. 

Pb = sum of pruning costs during rotation. 

e = annual forest maintenance cost. 

r = external rate of interest. 

r 
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APPENDIX II 

~..?CiL~,Ele of Rev~nue Fl~~~Duri:9&,_:B'_gre~t 

Esta~fll!l~.A~ 

The following example illustrates the revenue flow from 

lanting to the final harvest, for one acre of forest, 

The per acre forest costs and returns are: 

Costs of establishment 

Annual maintenance costs 

First pruning 

Second p·cuning 

. First thinning 

Third pruning 

Second thinning 

Third thinning 

Final harvest 

Year l ~~ts ~~e!_~~ 
. ,..,___._,.......,,_ 

1 

1-40 

6 

9 
10 

12 

·1 8 

28 

£ 
. .-.-..-..:::a.-~ 

32 

1 . 5 

8 

9 

15 

' 

I 
40 l 

- ..._ .......... . -----.. ..... ~ -·--- _..__ 

per Acre 

20 

45 

75 

675 

The external interest rate i s assumeG to be 5 per cent. 

The present value of the income stream at different 

>oints in the rotation is derived from the following 

iqua.tion: 

Lf1 -40 = - 3 2 - .h.2, 
0.05 

- 1.2, ~ 

o. 05 ( 1. 05) 6 

-l,~ 
( 1. 05) 12 

- -~--
( 1.05) 6 

+ 18.,5 - 1.,5 

( 1. 05 )
10 

( 1. 05) 
11 
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__ 1_.-~ -~ 
0. 05 ( 1 • 05) 1 S 

1 - 1 -l 
~~- -- j: 

( 1. 05) 9 
i 

a 1. 5 + 6I.3...:2.._ 

o. 05 ( 1. 05) 28 ( 1. 05) 4-o 

Lf1-4-0 = 32 - 30 (o. :-: ·163) - 7. 084 - 2:2 .37 (0.0934.) 

- 6.77 + 11.36 - 0.877 - 9.1 8 - 16. 69 (0.2163) 

+ 18.07 - 12.46 (0.3557) + 18.74 - 7.65 (0.4155) 

+ 95.57 

This gives the following present value of the income 

stream through time: 

Ro = -32 
RS = -38.49 
R6 = -45. 57 
RS = -4.7. 66 
R9 = -54.43 
R10 = -43u07 
R11 = -43 . 95 
R12 = -53 . 12 
R17 = -56u 73 
R1 8 = -38. 66 

R27 = -L:-3 , 09 
R28 = -24 .35 

R39 = -27. 53 
R40 = +68, 04 

R40 = £68. 04 per acre 
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In Fig. III.1 line DBE shows the margina l revenue obtained 

per additional unit of round produce sold. Line DCF shows the 

average revenue obtained for a given quantity of round produce, 

OA indicates the additional cost of harvesting thinnings relative 

to the cost of poison thinning. 

A monopolistic forest company will harvest AB units of 

round produce, and sell the round produce at an average price 

O.H , Surplus thinnings will be poi soned. On the other hand , 

Crown forests should e im to maximi ze social benefit. In this 

instance they will harvest AC units of round produce, and sell 

the round produce at an average price OA On]y v,hen the 

average price begins to f all below the additional cost of 

harvesting should surplus thinning s , if any, be poisoned. 
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AP?ENDIX IV . . 

In this study routine fore st c os ts are defined as all 

costs involved in mainta ining a forest that are not costed 
* directly to an individual fore s t operation. Routine forest 

costs have a l a rge effect on the prof itability of forestry as 

they are recurring annual costs. 

In deriving t he routine f ore st costs used in this study, 

the accounts f or the t hree financ i al y ears 1960, 1961 and 

1962 for 7 major exotic fores ts within the Wellington Conser­

vancy have been analysed, and the individual costs converted 
*~' to a per acre basis. Data have a lso been collected from 

sand country farm forest s and t hree privately-owned large 

sand country forests. 

For the following reasons financial accounts showing 

present routine forest costs must be treated with reserve 

when used a s a guide to likely fut ure costs : 

(a) In most instances present running costs are based 

on forests which have been established with limited knowledge . 

As a consequence many of these fore sts have a poor design and 

layout, and have often had inade quate tending. The result 

is that in many instances present routine forest costs are 

inflated, due ~o the expense of correcting past mistakes 

and catching up on a backlog of work. For example, in the 

Waitarere Forest original fir e access tracks were inadequate. 

To overcome this, immature trees have been felled to provide 

adequate access . A considerable portion of this cost has 

been charged to fire protection, thus inflating fire pro­

tection costs to 300 per cent above normal levels . 

A mumber of these "latent capi t aii' cost s were found in 

* Individual fore st operations given in Chapter V include 
establishment, pruning and t hi nn ing , 

** This appendix summarizes the derivation of routine 
forest cos t s; the raw data are held by the author. 



maintenance expenditure account s. 

(b) The second limiting factor of present data is that 

routine costs for recently established f orest s are based on a 

small proportion of t he potential forest area. For example, 

buildings, fire protection equipment etc, are normally 

established at the beginning of the planting period, but are 

not fully utilized until -che complete fore st is established. 

In marzy cases the ult imate forest size is not known. The 

following estimation of routine cos t s for a sand countcy 

forest have been derived after analysis of financial accounts 

and discussion with members of Forest Service , 

The routine management costs't acco unted for in this study 

are: 

(a) Fire protection cost5 and noxious animal control 

(i) Trespass and fire patrol 

(ii) i'!iaintenance of acces s t r o.cks 

(iii) Ae rial patrol and standby 

(iv) :F'ire prevention 

(v) Fire suppression 

(vi) Noxious animal cont rol 

(b) Depreciation reserve, repairs and ma i ntenance, interest 

charge on capita l investment , ,:, 

(i) Roads, bri d.ges, services and general 

(ii) Plant and equipment 

( iii) Buildings 

(c) Administration 

(i) Camps and hostels 

(ii) General administration (loc al office expenses, staff 

expenses and supervision) . 

(d) Overheads 

The cost of t hese items is listed in Table IV.1. 

* The method of allowing for depreciation, repairs and 
maintenance, and interest on capital investment is the same 
as that used for agriculture and given i n Chapter VI, 
Section 6.2 and Appendix VII , 
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Routine Fore Gt . iTanag,_ement Costs 

D- ,.,E.er _..§:.~F.2-£ e.1: _ye a~ 

Fire protection 

Noxious animal control 

Depreciation, interest, repairs and 
maintenance 

(a) General 

(b) Plant and equipment 

( c) Buildings 

Administra tion 

(a) General 

(b) Camp and hostels 

Overheads 
Wet weather and holiday pay 

Total routine manageme nt cost .5 

0.25 

0.10 

0.30 

0.30 

0.25 

0.30 

0.10 

0.25 

0u22 

£2.07 

The above routine management costs are estimated average 
~·* cost.c:; for a 6,000 - 12,000 acre sand country forest 

Depending upon a number of factors including forest size and 

whether a new fore s t is being established or an old one (with 

existing overheads ) is being expanded, routine management 

costs are estimated to vary between £1 and £3 per acre per 

year. 

~~ These are Head Office .s.nd Conservancy overheads which 
are involved in planning and administering the management 
of forests. This makes allowance for all government 
institutions servicing forestry, v,ith the exception of 
research institutions. The present basis for calculating 
overheads is to charge 23 per cent of the total wages paid 
by each forest as overheads. To put agriculture and forestry 
on the same basis, ideally some account would need to be 
taken of the government institutions servicing agriculture, 
for example, the Department of Agriculture . No account of 
these ins ti tut ions has been taken in costing agriculture. 
To overcome this , only one half of the present forestry 
overheads has been allowed for in this study , 

'~* This does not include protective forestry costs as 
these are nece s sary r egardless of the future land use of 
the sand country. 
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The Me.i_ho d . of Cale ulatiI1:,s. .. Foyciry Land 

~on:Z~lu~ 

The following forest budget , by way of example, is 

based on a 30-year rotat ion and a 5 per cent external interest 

rate. The initial step in calculating the forestry land 

expectation value has been to assess the present value of all 

forest cost ,3 and returns. The equations used for deriving 

the present value of forest costs and r eturns have been given 

in Appendix I. (Tum to budget on following page. ) 

When assessing the forestry l and expectat ion value it is 

necessary to account for the net r evenue from all future 

rotations~ not just a sin3l e rot c.;.t ion. To achieve this, the 

first step is to convert the lump sum present value into an 
>'~ 

annuity payment . ' This conversion is achieved by the 

following equation. (:Co,uat ion (5), Appendix I) 

A = 

A 

= ~3.96 per acre per year 

The next step is to capite.lize the annuity (or amortized 

value). 

This is achieved by the norma l capitaliz2.tion eq'Ulltion 

(,2), (Appendix I). 

PV = A 
r 

= 1~96 
0.05 

= £79. 20 per acre 
iillll ..... .. -* It should be noted tha t the particular forest rotation with 

the highest annuity payment is the optimum rotation, and not 
the single rotation with the highest present value. 
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TABI E V 1 

INPUTS 
~ 

Year 

1 Cost of establishment 

1-.30 Annual running costs 

6 First pruning 

9 Second prW1ing 

Total present value of costs 

OUI'PUTS 
~-~ 

10 First thinning = 10 
0:~5) 10 

16 Second thinning = i,<?_ ___ 

( 1. 05) 
16 

30 Fina l harvest =.?..~ 
( 1. 05 )30 

Total present value of revenues 

Present value of net r evenue 

.E_resent yalue 

€.~L~ 

= 32.00 

= 30. 875 

= 5. 95 

= 5.80 

~-~~--
£74.50 

= 6.14 

= 13.74 

= 115. 61 

--
£135-49 

£60.99 ___, __ ___ ..-.-

This i s the net r evenue (pre sent value) obtained from a 

single 30-year rotation" 

The forestry l and expectation value i s finally derived 

by deducting 20 per cent from the above figure for 
11 unproductive•·• land. 

Lf = £6,2.J,,6 _Qe_r~acr~ 



This may be expressed a s 2n annual rental payment by the 

use of the following equation: 

A = 

= 

= 

PV x r 

63.36 x 0.055 per year 

£j.48 _Eer a9re _£er year 
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APPENDIX VI 
~~~-· -

Va:dati~~oJFores~ry _&and .,.!.;x.12.ectation 
Values with_Rate of 2lant~ 

The following example illustrates the method of com­

putation used for deriving the f orestry land expectation 

values given j_~ Table VI . 1. 

Consider the forestry l and expectation valuo for 
11 immediate11 planting is £45.67 per acre, and has been 

derived as in Appendix V. 

The situation is now considered where a 9,000-acre 

sustained yield forest is planned to be established over 

a period of 30 years, at the rate of 300 acres per year. 

The forest rotation is 30 years. The average per acre 

land expectation value i s given by the following equation: 

1rs LfI I 1 1 7 = i I ... ~ ~····----r I ( 1 r)n I I + 
I_ I 

n 

Where Lfs = the l and expectation value for a 

sustained yield forest. 

LfI the land expectation value for "immediate.i 

planting , 

n = number of years in rotation, 

Lfs = ~ 1-1 
0,055 

; __ 

30 

= £22 . 14 per acre 

Table VI.1 illustrates the comparative forestry land 

expectation values for seven planting rates and a range of 

external interest rates from 4½ to 6½ per cent. 

* In this instance it is assumed that l and waiting for 
planting is not used for grazing. 
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....-­..... 

TABLE VI.1 

Forest!Y, Land Ex,:eectatio!l_~Values for Seven Establishment Rates 

(£s' ,E_er acre) 

-
Interaitt Rate Immediate 5 ! 10 I 15 20 25 

{Percent) Planting 
-

4½ 
( 1) 85.4 74. 9 67.4 i 61~5-5 50. 6 
(2) 67.1 58.9 . 53. I : 48.0 43. 7 t 39,9 ---

48. 2 I 4;. 9 I 39;-. 35. 7-(1) 63.4 54.8 
5 ( 2) 48.4 

. l 
41.9 36.9 _. 33.5 j 30.2 27. 3 

, (1) r45-7 34.i-130.6 I 27.3 24.6 39.1 
5-

l 22.4 : __ ti~-33:5 
28. 6 25.3 19.9 18. 0 

~- . 

1 
(1) . 21.6 17.9 I 15.5 13.5 , 11.9 . 10.5 6-

. 9.1 j 8. 0 j 7. 0 _l_ 6. 2 L 
2 (2) 12.7 1 o. 6 

- . . . 

( 1) Himatangi-Foxton land class 

( 2) Younger Dune Complex 

30 I 
46. 3 

I 36.4 

I 32.5 

l 24. 9 
- . 

22.1 

16. 2 I 

9.4 

5.5 
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APPENDIX VII 

_liet~of Com_p_utillii, De_p~eciation_Reserve 

The depreciation reserve for buildings, plant and 

machinery is expressed as a constant annual cost . It is 

defined as the particular constant annual cost which, if 

compounded over the life of the a sset, has an end value 

equivalent to the replacement cost of the asset. The 

derivation of the annual depreciation charge for farm and 

forestry buildings is now illustrated. A 40-year life 

for farm and forest buildings has been assumed in this 

study. 

In this study an annual depreciation reserve of 0.75 

per cent of the original cost of buildings has been taken. 

That this reserve is equivalent to the replacement value 

of the building in 40 years' time is shown in the following ~· ( ) equation Appendix I. 

D 1 = 0 ._72..,_ l- -1 
0.055 

= £11. 98 

This represents the lump s um value a t the beginning of 

the period. 

The value of thi s sum at year 40 is: 

D40 = 11.98 X (1.055) 40 

= £116.13 ~-~- ----· .... ~,.~-~- ~ 

* The depreciation reserve is taken to the nearest quarter 
of a per cent, and is expressed per £100 of buildings. 
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APPENDIX VIII ~------~~ 

Ex_p_r~i~ all Stock..El Ter:_ms of Ewe 
.~9. ui vale_r,.t.s 

The following conversion table has been used for 

expressing all stock on sheep-beef farms in terms of ewe 
. * equivalents. 

~k_,_½~ 
Ewe hoggets 

Two-tooth ewes 

Other ewes 

Wether hoggets 

Other wethers 

Rams 

Heifers rising 

Heifers rising 

Breeding cows 

Cows (dry) 

Steers rising 

Steers rising 

1 year 

2 years 

1 year 

2 years 

Bullocks and bulls 

0.5 
1. 0 

1. 0 

0.5 
1.0 

1 .o 
4.0 
5.0 
7. 0 

6.0 

4.0 
5.0 
6.o 

The author realizes thelimitations of a standard 

conversion table for stock. However, it is considered 

an adequate way of expressing relative stocking rates 

for the purposes of this study. 

--·--~----·· --------
* The above table has been t aken from the N.Z. J . Agric., 
March, 1962, p , 203. 
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1-lP?i~HDIX IX ~ -, .... __ _ ........... ..... ..........-

This appendix gives a budget for an average partially 

developed sheep-beef farm, The situation is considered 

where the land is to be further developed, The two 

situations of developing completely undeveloped land and 

"maintaining" partially developed land have already been 

considered in Chapter VI , 
A det~iled breakdovm of the inputs and outputs for 

sheep-beef farms, and the method of deriving the net 

profit attributable to land is given following the budget. 

Budget B estimates the present farm outputs and the 

estimated inputs required to mainta in this production. 

B Annl.1:il B~J'.2.£_P.,a:r:._tiallL DevelO_.Eed Shee_p Farm 

,Out£_ut§ £' s ,J!.er J 00 

Wool and skins 

Sheep sales 

Cattle sales 

~uts 

Wages and management 

Stock purchases 

Fertilizer 

Contract work 

Total output 

~~-~ 

255 

162 

240 

657 

125 

78 
102 

72 

Motor expenses and cartage 19 

Shearing, dipping, veterinary and farra stores 42 

Repairs, maintenance and depreciation 

Miscellaneous 

Interest on capital investment 

Total input 

IJet profit per 
acre 

21 

61 

72 

592 

£0,65 
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The land expectation value is now calculated for partially 

developed land which is to be further developed. The present 

net profit is £0.65 per acre (Budget B) and this is anticipated 

to increase to £1.25 per acre over a 5-year period at an 
* average capita l development cost of £10 per acre. 

(a) 

(b) 

(c) 

The value of the land for the first 5 years is: *~' 

Ls1 - 5 = V [ 1 : r)n] r (1 

~ 

] I 
= o. 94: l 

1 1 
o. 05 

( 1. 05 )5 

= 18, 80 X (0 ,2163) 

;,~. ~, 
The value of the l and from year 5 in perpetuity is: 

Ls5 ..-,,, (>·-: 
·- j_. 25 

0 05 
---
( 1005) 5 

= £ 19.59 per acre ....,__.., ___ ..,..._ 

Development costs are: 

PVC = 2 i 1 

o. 05 

The land expectation value is : 

Ls = Ls 1 -:-":-- 5 + Ls5 • •:Y, - PVC 

= 4o07 + 19. 59 8. 65 

= £1 5.01 per acre 

* The source of data is development al budgets from the Lands 
and Survey Department , 

~•* The net profit during this developmental period is estimated 
to be midway between the present net profit and the net profit 
after the completion of development . 

,~,:"~ The estimated net profit at the stage of full development 
has been given in Budget A, Chapter VI. 



In this instance additional development is sli~htly 

more profitabl e than ma i ntaining present pr oduc t ion. 

Budget B has been der ived f:;.~om the fo llowi ng data 

v,hich a r e given i n detai l to exemplify the method of deriving 

the net profit (to l and) for the surveyed sheep-beef farms. 

The property is representative of an aver age partia lly 

* developed sheep-beef farm on the Himatang i -Foxton land class. 

T~~ hl Investm~nt _( exc ludi!2€£_ la,:2£) 

( a) Stock 
>:~ ,:c 

Sheep 

503 2ths @ 52/- 1,308 

1 ,353 4th th 
42/- 2,841 ' 6 and 4 yrs @ 

700 Evrn hoggets @ 38/- 1,330 

150 'tifother hoggets @ 38/ - 285 

630 2th wetr.0".' ;:, @ 42/- 1,323 

50 Romney rams @ £12 500 

Tota l shee:9 investment £7,587 

Cattle 

290 Breeding cows @ £22 6,380 

80 Rising 1 yr heife:?'.'s @ £ 13 1,040 

60 " 2 yr II @ £L.'.0 1,200 

60 II 1 yr steers @ £16 960 

30 II 2 yr " @ £25 750 

10 Bulls @ £50 500 

Total cattle investment - £ 10,830 

Total stock i nvestment - £18,417 

~' The following dat e. a r e based on an effective grazing 
a r ea of 2, 000 a.c res ( that is , i t does not inc 1 ude an area 
of approximatel y 800 ac res of completely undeveloped land). 

1., ~' Stock values a re based on average values in the 
Mr;mawatu for the thr ee seasons 1960/61 , 1961/62 and 
1962/63, The values were obtained from "Farm Management -
Guide to Rura l Costs and Prices", Economics and Farm 
Management De partment, Massey University of Manawatu. 



(b) 

(c) 

- '12.5 

Buildings 

.,. 
Plant and eq_uipmenf' 

Tota l c api tal i nvestment 
( exc 1 uding l and) 

Int e res t on ca.pi tal invos·c11,ent 

(5 per cent) 

9utE,uts 

Wool 

Sheep -
31,385 

ewes: 

lb 

100 

244 

145 

vro1"ks 

e f , a .5 year 

2ths 

: . ; ~·:~ 

= 

3, 870 

1,500 

£28 ,790 
, __ ? . ........ _ .. 

., . ._-.., ... ~ _..,,, ,·-·· 

£1 ,41+0 

@ .39d net 

@ 20/- - 100 

© 30/- ·- 366 

@ 50/- - .l§.:1. 

l ambs: 100 1;1ized sex © 17/6 88 

620 fwd , store and fat @ 36/- .ll12. 

we ther s: 630 4 t h3 

Cattle - cull cows 

weane r he i fe r s 

weaner steers 

1.i yr heifers 2 • 

1½ yr steer s 

2½ yr steer s 

bulb 

45 
45 

65 

30 

30 

30 

3 

@ 38/-

@ £20 - 900 

@ £ 12 - 540 

@ £ 14 - 910 

@ £20 - 600 

© £25 

@ £32 

@ £45 

Total output s 

750 

960 

- --1.22. 

£5,100 

£ 829 

£1,204 

£, ,197 

£ 1~; 795 

£ 'i3;125 _._ .... ---- ...... .. ~- .. , .. ·----
. --. -----.- ·----· -· ,..__.. .................... --.-. ....... --- .. ..... ~-~---~-----

* The investment in pl0.nt ano. e~_uipment is relat ively low as 
cultiva tion etc. is done by C ont r acto 

,:ct~ In thi s study an int e r est char ge on the total capital 
inve stment in buildings, plant m1d equipment for both forestry 
and agriculture has been madeo The a uthor considered that 
most of these assets had a hi gh salvage value and could, if 
necessary , b e adapted for use by the competing enterprise . 
Ideally no interes t charge should be made on assets which 
have no salvage value ( that is, these a r e r egarded as an 
"historic cost11

). The autho1~ vras not ab le to specify 
salvage va lues exactly, Hm7ever , the poss ible e rrors 
arising from the simplified ~pproach used in thi s s tudy 
are considered to be small. 
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_ln_p~~~ 

Labour and management (3 permanent men avarage) 
(£750 plus £250 manage-) 
(ment r eward ) 

Stock purchases - 3 bulls @ £85 - 255 

12 Romney r ams 

480 2th wethers 

@ £20 - 240 

@ 41+/ - - 1.:.9.?.2 

Fertilize/' - 120 t ons potas s ic ser~~entine super­
phosphate (Co, Cu> and--½ mix D.D, T, ) 

@ £17 per ton 
( spread) 

Contract work - cultivati on and seeds - 1,165 
( 80 acres old pa . .:,tur .::, -· chou-
mollier and swedes - millet 
new grass) 

Hay baling (3,000 bales) 212, 

Motor expenses -
and c artag e 

car expenses (fa:rm business) ~ 

cartage 

fuel and oil 

Sh oaring, crutching , wool packs , di ppin3, etc. 

Fann stores and veteri nary 

Repairs, maintenance and depr eciation r eserve -
building s (£8,870 @ 3 per 

cent) 

Miscellaneo us 

plant and equipment 
'81,500 @ 10 per cent) 

- water supply 

roads and culverts 

dra inage 

fencing 

scrub, weeds and pe sts 
(lupin, go r se) 

electric power, mail, 
telophone 

insurance 
acc ountancy 
unforeseen (ho1·ses, dogs, 

etc.) 

100 

150 

j]O 

266 

222 

45 

45 
50 

615 

265 

60 
50 
.30 
60 

£2,500 

£1,551 

£2, 040 

£1 ,411-0 

£ 380 

£ 616 

£ 224 

£ 416 

£1,220 

* The present applicat ion is 180 tons; the a uthor considers 
that. t wo-thirds of this amount is s ufficient to maintain present 
Y\YV'\J 111"\ +.; l""'\Y'I 
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Total inputs £1 0,387 

Net profit 1 £2,738 

This repres ents the net profit (aft er deducting a labour 

and management r eward) a t t ribuhble to t he total c apite.l 

inves tment in lancJ., stock, buildings, p l ant and equipment , 

To obtain the net profi t attl0 ibutable to lane a lone, it is 

necessary to deduct an i nter est char ge for capital investment 

i n stock, build i ngs, plant and equipment 

Net Profit = Not I'':i.'ofit 1 - interest 

= 2, 738 - 1 , ~.l+O 

= £1 , 298 

= £0. 65 per acre 
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.APP-.SND IX X 

Derivation of B'!~ts for Dairy Farms 

This appendix gives a budget for a representative 

partially developed dairy farm, and considers the situation 

where the farm is further developed. To exemplify the 

method of deriving the net profit to land for dairy farming, 

a deta iled breakdown of the inputs and outputs is g iven . 

Budget D gives the present procluction and the estimated 

inputs required to maintain this production for a represent­

ative 223-acre dairy farm on the Younger Dune Complex. 

Outputs 

But terfat 

Stock sales 

In,,1:uts 

Total output 

~s per 1-.29 am 
1,243 

235 

1,478 

Labour and management reward 448 

Fertilizer, seeds and spray 161 

Contract work and cultivation 67 

Motor expenses and cartage 92 

Herd te sting and veterinary expenses 45 
Stock purchases and stock foods 18 

Repairs, maint enance and depreciation reserve 117 

i'hscellaneous 125 

Interest on capital investment 181 

Tota l inputs 1,254 

Net profit £2. 24 per acre 

-----·-
The land expec t ation value is now calculated for a 

partially developed dairy far m which is to be further 

developed. The present annual net profit is £2.24 per 

acre (Budget D) and this is ani:. icipated to i nc rease to 
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£3.5 per acre (Budget C, Chapter VI ) over a 5-year develop­

mental period, at an average capital cost of £10 per acre. 

(a) The value of t he l and over the 5-year develop­

mental period is: 

LD1 -· 5 = f~ 
0.05 

i 
___ _ ,1._ I 
( 1, 05) 5 _I 

(b) The value of the land from year 5 in perpetuity 

is: 

LD5 -·' ::'"' = ),.:)_ 
0. 05 

- ··-~ 
( 1. 05 )5 

= £54,, 86 

( C) The present value of development costs is: 

PVC 

= £8. 65 

The overall l and expec t 2.t i on value i s: 

LD1 - ~·~x, = LD1 ~ 5 -:- LD5 ~ \,,,: ·•st. !I - PVC 

= £1 2. 59 + 5~-- 86 8.65 

= ~ _,5j3._§Q_p~r acre 

In this instance, at a 5 per cent interest rate, 

marginal development of l and is more profitable than 

maintaining present production. 



( a) 

(b) 

(c) 
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Total CaEital Investment ( exc~d.i~ land) 

Stock 

70 Milking cows @ £35 

16 Replacement heifers @ £20 

2 Bulls @ £50 

Total stock investment 

Buildings ( house, milking shed, 
hay barn) 

Plant and equipment 

Total capital investment 
( excluding land) 

Interest on capital investment 
(5 per cent) 

Out_Euts 

Butterfat ~ 9,000 lb 

Stock 

14 Cull cows 

47 Bobby calves 

Tota.l outputs 

Jnputs 

@ 35d, 

@ £29 
@ 50/-

Labour and management reward 
(£750 labour and £250 manage;nent 

reward) 

Fertilizer, seeds and spray 
(20 tons 33½ potassic serpentine 

superphosphate, Cu,½ mix DoD, To) 

Contract work and cultivation 
(15 acres old grass - chournoellier, 

turnips - new grass) 

-

Motor expenses (farm business) and -
cartage (tanke r supply) 

Herd testing and veterinary 
expenses 

Stock foods and stock uurchases 
(Ppn. bull) 

2,450 

320 

100 
~--
2,870 

3,700 

1,500 
--

2,771 

406 

118 

1 ,ooo 

360 

150 

205 

100 

£8,070 

-~-----
£404 
-~ 

£3,295 
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Depreciation reserve, repairs and maintenance 

Buildings £3,700 @ 

Plant and equipment £1,500 ~ 

Miscellaneous - Fencing 

Roads and culverts 

Drainage 

Scrubs and weeds 

Electric power 

Insurance 

Accountancy 

'l'ota l inputs 

Net profit1 

3 pe r cent 

10 per cent 

- 111 

- 150 
261 

150 

10 

15 

25 

25 

34 
20 

279 

£2,395 

-
£904-

This represents the net profit attributable to the total 

capital inves tment ( including a l ab our and. management reward). 

To find the net profit attributable to land alone, it is 

necessary to deduct an interest charge for the capital value 

of stock, buildings, plant and equipment combined with the 

land. 

Net Profit __ Net Profit 1 

= £ 901+ .• 404 

= £500 

= £2.24 per acre -~-----~-­. -- ---~-----

interest charge 
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.1\PPBNDIX XI 

fomparative Ret1!!'_ns from Fores"tr.Y,_ and 

_SheEill-Beef .Jarmi~_ll__the ~•vhirokino Pro2,.erty 

This appendix illustrates the relative profitability of 

continuing development of th e Whirokino property for sheep­

beef farming, or converting the property to a l arge forest, 

by expanding the existinc 1."!ai tarere Forest,,:, In Table XI.1 

the compar ative r eturns from these t wo competing enterprises 

are shown over a period of 75 years . Yvhen ass essing returns 

from forestry and sheep-beef f a rming on this property it is 

assumed that approximately 250 acres of high producing 

Pukepuke soil s will be transferred to dairy f a rming. The 

comparison i s then based on t he remaining area of 2,500 acres 

of the Himatangi-Foxton l and class. 

( a ) ~veloQm~t of Land for Fore~: 

The forest is estimated to be established over a period 

of 15 years at a planting r ate of 170 acres per year. Land 

waiting for planting i s ass umed to be maintained in sheep­

beef farming. The profits from thi s unplanted land are 

£0,65 per acre per year, a s given in Dudget B (Appendix IX). 

Routine maintenance costs, based on the f ull 2,550 acres, are 

£1 per acre per year during the 15-year planting period, and 
:.:C* 

£1.5 per acre per year ther eafter. 

(b) Dovelopment for Shec,1?_-B~ef F~rmi!]s_: 

In this instanc e , over the period of the next 5 years, 

it is assumed that the property i s furthe r developed for 

sheep-beef f arming at an averag e of £ 12 per acre. The 

----------~~---------
* Unless otherwis e specified forestry c os ts and returns are 
based on Appendix V. Sheep-beef farming costs and returns 
are_ based on the budget given in Chapter VI, 

,:":' These are slightly lower routine forest costs than used 
in Appendix V, This is bec ause many of the overheads 
(buildings, etc.) capable of servicing this additional area 
of forest are already established for the adjacent Waitarere 
Forest. 
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T_@LE _XI.J_ 

Co11:parat ive Returns from Fores~ 
on the Y(1:!,iroki_n..2, 

-~-- --~~ .... ....,____~_..__,._ ............... ___ __ __ ................ __ .. --·- ·· -- - · .. .... .... . ....... . .. . ..&,.__.,.... _..., .. . -..-.---....._----. __ ...._ _,... , ~- ~-

5-Year 

,,___1a_na_u_se~--- 7 [_1 -5 ~~:~- ~~-1-~ ~r ~·1_c:-~!t15-20 1-20--25~ 25- 30 ~ 
Fore.~tEY_ _Q_osts ~ 
Establishment ! 1-15 £25,500 , 25,500 25,50 . , 

Running costs 1-30 12,750 12 ,750 12,75 · 19,125 ' 19,125 19,125 

First pruning 

Second pruning 

Total costs 

Returns 

First thinning 

Second thinning 

Final harvest 

Grazing 

Total returns 

Forest net profit 

Forest net profit 
(Productive land) 

Present values 

6-21 . 

9·-24. 

5,440 

1,530 

6,80 

7,65 

6,800 1,360 

7,650 6,120 

£38,250 , 45,220 52;70 33,575 26,605 19,125 

10-25 8,50tj 8,500 8,500 -

' 16-~31 ! - ! - - 11· 20,4.00 ' 25,500 .25,500 

30-45L - ( - i - , - -

H 5 _:,_9.06 I _ _":, ~ 4'.:l_.1.::_~11 
, £6 , 90:t 4,144 , 9 $ 881 28,900 34,000 25,500 

-31,344t··41,076 f-42 ,31 i-4; 675 7,395 6,375 
. I 
-25 , 075 r-32 ,861 34,255' •-3, 740 5,916 5, 1 oo 

2,023 1,334 -25,0~ ~25,123 . -20,03 -1,6721 

Total present value ! £102,656 1 r 

l ;=_. ~~: L I I 
. She~~~--:--B~e-e; F~mir,g +~~-~ --- --~r·----~ ! 7 "·~-.--,.----'i-'----

1 . . 

Development costs 1-5 30,600 f - t 
Returns 1-75 : 13,770: 19,125 19,125 ·1 9,125 ·19,125 19,125 

Net returns £-16,830 19,1 25 1 9, 1 25 1 9, 1 25 1 9, 1 25 

Present values -16,830 + 51,925 

£35,095 ~---. - . 



and Sheep-Beef ,FaEffiilli3. 
Pro~ :rj;_,y 

Periods 

30-35 

~ 
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I 25 ,500 25,500 25,500 25,500 25,500 25,500 

19, 1 25 1 9, 1 25 1 9, 1 25 '1 9, 1 25 ' t 9, 1 25 1 9, 1 25 1 9, 1 25 

5 , 440 . 6 , 800 6 , 800 1 , 3 60 5 , 1;..L:-0 

1,530 7,650 7,65 . 6,1 20 .. - 1,530 

·j 9 > 125 

6,800 

7,650 
·~~.&-....~---..a 

44,625 51,595 59,075 

' I 8,500 8,500 8,500 8,500 ' 

5,100 •- - ! 20~400!25 ,500 25 ,5oq 5,1 00 - -

425,000 425~000 425~000! - I : , - 1425,000 1,.25,000 425,000 

i 430,100 4.25, 000 433 ,500 -~8. 90°- 34. 000 2~:.50 430,100 425. o~l 4?3 ,500 

385,475 . 373,405 374,425 -4, 675 7,395 6,375 385,475 373,405 374, 4.25 

308,380 · 298,724 299,540 -3,740 5,916 5,10 308,380 298,724 299,540 

I 61,676 45,6s3 35,030 ·-335 . 261 1::- ,335 9,135 7,005 

t 
I . . _ _______,,_ I I . 

! -- ~~ ·1 --·- -- ·i·-·- -1,~--~------~-~--- , 
~ t 

: t I 1 , J 19,125 t 19,125 19 , 125 1 9, 125 I 1 9, 'I 25 t 1 9, 1 ~ 19,125 19,1 25 19,125 

1_::, 125 t 19, 125 _19 ::~t,t 1 25-l_ 19, 1_25t 9, 12J 19, 125 _ 19 , 125 _·'.9 ,_1_ 2.'.___ 
' 
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average net profit (excluding capital development costs) over 

this period is estimated to be £1.08 per ac re per year. From 

the 5th year onward the annual net profit is estimated to be 

£1.50 per acre. The author considers this is the maximum net 

profit likely to be attained for sheep-beef farming. 

'11able XL 1 shows the individual and total costs and 

returns (in 5 year periods)~ over a total term of 75 years, 

for both forestry and sheep-beef farming on the Whirokino 

property, The present value of these future incomes is 
,:, 

also shown. The t able shows that the net returns from 

sheep-beef farming during the first 20 years are higher than 

the returns from fores try. From the 20th year onwards, 

however, the net returns from fores t ry are substantially 

higher than from sheep-beef farming. The present value of 

the future income from forestry is approximately three times 

as hi gh as the present value of future returns from sheep­

beef farming. 

,:, The external interest r ate u::ied for comput i ng pre.sent 
values is 5½ per cent. For simplicity it has been assumed 
that all returns and cos t :; oc c ur at the beginning of each 
~ •. ;tro ci Y' nA ,,.,; ()(1 
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APPENDIX XII 

XII. 1 The Importance of _a Soi:L_Q.J.assificat ion in j:,hi~ St~~ 

The classification of sand country soils is important 

for two reasons : 

(a) There is a wide variability of soil types on the 

* sand country. 

(b) There is a strong connection between soil type, 

land use and l evel of production, In particular, soil type 

has a considerable influence on the relative forestry and 

agricultural production, and hence on competition between these 

two enterprises. 

The wide variability of sand country soils is a r esult 

of a number of interac t ing f actors . Firstly, the parent 

material of sand country 3oils is wind blown s and. Also, 

t he area is s ubject to a l ow swm11er r ainf all and frequent 

winds. These factors, c ombined with the coarse texture 

and low organic content of sandy soils, make their pasture 

and crop (including t rees ) productivity l argely dependant upon 

the amount of soil mois ture available . Soil moist ure is 

determined jointly by the height of the water-table and 

drainage; and drainage i s in turn determined by t he very 

variable micro-relief characteristic of t he send country. 

XII. 2 methods and Problems of Soil Cl assification on the 
Sand Countrz - - - -~ . 

This section describes h:o methods of soil classifi-

cation at present used on the sand country , On the basis 

of these soil classificat ions a modified method , considered 

appropriate for land use studi es, has been formulated, 

XII.2.1 A Detailed S9.i~~sificati on 

A detailed soil classification is available for 

* For an illustration of t hree different .:;oil associations 
on the sand country , see Figs. XIII.6, XIII.7, XIII . 8. 



part of the sand country (35) . This covers 35,000 acres and 

is centred on the Himatangi district, which is representative 

of the major soil associat i ons. This classification maps the 

individual soil types, sub-types and phases. Where data are 

available, this detailed classification is useful for pre­

dicting timber yields on different sites ,. Fo restry production 

on a particular soil type can be assessed in isolation, since 

tree growth on one soil type is not significantly influenced 

by the nature of surrounding soil types, This method of 

classification, however, is not suitable for agricultural 

production, except on a within-farm basis, This is due to 

the fact that most farms on the sand colmtry contain a number 

of soil types, sub-types and phaseso Thus <;interaction" 

occurs. The relative proportion of a farm's production which 

can be attributed to any one of the soil types is dependant 

upon the proportion and combination of other soil types 

associated with it. On most farms the manner and proportion 

in which soil types are associated determine not only the 

overall land use, but a l so the treatment and utilization of 

the individual soil types 

The detailed soil survey is useful as an aid to making 

farm management decisions. For example, fertilizer application 

and drainage plans. Hovvever, the method is not suitable for 

a broad l and use study. 

XIL 2. 2 C~_£§!:.tion of _Soil .:~ssoc i ati ons 

This section provides a brief description of the 

sand country soil associat i ons, 1..vith particnlar reference to 

the competitive position between forestry and agriculture. 

The complete modified soil classification, used in this study, 

is given in section XII. 2. 3. A method of soil classification 

more suited for distinguishing agricultural productivity classes 

on a broader scale, known as "association" mapping has been 

developed by Cov,ie and Fitzgerald (1963), (36)0 This method 

has been used by Cowie to classify the soils on the remainder 

of the sand country. Soil associat ions a re classified on 

the basis of defined and named <::oi l types, sub-types and phases 
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which are geographically associated in a r egular pattern and 

in similar proportions , In essence the ~oils of the dunes 

are grouped with those of the accompanying sand plains, 

Differences between the s oil me '.11bers vrithin associat ions are 

primarily due to drainage, relief ai,.d aspect. The associations 

in general form a. drainage sequence consisting of low l ying 

plains, high lyil'l(; pla i ns and cl u;.1es. This basic unit is 

repeated in an approximate f a shion movi~-; inland from the 

coast. 

Cowie has classified nine soil assoc iat ions on the sand 

country, one within the Younger Dune Complex and eight within 

the Older Dune Complex. In Table XII.1 the respective areas 

and drainage characteristics of each soil association are 

listed. Also a guide is given to t he relative forestry and 

agricultural production on the different soil classes. 

A brief description of the soil associations listed in 
~' Table XII.1 is now given. 

!lJ.§. Yoy.nger Dune Com,:e_le~ 

The 28,000 acre Hokio-Waitarere associat ion together with 

16,000 acres of relatively raw unstabilized sand comprise a 

combination of immat ure soil types~ forming a drainage sequence 

from dry unconsolidated dunes to peaty swamps and la~oons . 

The l atter are formed as a result of the natur al drainage toward~ 

the coast being impeded by sand dune formation. The above 

41+,OOO acres comprise the Yo unger Dune Complex, although s ome 

small scattered areas of the Hokio-Vlaitarere association als o 

occur in the Older Dune Complex , 

Agricultural production on this 2re a. is low, and on it 

fo~estry is expected to show to i; roatest advantage when compared 

with f arming . j detailed description of the current land use 

and stage of development of this area is given in Section 4.3. 

---~--
~~ To save unnecessary c~escription, all soil assoc iations 
with comparable levels of production have been amalgamat ed. 
The basis for thin amalgamation and t he completely modified 
soil classification is given in section XII . 2.3. For a 
detailed and comprehensive description of sand country soil 
associations, see Corr.i.e and Fitzgerald ( 1963), (36). 
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TABLE XII.1 ~---~~---
Soil Associations of the Manawatu-i.1.angitikei $and Co~ 

I 

Soil Association 

Yo~er Dune Complex 

Hokio-tfai tare re 

Unstabilized Sand 

Old(';}' Dunc . C ompl~ 

Hirnatangi-Foxton 

' Ii'oxton-Hima tangi 

l-1wahou-Foxton 

Foxton--Omanuka 

Pukepuke-Foxton 

Pukepuke-Omanuka 

Carnarvon-Black Foxton 

Carnarvon-Brown Foxton 

Soils of the river flats 
and terraces 

Total area 

Area 
(acres) 

28,000 

16,000 

30,000 

2 ,500 

6,000 

5,000 

32,500 

13,500 

18,500 

12,000 

6,000 

170,000 

-

Drainage Agricultural 
Production 

Forestry 
Production 

• -------~- ~-----i~ ----~~-----------~--~--

Imperfect to freely 
draining 

" 

Freely draining 

" " 
;t ; i 

Imperfect " 
;i " 
II " 
" ll 

" " 

Low Medium 

Low I High 

Low High 
I i Medium High 
l Low Medium 
I 

High l Low-Medium 

J '.edi wn-Hig h I Low-Medium 

High I Low-Medium 

High Low-Medium 

J~-~ ·---~-----



The Qlder Dune Col!lE,_~ 

Himatangi-Foxton Assoc iation : Thi s , covering an area of 

32,500 acres, occurs on the less consolidated parts of the 

Older Dune Complex on which freely and excessively draining 
* soils predominate. The association has the lowest per 

acre agricultural_production within the Older Dune Complex , 

and competition between forestry and agricult ure is strong. 

A detailed description of the current l and use of the area 

is given in section 4. 3 

Foxton-Omanuka·Association : This is in· a relatively undevel-

oped state and is ma inly confined to the a rea south of the 

Wa.itar er e Beach, It c overs an area of 5,000 ac r 0s on which 

excessively dra ining sand dunes are dominant while the 

remaining areas are occupied by pe aty swamps . Fa rming is 

almost exclusively sheep f arming. In the main, the level 

of agricultural production on this associa t ion is comparable 

to production on t ho Himat2.ngi-Foxton as sociati on For the 

purposes of th i s study t heso t rr o soil a ssociations are 

combined into one soil class" 

Awahou-Foxton : This assoc i ation is formed on the more con-

solidated parts of the Older Dune Complex on which freely 

draining soi l s pr edominate It covers an ar ea of 6,000 

acres r epr esenting a similar d.r ;_~i nago sequence to the Himat angi-

Foxton associ ation, but a more me.ture pha se. Tho current land 

us e is mainly sheep f a rming . Product i on i s approximately one 

ewe equivalent per acre higher than on the Himatangi-Foxton 

association. An intensive study of this associat ion has not 

been made in the pr esent study. 

,:, For tho purpose s of t hi s study the Himatang i-Foxton and 
Foxton-Himatangi associati ons havo been combined into one 
soil class. These tuo associa tions may be used to 
illustrat e tho naming of t ho soil associa tions. Foxton 
refers to the s and duno ar eas and Himatangi to the plain 
areas. The Hirnatang i -Foxton a ssociat ion is plain­
dominant and tho Foxton-Himat angi associati on i s dune­
dominant, 



Other Associations : The Pukepuie-Foxton, Pukepuke-Omanuka , 

Carnarvon-Elack Foxton and Carnarvon-Brown Foxton soil 

associations comprise a combined ar ea of 77,000 acres. ?or 

the purposes of tho present study t ho l ovol of ag ricultural 

production on these soil associations has been considered 

sufficiently compar able for thoir amalgamat i on into a single 

soil cla ss, The above soil associati ons are all similar in 

that they have a hi gh proportion of imperfectly draining soils. 

The proportion of moist soil types r anges from 50 to 80 per 

cent of the t otal area. Tho current l and use of these areas 

is predominantly dairying with production ranging from 130 to 

300 pounds of butterfat por aero between farms. In a number 

of instances the low proportion of freely draining soil types 

on these f arms, necessitate s wintering of stock on a run-off 

property situated on dry sand country, 

Present knowledge indicates t hat duo to t he high pro­

portion of imp erfectly draining soil types within these 

associations, it would prob ab ly be poss ible to establish pro­

ductive Pinus _r aditl~ forests only on 30 to 60 per cent of 

the a r ea. La rgo scale affor estati on may bo technically 

possible , by intens ive dr ainage and the planting of tree 

species adapt ed to moi st conditions, for exampl e Eucalyptus 

spp, In the author's opinion, however, farm forestry and a 

limited number of sma ll plantations i s t he only form of 

forestry likely to compete economic ally with ag riculture on 

these soil associati ons, 

A land use study of these soil as sociations would involve : 

(a) The determination of whether any farm land could be 

profitably used f or farm for estry, 

(b) The proportion of farm land that could profitably 

be planted in f a rm forestry, The optimum proportion of the 

farm area devoted to f arm forestry wo uld vary ,,-tldely between 

farms, as it i s dependant upon the relative proportion of dry 

and moist soil type s. 

The balance of the soils comprising the 170,000 acres of 

sand country are those of -the river flats and terraces. 
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XII. 2. 3 The Modified Soil Classificat ion Used in this - -- ~-·~---~·-..... ...... -...-...-~__,__- .,,,.__ .,....__,,_ __ 
.§..t'-!.iY 

The meth od of classifying soils into associations 

(section XII. 2.2) · overcomes to a considerable ext ent the 

problem of II i nte r acti on", and is certainly a more applicable 

basis for land use studies than the deta iled classification. 

The soil association classification is us ed for the Younger 

Dune Complex ,;rhere there i s only one soil association. 

An unmodified method of classifyi ng soils into assoc·­

iations on the Older Dune Complex i s not s uitable for this 

study. Associa tions on the Olde r Dune Complex do not occur 

as large unbroken blocks, but ar e scattered and irregularly 

dispersed amongst one another , Consequently, the soils of an 

individual f arm may vary from a single association to a com­

bination of three or four as sociations. 

The formulation of a modified soil classification requires 

a considerable quantity of data, bec a use of the diversity of 

soil types, fanning systems and levels of development and 

production on the sand count r y, For t his reason production 

and soil data from a small sample of f arms are inadequate. 

To overcome this problem the following data have been assembled 
* for 145 properties sited on the Ol der Dune Complex. 

( a) The type and size of farm. 

(b) The current level of production, and 

(c) The corre spondi ng soil associa tions within the farm. 

It is hoped that t hese date:. will allo,, t he order of rnagni-

tude of the difference, if any, between the level of production 

and the c orresponding soil associati ons to be determined. 

The modified method of soil classification based on the 

above data and ado pted on the Older Dune Complex in t his study 

is: 

(a) The amalgamation of the Himatangi-Foxton, Foxton-Hirnatangi 

--------~-~---~-- ·--~-- - - ---~---
* The major source of these data has been the '1aluation 
D t ** epartmen in Palmerston North and Vanganui. See footnote 
p.35. The data was a l so necessary f or t he formulation of 
the sand country land use maps; See Figs. XIII.2, XIII.3, 
and XIII.4. 
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and Foxton-Omanuka soil associations into one soil class. 

This group of ass ociat ions is referred to as the 

Himatangi-Foxton soil class 

(b) The amalgamation of the Pukepw{e-Foxton, Pukepuke­

Omanuka, Carnarvon-Black Foxton and Carnarvon-Brown Foxton 

·soil associations into one soil cJ.ass, called in this study 

the Pukepuke-Foxton soil class. 

The 145 farms are classified into one of four categories; 

A, B, C, or D. This classification is based on the relative 

proportion of the Himata.ngi-Foxton soil class combined with 

the Pukepuke-Foxton soil class . 

in Table XIL 2. 

The classification is given 

In Table XII. 3, the minimum, average o.nd. maximum farm 
,•, 

production figures for 100 farms is shm0m.·· The table 

illustrates the connection between level of production and 

farm type (as classified in Table XII.2). There is an upword 

trend in production progressing from farms with a high to a 

low proportion of the I-!imatangi-Foxton soil class. For 

example, per acre production is tvo to three times higher 

on type D farms than on type A farms.~,,~ On the other hand, 

The remaining 45 properties were used as run-offs. 

,:,~• It should be noted that a proportion of this higher 
production should be attributed to the generally higher 
levels of developm0nt of farms on better soil types, and 
"'"+ al l +n o ,..,.; l +vno ci l ,..,.,-,o 
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TABLE XII.j_ 

Levels of Farm Produc_tJ_o_E ..9_~ t he Older Dllile Q._~11!.E.le~ 

Farming System 

Dairy Farming 

1 -- - • l Mirnmum 

, Average 

J r.Iaximum 

~--~-~---• 
She ep Farming 

Minimum 

J1 verage 

Maximum 

Pounds Butterfat 2er Acre 

55 65 I 75 I 
72 105 I 125 
95 135 180 

"-1~--~7 Ewe Equiva lentsiper Ac re 

l 1 I 2 I 2 .5 

1. 6 1 2.6 . 3.5 

2. 5 ,1___4,7 

l 100 
I 165 1 

' I 270 



overall forestry proouction on type D farms would generally 

be lower than on type A farms, due to a higher proportion 

of moist flats unsuited to Pinus rad~ forests on type D 

farms. 

•rable XII. 4 shows the trends in farm size and land use. 

The table also shows the rslative proportion of each type 

(A , B, C or D) which is devoted to sheep-beef farming, 

dairy farming or run-off s. Prog ressing from farms in type 

A to those in t ype D, the table indicates a decrease in farm 

size and an increase in the proportion of l and used for 

dairying , Run-offs occur almost exclusively on type A, 

The land classes selected for an economic comparison 

of forestry and agriculture ar e the Younger Dune Complex 
* 

and the Hirnatangi-Foxt on land class (farm type A). 

Competition between forestry and agriculture is the mos t 

marked on these two soil classes, A description of the 

land use of these two l and classes is given in section 4 ,3. 

It is hoped that the results for these areas mey be used as 

a guide for planning l and use on the r ema ining sand country 

soils, 

~• Type A farms e.re i n thi.., ~;t 1_1dy cla:.; .;ified as 
the Himatang i-Foxton l and class , 



TABLE. XII.4 

Farm Siz~ and Land Use Trends on the Older Dune Complex 

-------------- --------------~ 

Land Use 

I 
I ! 

! 

'!] 
..---

Average 

Land Type r- A - - B i , - ~-~-:~----- r ] 
l Farm Size 7 Proportion Farm Size l Proportion l Farm Size =)roportion I Farm Size jProportion 
1 1 of the of the I of the , I of the l (acres) Total Area · (acres) Total l1rea I (acres) '11 otal ~'i r ea ! ( acres; iTota l Area 

~ - : (per cent) --~-- . i:r,er centLl---~-----~ l ?.:_~_:_e~1~-j---~e_:~1l_ 
Sheep-beef l ~ . I j , , 

l j I I . j farms • ; j j l 
Ihnimum I 459 ! ! '197 1 202 l i, 

! 1,600 ! 50 I 1,150 75 ~ 600 ! 60 

Maximum I 2 ~865 l j 4,490 1 1,231 ; l 600 
-~ ~ ~ -----~!-~--- ·--~--..J.--•--~1--~~ 

Dairy :farms l l 1· · ' 

! ' I ! ' 
Minimum ; 1 80 I l 11 0 ' ' 

Average i 230 i 15 230 1 2 :::z. . I ___ 4os_t-~t~22 ~ 
:::ag": ,~ I 35 

1 
, 

Max~~- 400 I_ I I _ _J _______ J..__~--

! 
I 
! 
I 

i 
' I 0 

I 

-· -~ 
·1 

I 
) 

188 

390 40 

110 

140 60 

240 
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