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The Demand for Farm Tractors in the U.K, -

An Econometric Studv over the Period 1048-1965

1. Introduption

Over the bast 15 years there has_been much empirical investigation into
the inflﬁences.affecting inveétment decisions by the private producing ééctbr of
the economy; These are relevant té policy making, through the quantification of
these influences, and to economic theory, thfough formulétion énd‘testing of
investment hypotheses. The latter is relevant, through its implications to
theory of tﬁe behaviéur~of the fimm, Hovever,as emphasised by Lisner and Strotzb(l)
many problemé,still remain., Firstly, there is ﬁﬁe theoretical problem that a gap
still remaiﬁs'ﬁetween economicstheéry and the various proposed empifical bases
to ihvestment'— éarticularly vith regard té the position of expectations. Secondly,
there is a divergénce between the determinants of investment when looking‘at
different levels in the economy - total eéonomy versus industry versus firm,

Further there is a divergence between indusfry and industry (this is also

emphasised by Chenery (2)).

The majority of empiricél studieé have been at tﬁe ecdnomy level or at the
industry level and have looked at the time rate of increase of capital assets as
a whole. That is,they have beenvéoﬁcerned with total demand for dﬁrable capital
goods at either level - they have not been cbncerned with a singlebparticular
input. For example; De Leeuw (3) studied the demand for capital goods by manufacturers
in the U.S. economy; Gehrel and Wiggins (4) fixed capital investment in manufacturing,
"Very few studies have looked at the disaggregdted investment of an industfy or
sector. An excéption is a cross-section stﬁdy by Kiein (5) into the demand for »

railraod cars and track by U.S. railrcads. However such disaggregation of
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investment may prove to be,worthwhilerfrom both an empirical énd a theoretical
standpoint. Thus it is to be éxﬁected that some of the influehces affecting
investment‘invong input, say_farmkméchinery, nay be quite different from
thosg affecting investment in anéther, - say farm buildings,' A‘disaggregatéd
study can evqlﬁate these effects more specifically - for example in Klein;s
study (5) age of railroad cars was a significant variable in his cross—seétion ‘
invesﬁment fqnctipn. Secondly, certain investment theories may be expected to
have more relevance to a certain type of capital input than others and may be
very consistent With the 'demand for that input. On aggregation this specificity
may be lost. Thus,demand for a certain type of input may enphasise capital
widéhing - the accelerator-type hypothesis; another, capital decpening; another,
traditional profit maximisingAtheorics. An argumentvcan be made ggainst
disaggregation in that competition between projects for capitél will influence
the individual investment functions; that is the investmehtvfunction for one
durable input is not independent whenkfaced with a cépitalvconstraint. However
it seems worthwhile to investigate the determinants of investment in specific
durable inputs to see if this is a problem. In fact a multiequation model of
iﬁvestmenﬁ allowi;g”fquﬁhis possible simultaneity prcblem would be ideal; With,a'
budget coﬁstraint of profit, credit and liquid assets,

The majority of cmmirical'studies have also beesn concerned with the

manufacturing side of the private producing sector; typically with the whole

sector as opposed to individuval industries. Siblings of the manufacturing
sector, such as agriculture, have not as yet been investigated at all thoroughly.
However,it seems important to do so since conclusions from the studies on

manufacturing industries cannot be applied ad hoc to other industries because
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of differences in industry structureé. Thus, for example, studies on manufacturing
industries emphasise the influendes of corperate saving and of the dichotomy
between ownership and management on investment (see Auh (6)). Farming however
is still an industry of entreprenecurs operating under relatively perfect
compeﬁitidn (ex rcept for ease of entry) and with no control over prices, Such
studies that have been carried ocut into the demand for durable capital inputs in
agriculture .- Griliches¢(7), Cromarty (8) - emphasise different findings. However
further work is needed, especially as thgse studies relate to U.S. agriculture
which has a somewhat différent S*“ﬂCEuru\tO U.K, agriculture. Both studies can

also be criticised conceptually,in that they ignore the problem of quality change -

. . . 1
of the input over the time period studied.

As well as being an investment study, a demand study for tractors investigates
demard for a capital input per-se under an oligopsonistic narketing structure.
Therc has been some study on the oligopolistic supply situvation in .agriculture
but there hes bcen little work done on the relationship between farmers and thc‘
suppliers of capital inputé. (£1%though the:e has been many studies on the demand
for durable consumer goods in an’oligopsonistic mafket - for example Suits (9))

In the mérke for new tractors 5 fimms suoplv 95% of the market and there is
recognised brand loyalty. PFurther because dealers are tied to their respective
suprliers the practice of discounting does not give rise to much price competition.
In investigating the demand for new tractors there should be a feedback of .
information on the market structure involved in their demand and supply. Tor

examﬂle the effects on total sales of advertising expenditure and of model changes

1. licady and Tveeton (in Resource Demand and Structure of the Azricultural Industry
by E.O. Heady and L.G. Tweeten, Iowa State University Press, Ames 1963) have telen
some account of quality in a demend study for fertilisers but their studies on
durable capital inputs ignore the quality problem.




is locked at in: this study.

A& demand function for tractors has relevance also to more specific
problems. One such prdbiem is that of finding out why farme?s buy tractors,

Do they simply went .a tractor unit; irrespective (within limits) of its.
horse-power? - Do they buy on the grounds of potential draught power only?

Do they wdnt a tractor unif which provides a range of services in addition

to those of provision of draught power and of vehicular characteristics?
Experimentatioﬁ with different ways of expressing the invesiment variable in

the demand function may help in understanding this problem., It is further
important in lecoking at the future trend of demand - will it be for more
horse-pover per unit, asopposed tomm emphasis on units incoiporating ney technical
advances in design; or simply for an increased number of units of the same
quality?

Secondly, government action has been very prevalent in agriculture over the
period. In so far as this action - in particular through investment allowances
and price support - has affected the demand for tractors then it has. also
affected output and employment in another sector of the economy. Hence the
study allows some investigation of the effectiveness of policy on agriculiture
per-se and its side effects on dnother industry. There may also be some effect
on the exzport market for new tractors. In the short run if home demand is
encouraged, exports may be.restricted; in the long run both may be encouraged
by this govermmental stabilisiﬂé-influence in Agriculture. Govermment action may

also have been an influence via another sphere of activity. Farmers depend meinly

on banks for their credit especially short and medium term credit. Thus, for

examnple, in 1955 total advances by banks to British egriculture were £230 million. (10)
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whilst credit from other sources, excluding merchant's credit (which is extended
for non-durable inputs) and private sources, was only £29 million (11). Private
soﬁrces/were'also iméortant - being estimated at £200 million (11); hencéiit»
may be expected that in so far as.trnctor purchases are affected by credit
availability they will be affected chiefly by the availability of private and
bank credit. This is further cmphasised by the fact that only a small proportion
of new tractors are purchased by;hire purchase (1ess than 10% (12)) an& there has
been little variability from year to year in the absolute number.l Thus if
“interest rate policy, as pfactised by the govermment, is effective it could have
a direct effect on the demand for tractors.,

Finally, in so far as this study can estimate the structural relationship

underiying the demand for tractors then it is relevant to the problem -of

estimation of future demand and diagnosing a change in the present frend, Further,
the allowance to be nade for error from the stochastic influence can be directly
assecssed. - The structural relationship is also relevant to the problem.of
estinating aggregate agricultural supply when coupled with information about
other factor markets.

Briefly, this study attcmpts to estimate investment functions underlying
the demand for a single durable input - whecled farm tractors; a major part of
the total capital input in a single industry - U.K. agricultufe. Estimﬁtipn
is by regression analysis using annual date from 1948 through to 1965, As a
corollary qther problems such as the effects of policy action on tractor demand,
the norket struoture.fof nev tractors and the prediction of future demand are

also looked at.

1. B3ee Appendix




2. The Theorctical Frarviciork -

As pointed out by Kuh (6) empirical studies on investmént behaviour have
to mar twé"quite distinct theorctical approaches, Firstly, we have thé
equilibrium theory of capital which sets out the conditions determining the
optimal capital stock. Secondly, we have accelerator type hypotheses which
expldin the rate of change of the capital stock, using the optimal level of
stock as a.datum, Thus the first thecory does not account for the adjustment
process, the second does not explain the optimising basis. Both theories are
conceptunlly important to anyvinvestment study; their relative importance must
be related to the particular level of investment under discussion. Their
relative immortance to this study moy be assessed by adapting Meyer and Xuh's (13)
definition of the three motives (economic, technicel and prestige) underlying
invéstment decisions - since we are concerned with a single industry made up Of,
nany individuval decision mokers.

Particularly since we are dealing with an industry composed of mary

entreprencurs, operating under a competitive morket structure, the profit motive

would seem important. The theory of the firm then says that the stock of machines
éhould be incréased, until the present discounted value of future earnings

from the last machine equals the price-of the last machine to be purchased
(assuming all the machines. 4o be identical) in order to maximisebprofits.
Recognising that capital inputs are 'lunpy' whilst analysis deals with a
continuous case then the optimum position is that closest to this definition.

This is then a definition of the optimum stock for tﬂe fim recognising that
futurc earnings (the prospective marginal revenue product)‘ariscs from the
'serVices provided by the maéhinc'and'thét'fheée earnings should be discounted

to the present time., This approzch thus indicates that the iwmportant influences
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determining. the optimum stoclk of machines for the firm‘are the expected earnings
accruing from the use of the machines, the rate of interest and .the pricelof the
machines., If we consider that fhe fim is not af the optimum position but is
adjusting. towards it,'then.three‘other influences are‘importanﬁvfrom the profit
naximising theory of;the.firm. Firstly,.the abhove analysis assumes a dimihishing
marginal revenue . product (because of- declining marginal physigal productivity)

- as the stock of machines is increased. Hence existing stock exerts a depressing
effect on the adjustment process}énd hence on new investment (excepf as the
services available from stock fall by depreciation), This is further important

~if the firm faces a capital copstraint and there is competition between various
investment projects. Secondly, increasing quality of the average machine used

“means the marginal revenue product curve is shifted. upwards as_marginal physical
productivity from use of the input is increased. Thirdly, the profit méximising

theory of the fimm is:also concerned with the relative demand for all inputs @

inputs should be increased until relative marginal revenue products are equal to

relative prices. Changes in ;elative prices'then involve substitution of inputs;
for example, capital deepening involves substituting cgpita} for labour as the
price of labpur,rises relative to that of capital.; Tﬁe theory of the firm.

thus indicates six variables determining the optimum stociz of tractor; at the
firm level. At the agzregate level, relative prices, the rate of interest and
changing quality of the-input still exert the same influence in that they are
influences external to the fimm. Pfospective.earnings_and'stock,however,are

variables at the fimm level. On aggregation, and particularly in this case, it |

1, Conceptually the cost of capital relative to that.of labour should be the total
variable cost - running costs, interest payment, repair and depreciation. However,
- depreciation,interest payment.(and to some extent running costs) are proportional
to purchase price of the machine and this is used in price ratios, being a more
convenient measure. The size of future repair bills are very susceptible to the
stochastic influence and should be ignored. N“
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may be that prospective earnings are less imnortant than at the firm level = unless

there is a general trend for all firms. Thus agriculture is a heterogeneous industry,

with regafd'to the variéty of commodities produced, and further some firms may be
incréasing in profitability, others decreasing in piofitability within the same farm
classificétion; hence the effects of this variable may tend to cancel out. Secondly,
becauvse tractors are, as'mehtioned, a-’lumpy' input then it is likely that because the
optimum cannot be exactly obtained, overinvestment will occur at the firm.level. This
is particularly likely because there tends to be a seasonal demand for tractor services
leading to a stock above the econbmic optimm as looked at from an annual viewpoint.
If this is so then at the aggregate level the depressing effect of stock on future

4 b A .
investment should be intensified compared to the fim level.

';A second motive, relevant to the accelerator hypothesis, is the technical‘motive;
usually associated with capitél widening or a‘lagged investment response to an output
change. A priori'this influenhce does not seem as important with respect to this
particular input as it is with respect to total investment in manufacturing indusﬁrieé.
Mirstly, tractors are related to scale as defined'by acreage - at  the aggregate level
this is practically fixed’(although the available acreage has declined marginally
over the period). Secondly, otput from acreage is a function of a level of inputs
and veather. Hence agriculturai output changes as revelant to demand for tractors,
are probably related more to these two than to capacity, whereas in manufacturing
industry the variable input level is relatively fixed; there are fewer exogencous
influences and dutpuf is related very much to capacity. However it is possible'that
accelerator type reasoning nay be apnlicable through three other influences. Firstly
aﬁ "ch.e fim 1eveuli,'"'thé numbé; of bfall'ms havs ‘aecliﬁed o’vé‘r thé 'period of stﬁdy;_ a{na the
averarne acreage'df each farm has risen. In so far as this allowsvfor mechanisation

and means a greater demand per acre for tractor services this would encourage demand.
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Howeﬁer,it could have the opposite effect if on the aversge it meant that tractor
capacity was now more fully utilised. Secondly, changes in the output mix could
affect demand fof tractor services - more specificaliy a sving to cash crops away
from livestock could create évneed for increased tractor services. - A third influence
arises from the already meantioned, seasonal demand for tractor services. ' Two-
seééonél peaks of demand occur ~ autumn and spring, particularly the latter. The
two are 1nterrelated to some ‘extent, in part ticular the spring peak is increased if
- the previous autumn peak does not reach ifs‘planned level. This may happen through
‘the influence of weather, specifically in September, October, Wovember and December.
Hence this weather may have a short term influence on the technical demand for tractor
services the following s@ring.

A third motive can be defined as the prestige motive.‘bThié may be adapted to
this context in‘thaﬁ"it may influence the replacement rate of o0ld tractors: by new.
Associated with this we may look at the tractor as being, in'part, a consumption
good; A large proportion of farms in the U.K. are family fammed and increasing tractor

PRSI

services prov1de utllﬂty by increasing available leisure time since- taey reduce

hours’of work necéSSéfy'to'complete many farm tasks. This especially applies to

total available services, for example horse-power, as opposed to numbers of tractors.

This con31derat10n is llKely to lead to overlnvestment .perhaps by incréasing the rate

of replacement, beyqnd'that which is economically optimum. .Given that the:marginal
utility»bf leisure has changed over time then this degree of overinvestment will have
changed also, . However,the profit motive imposes a constraint on how far this utility
desire can be obtained. .. Thus the level of profits objective determines the degrec
_to which the desire is satisfied, particularly as tractors are a large item of expense
in_the farm budget;

Flnan01al 1nfluences ‘can also be looked at as detexmenwnts of ahen aagustnent

by investment, are made toward the optlmum level -of vtoch, as detcrmlned by the




prevailing economic forces. . Credit availability particularly would seem important
- both internal and external to judge by the sources of credit to agriculture as
diagnosed by Chevely and Price(11). Internal credit availability may be judged
by past profit. levels; the cost of external credit by the rate of interest charged
‘by_the banking system.; Further it is usually indicated that there is some‘co:relation
between the level of bank rate and the availability of bank credit., Capital )
rationing may be ?articularly important due to the fact that the majority of Tarms
in the‘U.K, are owner occupied. Miller(14) has pointed out that owner occupied, as
compared to tenant farmers, do not reach the optimum combination of resources with
respect to the capital input -- presumably due o capital shortage. Howeve:,since
ve are considering investment in a single input, not investrent as a whole, this
influence is probably affected by competition between projects for investment;
particularly by investment iﬁ closely related projects such as investment in pther
farm machinery. Because of lack of relevant data and time this study has not
attempted to lock at this through a multiequatibn medel, A second possible
financial'influence is that of tax coﬁsiderations, in particular capital allowances

for-income tax relief. As shown by Dunford and Richard (159 only the investment

allowance (as formerly given) provided the claimant with a tax concession over and

above the market rate of depreciation, since it is not deducted in determining the

written down value. Investment allowances for new machinery were first introduced

in 1954 at ZQ%;'discontinued for threé years and then reintroduced until 1965 when
the system was altered. These allowances may have led fammers to undertake the
replacement of machinery in advance of the time they would ctherwise have chosen (15).
It may also encourage them to move morévquickly toward the desired stock level,

Theory therefore, with reference to the specific input being considered, would

1. As previously mentioned private and bank credit arve the two important sources
of short and medium term credit to U.K. agriculture.
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emphasise an optimum stock level determined by ecqnomin forces. : In.particular -

it would seem that the relative prices of inputs, he rate of interest, the present .
level of stocks, and quality change of the input would be important at the aggregate
level. The expected cnrnings effect may be important if farmers who demand trxetorshave
similar expectations. Investment, considered by a time series stu&y, may then be
régarded as the means of adjusting past stock, either optimal or non-optimal,

tovard the optimél stock level in the present ﬁefiod'under.the econonic- forces
operating to determine"tﬁis optimal stock level.. Complete adjustment may not be made
rithin the time period; alternatively stock levels way be more than the economic
optimum in each time period»and more than cpmplete adjustument occufs. _Thus the

ad justment process'is affected‘also by technicalvvariahles and variables related

to demand for tractors as a consumption good. 'Finally adjustment is cohstruined by the

—_—

relevant financial variables.




- 12 -
S. The Institutional and Technical Backeround

Before discussing the possible economlc Adeterminants of, and formulating
fam investwment functions for, new tractors, it is worthwhile to consider certain-
the ‘

relevant aspects of/institutional and technical background as they affoct ocuch funections.

One such aspect is the question of whether or not a multieguation model is

. . I . .
needed to evplain the market in new tractors. ' This need may first arise because

of the possibility of simultaneous determination of the price of new tractors.
However, this possibility can be discounted, primarily because we are dealing with
anoligopsonistic market where price is determined by a mark up overvcosts. This
conclusion is supported by some discussion with the firms involﬁed and by the
existence of published list pfices. The only possibility of simultanuous deter—
mination of price then arises through the practicé‘of discounts given by dealers
against the trade-in of old tractors. The relevant question is then whether or
not this discount varies with the intensity of demand. Given the facts that (i)
the region'for discount is small;l (i) there is recognised brand loyalty; and (1ii)
that the dealer's association publishes a guide to trade-in prices based on agé

and model of the trade-in, then the simultaneous problem does not seem so
important. The existence of a substantial export trade in new tractors also

means that manufacturers are not irclined to respond to demand pressures in the
home market. A second possible source of simultaneous bias arises from the fact
that a high % of total U.K. tractor production is exported. By number, the

figure was 60% in 1948 rising to 80% in 1964(16). If there is interaction

between home and export allocation, such that home demand may not be satisfied, then
a model is needed that explains the total demand for U,K. production. Howevex,
although manufacturers tend to give some priority to the export market it seems
that this siﬁultaneity prssibility can be discoﬁnted,in this study. Tirstly, annual

data is used whereas the maximum lag between dealer order and delivery is one -

1. . Wholesale price is never less than 80% of list price, Further, dealers pay for
tractors before delivery and also have to finance a fairly constant stock level.

+
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month,  Secondly, this lag is unlikely to affect sales to any extont because they
are generally very low.in December—January (the peak of sales occurs in March—April
with a second peak in September). Thirdly, dealers generally order to restock

rather than for a direct szle. However 1964 and’ 1965 were two abnormal years in

that the two major manufacturcrs experienced production and hence supply

difficulties.. TFven this apparent supply shortage may have been met by the large

increase ih imports for those two years and by incieased sales from the smaller

U.K. manufocturers, However the possibility of supply shortage in those two

years is investigated by the use of a zero-one variable.

[
A second important aspect is that oquualiﬁy change in the average tractor

sold over the period. - Aukrust(17),wa§ one of the first te point out the importance of
quality of the capital input in ex~laining production:»from a cross sectional

study of C.E.E.C. countries he found that important differences betireen countries

were explained, not by the quantity of capital and labour employed,but by differmeces
/_,in’fﬁé“state’of technology. _Griliches(iB) has emphasised the need to take account
of the changing quality of agricultural inputs; particularly when deflating
expenditure series and measuring the services of capitel equipment. He follows
this vp in his aggregate production function for U.S. agriculture(19) vhere he
explicitly considered quality of the labour input, as mcasured by an educational
variable, and found it to be a significant variable in the producton function.
Even over the relatively short time period covered in this study(18 years)
there hns been quite significant cﬁanges in the quality of the average tractor
sold. Quantitative factors include an increase in average horse pover of
tractors scld from 24h.p. in 1948 .%o approximately 50h.p. in 19651 and an increase
in the proportion of diesel engined tractorszsold from less than 5% in 1943 te the

1 s ' Lo C o
total marizet by 1962. 7 Qualitative changes are related %o incerporation of .

« See Appendix B‘(ii) L c - Hioss] . L . 'Vbb
2,. . The cni%ﬁe%uzlitv vard hl.a of & 1esv'uein§%8“ gpcoc@ to icgga¥ol cr V.0,

. vans o L
engine are econony; use of a cheaper 1 better perfornan The sanme
rated h.p. : ,
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hydfauiics and p.t;d; sYstems iﬁtd the standard mddels, sophistiéation of these
sjs%ems(for example the features of 14depeaaent .t.0.,autauatic desth and draught
control);'thé developnoﬁt of thedifferertial lock, some form of gear change on the move
and the provision of a much wider range of gears; I have constyucted an index of quality
change for tractors over the perlod bascd on a working principle as set out by
Adelmanand Griliches(20). The question 40 be asked in construction of this‘quality
changé indox is "How much additicnal money would the average purchaser have to pay,
compared fo the base year, in order to get é basket of goods identical with the one he
purchased in the base year eXcept:that the qualities évailable ave those of the given
year?" With the average of 1957-60 =A1OO the constructed quality change index for

2
]
.

‘new tractors sold increases from 42,5 in 1948 to 1%6.5 in 1565 This then indicates
that very significant changes in the qualityz of the average tractor sola have
talken place and will be important in the invesiment function. This is especially

éo aé'the demand for a durable input is rbullj derlve demand -~ it is the

services of the input that are used in production, not the input itself, This

is provided‘that farmers in buying tractors do buy them on the Principle of the
serviceé provided, rather than éimplr as a wnit. - The fact that the qvalltv change
index(and the quantitative measurenents such as average horsc-power) of the average
tractor sold has shown a sxgnlflchnt upwaxrd trend, when in any one year many models
'differing widely in:quantitative 2d qualitative ﬂsnccts are offered for uale,3
indicates fhat tracfors are bought for the se:vicés they provide. Hence it seems
important to expliditbytake account of guality change in’the investment function.
Here the stﬁdies Of Cromarty(B)‘and'Griliches(7) may be criticised in that they -

51mplj related nuAbers of tractors to economic variables’ v1th no variable for qualltv

1. For a_ dluCHSSlOH of the procedurc involved and the full 1ndex see the section on
fata”sclectiacn, | _ .

2. In that quality is chivalent to utility for the purchaser.’ IR

3., The'rangc of quality on offer obv1ously also moves in an upward dlrectlon as

g luggud rooponse "o previous yonrs' sales,.
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changé in the function; The same criticism may Be 1evelle@ to some exteht’at other time
series studies of the demand for durable inputs where é value measufe'is'deflated by

an index of the prices of manufacturing goods. ‘This is to the extent that this price
index ié similar to the price ihdéx of the particular dufable‘good and represents

partly real piice-changes and partly price changes which c 1 be accouﬁted"for by
quality.changes; In this stuay I Héﬁe tried to:ekpliéitkytaké account of

quality change —'by cxperimenting with three differént dependent variables each
considerinquuality change in different ways - aé‘total services ?rnvided; as fotai
horse—bower provided; and as numbérs‘afbitrily weighted by'a light tractor'versus

héavy tfactbr distinction. Also I haﬁe tried using ﬁumberé as the depéndent

variable but with the quality index as an explanatory'variablez.“

Three other 'background' aspects appear relevant to this study. Firstly;

there has been gcvernment intervention in U.K. agriculture over the time period.
It has been paftiCulérly important in kceping gross prices fairly stable, and

3

further in giving farmers stoble evpectations as regards prices. - Hence fafm
incomes as a function of prices have been fairly stable also, variation has been
due mainly to changes in the price of inputs and weather effects. Thus since
farmers have been subjectively certain of the price and financial ﬂonditions‘
affecting the profitability and ability to pay for durable assets, distributed lag
models emphasising expectations4 are not used in this study, Rather the possible

influence of those variables which act as a 'proxy'for expectations is looked at in

more general models,

1. Griliches in fact deflated value of sales by an index of tractor price over the
period. But since value = pricexmmber this effectively reduces the value
measurement to a number measure, since the price index was not adjusted for quality change
2. These methods are further discussed under the selection of variables section.
3. Total guarentees cannot be reduced by more than 2%% annum; individual prices
by more than 4%/annum. ,
4., For example of the type set out by E.O. Heady and L.G. Tweeten, Resource Donand
and Structure of the Agricultural Industry Ch. 10 pp. 278-281., Iowa State University
Press, Ames, 1963. '
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Secondly, there has been quite a significant movement of labour out of
agriculture1 over the period while outngt has increasgd indicating capital,
substitution for labour. Thirdly, exports of used tractors from the U.K. increased
rapidly frbm some 3000 in 1956 to over 10,000 by_1965.2.Thisbhas caused_vgriation
in the average_gge of stoqk,over_the-periqd,_and the, average loss rate f;om the ‘v
U.K. stock..'Furtheriit_is 1ikely that it bgslraised priges in:the_second-hand o
market and encouraged replacément investment. . Hence it may be an ‘prrtant.facﬁor
in the adjusjment_prpcess, Finally total expendituré on advertising new tracotis L

is quite substantial. In view of the market structure then, this may simply have

the effect of increasing or shifting brand loyalties, However it is also likely that

advertising expenditure increases the replacement rate -~ in particular thot it

encourages replacement by a new model.

1. For example, estimated input of hired labour (including casual,part-time) to
U.K. agriculture was 651,000 year equivalentsin 1948, 393,000 in 1954 (Departmental
cstinafes . ' ' o '

2. See Appendix B.
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4. Selction of the Investment Function

Single equation invesiment functions are-vced in the analysis: from the dis-.
cussion in section three, simultancous models, with respect either to tractor
price or to an export/home a11ooationu interrelationship, being considered unnecessary.
Following the theoretical standpoint of sectidn two then the starting point for.
an investment function is a desired or optimal stock level. Thus faruers,
particuldriy if profit maximisers(but also if utility meximisers with a,profit»constraint)
desire.a flow .of services from an optimaletock of tractors. The economic forces
operating to produce this desired stock S% in period t arc:-
(i) R,, the relevant rate of intcrest in t

©» . R
(;2 : Price of tractors relative to cther 1n01ts.
£, R o .

, quality of the stock.
Expected carnings.’

As proxy variables for cxpected earnings we can use lagged product prices

PC(t—1) or l ggcd net real farm 1ncome i!%_‘, aylnﬁ that cxpectatlons are

hased on the récent 3ast forces ax;ectlng carnlnos. Lﬂgged f then! income is also the

de0131on vquablﬁ affectlnv the des d 1cve1 of stoc” w1th res pect to tractors

regqrded as consumu goods, prov1d1nn utlllby to thg user.
o) ‘ . S
T\.\_*.\) (1)

Thu“sxS; =f (., 1Ry Qs

; Po(t-1)?
\ I /.

However ﬁe cannot assune that desired and actual stock will be the same and
use (1) as the investment function. Stock in one period represents an 2djustment
" from the prev1ous perlod and adJu ent to optinal stock uaj not be completed
within one year.:lF'rstly,the equilibriuﬁ is»sopewhat hazy, particularly since

farmers cAnnot be . sure hov permanent uhe preSGnt 1cvel of the exogeneous
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variables is - although they may have some éubjeétivévimpression. Secondly, the
adjustnent process is constrained by the other factors - technical and financial
mentioned in scction two. Thirdly,at the £ ea level tractors represent a dis-
continuous input; a marginal increase in the level of optimum stock may not gencrate
any adjustment of actval stock. At the aggregate level this last point may'not be
important.

Annual purchases«(gross investment) represent the adjustment made by farmers
towards the desired level of stock. Gross investment during any one period(Gt).may.
then be thought of as the adjustment towards the desired stock level at the end of
the period (sté).

Thus Gt =f (Stw) : : . ' (2)

and weimay substitute (1) into (2) to explain Gt'

Further Gt is constrained by the relevant technical and finﬁncial variaﬁies.
Thosc not accounted for in explaining desired stock arec lagged acreage per fam,
change in the output mix, short temm autunn wveather influence and investment
allowances. Also, since used exports represent a departure from normal scrappage
and depreciation rates, and encourage replacement investment, then this must also-
be considered as an iﬁfluence on Gt.. Total ad#ertising expénditufe by tractor.
companies canusimilariybeviewed as encouraging replacement.- Finqlly,.we have 2
zero one variable for years.of possible supblj shortage. If we let all these factors
bé represented by Z then:- |

%
G, = ;(st Z)

and ve substitute (1) and the explanans of Z into (3) to explain Gt'

Fron (2)Aand (3) ve obtain estimates of the short run influences of the
variables on gross investment. For example if (2) was estimated by log-log
regression we would obtain direct estimates, from the cocfficients, of the short

run elasticities of the variables on gross investment. However, because the

adjustment process is not made explicit we cammot obtain estimates of (1).
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Further no allowance is made for the influence of lagged stock on the adjustment
process.

Gross investment represents an adjustment response to end of year stocksin the

previous period (St—1) towards the desired level of_stocks at the end of period t.
Thus we can say that gross investment is sonme pfoportion g of the desired sinck
change,.where g nay have a value of more than unity because of the replacement demand
generated by depreciation of St-1'

i, 6= g (5, -8, ) . | o (42)

*
If we substitute (1) for St and allow Tor the effects of the Z variables we have:

. - /'.D . .
G, =t £(/ ‘T) |
g 00 & 8l (‘\7’“ 3 175750 (- iy \t~l)’st-1>’z‘\

R B =

where the cpefficient of St-1 has a nggative sigp if g is posiﬁive. Trom this

we can estimnte the short run respomse of Gt to the exogencous variables and then,
by dividing the'coefficicnts by g, the long run response Qf desired stock to the‘
econonic variables. This function has the adva n+aro of rocownlolng that
rep;acement investment can alsc bo alfcctod bJ econowic forces as wcll as net

investnent.

The simple model (4a) of the adjustment process assumes that the responsevis

proportional to the dlfference. In fact the “d]uqtment nlght be a morec complex
procedure; one more sophisticated wodel which apgobrs rcasonablo is that the»rbsponsu
Gt 111l be proportional to the percentage dlsequlllorlum. ThlS has tho advantagc .
that the adjustment response is dependent upon the actual le evel of stocks (S )

as well as on the disoquilibrium - a nore logical dpproachvsince replagemont‘

investnent is also being crnsidered.




or G, =g (logG Sy - log, St—1)

Yhereby the investment function is:-

L PT.} o -—H - v
£ = hzg(f(QF_/t {'Rt’Qt’PC(t-1)f\\k~q)’loge st_1),z ;\ , (5b)

\ I .

——

~ !

The functions (2),‘(3) and (5), arc specific investment functions which havs the
advantage of using gross investment as the dependecnt variable, since gross investmént
is a more sensitive measure, than stocks, of investment behaviour. (5) also allows
for the effect of economic forces on replacement investment and is explicitly
trying to explain the adjustment process.  Further it allows estimation of function
(1), the desired stock equation. However, the coefficient g in (5) is not the
adjustment coefficient bf past stock to.desired stock; it.is simply a coefficient
relating gross investment as a responsé to that stimulus. It scems important to
estimate the adjustﬁont coefficient as part of the investﬁent study since it
indicates hoﬁ long the 'true' response to cconomic forces takes; that is how quickly
the move towards desired stock is made. The simplest model is that assuming fhe
adjustment is simply proportional to the disequilibriub. In’this case however the
adjustnent relates to net investnent, or stock change, and therefore the coefficient
(g’) 1iés between zero and unity.

S¢_q) (6a)

(g s, | s (72)

N y
therefore St =g St

* : ‘
where St is determined by (1)

Griliches (op.cit.-7) proposed a more complicated stock adjustment model allowing
direct estimntion of the elasticities. Issentially this nmodel assumes,more realistically,
that the adjustment is dependent upon the actual,end of year stock in the previous

period as well as on the disequilibrium. Thus the stock adjustment is a percentage
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increase, being some proportion g - of the. percentage disequilibrium.

t .
Jooed N
S /sgA s , ~ S ~ (6b)

|57 .

et

therefore logeSt = g loge Sy + (1-g ) log, St-1

(7b)

Since this study is primarily concernced with those short term influences
affecting gross investment then the models (2), (3), (52) and (5b) are of primary
interest. Three alegebraic specificotions were tried as being representative of
models (2) and (3) and of the desired stock function (1). Specification of model(S)
follows definition of the adjustment ~rocess and of function (T). The specifications
used were

1) Linear which assues that on absolute change in the exogeneous variable
produces an absolute change in gross investment dr desired stock.

It seens more realistié to assume that the change in gross investment or desired
stock will alsc depend upon the level of the exogeneous variables.
Hence:~

2) Logarithmic which assumes that a percentage change in the exogeneous
variables brings about a percentage change in the dependent variable.

1 by u

3) Semi-logarithmic of the type ¥ = a,%y x2 eeel

which aséumes that alpercentage change in the exogeneous variables brings about an
absolute change in the dependent variable.

The coefficients of models (2) and (3) estimate the short run influence of
the exogeneous variables on gross investment. Models (52) and (5b),howeve1;also
investigate +the long run .effects of the economic variables on investment since
the desired stock function (1) can be estimated by dividing the coefficients of
these variables by g(the adjustment response of gross investment). Finally models

(7a) and (7b) primarily estinate the adjustment coefficient g'of actual stock to
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desired stock - this'Béing an important facet cf.lbng run investment beﬁaviour. Also

it estimates the short run response of actual stoclz to the excgeneous variables; dividing

' . . )
these by g gives a second cstimate of the desired stock function (1) coefficients.




5. The Variables and the Data

(i) The Dependent Variable

&, Gross Investment

Gross;inveétment per calendar yearAwas”expressed_iﬁ four differcnt ways.

Firstly, by salas fqr,each year in ﬁcrms of nurbers. Secondly, in terms of
total available physical scrvices ~ estinated by dividing:value by.the roall
_price (i.e. adjusted for quality change) of tractors in ﬁhgt yéar. Tbirdly,
by.total-horse power of salss. Fourthly, by numbers weighted as follows:-

i) Tractors < 20 h.p. weighted by D.5

ii) Tractors 20 h.p. - 40 h.p. weighted by 1.0

iii) Tractors 40 h.p. - 60 h.p. weighted by 1.5

iv) Tractors > 60 h.p. weighted by 2.0
. The boundary lines were not rigid but. were used to tryvgnd disﬁingpish,the‘
11ight' versus 'heavy' tractor.

The first measure implics that the purchaser doss‘not racognisg any

quality differences bstween tracﬁors - either between models within ons
year or comparing years. .That is all tractors are identical as far as the
provision of utility is concerned. TUss of the second measuraAimplies:that
. purchasers recognise all the available qualities @s,they provide servipgsto
be used in,producﬁipn)of.the tractors and buy accordingly. The thirq measure
inmplies that quality to the jurchaser is equivalent to horse power;.theré is
no consideration of the numbar éf tractors‘pfqviding the horse power and
output is affected only by the total horse power. *Theyhypothesis,underiying

the fourth measurc is that purchascrs primarily want a tractor unit but
. j . N N

1. Derivatioi of %the real price is’ described later.
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extra utility is provided by tractors in the higher horse power grounings.

Thus a tractor in the h.p. group (4C ~ 60 h.p.) has a higher potentidl work
output than that in the 20 - 40 h.p. group but not to the extent'sugzestea by
the ratio of their horse-powers., (Average of 50 h,p. to average of 30 h.p.
= 1.7 1). This is because for many jobhs, and particularly in non-rush
" periods, thé.smaller tractor has the same work potential as the larger.
The'fbuf measurés werg used as being different hypotheses of the way in
‘which farmers might'have a demand for tractors., Conceptually the deflated
value measure is the‘ﬁosﬁ rational since it cstimates total available
gervices to be used in production and also allows physical depreciation,
However, better structural equations may be provided by the other measurcs

if these are more appropriate to the way in which farmers buy tractors.

If not they may still be impoftant with regard to the prediction of future

“demand, It is also intercsting to sec whether the same or different variables
affect the different dependent variables, ' For example if one variable
affected demend for horse-powsr and not nubers, any change in this variable
would affect the type of tractor bought. However, this sort of donclusion
cannot be so casily obtained when the' two depéndent variéblesboth take

- account of quality. Ewven if an exogecneous variable is significant in explaining,
for example, demand in terms of horse power and not in terms of value, then

" because the two are interrclated,; the Qariable still affects demand in terms
of value,

Estimation of Gross Investicnt

Thare is no publishod data on thc UK. sales of new tractors; sales had
therefore to be ostimoted, Two data sources were available : the Ministry

of Transport scrics on new registration in the £3 715 : O class(A)l and
1. Letters in brackets refer to sources of data outlined in the Appendix A,
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manufacturers shipments of new tractors (B) plus imports (C)., Tho data on
registrations is simply by total number; that on shipments by number broken
down’ by model; that on imports by number and value., It was fclt that the
second get of data (shipments plus importé) was & better cstimate of salos
particularly since the model breakdown allowed easier conversion to the value,
horse~powsr and weighted nunbers msasuros.5'Thc figures on'rcgiStration?sﬁffer
" from the further disadvantage that they underestimate sales and-that the
percentage error has probably altered over timél"Alsd,’in tﬁc years after
" the wer until 1950 thoy overcstimated sales because some old tractors were
registered: for the first time,

The- figurcs on shipments were on a calcndar‘yoar'basis and are en accurate
indicator of salcs if end of year stocks do not change very much, This is
likely since December-—January are poor nonths for sales, dealers usually carry

fairly constant stocks and tond to have a tractor shipped to them to replace

ono gold from stock. Further the lag - betwsen ordsr to delivery is usually -

short; ospocially at the ond of the year, Soms upwardfbias»in‘thoubthdr~throe
measurcs of salcs arises in yeéars whon new models are introduced - assuming
that the new models are of improved quality. This is bocausc even if dealevs
stock has not changed’in number it will be of diffcrent guality atthe odof the year
_ of the old model to the cnd of yoar stock of thc new model., However, this
bias cannot be very largec.

Salcs by number of tractors was therufore ostimatéd by adding impofts of
wheelcd agricultural tractors to manufacturcrs' shipmonts of agricultural

whceled tractors, on a colendar ycar basis. Thc other threc measures of
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gross investment were then estimated as follows:-

a) By Dcflated Value

In each ycar, sales for cach modcl werc miltiplied by the standard list

price (D) for that model and aggregated to give total salcs by value in currcnt

pricesl. It is somewhat arbitrary to usc list price but it was felt that this

was. bost in-view of two op;osing influcnces on price, Firstly,discounting
bencath 1list price is common;rsecondxm modcls arc frequently sold with o, tional
extras and thus at above list price.

The figures on valucs in currcnt priccs werc then dcflated by tho estimated
rcal' price of tfactors. This »emoves all 'real' pricc changes from the scrics
and gives cstimates in torms of total available physical scrvices only,

b) By Total Horse—Power

The only available horse-power rating covering cvery model over the whole
period was belt horse-power, In each year sales for cach model vere therefore
multiplied by listed belt horsc-power (D) and agzregated.

c) By Weighted Numbers

In each year sales by model were appropriately weighted and aggregated.

.. The resulting series for gross investment are given in Table I:-

1. The valuc scries in current prices is listed in the appendix,




- 27 -

TABIE I

Estimated Gross Investment Series

Number Deflated Value Horsc-Power Weightod Hurbers |

(£n) (in h.p. x 103)

(roundecd %o (rounded %o (rounded to. (romded to
ncarGSu lO) . ncarcst 100) nearcat 100) noarcst 10)

. eem——— R T U

43, 990 10.8514 1,060,8 4, ,050

43,110 11.1623 1,039.0 43,600
34,820 10,1035 650.9 35,070
35,570 10.7985 £68.3 35,970
33,540 11,4198 33,610
35,560 14,7325 1,060.4 35,630
36,430 143445 936.7 31,260
195, 37,430 19.0038 1,164.6 33,430
1955 41,230 21.3443 1,302.6 42,290
1956 30,020 14,7678 i 971.2 30,800
1957 41,060 22,9265 1,476.6 .. 42,080
1958 46,600 | ; | 1,670.2 | 45,650
1959 50,630 31.£077 | 2,006,1 60,210
1960 43,330 27,6561 1,751.4 52,250
1961 Ly 420 30.2609 1,868.9 54,550

1962 /1,030 5 £l 1,786.6 50,350

1963 45,820 ’ 2,050.5 57,730
1964, 42,060 >, 35 1,924.,1 54,410

1965 41,660 34.6311 2,063.8 48,030

N.B., Crawler tractors weve not considered in this study for scveral TGASOLD.
Firstly, they arc a very spccialiscd tyoe of tractor cnd thzvefore probably fit
into a scparcte dernndpattern.  Sccondly, while they are only a small proportion of
total salcs of now tractors; dota on thom was difficult to obtain,
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B. Stock of Tractors and Chansg in Stock (llet Invostment)

These dopendent variables wore expresscd in the same four ways as gross
investment and for similar reasons.

Tetimation of Stoclk

Estimation was conccrned only with the stock of tractors which would affsct
future demand - that is those tractors regularly uséd for field work.
(21) has distinguished 2 flects of tractops - the working fleet and the standby
fleeot, ‘For this study tho latter is defincd as those tractors which arc immobile
and uscd for beclt work only and those tractors which survive on famms but arc
rarcly uscd. This definition is not the same as Mark's definition of the
standby flect which .includes tractors uscd ot peak times,

Estimation of Total Numbcrs -

Idcally, cstimatos of total stock would be an end of yoar figure in view
of calendar ycar figurcs uscd for thc dependent variable., Howcver, it is
thought that the best cstimatc of stock is given by the Sceptember 30th liconce
figurecsl (4). The only two cstimates of stock available at any time are thesc
and M.AF.T. census? The former have the advantages that:

1) Thoy arc taken at the samc time cvery yeﬁr whereas MfA.F,F. census
figurcs arc not., Furthor the M.AF.F. census figurcs wore taken at diffcrent
months. in Scotland and N.I, to England and Walcs.

2) M.A.T.F. census figuras for the U.K. are only available for 6 yoars
out of the 18 rcquircd,

3) It is thought that the liccnec figurcs corrcspond morc closcly to the

working flect numbcr whercas MLA.F.F. census figures may include tractors which,

arec not regularly uscd and the proportion of theose may have changed over time.

1. See Table (2) for the series.

24 Hinistry of Agriculture, Fisheries and Food conduct a census every two to three
years of the number of tractors on farms in the different countries of the U.K.
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4) the M.A.F.F. census is takcn on a  ~samplc and thercforc is subject
to sampling crvor,’

5) The liccnce figurc accounts for tractors workcd by agricultural
contractors; thesc arc obviously important in affcoting farm demand for fracﬁors.
Further the figurcs for shimcents include tractors sold to agricultural con-
tractors

Tho mojor disadvant~ge of using liccnec figurvs is that not all farm tractors

have %o go -on publlc hl"h ys and ther fore ncod not bo liccnesd. Morc import—
ant the % unlicenscd moy have changcd over the period of study - and is almost
certainly less now than in 1942, Howcver, sincc the % unlicenced is cstimatod
to bc lcss than 5% (#otor ~ Busi vssil96Q; Talks with manufactur cfs) and almogt
ccrtainly lcss than 3% whon differcontiating the working flcct, then the liecnco
figare is 1ikely to be morc accuratc, ‘Furthcr;‘crrors‘of ¢etimation on cxtra-
polation of M.A.F.F, census figurcs are likely to bc large in addition‘to the
crrors inhcicnt in M.AF.F. census figurcs, 4lthough the disadvantagcs of
using liccnec fizurcs have bern pointed out with rogard to gross investmont the
% error involved with rf gard to stock is ﬁcry much loss,

Betimate of Total H,P.

.

“Again an cnd of yonr figure would be idcal: but sinec cstimation had to be
based on numbcrs from the liccnco flvu* s the nab.lnCncﬁﬂ of Scptember figurc for
cach ycar was obtained. - Total h.p. of annual shinment of ncw tractors was

known accuratcly from data obtained dircetly from all the manufacturers., However,

the following cestimates had to bu made in order o Gstimntc the total h.p. of

stocks -
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1) Numbcr of tractors scrapncd cach ycar

This was assuicd to bc cgqual tos--
: . Source
Total number from liccnec fisure in year t -1 (Sept..30th figure) (L)
+ ghipmonts of now tractors in yoar t (calendar yoar) : (B)
- cxporte of uscd tractor in year t ( " "y ()
- total licence figurc in ycar t (Sapt. 30th) (L)
This may rcsult in cgomc bias in cstimation if therc is much ycar to year
variation in autwm figurcs of shipiwnts and cxports of uscd tractors, Howcver,
since the ¢ of tractors scrapped_cadh yoar varivs on average from 4-8%, in
torms of total h.p. of stock, the bias will be small,

2) Export of uged tractors (C)

The figure for calendar ycar was assumcd to be-the samc as that for
Octobcr to October shinments for the years in question. Somc bilas may arisc
& .
if autwmn shipments vary widcly from ycar to yearsy but again numbcrs shipped
P J J J 5 & i
as % of total stock arc suall - not morc than 2% and thorcfors biasf rom
autwmn to autuwmn variation is likcly to bc small.,

.

3) Averags Lo of Scrapped Trachors

This is assumcd to bo 9 years for cvery ycar considcrcd. Marks supplics

soric cvidence for this (21), Murthcr, considering any yoars's total stock in

nwibcr then the provious 8 years adiitions to stock plus shipment in that year
(and allowing for cxports of uscd tractors) is usually approximatoly cqual to
the total stock., That is total stock can be wxplaincd by tractors of not morc

»than 9 years of agc.
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4) Lvcrage h.p. of scrappcd tractors

Tor any ycar is assumcd to e cyual to tha average h.p. of new tractors
sold 9 ycars prcviously.

5) Averagc hec of Uscd Tractors That irc Exportcd

This is assumcd to be 4~5 ycars of agc.  Therc is no cvidenes as to their
aga but this sccms.a rational c¢stimatc balancing dsprcciation of the tractor
on onc hand and agc when traded in for a new tractor by U.K. figurcs on the
other,

6) Lvcragc h.p. of Used Tractors for Export

For any ycar it is assumcd to be cgual to the average h.p. of ncw tractors
sold 4 years prcviously.

Mcthod of Estimating Total h.p. of Stock

Total h.p. of stock of tractors in 19456 was firet of all cstimated. The
aajority of thesc tractors werc produced in the war ycars sincc, in 1939
there wore only sonc 56,000 tractors on farms (A), by 1946 ﬁhcrc’wcroAl42,590
tractors on farms (4). The incroosc was largcely of Ford N. tractors — somc
100,000 wérc shipped botween 1939 anid 1946, Hence the average h.p. was taken
ag bcing that of thc Ford N, (22 h.p.) for thc total stock as givcn.by 1946
licence figures.l '

| The 1946 cstimate was then taken as the bééc figurc. IEstimatcs for the

subscquent yoars werc madc as followss -

L. Egtinatc is 3,394,000 h.p. for 19463 ef Britton and Koith (& notc on the
Statistics of Farm Powcr Supplics in Gt. Britian) (Includes crawlcrs)
3,470,000 h.p. 1946, = Farn Economigt - Vol. Ho. 6, 1950, page 167.
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(1) To tho cstimatc of h.p. of provious ycar stocks add on total h.p. of
ncw shipments for prcscnt calendar year.
© (ii) Eetimatc total h.p. of tractors scrapped in that ycar using assuiptions
(1), (3) and .(4).. Thon subtract this cstimatc from the total of (I)
(1ii) Estimatc total h.p; of uscd tractors in that ysar using'assumption
(2), (5) and (6). Subtract this cstinate.fron tbs total of (II).
- This gives an cgtinvate of total h.p. of working'whOCIOd tractors on-
farms at the cnd of Scptember in cach yeoar, (Sce Table 2). - A sourcc of bias
ariscs bocausc ths total hop. of nGW'shiymcntS'is on a calcondar ycar basis
whereas .cgtimates of stock arc on an October to Scpteuber basis, Henee if
thcrd is largc yoar to ycar variation in autumn-shipmﬁnté th&n the cstimate of
total h.,p. of stock will bc biascd., Howcver, thc bias is not liksly to be-very
large - firstly as the pcakAof shipmcnts’is in}thc Spring of tha yoar, éccondly

total h.p. of ncw shi mcnts is not wore than 15% of total h.p. of stock.

Possibly the largcst source of crror ariscs from the foet that scrappage ratcs

arc coneistcently ovcrcstimatgd‘every ycar, Thus change in total rcegistration
from ycay to ycar ﬁndé?cstimités stock change, whilgt additions td Stock arc
measurcd by shipmcnté.of ncﬁ fractors plus imports. Hence scrappago ratcs

arc toc high, Thié error is ﬁot gerious with regard to cstimation of tétal
-stock heccausc of tho-sizé‘of the lattor but is with rcegard to serappage ratcs.
N.B. futurn to autum Variatién.is not large, o;g. futunn 1959 cf futunn 1964 -
700 tractors differcencce whercas the total difference between the two‘calendar

year figures is 8,000 tfdcﬁors.
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Estimate of Totai‘Valuc

| Lgain cstimation was bascd on th: total liccﬁco figuro for the cnd of
Scptcmber, The cstimatcs concorning numbcrs scrapped, numbers of used tractors
cxportcd and avorage age of scrapped tractors were pade As boforc. 4 further
cstimatc had to bc made concerning deprcciation rates. From data about
discounts given for uscd tractors (from thc Blue Book (E)) on tradc in, .
deprceciation ratcs wcré calculatcd on a diminishing balancc formula - using
the formula given by Mathicson (22) = of:=-

Ratc of deprcciation = 1 —n 8

< By

where C = original cost
S = prcsent valuc

n = agc of tractor

Mathicson rocommends a depreciation ratc of 22-%—%/annum. Howcver, from the

priccs actually in usc it appcars the ¢ ratc varics with age of the tractor,
Thus: -

Py

Lge B ' % Dcprec. Ratc

1 yoar ' | o 23% $0 25%

2 ycar - 19.2% to 19.7%
4 ycar - »17% _

5 yoar B 14.3% to

6 ycar i5%b

7 year . | | 15.5%

8 ycar ' 12.3% to 14.1%
10 ycar : ' 135

15 ycar
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Tﬁus the deprcelation ratc uscd in the valuc of the wholc tractor flcct will
dcpend on the average ags of the tractor population. Marks (R1) puts this
“age at 5—6 years, Honee a depreciation rate of 15%/annum was uscd. This
sccms rcasonablc also in that a ratc of 15% pcr amnum is uscd, as indieatcd
abovc, for dcoprociating tractors of betwoen 5 to 7 ycars. Further it is an
approximate ratc to tractors of from 4 to 10 ycars, and thc average age of thc
whole fllet can safcly be asswiacd to lic within this range.,

" Mcthod of Estination

Total valuc of the stock of tractors at tho end of Soptember as given by
annual liccncce figurcs was first of all cstimated. dgain sinece the majority
of tractors in tho stock wcrce of Ford M typc the average valuc of the stock
could bz assumcd to bc that of the TFord N tractor., Looking at shipments of
thc Ford N #ractors during th: war it was vcasonablc to assumc that the average
ag: of tractors in 1946 was 3-4 ycars. Henec the price of o now Ford tractor
in 1943 was deprceiatcd by the appropriatc ratc for 3 yoars to give an average
valuc/tractor for the 1946 tractors. This was then multiplicd by stock td
givc total valuc of stock,

Estinatecs of total valuc in subs.quent years were then made as foilows: -

i) Valuc of stock in provious year was dcpréciatcd by 15% - that is 159
of thc value of thc previous year's stock was subtracted from the valuc of that
stock,

ii) (i) was then adjustod for scrappage of tractors in the present year,

Thus if tractors arc scrapped (i) underastimates the total dcprcelation - in

that for our purposc scrappagce ihcludes thosc tractors withdrawn from the

working flcct., The valuc attached in (i) to scrapped tractors was ”°tlﬂstud

as the % of tractore scrapped of total fleot in theproviows ycar multiplicd by the
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valuc atﬁachgd to the, prcvious ycar's stock of o;d tractors, (i.c. not
ipcluding ncw shipm:nts the previous ycar). Then sincc the serapped tractors
arc assun:d to have an average age of 9 ycars comparcd to the agerage ags of
the whole flzet of 5. ycars this figurc was deprociated by.lS% pcr annum for 4
yaaré. The rosulting valuc was subtracicd from (i)

iii) The valuc of uscd tractor cxports for the proscnt ycar (¢) was
subtractcd,fron (ii).

iv) Finally thc valus of shipronts in the prcscnt yoars was added on to
(iii) to givc an cstimatc of total valuc of stock at cnd of proscnt ycar.,

The sance séurccs of bias arisc in thc cstimation of total valuc as that of
total h.p. of stock. Howcwver, again, cspoeially when considoring tﬁc magnitudc
of total stock as against thc likcly variations in thc autumn figurcs thet can
daﬁso bias then this bias is not likcly te be at all substantial, The valucl
scrics was then deflatcd by the cstimated roal orice index of tractors to
cetimatc stock in physical terms only. (Scc Table 2,)

Estimatc of Stock in Torms of Weightcd Numbcrs

This was calculatcd as follows:

i) Stock of tractors by numbcr in 1946 was wecightcd 1,0

ted
ii) MNew shipmonts for cach year in torms of weightcd numbcrs woere added.

iii) The weighted number of serapped tractors was subtracted (assuming the

wcight to be cqual to average weight given to tractors sold 9 years previously) .

- appcndix.B.
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iv) The weighted number of uscd tractors cxported was subtractcd (assuning
the weight to be cqual to the average weight given to tractors sold 4 ycars

proviously) .

It is “folt that the errors of estimation of this series are likely to be

.

greater than for any othcr stock scrics bccause tho - daisecontinuous weighting
system intcnsifics the crrors. In particular thcre has been a trend in demand
over the poriod toward th: larger tractors. Bocausc change in total rogistrations
probably undcrcstimates stock change thon the ¢ of new tractors in cetinated

stock is proBably highor than it should bo., This is particularly intcnsificd

by the w:ighting systcm and this crror has incrcascd from ycar to ycar.

The scrics is givdn in Table 2,

Tstimation of Nct Imvostneont

et investmont was simply calculatcd as the change in stockfrom ycar to
year. It was mcasurcd in terms of number, deflatcd value and horsc—powcr,
Becausc it is a very scnsitive mzasurcment - very volatilc and small in
comparison with stock, - it was not caleulated for woightcd numbors in view of
,

the probablc crrors involved in th.. calcutation of stock by wceightced number,

The cstimated sorics for not investment arc given in Table 3,
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Tgblc 2

Estinatecs of Stock Scrics

Humbcrs

Deflated Valuc
(€n)

Horse=Power
(million)

Weighted
Numbcrs

194,000
231,650
269,910
R77,550
285,810
305,940
327,720
355,090
365,750
377,190
394,860
407,430
/23,370
430,990
437,570
435,810
Uiy 320
453,660
451,000

29.32
35.77
41,19
44.49
48,55

64,82
T4 .27
81.56
~81.85
92.39
103.47
119.13
124,08
130,14
130.19
139.84
142.51
143.43

LehSh
5.405
6.256
6.578
6.950
7 4668
8474
9.413
10.033
10.539
11.796
12,615
13.735
140453
15.4R7
16,169
17.008
17,719

18,315

194,,000

231,650

269,910
277,550 .
285,810

305,940

328,550
356,890
368,830
381,140
399,880
414,560
440,310
456,880
473,650
479,030
496,150
514,330

535,080
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Tablc 3

Eetinated Not Investnent

Humbcrs

Deflated Valuc
&n,

Horsc Powgr
H,P, 10°

+37,650
+38,260
+ 7,630
+ 8,270
+20,130
+21,780
+27,730
+10,660
+11,430
+16,670
+12,570
+15,940
+ 7,620

6,590

1,760

8,500

9,340

2,660

6.45
5.42
3.30
.06
.27
$.00
9.45
7.29
0.09
10.54
11.08
15.66
495
6.06
0.05
.65
3.67
0.92

951.0
851.0
322.0
372.0
718.0
1506.0
939.0 .
620,0
222,0
12/1.0
1119.0
1120,0
718.0
974.0
742 .0
839.0
711.0
596.0




9 scrappagc ratcs wore cstimated as follows:

Yoar %
ca %

1947 - ¢ serappagc = gserappage () =x 100)
Total stock (Scpt t - 1)

2.0%
8.5%
9.0%
5.0%
1.0
2.5%
- 8.0%
7.5%
1957 ~ 3.0
1958 7.5%
1959 X
1960 - - 6.5%
1961 _ 4. 0%
1962 - 5.0%
1963 6.05
1964, 5400
1965 7 5%
As indicated these figurcs nay overcstimate scrappage particﬁlarly’sincc
1950 - cven undcr the d;finition of scrappﬁgc as withdrawal from thc working
flozt, They do,hcwever,indicate somc sort of cycle in scrappagc with low

points cvory 3 te 4 years.
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(ii) The Explanatory Variablcs

A. Bgonomic’ Varigbles

1) Tractor Prices and Quality Changés in ‘Tractors

The usc of diffcrent dopendent variables, looking at thce quality change
over the pariod in diffcrent ways, mcant that’ diffcring scrics on tractor
priccs wore ncoded., Thus the price scriss uscd in cach easc should bo ro}cvnnt
to the dcgrce to which quality was accounted for.

Where the dependent varinblce is in torns of numbers, and with the
hypothcsis that all tractor units have the samc utility to thc purchascr,
thcn any pricc change represcnts a rocal pricc change. This is beccaugs tho
purchascr is asswacd not to rccognisc any quality changc associatced with

the price inercasc, Honec the relevant urice scrics in this casc is that

of ths average pricc per tractor sold. Howcver, although the purchascr buys

simply in tcrms of tractor units,if thorc has been quality imprdvcmcnt in thc
units over the period, then productivity per tractor unit will have incrcgscd.
Henee the marginal rovenue curve from his stock of tractors will have bcen
shiftcd upwards, -vcn though hc has not been buying tractors on their quality
aspcets. Thus we nccd.a variable quantifying this quality change in purchascs
which we can call thc Quality changce idex, &s outlincd by Griliches (23) and

Grilichcs and 4dclmen (20) the quality changc index of an itcm can be identifice

with thosc pricc changes associatcd solcly with guality changcs.
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To cotimate the depeondent variable in torms of deflated valuc, taking
account of all thc qualitics of th. tractors sold, wc nced to cstimate a
rcal pricc sorics for tractors. Thus we have to distinguish between thosc
price changcos associated with quality changes and thosc that arce roal (not
acconpanicd by any quality changc). The real pricc's;rics nceded i
a congtant quality basis. Having uscd this rcal pricc scrics to dcflatc valuc
and cstimatc the total physical strviccs available then the relovant price
scrics in the rcgression is the samc rcal pricce scrics. Thus beeausce the
dcpcncent vﬁriablc accounts for all quality aspccts then -the price scrics
should not 1ncTL chnangecs in i arising £ rou changes in quality.

Thirdly, when the dependent variable is measurcd in horso powcr then the
hypothesis is that tractors arc bought solcly for horsc powcr. Heneo the

rclovant price variablc is averapge orice paid per unit of horsc powsr sold.

The wclovant pricc rics to wcighted nunbsr ¢d as the ncasurc of tho

dcpendent variablc is hard to definc, Tho variable takcs sonc account of

quality variation but not to the axtent thet deflatced valuc or total horsc-powcr
docs. In fact it tonds to follew numbcrs, rathcr than' the two quality oA S
urcs, in the trends in gross investimcnt or stocks over the poriod. Henec

avcrage pricc paid por tractor unit was uscd as thc rclevant variablce, ~lthough
it cdocs in fact overcstimntc the rocal price to the purchascr under the hypothesis
conccrning the weighted number dependent variable., The pricc of large tractors

(7 40 h.p.) rolative to small tractors (X 40h.p.) was also uscd in the
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rcgressions in conjunction with the avirage pricc paid, This wos sinply
calculatcd on thomsis of th: average priccs poid for cach of the two typcs
of tractors.  This prtinlly nllows for the Pact that the dopendent variable
docs take some account of gquality.

The rclevant pricc scrics wore all ealeulated in index form and uscd in
the rogression wolative to other priess - input ond preduct priccs. This
m:ant that changes in the valuc of moncy did not have to be cxplicitly taken
into account.

Bstimntion of the Tractor Pricc Scrizs and the Quality Chansc Index

1) fLvcrage Price por Tractor in Curront Priccs

This was cstimated by dividing cstimated total valuc of salcs cach yoar
(in current priccs) by total numbcr of tractors sold. The rosulting priccs
then put into index form with 1957-60 = 100.

2) The Constont Quality Price Index for Tractors

Calculation of a constant quality pricc index foi‘tractors was a projsct
in its own right ond only a sumary of the proccdurc is given hcro.1 The
ncthod ustd has beon partially outlincd by Griiichhs (23) and partially uscd
by Fettig(R4) and consists of thfcc stages,  First, adjust for quality changes
to which a pries can b attached. Then, dirive implicit spreification priccs
from cross scctional data on the pricc of various nodels, . Thirdly, usc thesc
spceification priccs to calculate a prico tine scrics using repreoscntative
spceifications,

The study2 lookcd at tractor modcls cach ycar from 1948 to 1965 using

'

1. For a fullcr discussion s a forthconing report from the Dept. of Lgriculturad
Econonics, Manchcster University, :
2. Data sourccs for this studye— (D) (F) and (G) in the appondix L.
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only thosc modcls without spceial funturcs (i.c. cxcluding crawlcrs, and

high clcarance modcls). The. list priccs of thos: modcls within and bctween .
years then varics partly boeausc of quantitative attributcs, for cxamplo
horsopowcr, and partly bocausc of qualitative aspocts, sgch as attachnmcnts to
the modcl. The priccs of modcls werc then  first adjusted for qualitative
attnchtmnts,éo that all modcls worc pub on the samc basis. This basis was a
troctor cquipped with simple hydraulics, p.t.o. and sclf startcr. Thc priccs
attachcd‘to tho qualitativc aspcets wire cstimatoed from their costs when they
wore given as optional cxtras to the standard modcl, Thus,if the standard 1ist
pricc was inclusive of a pulley, then the valus attached to the pullcy wos
subtracted from the list pricc, Similarly if the hydraulic er pat.o. syston

was morc sovhisticated than when first introduced - if for cxamplc it included

indcpendent pot.o. = then the value nttachcd to the cxtra guality was rcmoved

from list pricc. &ltcrnatively, whore list pricc did not includc hydraiilics

- then the cost of hydraulics’as*an cxtra was addcd onto list pricc. This
stripping' tcehnigue should not rosult in any bias - unlcss thore arc céonomics
of producing atitochments or inprovencnts as part of a standard modcl rather
than as cxtras to tho standard model. o .

The assumption is thch madc, thaﬁ for any onc ycar, diffcrenccs botween
the adiusted priccs of models is bceausc of diffcrences in their quantitative
spccifications, Thus all other spceifications have been held constant by
adjusting thc priccs to reprosent the defincd basic unit, Cross-scetion

cgression for cach ycar can then be carricd out using tho modcls as thc units

of obscrvation and making oricc a function of tho quentitative speeifications.
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It was found that only two variables were significant in explaining cross section
variation in prices ; belt horsé-powera and a dunmy variable with value zero |
if the tractor had a diessl engine, one if it was equipped with a petrol or

V.O. engine, Maximumjpounds pull, drawbar horse powsr and waight were highly
‘correlated with belt-horse~power; similarly fuel economy was highly correlated
with engine type and these other variables added nothing to the explanation of
price variablility., Similarly distinguishing between a V.0, and petrol enging
contributed nothing., 4 somilog regression provided the best fit out of various
regression fopms used and the results are given in Table 1 ( the dependent -
variable was in log form; the eﬁplanatory variables in natural form).

- The third step was to find repraesentative specificaticns in terms of

horge- power and engine~typs for the whole period. Then substitute these into

the regression equations, generate a price for each year and use these prices

to form an index. The priceg would thm all be on a constant quality basis., The
representative spscifications chosen were thoss of the averége of sales 1957 -60, .
(Average h.p. = 38.8, average % of total sales of V.0. and petrol engines = 2,7%),
They were chosen from these years because the fajority of model changes,
particularly‘with regard to horse-power, have occurred in thellast ten years.

Thus specifications representative of the centre of the whole period would

ghve too much bias to the early part of the period. The constructed index

again had the base 1957-60 = 100 and is givan in Table 2.
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Table I

Cross Section Regression Equations Explaining Tractor Price (in log form)

as a funciion of Horse power and Engine-tvpe

Coeffificient of"
, ) Petrol
Constant - Horsepower V.0,

5,705 +0.02657 - 0.2543
5.646 + 0,02824 0.3380
5.512 + 0,03133 0.2682
5.871 0,02127 . 0,2662
5.862 0.01954 0.1980
5,809 -+ 0.01969 "~ 0.1873
5,835 001854 0.1746
5722 | 0.02141 ~ 032000
5,819 0.01853 0.1511
5,719 0.02050 0.1313
5.808 - 0.01808 0.1057
6,030 0.01121 0.0977
6.039 '+ 0,01102 0.1360
6.035 0.01108 0.1302
6,096 0.01033 - 0. 1436
16,002 0.01229
5.907 0.01535
5.972 0,01479

#* coefficient non-significant,
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3) The Quality Change Index

The construction of the quality change index is based on the working
principle set out by idelman and Grilichss (20)1. It is baéed on the assump-
tion that quality change only concerns those qualities for which a price is
being paid or extracted and only to the extent of the price differential,

This seems fairly rceascnable whsre the purchasgr has the choice of many varieties
of the same good in any on2 ysar - as in this case.

Grilichcs (23) shows that the true or real price index of an item is
obtained by deflating the obssrved price index by the guality change index.

Hence: Quality Changs Index = Observed Price Index
Real or True Price Index

That is, by taking out those price changes which are real, from thc observed
pfice changes, wc are left with price changes which can be accounted for solely
by quality changes. This corresponds to the fdelman - Griliches principle.

Thus the quality change index was simply estimatedfrom the two calculated
price indicecs. (See Tablse 2), 7

L) Iverage Price/H.P.

This was calculated by dividingvesﬁimated tobal value of sales for each
year by estimated total horse power of sales. Thc generated price sorids was
then put into index form with 1957-60 = 100, (See Table 2)

5) Average Pricec of Large Tractors/Average Price of Small Tractors

The average price for each of the two groups was first calcualted by
dividing cstimated value of sales for each group by number of sales relevant
to each group, for each year, The estimated pricc of large tractors was then

divided by the estimated price of small tractors in cach year and an inde=

constructed with 1957-60 = 100, (Sece Table 2)

1, This principle has alrcady been dafined - in the section on Technical and
Institution Background to thec analysis.




- 47 -
Table 2

Generated Pricc and Qualify Change Series

- Pricoc ol —

'Real!' Price ‘ fAverage Large Tractqrs

iverage Price | (Constant Quality) Quality Price + Price of
per Tractor per Tractor Change Index | per H.P. Small Tractors

53.5 126.0 2.5 80.2 238.0
58,7 123.2 47,7 8.3 212.0
60.7 122.8 19 .4, 91.0 200.0
67.6 121.0 55.9 95.0 185.0
115.5 68.1 92.7 162.8
105.4 775 99.9 116.3
1954, 106.5 83.4 103.3 106.4
1955 - 1056.1 83.9 108 .2 98.7
1956 104.8 80.7 106.8 104.3
1957 94.0 102.4 91.8 99.2
1956 101.8 102.0 107.7

1959 101.0 9719 96.6

1960 103.3 979 96.9
1961 109.3 97.7 98.4
1962 115.0 100.9 100.,1
1963 119.6 | 994 101.2
1964 128.3 101.6 106.3

1965 145.0 106.2 110.9

‘411 in Index formb 1957-60 = 100




2) Priccs of Other Inputs

‘Tractors arc a basic input 4o farm production because of theif'rble'in 
Supplying draught power, This is particularly so, in that'horé035 WOrd oﬁly
important in the early part of the psriod under study.l Thus, thero were no
closc substitutes for tractors over the pcitdd. Thore was,'howcvefgcsoﬁe
substitiEability with labour, ospocially if we consider tractors in ‘quality
tcrms and labour in total earmings torms. Thus for'examplé;tracﬁpr‘Qﬁéliﬁy‘Can
substitute for labour overtime; if the price ratio between the two ddercases
further, this tractor quality or even tractor units may substitube for-part of
the total labour force. That this may be imbortant in‘cxplaining tractor demand
has been emphasiscd by the drift of 1abourf?rom'agriculture'o§er‘the past 20
years whilst total production has incrcascd. Hence labour Wagc éarhings (H) -

were put into index form (1957-60 = 100) and then used in the regression in:

the form tractor priccs rclative to labour earnings (index form 195760 :\100),2

Bocause tho wage serics was a June ~ May scrcis then tractor pricéé‘in‘(ﬁj Wwere
put on a relative badis to wage carnings Junc. (t=1) tO'May‘(t)f“:"

Complonomtary inputs to tractors include fucl and some types of farm
machinery. It was fclt that changes in the price of those inbutsﬁmﬁé}unlikely
o have much cffcct on tractor demand and henco they. werc not used in the:
regrcssion,

3) Rato of Interest

fis omphasiscd, the chicf source of cxternal credit to farmers is the "
banking spstom, hence the relevant intercst rate is the one chargad by banks to

farmors. Therc is no dcfinite cvidence on intercest -rates- paid by farmers, - :

1. Gven in 1947 horsossupplicd only 107 of the total draught powcr on farms
(in terms of total horsc-power).
2., The relcvant scrics arc sct out in Appendix B,
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therofors, the question is whether they arc charged a fixed amount above bank -
:%5£c Or Whether "1t varics. with %hc 163CTL of bank ratc (in wlhiich casa bank rate
itsclf is.a sufficient measuic of the movement of intercst ratas). Discussion
seemeﬂiﬁovindicate:thatffqymers,were charged 1 above bank rate at all times,
however both bank rate plus 1% and bank rate itself were brled in regressions,

l,Bank“rate!for the calendar year was calculated as the wégghﬁedcuverqgo,ﬁf

.the lgvg;ofbankxﬁte;-weighté.being_the % of the year the rate was in forca

(SQu?CQ:(I))t%

4) Expected Earnings .

-, The . two variables used as proxy for expected earnings were lagged crop
priéesiand lagged 'real' farm income, The latter is also the relevant variable
with . regard to the demand for tractors as part of a utility function of profit
and leisure,. It is further one -of the financial constraints imposed upon the
' investment decision. -

;UﬁK. net;fa;m”income (J).on a.juns to May basis was deflated by an index of
the prices of mggufaqtured products to give 'reél"farm income. Two variants of
-lagged farm income wére tried.gz Plrstly a simple lag usi .ng the deflated income,
in the period, June (t=1) to Hay (t).~ Secondly a weighted averapge of past farm
incomqs;giving.JUneb(t—l) - Hay (%) a weight of 3, June (4t—R) - ‘lMay (t-1) a
weight of 2 and June (t-3) = May (t-—R) a weight of 1. This second variable for
lapgged fa"m income allows that expsctations of future eurnlnps are not baged’
solely on the most . recent experience of earnings; also “that ﬁblllty ‘to pay for

a tractor may depend on. the level of profit over several ysars,

Le The series is glven in Apuendlx B.
2. The serises is given in Appendix B.
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Lagged crop prides, rather than total product vrices, were used as the
alternative expectation variablé on the basis that thedsmand for troctors is
mainly related to cropping.as opposed to livestock production. A crop prices
index (1957-60 = 100) on a calendar ysar basis, was used in the regressions
in the form tractorsprices in () relative to crop prices in (t-1). This form
was used to estimate the 'realness' of ¢c rop prices with respsct to future
earnined:  if both tractor prices and crop prices are likely to rise then future
sarhings may not increase. Although there are two Ministry of Agriculture
published price indices (L,M) .each covering part of the period they cannot be
put into one index by, putting both on the same base. TFirstly, one uses a chain
linked weighting sysfem, the second, a fixed woighting system for calculation
of thc farm crop index. TPurther, because one is for England and Wales and the
otherifor the U.Kf the indices for any individual crop cannot be converted to
one common index. Hence an index had to be calculated, first by calculating
separpate indices for individual crons, based on gross prices received, for the
whola poriod; then weighting these to give an index for farm crops as a whole.
.The weights used are those givenfor the U.K. farm crob index 1954~7 =100 (11)

and for the crops considered are:-—

A A

Whegt Barley Oats Maincrop Potatoes Sugar Beet
41

56 9 43 ” 22
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The index was put on a 1957-60 = 100 bhase and is:-
Year .  Year
1947 69,9 | 1956 ~100.5
1948 s 1957 193.8
21949 77.7 S1958 . 113.9
1950 82,3 ~ 1959 103.3
1951 97.6 - 1960 90.0 .
1952 - 928 ‘ 1961 - 90.9
1953 . | 92.8 So1962 102,
1954 - 90.9 1963 1011
1955 . 95.7 : 1964 92.2

The series for tractor prices rclative to this index is gilven in Appendix B

B, Technical Varizhles

1) Farm lLerease

There is no published data on average farm acreare; thewariable choson to
ropresent this was the ¢ of farms in the U.K. of more than 300 acrcs (calculated
from data publishcd :'Ln_(i'-i).:L The variable was lagped one year.

OO

2) Change in the Output Mix

Berzause production is very sensitive to the woather, it was Felt that
planned output in thc form of acreago was a better variable than the actual
output mix, Hence the total tillage acreage was used as a proxy for planned
changes in the output mix, £ threc year weighted average with weights of 3

given to acreage in June (t-1), 2 to acreape in June (£-2) and 1 to acreage in

June (t-3) was used (data source(H)). The threa year weighted average should

1. The series ig given in Appendix B,

L]
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be morc representativs of a permancnt change in planned output mix; crop

acreage in any one year may deviate f rom planned because of the weather influencg

3) The Autumn Weather Index

With referencce to the effcets of autum weather on the following spring
demand for tractors,the months of September, October, Novembér and December in
year t-1 werc considercd. It was thought that the particular weather influcnce
that was important, was that‘of rainfall affecting tho number of available
working days. The :elevant data available (Ii) consisted of rainfall data
terms of s+

1) ¢ deviationfrom normal for rainfall for each month with respect to

differcnt arcas of thc country.

2) The deviationfrom normal in torms of the number of raindaysl; again

with rcspeet to arcas and months.

Thrce simple alternative indiccs were constructed as follows:-

1) This was based on the premise that it is total rainfall in the autum
which constrains the'quantity'dftﬂmﬁnrwork performed that autunn and therefore
affecte the demand for tractors the following spring, Five of the metcorol-
ogical regions were comsidercd as the most important with rcgard to variability
in troctor demand. These are the arable/mixed farming areas:-

1) E. Scobland; 2) H.E. England; 3) E. England; 4) Midlands; 5) S.E. England.

Tach month wns assumed to be important in relation to the amount of work
that is normally pcrformed in that ﬁonth. This was based on the Cambridge scale {0)
for number of work days per month (this scomed fairly appropriate in view of

the regions considcred):-

1) Scptember 22 doys 2) October 19 days 3) November 16 days 4) Deccmber 15 days

1. L rainday is a day on which =0,1" of rain falls,
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The rainfall index was thus constiucted, first by finding the weighted

- average of.thc‘% dcviatioﬁ from normal by month according to thec work days.scalc;
for cach rcgion, This pave the weighted werame ¢ deviation-from normal for |
the ﬁutumn'fqr cach region. Regiomswere then weighted on the basis of the
cultivated ac:qagc.within each region and a weighted averhge obtained. This
last weighted averngd was then used,as,thc rainfall index,

2) This indcx was bascd on the premisc that it is the doviation from
average in terms of raindays that.constrains the available autumn tractor working
time. A weighted averagc by month. and rcgion for roindays was constructed
ueing the same weighting as in the Painfall index,

3) This index was based on the same promise thnt it is the number of
raindays rather than the amount of rainfall which is the impoptant factor,
Howover, in this casc the assumption was made that a rainday was wquivalent +o
the loss of onc availablc working day. Henee the monthly - deviation in faindays
was added or subtracted to the respective monthly figurcs of available working
days. The fizures for cach month werc then added and finally a weighted
average for the five reglons was. caleulated.. This was then an estimatc of
the numbsr of -availablc aubtumn working days.

The three alternative series are.given in Table 3,
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Table 3

Constructad Autumn Yeather Indices

Rainfall: Raindays: 15 stimated
waeighted average waishted averagc nunbcr of

% Decviation % Devintion available autumn
from normal from normal working days

59.3 -3.9 87.6
1.9 -3.0 T
79.7 -1.9 78 .5
115.9 +1.3 62.0
111.1 -1.9 78 .6
119.3 +1,7 | 67.3
T -3.7 9.1
11404 +2 .4 63.6
85.3 2.7 ' 82.5
82.0 £4.,6

105 . l 80 .6

72.8

75.6
50.6
72.6
78.9
75.4
83.6

1, Normal numbcr of available working days for the pcriod is 72,..




C) Institutional Variables

1. Used Exports

This variable was defincd on a calendar year bagis and was obtained by
number and value £ rom (C). Uscd exports in tcrms of h.p. were cstimntcd as
doseribed in the dcrivation of stock of tractors by h.p.

2. MAdvertisine Expenditurc

This was dcfincd as total recorded press advertising cxpenditure on motor
tractors, U.K. and Eire (P).&m in %,

D) Finaneial Variablds

1. % Investment fllowances

" Data source (D). The rate has usually been changed in March or November;
the mate pertaining over the greater pavt of the mlendar year was used for year

"

t
R, ened Profitg and The Intercst Rate variablds have already been

described and defined.

E) Dumwy Variable for Supply Shioritase

"It was indicated by talks with the manufacturers, and by looking at the
chonges in the level of imports of new tractors that 1948, 196/, and 1965 were
years cf major‘supply difficultics with respect to the home market., A variable
given one'for these‘years and zero for all other years was used in the initial
gegression analysis to see if this shortage was significant in restricting demand.

If so this would pick up the lovel of the demand restriction.




6) The Results

Introduction

Analysis was by traditional multiple least square regression, minimising

the sum. of the squared deviations from the estimated regression equation._ A
positive model, rather than a normative model,l was used since analeis_was
concerned with estimating the actual demand relationship as it existed over the
period., Time series data, rather than cross section data, was used because
the objective of the study was to analyse the influences on investment at the
industiy level, rather than the firm level. Thus, aggregation over firmsmay mean
the U come influences, iwportant at the firm level, become uhimportant at the industry
level,

The number of variables, that could be used in any one regression,wag
constraired by the potentially low number of degrees of freedom resultipé”ffom
the use of orly eighteen annual observations. However only annual dafa was
available, «lso supply shortages may be more important over a shorter data period{
Hence morc complex models would have been required if quarterly data had been used.
Prewar data.was not used since it would have been unrealistic to include it in the
same demand function., Data of the immediate post waf years was not used, because of
the peossible distorting effects of the release of war time 'pent up' demand.
Variables were tested for significance at the 5% level by the F test. A rough
-guide to significance at the 5% level, with the number of degrees of freedom
available from the regressions, is that a coefficient can be called significant
if it is more than or equal to twice its own standard error. The residuals_of ﬁhe

regression equation were tested for autocorrelation by the von Neuman ratio; again

1. For example,a demand relationship could be estimated using integer prograrming
with variable tractor prices maximising a net farm profit objective functlon subject
to a budget constant
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wiﬁh'the degreéslof freedom available a rough rule is that there is positive
éu%ocorrelation whéﬁJthe éfatistié is aboﬁt 1.0; negative when it is about 3.0.
(The inconclusive range is 1.0 t0 1.5 for’poéitiﬁe autocorrelation; 2.5 to 3.0
for negative autocorrelation.)
The definition of many regression equations, and the significance of
variabies in the regression, was hampered by the existence of a high degree of
‘cbllinearity between many of the possible explanatory variébles. Thus, for
exam@le, the'wéighted lagged crop acreage vas highly correlated with the majority
* of possible explanafory'variables;'its introduction into an equation merely
resuited iﬁ’a reduction of the significance of other variables. Further'it was
itSelf‘ndnvsignifidaht; 4Because this variable did not add anything to the
‘ é&plénation of the regression equations it'entered,l it was concluded that it
‘was not important and ~ould be leffvout of the regression. However, other
ékpiéﬁétory varaibics which appeared to have some importance - bécauée they
added to the 'fit' of the regression - may have‘dppeared non-significant because
of:théir'high'degree of simplé (zero order) correlation with other explanatory
variables.
The zetro order correlation matrix does in fact indicate that many.explanatory

variables were highly porrelated with each other. The interest rate variables
suffered particularly badly from this statistical handicap. They had high2 zero

"ofder‘correlainh coefficienfs with all the lagged stock variables; with the two

price varaibles PT{t) PT(t) where the tractor prices were real;

PL(t-1) - Fo(a1)
By comparing the = 2 of similar equations with and without the variable,

In the order of r~ =+ 0.8 to 0.9.
Price of tractors in t relative to the price of labour in t-1 (year ends June (t)).
Price of tractors in t relative to the price of crops in t-1. '
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vith the ratio of the average price of tractors to the price of crops (tfl).and
witp the&priqe of tractors per h.p. relative‘tq_the price of labour (t—l).“‘They

were also highly correlated with advertising expenditure and the crop acreage .-

variable. The important intercorrelation are indicated "in arvay I, ..

The very high -intercorrelations of lagged stocks, by h.p. and deflated value,

with the relevant ratio of price of tractqrsyﬁo»priqa,ofjlabour is impp;?ant.yith
‘regard to evaluatiqn of the regression equaﬁiqns{__This is particularly go_in‘_
compa:;ng gross investment equations with and wiﬁhout“thg lagged stock yg;iable.
Advertising expenditure, like interest rate,:i§~highly,correlated with many qther
variables and there is difficulty in introdgcing,it,into-equations,-partiqularxy
those that include lagged stqcks, The twofprice ratios are,not»highly qorrglgtgd
with,eéch other - exoept where‘the trac#or priqe isvin_;eal termsff,ln,pagﬁipular,
the average price'pf:trgctors relative to the price of labour and the price pef
tractor h.p. relative to the prige of crppsipave“lov,zero orde?Jgorrelation_f‘J
coeffiéients'with other relevant“prlanathy vg:iables: they gou}d:be‘evalugtedv
in the usuai mamner. Similarly, real net famm income (both with simplg,apﬁfweighted
lags):has low intercorrvelations and there vas no,diffigg}ty in gya}gqtion of the
attached coefficienfsf
| However, where variables that were highly interoqrrelatedwepglused;iqvﬁher
regression equations the coefficients may not:bave beQn very .precisely th;ggﬁed.
- Further, because of this problem they may‘have appeared nqn_sigﬁiﬁicant_gvepjﬁhough
their influence was important. Howeve;;'%here the overaliifi% of the equation was

high then this indeterminateness woblem could be -ignored toisome extent.- Bui, regression

equationsincluding interest rate or advertising expenditure were especially prone to

the problem: because of the wide renge of high intercorrelations of these varisbles




TABLE OF THE TMPORTANT ZERO-ORDER
CORRELATION COEFFICIENTS

(signs indicate direction of the simple correlations)

Average _
e | Bw | Bw | A | O

Pob-1) | To(s-1) | Fr(t-1)| Tr(s-1)

0.74 0.77 0.87 0.83 0.78
o+ - - - +

Rt'+ 1% = we%gh‘ce; average of bank rate in St l(N) = lagged stock by numbers (t-1).
(t) + 1%. -

Average S ’c«-l(v> = lagged stock by deflated value (t-1).

= et = zéxir‘ezifgspr&fi)of tractors (t)/_ price o (t—.l)(HP) = lagged stock by total h,p. (+-1).
c(t-1 °
PR = real price of tractors (t)/price of I g = % investment allowance in t.
c(t-1) crops (t-1).
PR Vt = total press advertising expenditure
Tft) - = real price of tractors (’c)/labour on tractors in t.

PL( t—l) earnings (t-l) .

P
“m(4) = price per trector h.p.(t)/labour
P(y-1) eermings (t-1).

N,B, * These correlation coefficients are irrelevant to the regression formulae.
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and need careful interpretation. Similarly, regression equationswithout these
varisbles but including two other highly intercorrelated variables need careful
interpretation.

2. Summarv of the Regrescion Eguations

Because of +the complexities involved by having the dependent variable expressed

in four different ways, it scems wortmwhile to first discuss those variables which

had no influence in any of the regressions. 'e may then consider only the useful
variables, with respect to the different model formulations. The decision, as to
which variables could be ignored, was taken only by testing variables in the gross
investment functions (but trying each of the four ways of measuring the dependentb
variable). The variables, which were always non-significant and alvays added nothing
Lo the 'fit! of the regression equations, were the dummy supply variable and the
reather indices. Iagged total crop acreage, lagged net real farm income and used
exports were also eliminated as being unimportant because they were egain always
non-cignificant, though they did sometimes add to the total explenatory power of

the regression -equations.

The dummy supply variable always had a coefficient of a size less than its
standard error, although of the expected sign (positivo). Similarly, the weather
varisbles had coefficients less than their standard errors and frequently had the
opposite sign to that expected.

Lagged total crop acreage was highly correiated with many other variables and
reduced the usefulness of the regressions it entered. Furfher, it was often
negative when it was expected to be positive. Laggedl net farm income usually had

a fairly high coecfficient in relation o its standard error but was never significant

1. The same results applied to the simple and weighted lag.
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at the 5% level. Therefore it is concluded that it has no influence on gross

. . L . . o s
investment in tractors.” However, it always had a negative coefficient of a

fairly stable size. The simple lagged net fam income tended to have a higher T

value than the weighted legged variable but the F value fluciuated from 0.7 %o

- s s e . 2 . L.
2.5, in the differing regression formulae,” The used exports variable similarly

had a fairly high F value but was non-significant at the 5% level. ‘ t did however
have the expected positivé sign.

The question of which interest rate varinble to use also resolved by
experimer tatlon,w1th different gross investment functions. In fact, both
variables behaved very similarly but the interest rate plus surcharge of 1% was

s A

usually slizhtly more significant or less non-significant depending on thev
regression formula. This was therefore used in the final models. It is int

to note that intercstvrate +1% usually porforﬁed best when it entered a linear
regression equation rather than o logarithmic or semilogarithmic equation. In
contrast, the majority of other variables were more significant in a semilogarithmic
rc~ress10q than in a linear or log -~ log Teqressioh.A The semilogarithmic form

for the gross investment function ﬂlso hed a hlﬂler'ﬁg then a similar log - log
form; though there was little difference between it and the linear form with

regard to the goodness of fit, These points are illustrated to some extent by three

L d
regression equations with gross investment in terms of h.p. to 107 :

1%) 4+ 0.047 % investment
Aa) allowance

0.91

1. This is particularly so as it was not highly intercorrclated with any other
erplanatory variables, : S ‘

2, The F value was highest in those regressions where the depe: dept variable was
in terms of h.p. or value.

3. Vith the dependent variasble in its natural form.

-

* The figures in parenthescs indicate the standard errors of the associated coefficients.




2.4 log (R + lﬂ)-+-0 033 1onép investment
.9) (0.025) allowance

¥ - 0.9

10{.36(’&t + 1%) + 0.032 log 8.7 %-investment
’ (O 26) allowence

= 0.89

Thus the sbmllogarl*hmlc form was generally used for gross investment functions
but where it scemed likely that the rate of interest was an important variable a
linear formulation was used.
The more useful regression equation are presented below. No equations
. L . ( )l - . .
corresponding to the model {4_)~, developed in section (4.L are presented because
lagged stock, entered in a linsar fomm, was never significant and never added to

the explanatory power of the equations it entered.

L. Results with the Devendent Variable Measured in Tumber of Tractor Units

The price ratios used with this dependent variable refer to the average price

tractors; logeed stock refers to lagged stock by numbers.

Gross Investment
Table I summarises the more useful results with gross investment measured as

thousands of_tractor units., None of the regression equqtlons were very satisfactory.

.L

There is a poor it (bnly 33% of the variation in gross investment is ezplained)

).

; j .. . . on , A P
and the coefficients are non-significant at the 5% level except for log _Eﬁjl__
L(t-1)
in equation (3).

However, both variables in equation (1) are significant at the 10% level;
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‘although the actual size of the coefficient estimates may not be valid it does

appear that both the cost ratio of tractors to labour and the qualify éhange

index are important influeﬁces on the level of gross investment., Adding the %

investment alloyéhce varicble by equation (2) adds to the_ovgrallkexplanatibn

of C—_b but increases the non-significance of tﬁe.coefficients, varvicularly that

of the quality change variable,

| EQudtions'(B) and (4) relate to the more'bomprehensive gross investment”

modell developed in séction (4) making.groés investment the'fesponsé to the

stimulus of a disequilibrium between desired stock at the end of + and ‘the cnd

of year stock in (t-1), The equations offer no evidence o support this hypothesis;

légged:stock being nonééignificant. However, equdfion (3) increises thé fit

compared to équation (1) and 1oge’ ?T L becomes significant at the B%Vicvel.
F1(4-1)

The partial clasticity of gross investment, by mumber, o the ratio of the price

indexes of évefage price of trqctors to the ﬁrice of'iabour in (f—i):is éstimatedz

from this equation o8 -0.95, at the mean level of G% (39.92 ."103). Thus, all

other factors remaining“éohstant, a ldﬁ £all in‘ave'ugé tractor pficés (or a léﬁ

rise in labour earnings) would result in a 9.5% increase in sales of neﬁ tractors

from the.mean'level of sales. This is ‘the estimate of the-poiﬁt elasticity 51

Idemand‘at fhe mean of grbss investment, Alternatively from the coefficicnt

' = o p Qo i
1.6 z(log R t_l)

2, In a semilorarithmic function, the elasticity is caleulated by dividing
cocfficient by the level of the dependent variable., Usunlly this latter is’
the mean. Thus for example if the function is of the type:-

' G

. e

4

¥y

- log S

Then -

therefore elasticity of G with respect to Kl




TABLE 1.

Regregsion Tgustions Explainine Gross Investment by Numbers

BEquation

Definition
of the
Dependent Variable

Constant

In(s)

Log

%

e

L
0g,

S
t-1

(1)

Gross investment.,in
t by numbers (10))

164,0
(88.2)%

‘;Eit—l)

32,15
(17.49)

.
.

00
42

6
(3

(2)

Gross investment3in
t by numbers (10 )

166.9
(86.9)

(17.40)

1.825

(4.830)

Gross investmentBin
t by numbers (10 )

204.3%
(95.4)

-37.95
(18.21)

20.87
(14.21)

-22.29
(20.68)

Gross investment_in
t by numbers (103)

199.7
(95.4)

~34.42

(18.52)

14.65
(15,46)

1.090
(1.070)

-18.33
(21.02)

In(y)

Pr(4-1)

= quality chenge index in %

index of average price of tractors (t)/index of labour earnings (t~l)

= % investment allowence (given 1% in years when no allowance; in other years 1% added
to the % allowance), 4

t-1 = stock by numbers in (t—l) in 10

* The figure in parentheses indicate the stendard errors of the associated coefficients

* ¥ 4 is the Von-Neumann ratio.




the regression cquation a change 0.1 in lOg‘PTgt) means a change in Gf
' Pr(4-1) |

of 3.795 . 10°

. LA change of C,1 in log PT is roughiy equivalent to a
n .
YL(4-1)
10.5% chenge in the level of log . Thus the arc elasticity at the mean
| -1

. s a - . il .
level of sales is slightly less than 0,95, More importantly, a 10% change in
g b o

the price ratio means an estimated change in the level of sales of around 3,700
= . 1

to 3,800 units at any level of sales.

N.B. The rate of interest + 1%; the average price of tractors compared to the

lagged price of crops; lagged famm size and total advertising expenditure were

211 non-significant and added nothing to the explanatory power of the regression

equations.

2. Stock Adiustment
The stock adjustment models expleining the demand for tractors in terms of
units are much more satisfactory statistically than the gross investment models,
2
Table (2) summarises the better results.,
Egquation (1) corresponds to the stock adjustment model St = ¢! St* + (l—g’)

S and has all the coefficients signifcant at the 5% level. The indicated

t-1
adjustment coefficicnt g is 0.55, suggesting that farmers adjust actual stock

of tractors quite quickly to short run changes in average tractor prices compared

1. This does not mean however that a 20} change in the price ratio results in a
doubling of the number of units sold compared to the 10% change. There is a
curvilinear relationship between the two; it takes a 1705 change in price ratio to be
associated with a change of 338,000 units sold. '

2. The high R in equatiomsvherc stock is a function of lagzed stock cannot be
taken literally as indicative of a good fit because of the high intercorrelation
between stock and its lagged value., The significance of the coefficients is the
important statistical consideraticn, ‘ :




- 64 —
to labour earnings and the quality of new tractors available. The estimete of

the short and long run elasticities of stock at the mean level of stock

s short. run

1) with respeet to PTftZ :‘ . -0,21
“1(t-1)

2) with n speet to Q% - - +0.25 +C.46

Alternatively the coefficicnts of the cquation indicate that a 10/ change
in the price ratio would lead to a change in the actual steck in one year of

around 7,800 units and a change in *he desired stock of roughly twice this -

15,000 units.

Similarly, a 10i% change in the quality change index indicates & change

4

in actual stocks of around 9,400 units and a change in desired stocks of around
18,000 units. |

Equation (é)bshoﬁs he seme variabies but in log form and corres?onds to the
Howeﬁer, this médel musf be

model log S, = &' log St* + (1~g")log g

t t-1"
rejected in this case in favour of the simple adjustment model represented by
equation (1). The EQ is reduced and log PTgt is jusf nonésignifivaht at the
IJ . .
L(E—l)

o A . . . . \ , . .
57 level., However, it is interesting to note that the constant term is now

significant. This can be taken to mean that there is'a significant trend term

in equation (2) represented by part of the constant term,

The introduction of the other ecconomic veriables, Ry

Po(-1)

made no improvement to the regression, Thus Ryt 1% was added to a linear -

1. Obtained by dividing the short run elasticities by g'.




TABLE 2
| Regression Equation Ixnlaining

Stock Adiustment by Humbers

Equation | 1 2

Definition of the Stock,in t Log  Stock,in %

Dependent Varisable (104) © (104)

Constant 16.18 1.456
(11.50) (0.400)

Log (P -7.808 -0.1402
e (C1(x) ) (3.068) (0.0771)

By

Log_ @ 5420 0.2234
° (2.560) ~ (0.0606)

0.4530
(0.1210)

ratio of index of average price of tractors (t) to index
of labour earnings (+-1)

Index of quality change in t.

Stock by numbers (104) in (+-1).
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regression function with the following resulti-
: P
Stock in (%) by 107 = 8.46 - 0.014 _2(t)  +0.122 R+ 1%
(3.97)  (0.028)2(, 5y (0.262)
+ 0.72.  Stock R 0.388
(0.11) %1 a 1.69

Thus Rf+ 1% has the wrong (i.e. positivg) sign and was non-significant.

Likewise addition of PT{t) did not iﬁprove the fit and the variable was

non-significant with the wrong (i.e. positive) sign.,

B. Results with the Dependent Variable expressed as Deflated Value.

The price ratiéé used to explain the dependent variable in deflated value
terms refer to the 'real' price of tractors. The lagged.sfock variable is
measured in value termsAdeflaﬁed by tﬁe.real pricg of tractq?s index,

1. Gross Investiment

Table 3 summarises the more useful results of a semilogorithmic type. Over
90 of the variation in gross invesiment is explained by all the formulations of

D
the gross investment function. Eguation (1) is satisfactory, with “1(t) being

P
, . - L(%-1)
. .« e ~ ~ . . . . . e
sionificant at the 5% level and % investuent allowance not quite si nificant,
q gy

However,therc is a high degree of correlation between the price ratio and %
. ' p) . . . '
investment allowence (r = '—0.73) and therefore the % investment allowance may

possible be taken as being an important influence on gross investment. The

estimated elasticities of gross investment with respect to PTQ%) and: %’”
| | Pr(t-1)

investment allowance from this equation are -0.88 and +0.04 at.the mean level of .

gross investment (£22.11 m.); Llternatively, at any level of sales, the coefficients
imply that a 10% change in the price ratio would leod to a change in deflated

7 . . 1. .
sales of about £1.9 million; a 10/ change in the % investment allowance  implles

.

1. i.e. if investment allowance in 20%; then a 10% change means a change of 2%
in the actual level,
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a changebin'deflhted sales of:droﬁnd £0.09 miilion.
Equation (2) through %o (6) represeht‘attempts to improve the simple

investment function of (1) but none are any more saulsfaouo:y. “Log Tft}
. S | - . C(t-l)
is non~31grlflc ant and h;s the wrong Slgn in (2) “hls is probably pﬂrtly

a result of the very hlbh 51mgle correlation betveen ﬂ 2 and Fp T(t 2 H

Pr(s-1) C(t—l) )
however log PTSt! is dominant a _nd retains its" significance in the equation,

PL(t-l)

Evidence for this is provided by equation (6) where log =2(%) - has the
. t-1
.EC '

correct 51gn and is 31vnlflcant when 1og Tﬂt! is omitted, . The elasticity
L(t-l) '
of gross investment with respect to'PT(tz at the mean of sales is -0.65;
P ( .
c t—l)

alternatiyely,'at any level of salgs, the coefficient indicﬁtes that a 10%
chenge in the price ratio would lead %o a change in deflated sales of about
v£l.4rmillion.

In ecuation (3) the'interes rate plus 19 varlublb is added to equatlon (l)
Altnou h of the correct sign it is ncq—s15n191cant and only marglnally improves
the explgpatory power of the rcvreo31on. Lae significance o? tho other tx
varlables is roduced bocause of the 110h 1qtercor“elatloﬁs betvceﬁ the three
variables, It is llkely that in PaCU R +1% is a élgn1¢1canu 1n11uence on
gross investment, by doflated vglve, but bcc ause of the mult 1colllnear1ty proolcm
this cannot be picked out. Thus, in equation (3), it has a much higher F value

| - than & investment allowance. The estimated coefficient indicates thaf o 20%

increase in R +:1% (in ren 11 termgfor. example, an. 1ncr91oe from 4 + 1% to 5 + 1%).

leads to a drop‘in aules of wl n, (deflated). ’The elasticity at the mean of sales




TABLE 3. Regression Fauations explainine Gross Investment bv Deflated Value

,fLoge, Loge,, Loge Loge Loge . :Loge ﬁ?

o
Equation | Dependent Variable |Constant PT(t) F@(t) Rt + 1 It F(t—l) S’c—l
Po(t-1) | FL(t-1)

(1) Gross Investment 115.2 . -19.47 /0.9160
(£m, deflated) (12.8) (2.49) ~ {0.5770)

(2) Gross Investment 109.0 | 2.61 | -20.73 0.879
(gm. deflated) (19.8) | (6.160) | (3.91) (0.600)

Gross Investment 151.4 : -24,89 1-5,709 10.470
(em. deflated) (32.5) (5.11){(4.730) [0.678)

Gross Investment 156.6 -25.57 |-5.625 ]0.493 -0.651
(€m. deflated) (65.6) (8.99) [(4.945) [0.744) (6.99)

Gross Inﬁestment 120.1 -21.,42 |=3.83 0.525
(em. deflated) (64,5) , (8.07)|(5.88) [0.701)

Gross Investment 24,8 +14,.4 : 3.42 1.004
(£m. deflated) (34.1) |(6.30) | . 1(4.00) [0.649)

Gross Investment 3445 -55.23 1.163 ~27.50
(£m. deflated) (90,2) o (1a.13) 0.502) (10.70)f

Gross Investment 340.2 0.9098 | ~55.34 ' 1.148 -27.25
(em. deflatcd) (96.8) {(5.3%260)| (14.66) 0.528) (11.23)

= index of 'real! price of trsctors (t)/index crop prices (t-1) - F%—l = farn size (t-1) (%

index of real price of tractors (t)/index labour earnings (t—l) Vt = advertising expenditure % (51104)

.weighted avéragewof bank rate (%) +1% St-l = stock t-1 in 10 &m., (deflated)

% investment allowance in t.
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is -0.25. However because the estimation of the cosfficient is not too cxact
these figures are only very approximate and have no stntisticel significance.
Theyido*however indicate that the influence of bank rate changes is fairly small
unless the rate changes quite markedly.

Equation (4)”represent an ttemnt to include advertising expenditure in the
gross inv cstment function. “However, again there is a multicollinearity'pfoblem; the
variable ha s the wrong sign and is non-significant. 'Ih'equation (5) and (6) fam
size is introduced; in both equnulons the constant is non-significant, prowiously

it was significant. This implies that farm size is a trend variable; on

. 1 .
1nc7u81on it removes the trend element from the constant term. In equation (6)

. . o . .. P . o ..
it becomes significant with the omission of lo" 7(+) . The size of the coefficient
Q ; by

| P (t-1)

1ndlcatﬂs that o 20% increase in the varisble leads to a rise in gross imwestment
(deflated) of £Q.8 per annum, This moy be taken as an average value of the
upwvard trend.

EquationS‘(7) a1 epresent the rore coriprchensive gross investment model
G% = g (1og St% - u__l) whereby investment is a response to the stimulus
of a diseguilibrium between desired stock and lagged stock., In (7) where log of
'lagﬂed stock has been added for equation (1) the 12 has been improved and all three

I

N o . .o - w . : . .. -
variables are significant at the 5% level., Hence (7) offers a better explanation

L . s T . - . : - P :
of gross investment than the more simple functions. The coefficient of _T(t)

. , Pr(4-1)
gluutly increased conp:rpd to equation (1) and now implies thav a 10% fall

the price ratio would incresse sales by £5.5 million (deflated). The elasticity
! _ , 3

' ’ - . Gy 1, P21
If trend is simple arithmetic trend'(D)-then e ='”ao Kl vX2 D

& .
thorofore G, = loga + beky + Bl +1 106 D

T"OO‘D)-i'b +ﬁ
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of ' gross invgstment with respect to the price ratio, at the mean of gross
investment, is more than doubled being -2.52 now. That with respect to the %
investment allowance in +0.05 and with respect to logged stock is -1.24, The
coefficient of the lagged stock variable further implies that a 10% rise in
lagged stocks. tends to reduce gross investnment by £2.7 million (deflated), This
coefficientuis(also the response coefficient g implying {that:-

G, = 27.5 (log S

£ * - log S

t t—l)

If we assume that log St* = a+ b log PTgt}
»
L(t-1).

Then b is the elasticity of desired stock with respect ©o PT t aend is
_ _ PL(t-1)
obtaincd by.dividing the coefiicient of log PTﬁt} in the gross invesiment
o)
“L(t-1)

“equation by g. This gives the elamsticity of desired stock with respect to

PT(t} ,'which is - 2,03, Investment allowonces werc assumed not to enter the
PL(t-1)

desired stock equation. The function implies that disequilibrium between desired
stock and actunl stock rises fron 405 in 1948 %o over 2005 by 1965. This is
estimated from the level of sales in those years.l

The estimated % disequilibrium and the estimated desired stock elasticity seem
fairly unrealistic and cast doubt on the way lagged stock has been introduced
into the function; In particular, the exponential growth of the disequilibrium
is unrealistic. Thus it seems better to conclude, that lagged stock is importgnt
in explaining gross investnent but not in the expiicit manner proposed by the

\
£l

m o4 LS v* - ¥ou 3
1. , Thus G, = g (100.3t log 3

therefore . log St log St—l

. i S.*
therefore antilog ;
=

A
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investment function (5b). Rather all that can be said, without formulation of

a diffgrent nodel, is that the increasing level of stock in t-1 depresses gross
inyestment in;t.> Becouse the iog of lagged stock is used then this implies that
the change in gross investment_betweén t-1 and t depends on the percentage change
in stocks in t-1; that is_on both.the net iﬁvestﬁent in t-1 and on.fhe 1evé1v

of stocks aﬁ:the end of t-1. Tﬁus a.negative-coefficient is expected, since a
rising~sto¢k level is continually tending to depress the marginal physical product

~

from the input of tractor services. Thus a high level of stocks at the end of

T

t=1 tends to depress gross investment; further, a large increase in net investment

in t-1 will also tend to depress gross investment.,

2. Stock Adjustment -

Table 4 summarises the better results; the % investmeﬁt‘allowance variable
has been introduced as possibly affecting the actual level of stocks -~ it does not
belong to the desired stock function, Thus, if it encourages replécement by a
higher quality machine, or if it encourages earlier replacement, it affects. the
adjustment prbcess of actual stock toward desired stock.

Equaticn‘(l) was a linear formulationl to give the R + 1% variable a chance
to perforn. However although it has the correct sign it is not quite significant.
If it is assumed, that this is because of its high intercorrelation with the other
variables, then we might estimate the elasticity as a valid concept. The short
mn stock elasticity at the means of stocks (£91.92 m) and R + 1% (5.16) is
-0.12, The eéfimated desired stéck eiasticity is given by dividing by the

adjustnent coefficient g!'. The coefficient of lagzed stock = 1l-g’

O

\ 53, =g * _;:‘ { .
1. Sy g'St + (1 bv)st—l',

-
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thercfore gt = 0. 22, therefore the long run elagulc1ty of stock to the rate of
1nierest is -O 54 at the mean, | “ | |

””loéariﬁhmib fornﬁiétionl of the same mbdelfiﬁp;bﬁes’the‘explanaféry'?oﬁér
‘but the R + 1ﬂ:v~r1uble novw has a standard error blggcr tnﬁn its coefflclent
in‘log forn. The ngustnenu coefficient is markodly increased and tho saghifiésnce
of ihﬁéétmehu al’ownn0031ncreased This 1ndlc"tes, thut the hypothesws that a
percentagc chanﬁe in stock is some Jroportlon of the 7 dlseou111br1um bntwecn V
'kde31red ard actual stock flts the data better thhn the thothe51s concernlng

absolute chan ges. Equ tion (2) is 1mprovea by the inclusion of lng~ PT{t!

: - . -~ Fo(e-a)
which has the correct sign and .is sinnificant. In bo»h equutlons (2) and (3) 4

log R + 1% is non-31"n1f1cant and has uhe vrénn sign. Dropping this varlable
from \3) 1eaves equation (4) where all variables are significant and the

_regréssionvhgs an improved fit comparéd to-the other proposed functions. "The

" adjustment coefficient is estimnted as 0.58 which suggests that farmers adjust
stocks quite quickly to short run changes in the two price ratios. The %
investment allowance variable is significant and positive indicating that the
rate of adjustment is increased by these allowances. The short: run elasticities
of stock arc glvcn directly; the long run elasticities'are‘givén'by'dividing by
the adjustment coefficionts—

O

- wuth respect to 3
fo(t-1)

P

with respect to T{t\
: : - P
L(t-1)

with respect to It o 40,01

1. logé Sﬁ = g”log St* + (1—” )Wog S

* % investment allowances are assumed not to affect desired stock; only the
adjustment process. ) -

t-1




TABLE 4

Regression Baustion Exvlaining Stock Adiustment by Deflated Value

Equation

1

2

3

4

Definition of the
Dependent Variable

Stock in .t

(£10m deflated)

Log' Stock
e
in ¢

(£10m deflated)

Loge Stock
o din t

(£10m deflated)

Loge Stock
in t

(£10m deflated)

Coﬁstant

6.33
(1.83)

4.619
(1.448)

5.734
(1.018)

5.785
(0.987)

~0.0197
(0.005)

0.003
(0.012)

~0.212
(0.151)

0.776
(0.089)

-0.2316°
(0.0572)

~0.2385
(0.0545)

~0.6833
(0.2267)

~0.6573
(0.1535)

~0.6584
(0.1496)

0.0660
(0.068)

0.0275
(0.0471)

0.0130
(0.0101)

0.0135
(0.0057)

0.01134
(0.00530)

0.3416
(0.1784)

0.3044
(0.1210)

0.3211
(0.1146)

0,992

0.994

0.997

0.998

1.84

1.23

2.29

2,38

index of real price of tractors (t)/index of labour earnings (t-1).

= index of real price of tractors (t+)/index of crop prices (t-1).

weighted average of bank rate in t + 1%,

% investment allowance in t.

= Stock in t-1 by deflated value (£1Cm).
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7

The elasticity of stock with regard to % investment allowance is interesting;
if % investment allownnce is increased by 505 (for example from 20% allowance to
. . N ¢ . . )
30% allowance) then stock is increased by C.5%. This is beyond the stock change

caused by the adjustment process.

The-long run elasticity with respect to PT{t)- contrasts sharply with
"L(6-1) |

that obtained from the gross investment equutlon, agaln guggﬁstlnv that
lagged stock was not introduced into thc gross investment equation in the correct
manner,

Finally the cstimated clasticities of stock with respect to the two price
ratios are fairly low in the short run and still less than.uﬁity in the long

It is to be expected with a high adjustuent rate - that they are close

also seens  reasonnble that if the elasticities of desired stock

are 1ow a high adJustmcnu racp will occur since the level of desired stock does
not respond much to price changes. Thus farmers can be fairlv sure of the
desired level, The high adjustment coefflclent of stock change toword dculred
stock,also indicates that the % disequilibrium betwgenlst* and St-l zonerated

by the gross 1nvestxcnt model is too large and that the model was incorrectly

_formulated.

C. Where the Devendent Variable is Measured in terms of Total Horse-Power

~The price ratios uscd to explain the dependent variable in terms of total
horse-power refer to average price per tractor h.p. ILagged stock refers to
lagged stock in tems of horse-power.

1. Gross Investwment

The varlqblc f ) dominates all of these regressions (given’in Table 5).
Pr(s-1) |




-T2 -

Alone it accounts for 90% of the variation in gross invesiment by total horse
power - equation (1). A 10% £211 in the ratio of price of trac

. _ . . . . . s 1 ez 1D
labour carnings is associated with an increase in gross investment of 1,63.107h.p.

The elasticity of demand for h.p. with respect to this price ratio is more than

ity at the mean of sales; being ~-1.14,

The explanatory power of the regression is improved by including Rt + 10

. : : P s
: : . i i o d (%)
and using a linear formulation. Rt + 1% is significant as well as Erf- ) at

the 5% level, (However in a semilog form R, + 1/ is nonssignificant). The
'C .
C s . . 1
elasticitice of gross investment, calculated from egquation (2), at the means

of gross: investment and the two cxplanatory variables arc:-
P,

Tftz
P - ""l . 4~6

l) with respect to y
L{$-1)

. . T . i"‘/
2) with respect to RJC + 1h

Because the interest rate variable is itself 2 percentage the elasticity indicates

that a change of 1/ in the actual bank rate, from 45 to 5%, would lead to a fall

in sales of total horsc power of 7.2%,
Equaﬁions(B) o (7) represent attempts to improve on equation (l) by

introducing other expleonatory varisbles, All however ars non—significant,whilsf
Pm & K .
log P*( 7; remains significont and the total explonatory power is not improved,
L{t-1

In contrast to regressions with the other dependent varianbles, the farm size prox
variable does not make the constant rcn-significant, although its significance
does decrease when the fam size variable is introduced, Advertising expenditure

(equaticn (51)is non-significent and has the wrong sign; it does however have o

1, Heen of G, = 14.29

Hean of P/, = 122,7
L(t—})
Mean of R + 1% .16




TABLE 5. Regression Eguations Explainine

Gross Investment by Total Horsepower.

Equation { Definition Log Log
e

of the P I

Dependent Variable| Constant T{t) t

PL(t-1)

e

Gross Invegtment 92.06 ’ -16.28
h.p. (107) (6.37) | (1.33)

Gross Invegtment 40.27 | -0,1701 | -0.9900
h.p. (107) (4,36) | (0.0180) (0.4296)

Gross Invegtment 81.40 -14.22 0.4864
h.p. (10°) (9.45) (1.90) (0:3147)

Gross Invegtment 82.00 ~16,32 0.158
h.p. (10°) (16.92) (2.64) (4.070)

Gross Invegtment 94.SC ~16,68
h.p. (10°) (3.42) (4.39)

Gross Invegtment 121.2 -20,92 " 1=3.010
h.p. (107) (35.2) (5.67) (3.608)

Gross Invegtment 121,2 -20.45 | 0.5580 -4.392 1.90
h.p. (107) (32.9) (5.31) (0.3154) (3.462)

PTﬁt) = index of average price per h.p. in t/index of labour earnings in t-1, vV, = udvertising cxpenditure in

t .
PL(t-—l) t in £10°,

R, + 1% = Benk zate + 1% (&), S,_, = stock by h.p. (16%) in
= % Investment allowence. t-1.

F(t—l) = Proxy for farm size in (t-1).
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very high intercorrelation with =5— P 2t and its effect may be masked. The same
.. l )

problen arises with the 1ntroductlon of the log of lagged stock into the regression.

(S1Y

1) e ’ . .
Lagged stock is very highly correlated .witi _T{t). and becaugse of .tais,
P 1 .
L(t-1)"- -1

the separate 1nflueﬁces of the *vo variables cannot be distinguished. In

3 . p ) . ] 3 -

equation (1), tho coefflclent of “1(%) probably picks up some of the influence
Pr(4-1)

that should be ascribed to lzgged stocks. In (7) there is probably some
indeterminacy involved in the estimation of the coefficients because of the
multicollinearity problem. As far as prediction is concerned, hoth equations are
equally sood, whilst the trend between the twyo variables continues., If this
trend is broken then (7) should give better predictions since it is a better
structurcl equation - if we ccoot that lagged stock has some influence on gross

investment.‘ The 1nu¢4ductlon of the log of lagmed stock raises the coefficient

P
of log "7(4) - mﬁus,»ho coefficient of log ;E.ﬁ in (7) associates a 10%
PrL(t-1) | | L(%-1)

fall in the price ratio w1th zn increase in sales of 2 05 103 h.p. The elasticity

t

' . s P . . - .
of gross investment with respect to (%) is raised to -1.4%3. The log of I
: . P .
' “L(t-1)

is not quite significant in equation (7); although its F value is raised by the

load

introdution of stock. The ccefficient of I indicates that a 50% increase in the

investment allowance say from 207 to JON is associeted with an increase in sales

5 1 .. - . . . .
h.p.” If we similarly dccept that the coefficient of th elq;ofiaggea gtock is

of 0.22.10
valid, thea 210 wize in ia gged stock is associated withafail in gross ix Jogt'uent of 4:':10)1

The prlce ra o price of tractor h.p. to logged crop prices, was non-significant

end has the wrong sign vhen tried in the rogression equation. Since it is not

1. An increase in log I_.c by 0.4 is equivalent to a rise in It of 507 of the
original value.
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highly intercorrelated with the other explanatory veriables then it can be said

v

to have no influence on gross investmen%: by'h.p.

2. Stock Adjustment.

Table 6 indicates the betfervresﬁlts frbm testing the stock adjustnent
formulae. It is-difficult to pick ou+.the e.act valuo of thﬁ adgustmort coefflclent
gl aé no one regression is 'best' and its value ch nges Jlth uhe reﬂre881on
farmila. Thus it variecs from 0,13 in equation (1) to 0.33 in cquation (4).

. . . . 1 _ .
Equation (l), the 11near‘formulatlon.of'stock-adJuStment, has the best fit but

l

the coefficient of R b is non-significant. The estimnted short run

T
elasticity of stock with respect to_PT(t2 at the means is -~0,21 and the
PL(t-1)

corresponding long run elasticity is -1.61.

'A.‘ ".. . _. - 2 R e
In equation (2),wh1ch explains stock qdjuotment 1n porcant ge temms , changes

. oo s . P, . .
in desired stock areexplained simply by ~T(t) e The adgustmcnt ccefficient is
) D, : . :
L{%-1)

increased to 0.23., The short run sfock ele stlcltv is constaat for any 1evel of

stock or price rotio and is estimated as -Q. 26 snd Lho long run elgstlclty is —1.13.

Using log I ; 85 en addltlonql explanatory variable in (3) means that the
adjustment coefficient is'incréased,as expectédibutfthe coefficient‘of log It.is
non-significant, In (4) log Rt + 19 is also inbtroduced but it has the wrong sign -
and is non-significant. However again the adjustrent coefficient is incrensed.

In summary the equations indicate an “adjustnent cocf icient of around 0.25,
éuggesting,that famers adjust stock, by horse power, fairly slowly to short run
changes in the price ratio of cost wer n.p. to labour egMnlngs. The estimated

1. 8, g‘ o+ (1g) 5

-2¢ log S

t




TABLE 6. Rogression Fauations Explainine Stock Adjustment by Total Horse Power

Equation

1

2

3

4

Definition of
the Dependent Variable

Stock of B.p.
in t (10°)

Log Stock
of ﬁ.p6 in
t (107)

Log_ Stock
of ﬁ.pé in
+ (107)

Log Stock
of ﬁ.p6 in
t (107)

Constant

4,743
(1.774)

1.859
(0.599)

2.150
(0.760)

2.280

~(0.760)

Fo(e)

P (1)

~0.0196
(0.0083)

R, + 1%

-0.0250
(0.0680)

St-l

0.8673
(0.0573)

Loge P&(t)

~0.2609
(0.0964)

-0.3075
(0.1240)

-0.3268
(0.1226)

0.0670
(0.0552)

0.0053
(0.0076)

0.0105
(0.0086)

0.7678
(0.0614)

10,7352
(0.0802)

0.6676
(0.0967)

0.997

0.996

0.993

0.994

2.35

1.69

2.12

2.16

F(g)
Pr(41)
%

IJG = % investment allowance in t.

t-1

= stock of h.p. in -1 (106)‘

= index of average price per tractor h.p./index

R, +1% = weighted average of barnk rete in t + 1%.

of labour esrnings in (t-1).
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short run stock elasticity with respect to this price ratio is around -0.25 and

the long run elasticity just over -1.0.

D. Vhere the Dependent Varicble is measured in terms of Weizhted Numbers:

The relevant price ratios to the dependent variable measured by weighted
numbers refer to the average price per tractor sold. Iagged stock refers to

lagged stock measured by weighted nunbers.

1. Gfoss Invesfmént_

Grosé inveétmenf by weighted numbers is most satisfactorily explaihed by
equation (1) out ofbtho formulated regression 1isted in Table 7; 70% of the
variation in gross investment is explained by two variables: the price ratio,
average price of tractors to labour earﬁings and investmenf allowances., Both are
significant at the 5% level. The céefficient of thé ?rice ratio variébie |
indicates that a 107 £all in the .price ratio is cssocinted vith increased gross
investnent of around 6.23.108_weighted tractor units.l At the mean of gross
investment, the elasticity of gross investment with respect to the price ratio
is -1.40. The similar elasticity, with respect to % investment allowances,is
+0,077.  More meaningfully, a 50% increase in the level of investment allowances
(say fron 20% to 30%) is associated with an increase in sales of 1,200 tractor
units. An increase from no investment allowonce - allowed at 1% - to 20/
investment allowance2 is nssociated with an increase in sales of around 9,000
weighted units.

The log of the price ratic, price of large tractors to price of small tractors,

1. This corresponds to about 4,000.units all weighted by 1.5 (i,c. in the :~40 h.p.
group) or 6,000 weighted by 1.0 - compare effect of soume % price change in equations
explaining gross investment by numbers - leads to change in gross investment of
around 3,800 units. ‘ ’

2. Egual to an increase of 3,0 in loge. £




- 76 =

is added to (l) to 01ve equutlon (2) This varlable has the correct sign but is
non-31 ﬂlflcant Simllurlx addlnm the log of tho proxy varaible for farm size to
(l) in (3) does not improve the rp'"3351on vnd the varia blo is non-51gn1flcgnt

In (4) the log of{R% +_1% is”added_tQ regression <1) but has the wrong sign ond

is non-significant. - However,if log I, is removed from: the regression equation and
’ O JG e

these other variables - Rt+ 15 R | and PL.TLig) left in, the latter two are
n
8.2, (t)

just significant and R + 1% now hes the right sizn - equation (7). This indicates
& < >

t-1

that these Variables ore sensitive to the inclusion of log It’ ﬁhen'this is
removed thelr cocfflclerus 1nér9aée in sige ond vwve the nlwstlc:!.’cles ;ﬁ tﬁg nean
of vross 11vestment - |

l) with respect

2) with:respect ; T, 40.45.

The interest variable is non-sizmificant however. But the regression does not
explain gross investment,’by_woighted nunbers, as well as equation (l); further
because of collinearity, these variables nay pick up some of the influence that
that should be attributed ﬁo‘Iﬁ.:

-In equation (5),.advertising expenditurce -is significant in explaining.
gross investment; +the coefficient indicates thot a 10% incrense in the level of -
total advertising expenditure is associated with an increase in sales of 1,700
weighted tractor units, At the mean of gross investrent, this represents an
clasticity of 0.40. However, the regression does not have as high anA§2 as

: equutlon (l) This va rl*bl is also sensitive %o tae introduction of log,I% :
” tth in eouﬁ 1on (f) 1t bccorco noﬁ—31an1flc ant, 1nu11y 1a eouaulon (8) uhe
log of lagged stock is introduced into equation (1), It is'boﬁh non-s 1fnlflc nt

and has the wrong sign.




TABLE 7.

Regresgsion Fauations exvleining Gross Investment by Weisghted MNumber

Equation

Definition of the
Dependent Variable

Constant

Loge
PTgt)

Pr(4-1)

Loge
R, + 1%

Loge

Iy

Loge

l:|’(:-.l

Vi

Loge

Logc

B T(t)

Py m(+)

(1)

Gross Investment
weighted numbers

32707
(90.7)

61,68
(19.26)

3.405
(0.8123)

Gross Investment
weighted numbers

345.7
(97.8)

262,30
(19.7)

3,100
(1.03)

-3,000

(5.10)

Gross Investment
weighted numbers

321,2
(111.0)

260.60
(22.3)

3.380
(1.12)

1.5

Gross Investment
weighted numbers

318.,1
(94.98)

~-60.39
(19.93)

2.42
-(4.80)

3-216
(0.918)

1.60Q

Gross Investment
weighted numbers

219.0
(112.0)

-53.8
(28.3)

-11.90
(8.20)

ll94

Cross Investment
veighted nunmbers

286.1
(130.7)

—56.21
(21.89)

1.68

Gross Investment
vreighted numbers

416.2
(141.9)

-60.,0
(25.6)

-15.0
(11.3)

1.94

(€)

Gross Investment
veighted numbers

297.3
(106.0)

(20.54)

2,931

(1.,158)

4,191
(7.064)

1.63

indez of average price of tractors (t)/index of lsbour wage
© carnings (t—l).

bank rate + 1% (%).

investment allowance (t).

PT(tQ
PL(t—l)
R, + 1%

t) = index average price large tractors
) < index average price small tractors.

____L_

Py (%

St-l = stock in t-1 measured by weighted

= Proxy for. farm size (t-1). numbcrs.

= advertising expenditure in t £107,
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In sumnary, equation (1) offers the best explanation of gross investment;

the two variables log PT(t} and log It explaining 70% of the variation in
: = : .
"1L(3-1)

gross investment. Other influences are indicated to be important but only when
log It is cxcluded., The price ratio of avercge tractor prices tc lagged crop
prices was found tc be non-significant when used in the regressions.

2. Stock Adjustment

To sdtisfacto:y stock adjustument equntionsfwero obtained; only lagged stock
was found to be significent. This is indicated by the following equation:-
P S
‘(%) + '0.0102 log I,
D ~ (0.0053) et

L(t-1)

.-2

+ 0.829 log S R~ = 0.987
(0.038) ° a = 1.61

Log. S, = 1.250 - 0,128 log
et (0.575).  (0.112) ©

. . ~ . , N 4. .
where S, = Stock by weighted nuibers (10 ) in %
v
. 4y
veighted nunbers (10 ) in t-1
Index of average price per tractor (t)/index of labour
earnings (t—l) ’ ' ’
! . . . .
= % investment allowvance in t
low adjustment coefficient of 0.17 is indicated. However the
coefficient of the price variable is non-significont, desired stock is simply
2 J- 4 1 XA RS . ‘ (-;".,' Lo
estimated to be constant., The coefficient of the » investment allowance

variable is also non-significant, vhich implies that stock of weighted numbers

increcases by o constant percentage each year toward some constant desired stoclk

level.,
The estimated stock adjustment regression equationsin fact seem quite

unrealistic; since they indicate that stock levels are not affected by economic
3 Y

1. Loz of the desired stock constant = 7.35C thercfore estimate of desired stock
is 156.70" weishted tractor units.
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or financial variables. This may be partly due to the fact, that as already
indicated, the weighted numbers estimation of stock may be in error - more so

than in the case of any other stock measure.

N.B.

1. A limited number of regressions werc tested to explain gross investment
, &LEESL0IS e, M Ve ’

as the adjustment, to a disequilibrium between an equilibriumvlevel of gross
investment as determined by economic forces, and gross investggntuin the previous
year. However, 1agged gross investment was alwayé'ndn—sighifiddnt; further

the explanatory power ofithe regressions was reduced by;i#sfintroduction.
Therefore it was considered that this model was not relevant to the demand for
tractors,

2, The trend in purchasos toward larger tractors was looked at fo a linited
cxtent, followingrthe impbrtance in %he rggressions Qf:thé subsfitﬁtion,of
tractors for labour in explaining»the demmndrfor tractors. This trend rcpresents
~to some extgnt the substitution Qf gapitql for cgpit;l‘and seems to be largely

, assqciated with the % increasevin farm size (as representcd‘bybthg proxy varizble)
andlthe level of invgstment,allowancgs._ Increased fam sigze allows greqter use
of mechanisation and an increased dem;nd per aqreifor tractor service&;.ﬁhis is
provided‘most proﬁitably byvqn increased size of tractor., Investment al}owances
provide a short-run incentive as to when the replacement of o saaller‘by,a larger

tractor should occur.




7. Limitations of the Results

Conclusions from the results are limited by three factors. Firstly,
the data used is historical end- therefore we have to ask how relevant are

our estimated relationships to present conditions? This is particularly

so with reference to prediction. ' Also, the estimated structural equations

may be "hybrids" ~ if conditions surrounding the investment in tractors have
changed very much over the time period. Since quality change has been eiplicitly
taken into account then this is not likely to be too important.

Secondly, the algebraic formletions chosen to represént the structural
equations are to some extent arbitrary. Thus, they may not entirely represent
structural equations, although some evidence is provided by their statistical fit.

Thirdly, the data used hes its own limitations. Thus the data used for
the dependent variables, either as gross investment or stock, contains some
element of error with reference t§ the definition of the dependent variable.

Llso the data for some variables is not on the calendar year as the gross investment
variable is defined. Thus the laboui earnings variable refefs to a June to May
year; the U.X, net farm income variable‘is on a similar basis. The position is
further complicated in the stock adjustment function where end of year stock is

in fact a hybrid between a September and e December figure. finother possible data
1imita£ion, is that of errors in the eiplanatory variables, This mey arise in
comection with the tractor price indices. Thus list price may not always represent
the average price of tractors sold; 'renl' vrice was estimated using regression
techniques subject to error, and the statistical series used are subject to

errors of collation. Finally, some variables are used as proxy for the proper

structural variables., Thus the crop price and net form income variables were
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used to represent expected:earnings; the percentage of.farms over 300
acres wes used to represent the trend in farm size.  Thus equations:containing .

these proxy variables.are not 'true' structural equations; they will only be .

satisfactory so long as the unspecified relationship of these proties_to the -

true causal variables remsins unchenged.




8) Conclusions
The results from this ahal sis emphasise that the.demand. for whecled farm
tractors by U.K. agriculture, over the past eightcen yaars, has been concerndd
with capital 'deepening'. With rcspsct to both the deeircd level of' stocks
and gross investment, the price ratio of tractors to labour is the dominating
explanatory variablc in thc regressions.
At the mean level of gross investment, thd perccentage changes in gross
investment have been somewhat morc than the porcentage chaﬁges in the price
ratio - the clasticity is between =1.0 to-2.0; the percentage changes in stocks
have been somewhat less than the corresponding percontage changes in the price
ratio. Since the stodk level, and thereforc the input of serviccs from
tractors, has becn increased over. the period while thc;labour input has de-
creased it can be concluded that tractor services have beon substituted for
labour scrviccs in response to changes in their rclative prices. Thus the
incfcased use of capital, in the form of tractors,has been toward increasing:
the capital intecnsity of farm opcrations as a direct. conscquence of profit
maximising bchaviour. This is a vory different rcsult to those from analyses’
of investment bchaviour in manufacturing industrics. Thcee have.omphasiscd
capital 'widening! not always under thc influence of the profit motive, with

a sccondary role élaysd by laggod profits as an cexpcctational and financial
variablc. The divergence is probably partly becausc of differcnces in industry
structurc; partly bocausc this analysis deals with disaggregated investment.
The reenlts also differfrom thosc other-dtndies into investment behaviour

in agriculturc,even at the disaggregated investment lovel. Thesc,w Griliches
(7), Cromatty (8), and Heady and Twecten (R5) cmphasiscd that the prica of the

capital input (cither tractors or farm machinery as a whole) in relation to

expoctcd earnings ( as represented by lagged product prices) was the important
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determinant of farm investment behaviour with respect to the input, However,
thesc were all studics of U.S. agriculturc,

.fAlthoughftho,dominnting featurc of the regrecssionsis that of the importance
of the pricc of tractors rclative to:thc price of labour, scveral other points
stand out.. In particular; thc importance. of quality to thc gross investment
function - the morc cxplicitly!quality is taken account of, by the dopendaent
variable, the more can gross investment be cxplained and the less. influence the
stochastic cffect has, That quality change has been important, with regard to
famm purchasc  of tractors, is shcwn by thc.importancc”of the quality change indox
in-explaining the desircd stock of “tractors by numbor, The highcr the quality,
tho higher the desived stock, beceausc the marginal physical oroduct curve from
the tractor scrvices input is incrcascd. Howcver, in the:gross investment
function, by numbers, the quality chenge index is not quite significent.

Thero arc two conclusions to.bo drawn from this, - Firstly, although increasing
quality tends:to raise the lovel of desired stock by nuumbers, and thercforc the
actual -stock, as far as rcplacement is concerncd it will tend to depress the
numbcr of tractor units bought., Thus on gross investicnt there abe two opposing
influonccs. Sacondly, gross investment by number could not be oxplained at all
satisfactorily. : The cexplanatory power of tho regressionswag low and only ‘one
variable - the average pricc of tractors rclative to the cost of labour was
-significant .- and then only in thc,prcsancc of the lagged stocks variable. Hence
the demand for tractors, in tcrms of numbers, was not at all rational. .

From this and the importance of the guality change index it is apparent that
farmers dé.tako some cxivlicit aceount of quality in their annual purchasing of

that
tractors. . In fact, the analysis finds/with rcference to the xplanatory variables

2 is

. 1 . . . .
congidered™, the most rational cxplanation of gross invegtment bechaviour

1. Also with reference to the data limitations, S N
2. i.,c, themplanation which leaves the lcast to be cxplained by random influcnces,
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given when it is assumcd that farmers took into account all the important

quality changcs over the period.  Thus, the pgross investmont functions
cxplaining‘thc valuc of purchascs, (dcflatcd by real pricc), have the most
significant cxplanatory variablcs and tho highost tctal explanatory power,
Howover, the equafionscxplaining the domahd for total horss-power offer ncarly
Aas good an cxplanation ~ with respcct,ﬁo annual purchascs. quality was
‘dlosoly assoéiatcd with the tctal horsc power of purchascs over tha pcriod.

The rcgrcssioﬁs cxplaining grosé investnont in terms of wcightod numbers,

a quality mcasurc between total horsc power and numbcrs, arc not so.
satisfactory as thc morc explicit quality gross invcstment functions. Thus,
it sccms that farmcrs do toke morc amcount of quality in deciding the lovel
of their annual purchascs of tractors than is proposcd by thc simple |
wcighting systom.

The importancc of cxisting stock to thc investment decision also

stgﬁds out, Thus, all thc stock adjustment modcls have 'scnsible!
adjustment cocfficionts and indicate that therc is no instantancous
adjustment of actual stock to thc desired stock level as dictated by
.cconomic foress., Howcver, only in the function cxplaining gross investment
by deflated valuc, is the lagged stock variable significant. And then

only is it so when it is introduccd in its log form; it thon is significant
in cxerting its cxpceted depressing. cffcet on gross investmont. A priori,
lagged stock would be cxpceted to be more importent in its log form., Then,
the changcs in gross investment would bo dcpendent upon the perecntage chahgc
in stock - that is upon the level of stock as well as the change in stock,

It is somcwhnat surprising,.that only in the modecl where lagged stockvtakcs

account of dcprociation, that laggs=d stock should oxcrt a deprcssing cffcet

OO
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on gross investment. Griliches (7) points out that lagged stock allowing for
depreciation generates a replacemsnt demand;wheréas lagged stock with no
wearing out tends to emphasise the depressing effect of stock., Howevser, in
the numbers, horsepower and weighted number models the scrapped tractor has the
same measure as it did when new; whereas in the deflated value model ths scrap
valus is very low compared to its value when new. Thus, in the latter model,
actual scrapping generates little replacement demand; #n the other models it
generates substantial replacement demand, If scrappage is affected by economic -
forces, as seems likely, then this effect will be represented in the effedt of .
1agéed stoclk ongross investment, Thus, the lagged stock variable allowing
wearing out of thetractor over time scems more realistic than that which say the
tractor gives the same ssrvices wntil scraﬁped - when it suddenly becomss
completely useless, In the latter case, ths effect of scrappage on gross

investment is overemphasised since it is determined by economic forses; whereas

depreciation is determined by physical forces and attompts to measure the decline

in services available from the tracfor. Further evidence is provided by the
stpck adjustiment models; where the deflated value model could be considered
the most satisfactory with regard to significance of thes variables and explan;
atory power. TFurther, it has the highest adjustment coefficisnt suggcsting
that it is the mogt completely specified equationl.

In the deflated valus stock adjustment model the adjustment is most
satisfactorily described by the model proposing a % response to a psrcentage
disequilibrium between desired and actugl stock level. Thus, absolute

increases in stock tend to be 2t a slower rate as the level of stock rises,

1, On the basis of other empirical work using distributed lags where the most
completely spscified eguations have the hichest adjustment coefficients. -
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- with reépegt %o the same absolute disequilibriuml. Since qualiﬁg is
%aken'explicitiy"intofdccount by the stock variable then this is logicals

the rising stock level tends to depresa the marginal revenue product, In
“contrast, where stock is simply in terms of nuibars, the stock adjustment

model is better described by’the.modol proposing a response in absolute terms
to the absolute'disequilibrium. Here, the disequilibrium is a function of
. o .

quality changé‘— tending to raise thé marginal revenue product from the number
of units. Tﬁus”this'modol is more logical than onc where the actual level of
stocks is importent. This again is a confirmation of the importance of quality
change on the demand for tractors. But also thesc stock adjustment functions

- by deflated value and nuabers - give much higher adjustment coefficients than

adjustment by total horsepower or weightad numbcrs2. This contrasts with the

similarity of the results from using dcflated 7alus and t&tal horsepowsr
dependent variables in the gross invcstmént functions., This difference would
secm to support the hypothesis that the lagged stock, by horsepower ( and
weighted numbers), ovéremphasiscsthe importance of scrappage — because the
losses in horsepower Lave the samc measurc as the gains in horsepower. This
point, is'probdbly important, in‘explaining ﬁhy adjustment by numbsrs, should
givé a highcr adjustment coofficient than by horsepower or woighted numbcrs,

In the adjustment by numbcrs, although a scrappcd tractor has the same woighting
as a new ong, the level of actual stock is partly explained by the quality of
the ncu tractor.

Finally, as resards the importance of lagged stock, the modcls proposing thes

1. i.e. with respoct t0 S{F = Si-q.
2. 0,68 and 0.55 cf. 0,26 and 0.17
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laggsd stbckvaffected gross invostment bacause of the disqqu;librigm_botwecnw
it and desired stock did not turn out to e satisfactory. Thus an unrealistic
answer; D?rtlcul irly in vicw of the size of ths adjustment coefficient of the
stock model? was derived for tthpercontage discjuilibrium in torms of deflated
value. .This was probably.becausc the model was_formulatcd‘algabraically in
the wrong way. Also, the replacemont demand generated by losscsfrom the U.K.

[

fleet shpuld have probably buen g_pa:ﬁ of the proposed mo@ql.;dThug no fiinal
conclusion, as to the cxact way laggoq_stqqk affccts gross investment, can be
drawn - cxccpt that gross investmcpt is.a‘fupctipn of thc logarithn of lagged
stock, and is connected with the adjustment of actual stock toward dosired .
stock.

The bread conclusion to ba drawnfrom the results o' that thc domand for

tractors is a derived demand, adjusting. the stock of tractors toward a dceired stock .

—

This dColfCO utoc“ level vs do CllLDGd by tbo price ratio of tractors o labour

and takes account of quality cn;nrcs 1n new trQCtOL The results.also

indicate that the adjustmsnt proces: is affectod~by the financial variables -

the % 1nvastmcnt qllowance and the ratc of 1ntorcst Log of the § investmont

allowance is clgnlllcant in cxplalnlnw 8Toss 1nvost urt by dcflatedvalue and

waighted numbers, and stock by 4cf1nteq quuo. It is not quitc significant

in oxplaining gross investment by total horsepowor,.  In terms of .introduction

of the 203 investmont allowancc the effoct on .salcs is quite large - thus.

the incrcase from 1 to 21% im the lovel of investmont allowances is asgociated
with an 8% to 15% incroase in salcs measurcd in quality tcrms, Thus, it

doflnltcly seems to have bucn an lﬁbcntlfc to 1nvuqtm3nt° particularly to

replacement of a trﬁctor oy onc of a nlpbcr qualltj since 1ﬁ1dde$,n6t[iﬁfiﬁcﬁce

gross invcstment by numbars.

The exact importance of the intercst rate varisble - was hard to analysc
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becausc of its high correlation with othor cxplanatory variables,., = Howevcr,
it usually had thc oxpocted sikn; it was significant in explaining gross
investment b horsopower and not quite significnat in explaining gross invest—
ment by deflatsd value. The significance of its cosfficients was improved by
e S
a linear formulation - as opposed %o log-log or samilog formulations. This
indicatcs thdt chanzes in gross investmecint, as mcasured in qulity terms, are
agsociitcd more with the size and direchion of the absolute change in bank rate thaywith %
ghange. Thié indicates thet the variable is acting morc as a financial constraint
- associntcd with the availability of credit, rathcr than being important
through changing the discount ratc. Further cvidence is provided for this
hypothesis by the fact that it is not significent in affecting the stock
gquation by total horsepower; thercfore it is only relcvant to the level of
gross investment not to the desircd stock lovell — which is a function of
cconomic forccs,

The other variablecs which have some infliuence on the investment decis. om,
deponding .on the formulation Qf the function, ave tho prics of tractors relative
to the pricec of crops, farm size, the lovel of advertising expenditure and
the rolative prices of large and small tractoss. The variable, price of

tractors rclative bo the lagged price of crops, is only significant in the
function with the dependent variablc in tcrms of deflatcd valuc and the price
of tractors exprosscd in vcal terms. In cxplaining gross invostment, it is

dominated by the othecr price ratio, rcal price of tractors relative to lahour

carnings with which it has a vory high intcrcorrslation, and is only significant

whon the lattor is omitted. In the stock adjustment modcl it is significant

oven wheih both price ratios arc included. Its influcncc is not very important

1. Though it docs havc a high simple corrclation coefficient with lagged stock
by horsc-power and there may be a mutlicollinearity problem,
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since the estimated elasticities are low'. Thus it does mean ﬁhét expectations
(as measured by the lagged crop price)‘have some importance; but only if-
'vexpressed relétive to the real price of tractors and then they only étimulate'
a emall vesponse. They do not have the important influence on the investment
decision that has been emphasised by investment studies of U.,S. agriculture.'_
This may bé a éonsequeﬁce of the effects of the U.X. price guarantee system -
fhus, if price'expectations'are stable and crop prices are not expected to
alter, then expectations will have little influence on the demand for inputs.
Farm size, as represented by the proxy variable % of farms of ﬁore than- 300

acres, is an influence on investment where the dependent variable is expressed in

quality‘terms. It appears with a positive coefficient,‘althbugh'not always

significant,-indicating that increased farm size increases the per acre demand for
tractor services and appears to’be‘a trend element in explaining demand. -The
variable, level of total advertising expenditure, wés>only significant in explaining
gross investment by weighted numbers and then only when the % investment allowance »
variable was éxcluded. However, it does indicate, that édvér%ising could have
influenced #he total demand; by encouraging a higher quality model to be bought, than
would be dictated by other influences. Because it is only significant in explaining
gross .investment by weighted numbers, it seems likely, that it has affected demand
through the selling of new tractor models of much higher horse-power than the old
models. Thus firms have diversified the range of models available; at the seme
time advertising has promoted sales of the larger models. The influence of
advertising expenditure - on the other dependent variables is not easy to analyse
because the variable ié highly correlated with other explanatory variables.

However, it does appear that it has had a negligible inflﬁence on total

demand; hencevit_seems.that the total édvertising, by the tractor fimms,

1. ~0.65 and -0.25 with respect to gross investment and actual stocks respectively,
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is mostly comphtltlvo the scnse of “ronotlon of brand imagss, rath ;1 than

."bowm'?d_ ipc:rca sing the to-‘cai mz*-.;'kot‘.v Bu‘h, advertising may‘play some part
in tha sclliné ofvncw ﬁdd:ls'ovcr and above the lcvcl chulrcd by ceononie
forcas; this.may pkrtlcuW;rly be by cneourag ring V<plqccnvnt carllﬁr than would
bthcrwiso occur. Finally, tnc ltlo of the prlce of large trac ors to “the
priéc of small trncﬁors is of somc iﬁportancc in cxplaining gross invcstmgnt
by wcightod numbcrs.i As would bc»oxpocﬁcd, as thc rclative pfico of gmall
tractorsiinerchécsvso it has cnéournccd the trend townrd largcr tractors.
chcral varlwblws were Lound notto influcncs thu ancstmcnt n b ctors
over thc pcriod, In‘thc ¢asc of lagged profitsl thls leleinigls] surprlulng from
a priori roasoniﬁé - particularly as although non~g1~dlf1cent lagpod profits
always appear witha ﬁcgaﬁivc cocfficiont, - It scems rcasonable to supposc thatb
this is a rcgult of looking at dlsavgrcaatco investment. Thus tractors are
a fairly basic input, ﬁhc.rcquircd lovel of stosk (1n terms of availablc
scrvicas) muét ale mainﬁa1n§d dospiﬂc the 1cyel of )qot oroflt Thus,it minht
.bc that invéstmoﬁt in Oth~v fo:m machinary occurvA“Itcr jOJTS of good pro ts
in a cycllcal MARNGT wbc¢cmu investne 't in tractors lS not subgcct to this
liquidity cyclc. It would ncud a multloqa tion modcl to 1nvcst1ﬁntc this hyp-
othesis properly. In fact, t appoars that ag far as trﬂctor nvcctmcnb ig
conccrncd,uytc"nal cx cqlt is TOra imporﬁent ‘than intcrnal crcd;t_sincc the int-
crcst rate cquogdby vanks tp fa:mcrs docs havé somc“importancc, Lagged profits
have also boon used as o proxy variable for cxpectations; as 1ad1CJtcd by tho
non-gignificancc of dagged crop priocs, Lapcctations of thc future do not scom
ﬁo.bc vcry\imnortant (as far as thuy arc rcprcscntcd by thcse ﬁariablcs),
The othnr Vﬂ*lﬂDlGG that worc not 1nport1nt were all Lcchnlcal va AblCSa

.

ntercgting that thore was no ?nnlflcﬂnt supply shortagc in 1948 1964

As rcpresentcd by lagged U.K. net farm incomc,

r.)\)
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and 1965 as tested by the dummy supply Varieble; Iﬁ fact, looking at the residuals
from the gross investment regress1on equations for those years only 1964 is neaatlve.
This adds supbort to the hypothe31s that a 81multaneous model with respect to
exnort/home allocation was not needed. This is prov1ded that the correct years
were spe01f1ed as belng yeavs of suprly dlfflculty. It is 11terest1nb to note that
. in the three years spe01f1ed tractor imports were up qulte markedly as compared to
other years.

There was no evidence to suppert'the hypothesis fhet autuﬁn weether affected
~ total demand the following yeafé'if:it has an influenee it.musf‘therefore be in the
very short term; There was elso'no evidence to suwgest that the level of used exports
affects the tlme of replacement within the hone fleet Finally, there was no
evidence to support aceelerater type reasoning through the lagged crop acreage
variable, |

Plnally, with regard to predlctlon of gross 1nvestment from the models, true -
predlctlon - predlctlon out81de the sample period ; has not ‘been made. However, to
Judge by predictive dblllty inside the sample perlod then it appears that the best
predlctlons Would be glven by the gross 1nvestment equations in terms of deflated
value. Thus graphs I and II compare predlcted and actual values of groos 1nvestment
in terms of deflated value and numbers for years within the sample-ﬁeriod In terms
of aeflated value predlctlon shows roughly the same fluctuations as actual value“
‘For sales by numbers however, a falrly constant level is predlcbed whereas fhe cctual
- level was subject to many fluctuations. Predlction of ftotal horse-power of sales
within the'sample pefiod;.in terms of the ratio of the'prlce of tractor horse—power
to labour earnings, the bank rate plus 1% and laoged stock, shows rearly as good
a predietionlas %he deflated value medel.‘ Predlctlon in terms of weighted

numbers is somewhat better than by number alone but not as accurate as the

'

two more explicit quality measures. The one yvear that is poorly explained by all
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regressions 1is’ ]956 ~the residuals seem to indiéate that there was.a supply

- shortage in that year. Prediction outside the sample periocd can be made for
one year in advance, since the erlﬂnatory variables are eiths laggéd or set
at the beginning of the oe'lod Some dllfl“u*ty would arise with the deflated

value model because the constant guality price index is relevant to the sample

period. -This would need extending and psrhaps a diffsrent specification of the

quantitative aspectswould need to be made to make it more relevant to the year
of prediction,

In summary, the results indicate that the demand for new wheeled farm

in the U.K., represents an. adjustment toward a desired stock level.

ired stock level is primarily determined by the price ratio of tractors
40 labour earnings and is increasing in a process ol capital deepening on farms.
The resulits also show the importance of taking quality change of the capital
inout into account; the more completely does the denendent. variable express
quality change the more can gross investment be explained, However, in this
rgspsct quality is very 11léel associated with fétal horgcpower. The financial
variables - the level of the & invqs%ment allowance and interest rate charged
to farmers by banks - affect the level of demand and the adjustment process,
The 11va~tment allowance was intioduced with the pursess of encouraging higher
investnent in machincry and it has had the desired effect; in fact the regre-
ssions pick out gquite a marked regponse by fermsrs to the introcduction of the
20% allowance, The affect appears o have worked by encouraging earlier re-
placement and replacement by a highcr guality tractor. Interest rate appearsl
to have affected gross investment through soums association with credit avail-
ability, rather than actiﬁﬁ as the relevant discount rate to expscted sarnings

-

from tractors. In fact,the exvcectation of futurs earningsfrom tractors appsar
3 ) i

1. Excent that the tractor prices used are September 3llces - however Januvary prvces
may be used as an approximation. :
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to have played only a minor role in determining the level of tractor demand,
LAs fai as the gross investment functions are. concerned,the regressions.
explaining gross investment by deflated value arc the most~rel¢vant to the
.

demand for tractors over the vperiod, Ths indicoted elasticitiss of gross

investment by deflated value at the msan of gross investment are: =
=]

1) with respect to 'rcal! price of tractors(t) - 2,52
Labour esarnings (t~1)

2) with respsct to 9 investment allowance (t) +0,05%

3) with respect to lagged stock (t-1) . o =124
The gress investment functiors explaining gross investment by total horse-
power indicate & somewhat lousr clasticity, at the means, with respect to the
- relevant price ratio of trectors to labour carn 1ngs2 : -1,50, The interest
rate variable is significant in this rogression and indicates an clasticity of
-0.36 at the moans of gross invosctment and the intorost rate, Both the price
elasticities do imply that large fluctuations in gross investment occur in
response to changes in these price ratios.

In contrast, the stock uenznd clasticities are-much lower, implying that
the effect on agricultural output, of a change in the relative ﬁrlcc of inputs,
is swall in thc short run., Accepting ths conclus ion that the stock.adjustment
function in terms of deflated valus is the most satisfactory, both from taking
account of quality and because it accounts for lagged stock nore correctly,

then the follwoing clasticitics arc obtaincd:-

1. The clasticity is low partly because we arc feferring to a % of of a %%
The effect of % investment allowance is quite marked. Thus the introduction
of the 20% investment allowance ig assoclated with an increas in salss of
around £3m. (deflated).

2. Average price per tractor h.p.(t)/ labour carnifigs (t-1)..




1) With ros“cct to 'Real! price of tractors (%)
: Labour earnlngs (t-1)

2) With respeet %o 'Real! pricc of tractors (%)
Pricc of crop (t-1)

3) With respect to ¢ Investment allowance (t)

The adjustment cosfficient for this function was high: 0.68, indicating that

farmers. adjust stock qﬁite quiékly to changes in the above &ariables.‘ The
resulting dcsired stock eiasticities are —O.97vwith respsct to roal price of
tractors (4) compared to labour sarnings (t-1) and -0.35 w1th respect to real
price. of tractors (t) compared to )rlCG of croos (t—l) chce, even in the

long run, there is still a fairly limited rcsponse to price changes in relative
in.uts and output, The adjustment coefficient estiﬁated from stock adjustment

by numbcrs was also high (0.55), herc the problem of overweighting scrappage

was dealt with more satisfactorily than in thc total horsepower or.wcighted number
stock adjustment funciions.

Some influcnce of the market structure on total’demand is seen via total‘
press advertising expenditurc. This scems to have some offcet on increasing
the demand for higher quelity tractors boyond that dictated by other forces.

In particular,this could work in years when ncw models of higher horsspower

are introduced. Flnally, with regard to future demand, the actual numbcers of
units demanded sccms likcly to remain around the present level or even begin

to fall off, However in térms of fquelity demand is likely to increase if wage
earnings incrcase faster than real tractor prices, Most of the quality dcmand
is associated with demand for highcr tractor horsepowcr,

The change in gevernment investment allowance to the ncw cash grant sjstem

is likely to roduce demand slightly since the 10% cash grant is less of a
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flnan01ai 1nducement than 3 % of cost to be offset agzinst iax at the standard
rate. Although against this,therg is the argument that more farmers will apply
for the cash grant because it is easier to assess., It is interesting_that
regression éﬁalysis finds % investment allowances to‘be important in this case;
survey analysis of the manulacturlnﬁ sector in the U.K, has tended to flnd them

qporuant Plna11y, all the regr8331ons estimated may be cons1¢ered to be
structural only under the present wovernmental support syscem to agrlculture,‘

If uhlo was to be radlcallj changed then eyDecuatlona mlght pluv a much

1arner part in evrlalnlnv tractor denana.
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Lppendix & — Data Sources

Personal correspondence with the.Statistics Divisioﬁ,»Ministrv of Transvport.
- hnmial data on shipments provided by:- |
i)  Ford Motor Co. Ltd., Besildon, Fssex.
ii) *'iﬂternafional Harvester Co. of Gfeat Britain, London.
iii) deid_Brown Tractor Co. Ltd., Meltham, Yorks. |
Perkins Engineslltd., Peterbérough;_

v)  Mossey-Ferguson (U.K.) Ltd., Coveﬁtry.'

vi) The British Motor Corporation Itd., Longbridge, Birmingham.

vii) A1lis Chalmers Tractors Litd., Essendine, Lincs.

Board of Trade; Accounts relating to the Trade and Naviegation of the United Kinodom
December issues, 1948-1954.

and

Board of Trade, The Overseas Trading Account of the U.K., December issue, 1965.

Farmer and Stockbreeder Publications Itd., Farmer and Stockbreeder Year Book and
Desk Diary annual 1948-1956, reference section.

hgricultural Mechinery and Tractor Dealers Lssociotion Limited, 'Blue Book' 1965.

Stone and Cox; "Motor Specificatiomand Prices ", annual, 1948-1965,

Statistical Dept., Society of Motor Manufacturers and Traders; Motor Industry
of Great Britain, annual, 1948-1965.

(") Barnings of agricultural workers adjusted to include national insurance payments
by employers; confidential data from the Ministry of Agriculture, Fisheries and
Food - YWage and Emplovment Engquiry. :

(I) .Central Statistical Office; Monthlv Digest of Statistics , Jamuery issues, 1949-1966,

(J) Central Statistical Office; "Anmual Abstract of Statistics", annual, 1948-1965.

(X) London and Cambridge Economic Service; "Key Statistics of the British Economy
: ’ ,

1900-1964"

(L) Ministry of Agriculture, Fisheries and Food; "Agricultursl Statistics : England
and Wales", anmal, 1947/48-1960/61,
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Ministry of Agrlcdlture' Fisheries and Food; "Agrlculturgl Statiatics -
United Kingdom", arnual, 1946/47—1963/6A

and

Ministry of Agriculture, Fisheries qnd Food- nﬁricultural Price Indices
No. 55, June/July 1966. o ===

Meteorological Office; Monthly Weother Revort (Met. 0.763); September,
October, November and Deccmber; 1Q47~1964.

School of Agriculture, Cambridge; L Scrle of Lvallqble Workine Davs-
obteined by personal correspondence with N.4.4i.S., Leeds.

Personnl correspondence with
Legion Publishing Co. Ltd.,
Breams Buildings, - :
London E.C,4
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LAppendix B

1) Data relevant to the Dependent Varicble

Tumber of New
Tractors subject
to Hire Purchase
Agreements

Estimated Average
Horse-~power of
Tractors sold

% of Tractors
sold with
Diesel Engines

Estimated

Value of Gross

Investment in

current prices
(&)

Estimated Value

of the End of year

Stock of Tractors

in current prices
(&)

1048
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

5,072
4,322
3,837
4,467
4,684
5,505
3,951
5,428
5,922
6,472
5,022
5,277
4,151
4,288

5,510

4,607

14.065
12.448
13.261
13.818
17.016
15.550
20.239
22.569
15.477
23,474
28.887
31.140
27.271
29.565
28.75%
33.365
%2.868

36.778

45.06
50.75
54.63
58.75
65.63
70.27
79.10
86.54
85.78
94,61
105.54
116.63
121.47
127.15
131.36
139.00
144.79

.152.32

n.a, not available,
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2) Calculated series of the Explenatory Variables

Index of the
Average Price of
Tractors (%) =
Index of Labour
earnings (t—l)

Index of the
Real Price of
Tractors (t) <
Index of Labour
ecrnings (t-1)

Index of the
Lverage Price per
Tractor h.p.(t) <
Index of ILsbour
earnings (t-l)

Weighted
Bank Rate of
Interest

% of Farmsin the

U.X, of > 300 acres

103.9
108.1
106.9
114.8
122.3
122.1
121.6
117.1
103.2
107.1
109.7
102.9
102.1
101.4
101.5
100.6
101.3

107.5

244.7
226.9
208.5
205.4
180.2
157.6
145.9
139.6

127.8

116.6

109.9
199.7
95.7
90.6
89.1
83.6
80.3

8.7

163.7
167.6
167.3
157.4
155.9
150.1
148.2
130.2
121.0
112.6
109.7
98.4
95.8
91.3
88.%
85.1
84.0

82,2

*

*3%

The % in 1947 was 15.17%

Not needed for the regressions




2) Continued

Index of the
lwverage Price of
Tractors (t) =
Index of the
Price of Crops
(t-1)

Tadex of the
Real Price of
Tractors (%) =
Index of the
Price of Crops
(t-1)

Index of the
Price per

‘Tractor h.p.(t)

= Index of the
Price of Crops
(£-1)

'Real' U.K.
Net Farm Income
(t) (&m)

Veighted U.K,
Net Farm Income ___

(T7t=§]‘t+elit;1+l‘t-2)

6
(£m)

1947
1948
1949
1950

1951
| 1952

1953

1954
1955

1956

1957
1958
1959
1960

11961

1963
1964
- 1965

.88.4
93.5
108.5
88.7
100.0
121.4
.126.5
116.8
126.9

157.3°

*
180.3
156.9
158.4
147.0
118.3A
116.8
114.8
116.7
109.5
101.9
108.7
86.0
94.8
108,6
111.0

97.1
100.5

115.2

360.9
392.5
419.3
388.2
381.1
372.1
379.1
362.9
367.4
358.6
368.1
350.6
354.1
368.6
391.6
a1.0
397.3
407.2

*

* Not needed for the regressions,




2) Continued

Ixports of Used Tractors

Year 1952 1.953 1954 1955 1956
Tumber 800 2,400 2,249 2,190 3,111

Value (£€m current 0.150 0.800 0.764 0.614 0.774
prices)

Year
Number

Value (£m current
prices)

Year
Number

Value (£m current
prices
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