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 CHAPTER I
INTRODUCTION

Estlma‘tes of agrlcultural machmer'y ownershrp and operatlon

costs are a pOI‘thl’l of the 1nformatlon mputs used in the dec1smn makmg o

; processes in. agrmulture However most cost data presently avallable

exhlbrt certam deflelenmes as 11sted 'below°

LA smg}_e type of equlpment ma,y often be used for a vanety of

hpurposes under varlous physmal condltlons and Wlth ohffermg degrees

of care and mamtenance.. : Therefore 1t is difficult to obtam a cost estr-— :
‘mate for any partlcular a,rea or s1tua,t10n Most cost estrmates are: of ', o

\ three types The first - type s1ng1e valued est1mates of var1ab1e costs

have bee_n derived from ,eontrolled _e_xperrments q;nder a specific set of

conditions., Becaﬁse‘ of the expense involved, only a few of_j'the' nianj e
thousand pOSsible oombiné.tions of c-onditions'ae’tﬁally eﬁeountered in ©
- the fleld have been explored Therefore ~such data are rarely apph-. o

" cable to an actual fa,rmmg s:.tura,tlorln1 The second type, smgle-valued

For exa,mples of the type of basm data’ from Wthh such machin~ S

Very costs are derived, see Dept. of Agr, Eng., Nebraska Tractor Test -
‘Reports, Univ. of Nebro, Lincoln, periodical release or The American
- Society of Agricultural Engmeers, Agrlcultural Engmeers Yearbook

- 'St J oseph annually :




B estlmates of varlalole costs have been derlved from 1nterv1ews Wlth

L many farm machmery owners Often the estimate is an average ora

modal value of many cost observatlons Smce each cost.observatlon . |
was g'enerated underv differing conditions the average ori-mOdal cost has
very little meaning. If‘e‘aich’ observation was generated under similar

v condltrons the resultlng estlmate has the same def101en(:1es as 1f 1t

were derlved from a controlled eXper1ment that is, the est1mate 1s

_ not generally appllcable 1 The thlrd type ownershlp costs (deprema—‘j b

tlon and 1nterest on invested cap1tal), have often been computed usmg
-ratherarbltrary est1mates of total length vof ll:fe and standard ”1ncome .

| tax type” deprematmn mcludmg the stra1ght llne decltmng balance

and sum of year S d1g1ts methods Whlle these est1mates may be useful S

: for tax purposes or for 1llustrat1on of computatlonal methods they do

o not represent the true opportumty eost of a machme to the owner

o Actual depre01at10n as well as 1nterest on 1nvested cap1ta1 is: related to

C - actual market value It marl{etv Value is a funct1on of Varlables such as .

total hourly use or state of repalr then standard deprec1at1on schedules
N do not glve satlsfactory cost estlmates
"l‘hls report presents the results of a preltmlnary analys1s

' .~1nvolved in an. attempt to develop multlple valued cost estlmates—~the’

Slngle valued est1mates derlved from observatlons created
under d1ffer1ng conditions may be quite useful if the variance of the
estimate is small. That is, i the var1ous combinations of use do not
j.appremably change costs, ’



. pj'articu‘la;rva;lue.:c'lepending' on the s_ize‘andtype of equipment; andthe * ‘-

variety of conditions uncler whi!ch thls‘ equipment is bought sOld and

o used There are no pu’bl1shed reports on machmery cost ana,lys1s usmg___'jli

a s1mllar methodology

- Obj ectives and Metho_dology

- The general long range ob]ectlve of this area oi study is to o o
' }develop a system of multlple regressmn equatlons 1n order to estlmate
" each eomponent of machmery ownersh1p and operat1on cost for the
' many machines and machlnery combmatlons In view of the number of
o machmery 'combma‘tmns used in dlvergent areas ‘under dlfferlng condl-;T:
| , Atlons the magmtucle of the undertakmg is large Even by using high.
. " speed computers for proeessmg the hypothes1zed equatmns the tlme
and effort mvolved as well as the expense Would be very great

. This stud;y reports the results of a prehmma.ry ana.lys1s w1th

three specrf:rc ob]ectlves Flrst 1t cheeks the rellab1l1ty of costdata . .

colleetecl by the farm. survey method, .As noted, cOst data, of this type

N exhllolt Wlde varlanoe If these data are rel1able th1s varla,nce can be _'. S

. explained by correla,tlon anol/ or regress:ton analys1s If the var1ance '
‘ cannot be eXplamed the farm survey methocl of obtalnlng eost data.
becomes suspectf Secondly, 1t uses avallable data to seleot relevant

B varié,bles. from umong those variables hypothes:lzed as effectlng costs.,.' :



' iliv" the- more relevant yariables can be so 'se"leeted the "time and expense
: 41nyolved‘1n formulatrng‘ and testlng alternatrve regressmn models rnay o

" be greatly reduced In add1t1on the researcher has a better 1dea :of
‘the type of data necessary for- further analy81s Flnally, ‘this Study

’ serves as a gulde with respect to the amount of data and the tlme e
vrequlred for collectlng the req_u1S1te data needed for adequate regres-

slon .analysurs, :

; .. Methodology

. Correlatmn analys1s was employed to determme ‘Whlch of the
hypothesmed varlables Were 1nfluent1al m eaeh cost determlnatlon

Each 1ndependent varlable Was tested to d1scover its srmple correlat1on ._

Wlth the dependent var1able rather than formulate many alternat1ve sets

‘ '.of eomplete equatlons Us1ng thls method many varlables may be

tested Whl].e only those w1th hlgh s1mple correlatlon coeff1c1ent (r
_ values) Would be included in the formulat1ons used for regressmn anal- |
y51s Experlenee has shown that the - r value between the 1ndependent

“and dependent variables should usually be .00 or hlgher before the

For a eomplete summary of correlatlon analys1s see: Ezek1el

Mordeeal M ethods of Correlation Analysis, John Wiley and Sons, Inc.,

- New Yorl{ 1953, . Also Pearson, Frank A; and Kenneth B. Bennett _ S
‘Stat1stlcal “Vlethods John Wlley and Sons lne New. Yorl; 1951, pp 193—- o

: "195.



correlatlon can be a useful relatlonshlp 1_ The per cent of the variance
coin the dependent Varlable explamed by the va.rlance in the 1ndependent .~ -
"varlable 1s glven by rz- (the coefflclent of determlnatlon) For example ‘
a correlatlon (an T value) of 90 explams 81 per eent of the varlatlon m
the observed rela,tlonshlp, an r of 50 or less eXpIams 25 per eent or »‘-' -
,.‘Iess of the observed va,rla,tlon | | | |
If each of two or more 1ndependent varlables are correlatedw1th

a smgle dependent varlable a mu1t1p1e regressmn formulatmn may be

,' obtamed Here the varla,nce of the dependent varlable is expla,lned by

‘the eombmed relatlonshlps W1th all of the 1ndependent Var1ab1es A _‘
- multiple coefflclent of determmatlon (R ) expre_sses.'the peroentage of '

' variance so explamed B R

The multlple Rz is equal to the sum of the 81mp1e rz's only if

- each of the independent varia,bles a:c*'e unCorrelated 'With'the other. This.' S

4is rarely the ca,se Thus the Cross- correlatlon between mdependent
: varla,bles Was computed as well as the correlatlon between the depend—

ent and 1ndependent var1ab1es Here experlence has shown that if two

- .'1ndependent varlables have a eross correla‘tmn of 50 or hlgher the v

L This rule of thumb was Obta.med from Dr. Henry Tucker' Agri- .
eultura.l Sta,tlstlcla,n Un1vers1ty of Ar1zona ‘Tucson, 1n a personal 1nter~ 5

'\ view.



- ~1nclu81on of beth of these varlables in e multlple tegressmn analys.ts
'usually]“ Would be superﬂuous .

3 The exact xje]._e.tlonshlpbetween' the eimple correlation eoeffie— -
' ,“ientts"a’.nd a»multiple ceefticient of deterniinationfmay ’lee e\Xpress,e‘d‘.er; BRI
the two-—-mdependent—vamable case as follows B |

Let y equal the dependent varlable X and X equal the inde--

1 2
pendent V&mables, ) and ry. equal the correlatlon between the vamables‘ o
yand x,, then ST
T v 2 2 : ,
: S 4 + T - 2r T T
B2 . YAy YEg o ¥E; TE5 EgE
| = B

For example assume that two Varlables hypothesmed as belng related
to the variance of the dependent varlable have r values of .80 and '?0

. The intercorrelation between these two variables is .40. The varlables

i taken Sepa,re;telyf explain 64,pér cent. and 49 per",Cent, respeetive'iy,’ of i

‘the‘.-'variance in the dependent varia’ole‘; A Inultiple regression analysis,
v
analyzmg the combmed eXplanatlon of these two varlables Would show

o tha.t 81 per cent of. the total varlance Was explamed 2 - Had the o

_ 1 'The exception is when each of the independent variable's cor-
relatlon with the dependent variable is very hlgh——that is, approachmg
a value of 1.00,
2, .64+ .49 - 2(.80) (. 10) (40)

R® = TR A =L = 81
Tyxx, T TT-d6 - ,




intfercorrelation coefficient been .90, f-the .'i"n:c}.n‘sion of the second vari-

~ 2 - o
Aable in the ana,lys;ls Wonld be superfluous The R v X1 2 Woul d be 6 43 :

- again of only .003 over the value of the highest simple 17,
The Varlables hVPOtheslzed for ea,ch component cost estlmate R

. Were trea,ted in the afore descrﬂoed manner., Some variables beheved

- tor contrlbute to Varlous eXpla,natlons were necessarlly omltted due to o

.' the lack of data, or madequate means of quantlflcatlon Those varlables

.for Wh1ch seemmgly adeq_uate data were available were tested and’ the

_ results are recorded and chscussed in Chapter II Defmltlons. of thes‘e

varlablﬂ.es and the relatlonshlps actually su.bjected to emplrlcal anal‘ys1s :

are presented in Appendlces A and B.

B Source of Data -

- Data for this study were collectedby personal interVieW with
,Arlzona fa,rmers and ranchers in Iate 1960 a,nd early 1961 Answers
were. fa,rmer s est1mates or Were from the farmer 's memory thtle

1nformat10n was obtamed dlrect}:y from records

. The sample fra_me cons;sted of County Agrlcultura,l Stablhza— R

" tion and Conservatlon Commlttee hsts of farms and ranches Wlth cotton‘_ U

‘allotments in the four Arlzona counties of Maricopa, lea, Plnal and

‘ Yuma " This hstmg was selected to insure that plowing a,nd/ or dlskmg

? n _operatlons Would be common to. the entlre sample



Farms were stratified by ‘total.oropland acres as listed by the -’

ASC - From this stratlfled frame, a random proportlona‘te sa,mple1 Wa,s"
drawn Proportlona;te samphng was followed to compensate for the e

' Wlde variance in total number of farms in the dlfferent strata For thls,

, vpa,rtloula,r study stra;mfl-oatlon by farm size was not.neoessary Stratl—)"j i

fication by maohmery sizé or type Would have been more relevant
A v'Stratlfloa.tlon by farm size was done SO that data Would be apphoable
for other studles 1nvolv1ng economles of size. However the strat1f1~

catlon was useful for the present study msofar as machmery 81ze is

,eorrela‘ted w1th farm size. The sohedules used (see ooples in Appendlx SRR

tC) were not de51gned w1th the partlcular type of analys1s used in thlS _4 .

study in mlnd rather th1s study used the data as the best avaﬂable

Sohedules Were o‘btamed for 161 traotors 125 plows 138 ohsks ~'I o

: .a,nd 263 machmery oombma.tlons on 146 farms. Approx1mate1y 450 man

hours of 1nteriv‘1e_w labor was expended‘, CAll farms,‘ f;or‘ Whlch;sohe_ofiule;s & S

"were taken were irrigated and had cotton allotmeénts, With the excep- o
- tion of these two similarities there was wide variance in the type of
" operation, type of operator, enterprise cornbinati’ons; and level of

management.

1 Spurr Wﬂha.m A, Lester S. Kellogg, and J‘ohn H. Smlth
Busmess and Economic Statlstlos Richard D. Irwin, Inc., Homewood

Illinois, 1955, pp. 98-99.



CHAPTER II
THE COST ANALYSIS

: Machinervy:}efosts ké,r;e usna\llycvlaissﬂiﬁed into two: gronps for
‘economie 'e.naIYSise—variable costs and fixed. costs Vat'ieble costs are
'those eosts tha.t va,ry Wlth ‘use, If the ma.ehme is not used the cost 1s
not incurred. Estlma,tes of vat'te,ble costs.may. thus be made on’ s per
unit of work bas1s In this study the hour 1s used Cost per acre Would ‘
be another p0881b111ty Fmed oosts are those costs assomated w1th |
.ownet'shlp Deprec1at10n 1ntet'est on 1nvestment taxes and 1nsuranee ‘
are prlme examples of costs Whlch are usually oons1dered fixed, These_ '
eosts are presuma,bly 1ncurred Whether or not the machme is used
Cost per year is used as the unit of measure for flxed costs It 1s E
recogntzed that a portlon of the dechne in market value over time ;’

) *(depreemtlon) may be assocmted Wlth Wear due to use. If this is. true
a portlon of deprecmtlon and, consequently, a portlon of 1nterest on |
investment, becomes a varlable oost This hypothesns is tested in this :
study. - '

Inthe follotving analysis each of the vfariable and fixed cost
;comp'onents ‘ar,e eﬁtamin.ed in deta.il. In each cese a theoretical‘model". :



is hypotheS1zed Then the results of a prehmlnary test o:f thls hypothe— :

 sis are presented

_ Estimates Relating to Variable Costs

“Fleld Capacrty "

1"‘1e1d capa,elty 1s.defmed as the amount of Work accomphshed ‘by -
" a‘if‘a‘,fm maehlne 1n a rgl-ven nmtof tlrne~.—1n th1s eas‘e aores‘e.ov.ered per. "
'iiour. . Acres per, _hour required to béﬁbrm a‘ given operation nlnst'toe v
known in or_der’to,eorn;‘)ute lz‘aﬁbor_irequirenrents,:Inachineryreqnire—

' m'entS~ an& “in éombmation Wlth costs "p?ef .honr ;‘V":a.;rietblev'(i(')stsjper |
A,"acre The followmg rela,tlonsmps were hypothesmed for the field capae-

| ‘1ty of tra,ctors pulhng erther a plow or a disk. . AH followmg hypotheses

comnsider eaeh relatlonshlp under condltlons of ceterls pa,rlbus—-that 1s
call other thlngs belng equal. -
As drawbar horsepower 1nereases glven a partlcular 51ze of

- ‘tlllage equlpment the speed of the operatlon would 1nerease due to the

. 'a,blhty to operate ina h1gher gear As depth of t1llage is- 1ncreased a,ll o

other factors held constant fle];d capac:i.ty would decrease as it becomes‘}f'
,necessary to operate in a 1ower gear

Tota.l Wldth of cu’t ma,y aﬁect neld capamty in two wa,ys Inerea,sed
‘vndth. Wﬂl slow down a glven traetor in speed however fewer runs per

. ,aere are then necessary to eover the land The net effeet on 11e1d capaelty



. may elther be pos1t1vc or negatlve unless tractor speed is held con--

 stant. lncreasmg the length of run will 1ncrease f1e1d capacrty because Lo

"fewer turns are necessary per acre. Heavy so1l Wlll prov1de more

| | ;draft than Wlll llght SOllS' sod will prov1de more draft than nonsod
Fmally, the. tractor s actual performance per rated drawbar horse—
_ power will dechne as the cond1t1on of the tractor becomes poorer

: No .'data Were ava1lable'on cond1t10n 'of tractorsr and too little Lo

) '_data were avaﬂable on: prev1ous crop or crop res1due Therefore the R

_'_valldlty of these two relatlonshlps on fleld capac1ty were’ not tested
_Slmple correlat1on and cross correlatlon coeff1e1ents Were computed

between the dependent varlable acres per hour and the followmg '

' 1ndependent varlables——mammum drawbar horsepowerlgl depth of tlll— AN

' age operatlon and Wldth of equ1pment- -for groups of data classﬁ1ed
,_.vby tractor type and soil type Results of th1s correlatmn analys:ls are:

; shown below The functlonal relat10nsh1ps 1mp11c1tyly hypothes1zed by

gthe above dlscussmn are 11sted in Appendlx B | |

Fleld Capac1t1es for Wheel Tractors Plowmg and Dlsklng~— -

Drawbar horsepower is the most hlghly correlated Var1able relatmg to -

_ﬁeld capac1typwhlle plowmg (Table l)u Forty.—ﬁve per cent, 53 per ‘cent, ‘

: ‘For def1n1t1on see "Implement and Tractor " Red Tractor
o ,Book Kansas Clty, M1ssour1 1958 p 487 ‘ :
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Ta,hle 1. Simple Correlatmn Coeff1c1ents Relatmg to Acres per Hour
- for Wheel Traetors Plowmg m D1fferent Soﬂ Textures

! Drawbar 3 Totai

Total width of equlpment' |

23

! Des:lg—’ ! Depth ) .
B R S
'Variable ' X1 ] XZ:Z‘ ,. _' Xog - .
| , B L1ght Soﬂ (29 Observatlons) ke
~ Acres per hour Y, ’ 67 - A7 05
- Drawbar‘-horsepower- Xy .16 a2
1 Depth of tlllage ‘ , : XZZ a 49
Total Wldth of equlpment- X2 3 :
‘ , Medium Sdﬂ (9 Obeervations) L
: ,»,Acrejs per hour . YZ' NER . 34 8T
+ ~Drawbar horsepower X1 . O S 90 L
: Depth of Tlllap'e | , : X22 -.052'» :
Total Wldth of equipment 5 X23 '

A | | . " Heavy Soil (5 Ohservatlons)_ | _
'Acres per hour | o YS : 5;7'1 T " .,_095"»._
Drawbar horsepower | Xy ‘ - Al = -.29

- Depth of Tillage - Xy “.‘,01
: Tote;l width of equipmenh - ) X23 ' s
o | e o AL Soﬂs (44 Observatlons) o |
~ Acres per hour Y, 657 -.06 .01
| Drawbar horsepower Xl o : ',38_ 15
Depth of tlllage . XZZ C .39
X




and 50 per eent of the variance in plowmg f1eld capac1t1es were exnlalned j :
‘ ‘by tractor horsepower in the l1ght m_edlum, and heavy ‘soﬂs, respec—‘
‘t1ve;lyf,1 Whe_n soil type is disregarded, only 4:2 per cent of ‘thei vari- - '
_ 'anc’e is explalnerlo ‘Evlolently, soil type :ls also a relevant rariable;
Results were m;ixecl when horsepower and dlsklng field capac1t3r '
were correlated (Table 2) Relatlvely large pos:ltrve coeff1c1ents.appear-
for the llght s01l medlum so1l and all soil class1flcat10ns hut the
coeff1c1ent is negatwe for the heavy'so1l classﬁlcatmn llowever the
heavy 8011 class1f1cat10n was small contammg only f1ve observatmns
A slngle erroneous observatlon cou-ld‘have masked the true correlauon. ,
rhé cOeffilclents relatingvclei)?th to neld canacity w'ere‘ also of
mixed size and s1gn for plowmg and dlskmg Und;er the hypothes1s the
}coeftlclents would be negatlve that is, ‘as depth 1ncreases fleld capac- :
1ty. ,would decrease;. A ﬂlarge ;negatwe coeff1c1ent was ohtamed :for plow- '?'
'lng in heav;;r soil. ,lloWe’Ver',. ‘where‘ all soil types' are eonsldered, ‘the
"effect of denth seems to be maSkeol; The width—field,canacity coelfie :
R c1ents are hlgh and posmve Where w1dth and horsepower are highly

5 correlated anol are low or negat1ve where Wldth and horsepower are

E relatlvely uncorrelated or negatrvely correlated Thus 1t appears that'-a"f- o

wrolth varlahle alone Would aclcl very little to an explanatlon of fleld

1 Data in Tables 1 through 25 are r_, values that is, simple
correlatlon coefficients. . A coefficient of degermmatlon rzlj , Shows

 the per cent varlance in var1able i explamed by correlatmg it with

- variable j.



Table 2 Slmple Correlatlon COfolCleIltS Relatmg to Acres per Hour o
~ for Wheel Tractors Dlskmg in Different Soﬂ Textures '

Depth 7 Total

'De51g- , Drawbar | | |
of - 'Width of

! ! Y

Sy na,tlon ”:71; HOI”S@" N ' ;
' of-- " power ' Tillage
' Variable' = X e R

; Ver-iable ,‘

' Equipment

1 “e . - a3

" Acres per hour .

" Drawbar horsepower

» Depth of ‘tvll(lage
' Total width of equipment

Acres per hour
. Drawbar horsepower

.Depth of tillage

Total Wldth of equlpment- o

"«Ac‘r'es‘ per hour
‘Drawbar horsepower
‘ Depth of tﬂlage

X ‘Total w1dth of equlpment;

Acres per hour

: Drawbar horsepower SRR

Depth of m.lage -
‘Total width of equipment

b
tﬁ "

Nale
w

TR
=4

R
=4

(SRR

" b

Light Soil (31 Observations)
e iTA 033 7 .68
o ss U s
| 45

5

>
NS
N f

Medm’m; Soil (13 'Obs_ervations)' o
38 -1 52
-0 .89

| .04

6

22

Heavy Soil (5 ‘Obs ervations)

42 -.14
L 58

-.18
| -7
22‘,‘;. n79>'
23 . . | | .

“All Soils (50 Observations) ;
BT .28 - .63

24 L0

22 .38
23




s
vcapacrty varlance Ev1dently, tractor speeds are decreasea ;gust enoughf'
to. offset 1ncreased w1dth if w1dth is 1ncreased w1thout a corresponolmg |

mcrease in horsepowero

Fleld Capacrtles for Crawler Tractors Plowmg and Dlsklng—— -

"Nelther horsepower depth of tlllage nor w10lth of equlpment showecl

T notable correlatlon with crawler field capac1ty whlle plowmg or dlsklng o

o (Tables 3 and 4). If the data were rellable the lack of correlatlon

between freld ca,paclty anol horsepower and fleld capacrty and clepth

would mdrca,te that the- cra.wler tractors 1n the sample possessed a,ppre—‘.
c1a,ble amounts of surplus power. However if surplus power were ' |
available, surely fleld ca,pac1ty and wmlth would be correlated If no
decrease in speed is necessary as wrdth is 1ncreased. fleld capac1ty |
must go up. Since w1dth and f1eld ca,pa.crty were uncorrelated 1t must .

be concluded that the data were not relrable,' _—

" Fuel 'Consumption

In order to estimate the cost of fuel per hour of. operation fuel‘

consumptmn per hour must f1rst be known Cost per hour is then com- - g

puted a,s gallons per hour tlmes cost per ga,llon Grven a partrcula,r type
tractor (e 8o wheel tractor us1ng gasoline), the variables hypothes1zecl
as 1nﬂuenc1ng consumptmn per hour are (l) drawbar norsepower of

| tractor (2) tra.ctor S general sta,te of repalr (3) qna,ntrty and qualrty

" of day to day care the tractor recelved (4) depth of tllla,ge operatron



Table 3. Simple Correlation CoeffieientehRelating to Acres per Hour
for Crawler Tractors Plowing in Different Soil Textures.

' Total

- ' Desig- ' Drawbar ' Depth
; ' nation ' Horse- ' of = 'Widthof
Variable ' of ' power ' Tillage ‘'Equipment
’}‘Varia‘ble ' _ X1 ot X22 ! XZS :
' nght Soﬂ; (42 Observatlons)

- Acresperhour ¥, .29 -10° .18
o vDrawbar vhorsepvower . :‘Xl ' | : .;3;4:‘_ ~-.19

- Depth of tillage Koy o -.13

Total width of equipmentl ‘ngn SR

23

B Mediﬁrn Soil (13 Observations)

- Acres per hour ) Y].O .03 04 .13
Drawbar horsepower : Xl 15 .65
'Depth of tillage ‘ X22 .62
'Total Wldth of equlpment .' X23 ‘

‘ Hea,vfy Soil (10 ObserratiOns)
Acres per hour S SPRN L 07 .36
: Drawbar horsepower 'Xl o -.07 -17

: Dep‘th -of tﬂla,ge o -XZZ
‘Tota.l width of eqmpment . ng -
| | | AH Soﬂs (67 Observatlons)

Aeres per  hour le R 323' =01 | } |

" Drawbar horsepower X - % -.04
‘Depth of Tillage _y - Xo9 14
Total width of equipment X




E Table 4, Slmple Correlatlon Coefflclents Relatmg to Acres per Hour
: for Crawler Tra.ctors Drskrng in Different 8011 Textures

S ot Des1g—
~ ‘Variable

~ 'Variable "

‘Aeres per hour

' -Drawbaf horsepower
_ ‘Depth of tillage .
Total width of equipme‘nt

Aeres per hour '_
Drawbar horsepower
: Depth of tlllage

Total width of equlpment- A

Acres per hour )
» Drawbar horsepower .
7 'fDepth of tlllage
: Total width of equipment

~ Acres per hour

' Drawbar horsepower

 Depth of tillage
| 'Total width of equlpment -

" Drawbar " Depth‘ i _ Total
' ‘nation '  Horse- ' of = 'Width of .
of " power ' Tillage 'Equipment . -
% o2 %oz o
 Light Soil (40 Observations). )
Yy 39 06 44
X, R 1 2
Ko
: Medmm Soil (14 Observatlons) ,
R T .39
X I ~.25 - .84
X22 -.28 L
Heavy Soﬂ; (9 Observatlons) ”
Vg 26 e 28
X, - AT a9
,XZZ. .30
~ X23
AlL Soﬂs (65 Observa,tlons)', o
Y6 .37 oo A0
X -0z .2
Xy .06




.sig~l‘
' "(5) total Wldth of tﬂlage equlpment (6) speed at Whlch tractor is ‘oper'-» L
ated and (7) the type and condition of the s01l on whlch the tractor -
Wo_rk.s. |

Fuel eonsumptien is‘ a fﬁnefioh of geﬁera‘t‘eb‘i 'h.o'rsepeWer;L As‘j‘
éeﬁe‘rated horsepewer'ineree;ses, fuel c‘)onsumptiori inereases.l As |
: horsepower is increased, motor size also increases An increase in
motor size is accompamed by an 1ncrease in total tractor Welght The =
total Welght increase is a.ttmbutable to mcreased motor Welght plus a. |
proportlonal increase. in 'over-all tractor size and/or stx_'ength to facil-
itate utiliza‘tioﬁ of incrvea,sed powei*o Thus, as total weight and engine
g Siz’e'_'inereeSe; ‘fuel.-efonsﬁrhptioh necessary to run the .ti'a,ctor,»w:a;.theﬁt” ', .
: perfdrming ahy work. ihcr.eases, " For this reason fuel consumﬁtion W111 ;
rise as'ra'ted maximumfhoréepewer rises, all- of:her}th’ings being. con- " ) |

~ stant,

Fuel consumptlon 'Would be lower 1f a tractor is in a good’ state e

of reéalr than 1f in a poor state of repalr In fact, fuel efflclency 1s

. onge of the main reasons for repalrmg worn equlpment Repairs such
as’ spark plugs fuel m] ectors etce., _would be good exa,mples of the .
- type of repalrs Whlch Would contr1bute to a decrease in fuel consumed

' ) Data were not avaﬂable on the. tractor S general state of repalr There—

fore in the emplrlcal model it was assumed that the repair cost in

‘ Department of Agrlcultural Engmeermg, Nebraska, Tra,caor =
Test Reports Unlversnty of Nebraska, meoln years 1940-1961.
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| year Y would '?be"an irideéi of a traetor's stéite 'e‘fr"epair in year Y. The =

assumptlon Was that the greater the repalr cost the better state of

repalr the tra.ctor Would be in. Therefore fuel consumptlon and repa1r '.

cost Would be negatlvely correlated

By the qua,hty and quantlty of day-to day care is’ meant such

: pra,etlces as regular servmmg of the alr cleaner cleanmg and a,d]ustlng :

’spark plugs ad]ustlng fuel 1n]ectors etc These,servwes ar-e per-

‘_formed tQ _promote _efﬁment Oper_atlon,. It was ,assrlmed»'that_..the ameunt L "

of time spent on such servicing practices per hour of tractor operation

wouldl serve as an index of care Thus;"‘serviee time and fuel eonsump- R

‘tlon should be negatrvely eorrelated
~ Both- depth of tlllage and width of equlpment are hypothesmed to o

mcrease fuel consumptlon as depth or Wldth is 1ncreased ThlS 1s due

‘;to the mcrea,sed draft on the grven traetor Thus pOSItlve correlatlons - :

‘ w1th fuel eonsumptlon were expeeted

' . The speed at which a, traetor 1s opera‘ted will mﬂuenee fuel con—, .

sumption. Da_ta were ‘not avallable in miles per hour, so acres per hour

' were used as an index of speed. Presumably, there is an optimum

speed for most efficient operation. Fuel consumption per hour will’
,inerease for sg)eede'- bothhigherand'lewer than .this optimum.speed’

‘Type of soil (heavy, medlum or 11ght) and prev:l.ous erop (sod or non- . :'

" sod) both mﬂuence fuel eonsumptlon due to changes in draft Heawer -
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“soﬂ;s and sod coverage contrlbute to hlgher fnel consumptlon as opposed -

“to llghter s011s and 1o res1dua1 cover, H
Components of the functlonal relat10nsh1ps 1nrp11c1t1y hsrpothe— ’

’ *_srzed above were tested for emplrlcal relevance Results of th1s anal— |

| ys1s follow These relat1onsh1ps are listed in Appendlx B as Y toY

1'7

Fuel Consumptmn for Gasolme Wheel Tractors Plowmg and

‘ Dlsklng——On first 1nspect10n repalrs in year Y appeared to be a rele— o

. vant varlable for both plowmg and dlskmg in explammg the fuel use

) 'var1ance (Table 5) When plowmg, 66 per cent of the variarnce in fuel
' j‘:fuse 1s explamed by repalrs in. year Y and when d1sk1ng, 26 per cent of
the varlance 1s explamed by repalrs However the s1gn of the coef—
.frcrent 'should be negatlve rather than posmve under the h‘y’pothesm that |
““L‘repatrs 1ncrease as fuel consumptlon decreasesg The correlatlon could .
| be elther p051tlve or negatlve dependlng on the pomt in tlme When the
obser_‘vatron.of fuel consumptlon was 1ncurred° If the reparrs ,‘ocicur:red\

©.after an increase in fuel c0nsumpt10n was experienced the‘correlation

T ‘w‘oum “'be positive. But 1f the repalrs were made before the observatlon

. on fuel consumptlon was tak:en a negatlve correlatlon Would result
. Therefore the consumptlon rate needs to be 1dent1f1ed as to Whether 1t :
: refers to the consumptlon before -or after repalrs in order to formulate

an acceptab_le hypothes1s., . Data were n_ot avarlable to do.thrso

24"



" Depth of tillage

i Table 5. Slmple Correlatlon Coefflclents Relatmg to Fuel Consumptlon per Hour for G—asolme Wheel Tractors
B A.Plowmg and Dlskmg - : R— L .

“Total
Depth Y Width of

Drawbar .Rep’aifs, " Service '
B |
Cy.of Equlp-:»z
b4
1

- Horse- 'in Year Y ' Time

{Desig— .

. power - ' . Xg ~ '"pér Hour
4 . -
!

A\ T
' Py - Acres
', nation
per Hour
! ?
] !

Xon

‘A‘t';—v"ariab]_er ~of ; Tillage
’ Variable . X ' ment i
SR B 2z 'XZB” A

t - ! :
% L%

-~ -o..-...

N ,,Pilomng' (17 Obs‘erv'a"cidnzs‘) ' o
66 81 . .. -8 0 .27 .0
| 40 32 .30 .28 - 45

: 35 -4 19T 3
] 27 15 2%

| 44 -0k

| R TS

\ ,’E\le‘ltc'gh,sumption

IS
~3

L Dra,wbarhorsepoWér
‘ fRep_air_S in year Y. o

_“Bervice time per hour

=3

ST P A
Do D=

Total width of eqmpment T

e &
(4

‘;Acres per’ hour '

B
NG

Dlskmg (22 ,Obéer&ationéj , _
46 51 T 41 -24 30 5L
05 44 T -01 85 - .46
. 44 o1 48 e
L 13 6431
| SRR ¥ (R T N

- Fuel consumption - -

(=S

- Drawbar horsepower .. =

=

Repairs in year ¥

R

, Service time per hdur»
. Depth of tillage .
' 'Total width of equlpment o

b M b M
G CANE 4
- N

Do

A

: “Acr.es_‘ per _hour

Y




- Two other var1ab1es acres per hour and horsepower show
*relatltfeiy large mﬂuence on fuel consumptlon It was hypothes:tzed -
"that as acres per hour or horsepower 1ncreases fuel consumptlon
rinc'reasesz The p081t1ve sign supports thls hypothes1s in both 1nstances :
: 4 Acres per‘hour explains 49 per cent of the variance When plowmg and
26 per cent when dlsklng Drawbar horsepower explalns 44 per. cent of

the Varlance When ptowmg anle pe_r cent When dlskmgo The cross—

- correlation between acres per hour and horsepower is low enoughto . +.°

,Warrant the inclusfion of both Variabies tn the ,relationship,, One reason :
for rnorev explanation in the ¢ase of plowing is the association of m_ore;:
e draft ’encount'ered’ with the pioWing operation', ‘thus ahtgvher power__ B
reqnirement,, | -There is more w}ariance 1n the vdra:ft ;reqttirernent whehn

plowmg than when dlsklng

Fuel Consumptlon for Dlesel Wheel Tractors Plowmg and Dlsk— R

g——Serv1ce time appears to be the only relevant varla,ble for both

plowmg and chskmg (Table 6) Thlrty two per cent of the fuel consump—, ‘

'tlon variance is explameo‘t by service tlme when plowmg and 30 per cent"’ﬂ o

- is explamed when disking. Apparently, serv1c1ng is an 1mportant prac-

ttce 1n dlesel tractor mamtenance thus as more servme tlme is used

fuel consumptlon decreases Repalrs in year Y 1s a promlslng varlable SRR

When dlskmg, explammg 27 per cent of the fuel variance. The negatlve

, ?vs1gn of the coefflclents means that as servrce tlme and repa1rs are less



Table 6. . Slmple Correlatlon COSLflClentS Relatlng to Fuel Consumptlon per Hour for D1esel Wheel Tractors
Plowing and Dlsmng - : S

- . : -;Desj'ig-v : 'D’rﬁ ngr : : Re_pairs:: ‘Se_.r ‘_’-‘iée : 'Dépﬂ"&_? : ?W;_Ic‘i(‘z;a})f B 'E:‘Acres;
i + -nation ., ‘Holjse- 'in Year Yt Lime o, of -, Equip- 'per Hour
, V»a,rolable-'“ : ., o-f oy _power C oy % -, per Hour‘, Tllla,ge_‘ ' ment - ' X
, 1 Variable , X, =, 6 X7 ’_}XZ‘Z FEEIRE S 24
‘ S _ Plowmg (14 Observatlons) : : o s
| Fuel consumptlon Y19 ' .00 - 46 =BT _ég@ -15 A -16 .
Drawbar horsepower Xl 074?;" 19 37 o A4 0 ',80
' Repalrs in year Y _ , XG 45 -.10 . - =08 - . JT6
: 'Servme time per. hour { X"Z -,-‘;24_ o —05 2T
Dep‘th of tlllage ' X22 00 =09
Total Wldth of equlpment L “X% -.02
Acres per- hour ?(24
o » R o D1sk1ng (16 Observatlons) | J R :
Fuel consumption Y, -.08 -.52  -.55 -4 -2 -3
Drawbar horsepower X 13 A6 .28 19 .54
'Repalrs in year Y _ e :XG ' 45 41 856 - 68
'Servme tlme per hour , Xy 31 24 22
Depth of tlllage , X22 52 .48
Total w1dth of equlpment":'v LI Xg'g .65
: Acres per hour S X24

g
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fuel consumptlon w111 1ncrease° Tractor horsepower in thls category O

k showed no 1nﬂuence on fuel consumptlon whlch indicates that the trac-— .

_ tors had power.'m .surplus of that neede’d for -plowmg andoh.shlng° No. \'

logical e'xplanation can be ‘offered as to why the repairs in year Y coef’—'.,’." e

ficient had the right sign When considering crawler tractors and the'ﬂ |

B wrong 51gn for. wheel tractors lefermg results must be due to chance -

" in how the data were ohtalned as explarned in the above drscuss.ron of -

, gasohne tractors

Fuel Consumptron for’ Crawler Tractors 1, Plowrngj and Disking-'-’.—‘-éz'?u

Drawbar horsepower is a relevant varlable for hoth plowmg and dlsklng

, Forty one per cent of the fuel variance is assoclated w1th horsepower

. 'when plowrng and 35 per cent wnen d1sk1ng (Table 7. The ~1ow coeff1c1ent"-"‘_"'}'

value for acres per hour when plowmg suggests that plowmg is'a more"

. _constant operatlon wrth 1ess varlance than dlshmg That is, the speed

of plowmg is. relatlvely constant whereas the speed of dlsklng 1s sub]ect
to a w1der speed variance. | | |

CAlLL other varlahles tr1ed had mlxed s1gns and values thus lrttle' o
' can be concluded concermng thelr 1nﬂuence on fuel consumptlon |

Fuel Consumptlon for All Diesel Tractors Plowmg and Dlsklng-—

' When all dlesel tractors are comhrned drawbar horsepower is the only : _:3’

o 1 All c_rawler’ tractors“had Zdie’sel hurning engines.



| T-a]f.é; 7, Slmple Correla‘tron Coefflclents Rela‘tmg to Fuel Consumptlon per Hour for Crawler Tractors
o ‘Plowmg and Disking. :

Total width of equlpment .

 Acres ,perhour :

S B
= W

42

= s - = - = e
o D Doy poprs oSS 0 DO widior ¢ Asses
Variable_. - : ~of . power m %ar Y : per Hour , Tlllage : i%?f ol ,pngHOer
Variable -, Xy e 6w Ky 0y 0 Ty 0 B
) _ o ‘ Plowmg (59 @’bservatlons) :

Fuél cbhsumption’(‘diesel)i; o Y,y | .64 13 o =07 e ;.;,26 . - 03 14
Drawbar horsepower . ‘:Xl : R .18 . 16 .38 ;—7009 _ .15 |
Repalrs in year Y. Xﬁ ‘:91‘7 ' -.?0]} L. =.260 _-;,71@;9 s

- Service time per h'our. X7 ~ =26 ~.14 —14

»»V_A.Depth of tillage .~ Xy Co1e -08 o

- Total W1dth of equlpment ‘ - ng ’_ .25

.;»,‘Acres per hour : 'X% : SR o

R . DR o Disking (57 Observations)- T
Fuel consumption (d‘ie‘v‘sel)‘_“ Y, | .59 .24 o . 05 .20 46 - 53
Drawbar horsepower | Xl 31 1T =04 L0 42
| .Reparrs m year Y B XG .21 .04 | 29 _:_.608_ _
o :;:;"Ser‘vrce time per. hour - XKy ".—‘60?‘“ 04 | -—°._1;i: ' '
Depth of tillage - - Xy .06 01
K
X

s
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notable varlahle explarnmg 32 per cent and 26 per cent of the varlance '.
in fuel consumptlon When p}.owmg and chshlng, respectlvely (Table 8)

Results for th.e other- varlables Were mlxed and were not simi- -
~lar between plowmg and chsklng It was hypothesrzed that by combmmg T

- all chesel tractors better results mlght be obtamed than with the mdl— |

: V"v1dua1‘c1asses Thrs would be: true 1f there were not enough varlance

"Wl‘thln the 1nohv1dua1 classes and the class chstmctlons had no real
" ,"‘meamnga. If the class dlstrnctlons had meanmg, then the expected

‘resu].ts Would he poorers Poorer results were obtamed 111 thrs case.

~-Cost of 011 and Grease for Tractors and ][mplements

Many lndependent varlables are thought to mﬂuence tne cost of ey

" - 0il and grease used hy tractors plows and dlSkS Some Were quant:.—» -

f:a.ahle others could not he quantrfled per se. Those varlahles whlch

‘were not quantr.fled 1nclude (1) tractor crankcase capac1ty, (2) chffer-

-ences in tlme between serv1c1ng, (3) type of lubrlcant useo‘l (4:) the con— : ":
i chtlons of sale, i, e.,, the reﬂectmn of prlce ohscounts and (5) the total
amount of 011 and grease used in a glven t1me

Varlahles tested for correlatlon W1th 011 and grease costs for

. tractors are (1) drawhar horsepower (2) model year of machine, (3)

Ll reparrs in year Y (4) serv1ce trme per hour of operat1on (5) pr1ce of T

oil; and (6) price. of grease For plows and dlsks size of equipment

.



~ Repairs in yéar Y

, Tab]ie 8 Slmp].e Correlatlon Coeff1c1ents Relatmg to Fuel Consumptlon per Hour for Ail Dlesel Tractors
' Plowmg and D1sk1ng D . : : A

' Total
’Wldth of ' Acres
. ot R S . :
‘Tillage . .i%liip P Q%HO“Y
‘ L B 24 o

Drawbar . .., Service , Depth

. 1
Des1g— '
‘Repairs !
Horse—- P ‘Time = -~ of -
r
1

1
1.

natlon :
! ‘m Year ¥ '
' power 7 ,per ‘Hour
7

X T X

of

e Var;iabllle'g »
' B Varlable '

R R T )

' P92 - XZS

) Pibwing (73 _Ofbsf_ervations)‘ | _
570 .29 o 00 .4l a1 .23
28 - a8 4508 4l
20 At -8 -4
Coo-19 0 -08 =03
" R TR
2T

=
B
XS

- Fuel _conSumptioﬁ

4

Drawbar horsepower

M
Co

DS =T
e

. Service time. per hour |
* Depth of tllla,ge '
" Total width of ,equipfment L

M

4
AN
[WV]

M

Acres per hour

B
e

| | Disking (73 Observations) SR I
51 .85 o1 a1 s 80
% 19T 5T
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is used in 'place of tractor drawbar horsepower 'Separate cost esti-
: V,}mates were formulated for tractors and plows and dlsks

Assumrng regular serv1c1ng, 011 consumptlon is a functmn of

' horsepower As horsepower 1s mcreased crankcase capacrty 1ncreases

‘ thus the amount of 0il used 1s greater wrthm a glven tlme perlod Newer e

":model tractors are des1gned 80 that less ‘O no regular greasmg, is

o . requlred For thls reason the amount of grease used would be nega— T

" t1ve1y corretated or uncorrelated to ageb
| Repairs in ye’ar‘Y was Aused agarn ‘a‘s‘,an ti'n'der to 1ndlcate ‘coudi-; _\,t o

“tion, . | A tractor iu poor mechanical repair would usé more Joil,fand»

» -':grease than a comparable model in good mechanlcal condltlon,: Serwce \

tlme is’ also an 1ndeX of general tractor condltlon .Condrtrou would

. . deterlorate asservrce time is decreased,‘ thus mcreasmg.oﬂ consurrllp—‘ :

~ tion, g |
FP-rice. per uuit of oil and '.greas‘e' presumably is related to 'quality,
' ‘Hrgher pr:a.ced products are represented as possessmg hlgher quahty

"than lower priced products° Thus the use: ‘of hlgher pr:a.ced products

’_would decrease wear whlch 1n turn reduces consumptlon 'Whetner the o

iy ;,decrease in consumptlon would offset the hrgher cost 1ncurred is not

Z'i:mown° It is obv1ous that hlgher pr1ces push costs upward
The cost of 011 and grease used 1n a grven tlme perrod would

be a functmn of the total 011 andgrease ,used in that period. The cost o



"_'Would increase proportlonately as mcreaseo‘i amounts of lubrlcants ‘
are used The ma1n reason for 1nclud1ng type of 1ubrlcant in addl‘tlou\;"’;{‘ B
~ to price, is to reduce.varlanoe in prlce of specﬁlo types due to bulk
purchase or quant1ty dlscounts R | ‘

' No data were avallable for type of 1ubr1cant used nor for total

‘ quantlty used in a given time perlod,,, Crankcase capa(:1tleswere avail- -

.' able a'longi};\‘avith.tims’(hours_) between otl,ohanges}‘ and greasin;g:; ' Héw; e
. s"ver, no data as to how ﬁmch' oil or. how 'muich gréasé was used be_trvee_n: o
~regular service perio;ds weré obtaiuedo |
. Implémeht oohstdsrat'ioris“ iuuolrfe the variable‘sivze':in; plaos of o
 tractor horsepouzer; The lubrioation requiremsnt‘ Would 'i_norease"as |
- size of plovw‘- o_r disk is ,ir_,loreased,, E‘or e‘xaruple‘,':with a moldboard '
, ploW, a ckertainf amourlt of grease i_s'réquired for each moldboard., :Thus'; __ |
as additiorialvmoldboards'are‘employsd; g‘rease»reéuirements will - -
: ihcr‘e_aselproportiouatelst;" In the case of_disks, as Wldth islinc"reassd
. | the amount of greasé ‘required Wouid irioreasé in ’proportion
| The varlables tested for correlatlon are hsted in Appendm B
'under Y% 28 Results of thls ana].ys1s follow H

Cost of Oil and Grease for All Tractors and for Plows and -

Dlsks—-No varlable exammed showed any promlse of explammg an’
: "apprec:lable amount of the cost variance of oil and grease for tractors

plows, jor dlsks (Tables— ] and'lﬁ),, ‘This is likely due to two '.fac‘tors°



Table 9 Slmple Correlatlon Coefflclents Relatmg to Cost of 011 and Grease per Hour of @peratlon :for All

Tractors. -
L o ‘,Desig-?_ :'-Drawbar- . Model . Repairs . -vSeFrvme . Price . . Price -
:Ve;riaible C netion v - Horse- . Y(e)ar»  , in Year Y, ' per ggzr‘ " —of v of -
RS . ' -of., -+ power . o XG X . 0Oil v Grease
 Variaple , X, .. T4 P R s I 1 N
S | All Wheel (60 Obeervatiqns) L | o
' Costof oil and grease Y, 05 04 405 -2 43
Drawbar horsepower Xl , .83 o 58 - <18 -.09 -.05
T.Model year. o X, S 1) G 08 0 -03
Reparrs in year Y :XG ’ W22 -.19 22
-Service time per hour Ky .12 .00
- Price of qi]; (per at.) "Xg ' - -.01
Price of grease (per 1b.) - XIO ~ L | .
| | o - o All Crawlers (76 Observations) o
Cost of oil and grease : "Y% .04 - 08 12 29 .10 . .36
_Drawbar horsepower ' .Xl | 22 o ;-029; .16 -.10" —502
Model year Xy ] y-_,,O;S o ";7;‘-“,10 | @4 . 0T
| eRepalrs in year Y Xy L 2l =14 ,-';08’
- -Service time per hour ’ X,7 - =02 -.02
- Price of oil (per qt.) Xy ' ' ~°03.
‘Price of grease (per 1b.) .Xl()’ '



- Table 10. Slmple Correlatlon Coefflclents Relatmg to. Cost of Grease per Hour of Operatlon for: Plows and :

Dlsks

:Vai'i:able

. % wa -

_ Des'igr-
nation -
of

- Variable

- = T ee

.Price. .- v

- Grease

Model '

of ' Year of . '

Tmplement ' %
’ 1]

Lo " Fg o 2

.. Repairs .
in Year Y

Servilcve. ,
‘Time

per Hour
J&zl

e e |

Number of : .

Bottoms

orDisksl

%95

. Cost of grease

Price of grease (per l'b)
Model year of 1mp1ement
;Repairs in ﬁYearr_Y’ -

- Service time per hour |

Number of bottoms or d‘i.sks

- Cdst of grease
Price of grease (per 1b.) |
‘Model Year of implement
Repalrs in year Y | |
Bervice time per hour
Total width Qf disk -

=

=t
o

© «

o
i

o
(2

&"4
c

SR
5

=
[o0]

e
=

e

 §4

1z 05

- Plows (99 Obserj}atiéns) :
-.09
09 - 09

M2 0T

.08

Disks (109 Observations)

AR
. : 009:,

=03

-9

-.02
o7
.09

' 7;»15:

-.02
06
.08

15

.04

“x""fw04 :
C L3

a8

- of Disk

%23

-.08

.13

25
.31

‘. 031 i Lo ‘

X
&9

o 1 Number of plow i@ottoms for moldboard plows or 'humbgr'o:f“dl_i}s}g;ﬁ-_., b'lade_s; for disk plows,.

Total Width .

_:.'Ig | .



First, respondents had no absolute measure of the actual amount ofvo:i_l'\

_orvg'reas‘e‘used”:foréach;servicingo ‘S'ec__ondly,‘ while the relative cost S

 variance was large, the absolute size of oiland grease cost per hour '
_Was,,ver‘y small (one to nine cents)}. Thus, the rather crude indexes

used as explanatory variables were not sufficient.”

4 Cost of Repa1rs for Tractors and Implements
Repa1r costs contrlbute to a substant1a1 port1on of the total per :

hour operat10nal costs Most repa1r costs ‘are a result of use; however

some result from age alone An example would be repalrs to batterles -, .

:Batterles are often replaced once a year even 1f the tractor had llmlted i 8

" use. I such repalrs are relatrvely constant over the tractor lifetime,

j: | -they would be uncorrelated with agea : Gther repalrs are assoc1atecl w1th RN

" use. . For example tlre cost (although a tire w1ll deteriorate with age)-

5 ancl motor repa1rs woulcl be pos1t1vely correlated w1th use.

Repalr costs are a functmn of drawbar horsepower As horse- L

. power is- mcreased repairs w111 also increase because of the larger
'morei complex component.parts of hlgher horsepower tractors.,_ o
The amount of service time employecl per hour of operatlon
could 1nfluence reparr costs When serv1ce tlmee is adeq.uate repa1rs.
| would be at a m1n1mum because wear has 'been curtallecl w1th1n practl—-."

cal llm1ts lnadequate servrce tlme woulcl contrlbute to mcreased wear



' _Which iri turn Would increase repair costs Above»a certaih 1eve1 e'riitra

serv1ce tlme Would probably be superﬂuous and not correlated w1th

repalr

leferent types and temures of soll possess ohfferent abraswe e L

: quahtles The degree of abrasweness is assoclated W1th machme Wear,'-' R

' "Sanoty and gravelly soﬂs have hlgh abraswe effects thus Wear Wou]_d
” ', be greater in these s011s than in a loam or clay type soil, ,Increase_d _‘

' wear contributes directly to increased repairs..

Irresponsible and careless operation of equipment increases- = <

r‘epaiiﬁ ‘costs, ?Exemple'S- wouloi; be' operating‘ yat too ihigh a‘spe'edﬂ _o_i" tlir_rizé»--::':-:' T

- -ing around field ends with plow in"gfrouﬁd? ‘There is.no absolute meas~ . -

ure of'skili so it was' not possible to determine the correlatioh between 5

‘ tskﬂl and repa,lrs

Number and size of plow bottoms or . chsks and total Wldth of
: disks are r'hypotheslzed as addltlona,l mﬂuencmg varlables on yepat;:__, o

g cost's of these implements In the ca‘seiof plows-‘ a certain‘ a‘mOunt of

, _repalrs is a,ssoclated W1th each bottom or dlsk Thus as adchtlonal :

‘ bottoms o dlsks are added repair costs Would increase, The same .

is true for dlsks As add1t10na1 W1dth 1s added an 1ncrease 1n repaurs S

is expected because of the assoclated repalrs w1th each Wldth compon—-

ent For example 1t Would be expecteci that the repalr cost of a 14— R

o foot disk would be tw1ce that of a 7 foot dlsk of compa,rable ma&e and SRR

' model;
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The varlables tested as affectmg the Varlance of repalr costs
are (1) drawbar horsepower (2) age of tractor (3) total accumulated

hours, and (4) SerV1ce time. per hour of operatlon

Data were too 11m1ted to 1nclude type and teyture of soﬂ in the s

formulatmn nor was there adequate means avallable to quantlfy oper— |
ator.skﬂl or dependab;a.11tyo The results of thrs analyses are shown =
below.

Repalrs for Tractors——No promlsmg variables appeared (Table s

"»'1 1) There was however a h1gh posrtlve correlatlon between age of

‘ tractor and total hours use. Thls shows that there was a smlﬂarlty in

L ‘, the numher of hours of use per year for tractors of Slmﬂar ages

Repalrs for Molo‘iboard P].ows--The results show no relevant o

v ‘variablges were-dtscovered‘, Mos_t vames were low and of mlxed sign. ‘
(Tahle 12).

Repalrs :for Disk Plows--For dlsk plowmg in sand;y soﬂ age of |

1 plow and numher of dlsks appear to be relevant variables. Age explams" SR

46 per cent of the variance in repalrs whereas number of chsks explalns
35 per cent of the repalr varlance (Tahle 13). There is, however a
‘hlgh correlatlon between age and numher of dlsks ThlS was a Very f '
1sma11 sample Ev1dent1'y, by chance the older disk plows were all the

] largest ][n all classnlcatlons age is hlghly correlated w1th total use; r

Thus, while repalr costs appear related to age alone they may be



’ Table 11 Slmple Correlatlon Coefflclents Relatmg to Cost of Repalrs
per Hour of Operatlon for All Tractors. .

Desig- 'Drawbar '

Cost of repairS‘ -
'Drawbaf hors'epower
Age of tractor

" Total hours used

‘Service time per hour -

Cost of repairs

Drawbar horsepower

: .Age of tractor

Total hours used

.4 Servme time p,er.hour' "

'=< ‘ .

! ! Total ‘,Serx}ice
I “"pation ' Horse- i Ageof Hours. ' Time. .o
Variable oy S ~, Tractor |, : SRR
of power ' % Used 'per Hour .
' 'Variable '+ X, ! 3 X R
K I ’ 1 5 t 7
R o Al Wheel (60 Observatlons) |
Cost of repairs “Yég" a1 22 =15 o8
Drawbar horsepower :Xl .34 Q ;,11_ - .18
| Age of tractor . .-X3 .46 ~.05 o
Total hours used X - o4
" Service time.per hotur ° X7

All Crawlefs (76 Observatlons)

0 18 .22 -0z 06

X .22 23 16

'X3 ' AT CoW10
bl %
X, ,

- All Tractors (136 Observations) =
Yy 80 T2 93
X o 02 .8 .25

g | ;,54/‘ ,. '”..,12
X5 ‘ ;‘%.,29
X,
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| Table 12, Slmple Correlatlon Coeff1c1ents Relatmg to Cost of Repalrs per
R - Hour of Operation Plowmg w1th Moldboard Plows in leferent
- 8011 Types ‘ : 4 S co _

1 Serv1ce ! !

o

SR, E:tsi;i' of ' O imime o Nocof P2
Vaviable - ' of  'Plow ' """ t'per 'Bottoms 'podo oo
| o Varis o Xyp 0 19 LHourt B Kot My
aple - 10 ML onxy, o # T
- ' R AH_Soil Types A(69,-Obs!ervations)
Cost of repairs Yy, W1 =08 T 07 0 2410
 Age of plow Xy 50 ~.16 .04 . ~.08
‘Total hours X19 -.02 f 045 .16
Service time per hour Za1 L .14 - 06
Number of bottoms - Xop .33
Size of’bottom_s : ' X%
‘ ‘ ‘Sandy Soil (24 Observatlons) ,
" Cost of repairs Yo -2 -2z 01 .07 36
Age of plow . . Xy 64, . -23 .11 .27
' Total hours N Xiq -.32 .52 " .53
‘ Servme tlme per hourr Koy 00 “ .10
Number of.'bottomsk X25 44
.{Size‘"of bottom_s ;o9 | o
| o " Other than ,San_dyf‘Soil' (35 Observations). = -
Cost of repairs ‘Y34 ' 33 o .06 .08 35 " .,:.1.61;
Agé of plow X 30 .-25 .13 -.05
_Total hours _ ‘Xlg = 12 | ‘r,51:1_‘» N 012
Service time per hour XZI ' 17 . .06 |
. Number of oottoms | X25, .31
Slze of bottoms X

1 D
D

A 1 Total lifetime accumuﬁla,ted hours.
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Table 13 Slmple Correla‘uon Coeff1c1ents Relatmg to Cost of Repalrs per
: - Hour of Opera’mon Plowmg with Disk Plows in Different So11 Types

V]
[op}

-1 IR 1 T 1
. o ! ]I);ztsllfn ! _Augfe ! ggltlrlsl 'S;I‘I;lg e' No. of ! S:Ee :
Variable ‘.oof P Plow T ' per - ' Disks - ' Disks. .
‘ ' Vari- ' Xl? ‘718 T Hour ' Xy YT T
! oable SR | "Xy "  BT ;26
. "All Soils (21 Obsérvatibns) : o
Cost of repairs Ve .3 .18 27 .29 .01

- Age of plow: Xy .60 -.32 A7 =17

" Total hours ‘Xl@ - .02 53 .33
»-Servme tlme per hour ,Xzi ._31"7' - 03 ‘
Number of disks X5 . -;54;_ B
;Slze of disks Log . - .

S ~ 'Sandy Soil (10 Observations)
Cost of repairs Y, .68 .32 -22 .59 -.31

- Age of plow XI’? : 13 - -.19 80 . -.50
' Total hours ¥ Xig .05 .63 ~.15
Ser_vme time per hour XZl —,,1() 51
Number ‘Oi ;diSks . X251 -.45
Bize of disks ﬁ»Xz 8 S

L ther than Sandy, Soil (8 Observations)

’_.Cost of repairs Y, W18 12 =25 .10 50
Age of plow ‘ Xl’? .56 -.74 - -.38 .50
‘Total hours X19 . =37 .23 .13

| '-Servwe tlme per hour 'X21 . 1539 o }:.—.,33-. L

’ Number of dlsks X25 —539 i
Size of disks " X

T

Total ‘bl'i_fevtime accumulated hours.
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indirectly related to use.. A Significant negative value appears between "
number’ of dlsks and size of dlSK Whlch 1nd1cates that as size of d1sl§s

is 1ncreased number of dlsks decreases In sandy s01l service time

is negatlvely correlated Wlth size of dlsks 'l‘hls means that as size of S

dlSkS are 1ncreased service tlme decreases because as size 1ncreases
the numloer of .d1sks decreases -Thus  less service tlme is requ1red

ln all 5011s and 1n sandy s01l total hours is pos1t1vely correlated with

;number of d1sks Whlch 1nd1cates that as. number of dlsks 1ncreases total{ 5‘ .

use W1ll increase. Thls is probably due to the practlce of ‘!arger plows e

o bemg purchased :for larger operatlons Other high correlatlons appear

1n these results but due to the m:lxture of value and s1gn their dlscus-

sion seems unwarranted:

,/Repairs for Disks--No notable v‘ariables"appear in the disk

repair'analysise, All values are 'helow,‘;Z,B‘(Table 14:‘);-(' -

'Cost of Serv1ce Labor for Tractors and lmplements

| ’l‘heoretlcally, the cost of serv1ce labor used per hour of opera— ‘

tlon is affected loy the followmg relatlonshlps

Late model tractors and eq_ulpment requ1re less servmmg than o
- do older models ’l‘he use of sealed bearmgs in the later models has e
greatly reduced or in some cases el1m1nated regular greasmg° Thus -

' 'the later models requ:i.re less serv1ce tlme



Table 14, Slmple Correlatlon Coefflments Rela,tmg to Cost of Repalrs
' per Hour Dlskmg in Dﬁferen‘t Soil Types '

1'Service'

~Cost of repairs .
Age of disk

Total hours

yServme time per hour .

Total Wldth of dlsk

O

|

Other than,Sandy Soil (46 Observations) e

R
o

[V
(V]

07

.35

=09

AL
A4

07

".'"i: 30 _

1 N ERY
v '111)553)%1 v Age ! T otal ™, Time Vri(g}tagof
ST e i o Hours ' per ' Disk
Variable ' Vari- ]%;sk,. ' 19 ;, Hour ' 4.ij37 5
table ' 1T b Ky )
o AlL Soﬂs (95 Observatlons) '
Cost of Repairs Y, .06 -09  -16 .06
 Ageofdisk > 25 -.06 .24
Total hours , ‘ ._ Xlg B .20 .25
‘Service time. per hour '~X21 | .28
I‘otal width of disk .'_XZS
Sandy Soﬂ (36 Ofoservatlons) L
Cost of repairs Yo 077 06 28 04
Age of disk - Ky | 341 o '—‘,%()6'»"“‘;'_—}44
Total hours X19~ e : ,1‘1‘{ .23
Service time per hour . %oy .20
Tot_al widthf‘ofdisk -‘XZS

-.21

Total lifetime accumulated hours.



‘The amount of time spent in servicing directly influences the
service cost. It costs twice as much for labor for a ten-minute service
time than it does for a five-minute one, So, as service time increases.
the cost incurred also increases.

‘ The prme palo‘l serv1ce 1abor per hour 1nﬂuences the total hourly‘ :

fservme cost If ten mmutes Were used for servmmg, the cost for labor [

- at $1 25 per hour Would be 25 per cent more than if $1 00 per hour was
'}"’vpald for labor Thus an mcrease in the hourly rate wﬂl increase |
service cost glven the same efflclenc y level of labor.

‘ Small 1nadequate or 1neff1<31ent serv1c1ng equlpment mduces

higher service cost., , When small grease guns are used, extra time is

required to fill the gun before -1ubrication has been completed. Any time

‘consumed that is not used in the actual service operation increases the.
service cost.,
When individual containers, such as quarts of oil are used, addi-

tiomal time is consumed over using bulk facilities. If such a practice is.

followed, then éervice costs will 'nécessarily increase over that of bulk A

handhng
| In summary, the varlables hypothesmed as bemg most 1nﬂuen~

tial in the cost of serv1ce 1abor are (1) model year of machlne (2) serv-

- _"ice tlme expeno‘led per hour of operatlon (3) the prlce pald serv1ce |

labor (4) the adequacy of efflclent serv1cmg equlpment and (5) Whether‘ e

, bu]k _or ,separate .c;o_n.tamer materials are used,
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" Data were not aVailable ‘on the adequacy ‘of servicing eQUipment :

.or container types. Correlations between service cost and'.the hypoth- = -~

esized independent- variables are presented'below.u

 Service Laborfor rI‘rac‘vt’oris‘-- -"In.all classifications the amount of ©.

service time appears to be the one varlable which eXplalns an apprec— N

| 1a'b1e amount of. the service labor cost varlance (Table 15) Slxty one O

per cent 79 per cent and 72 per cent of the Varlance is explalned for

all Wheel, all crawler, and all ,tractors, respectively. ‘Little corr-ela—\ L k‘ .

~ . tion exists ‘,het-ween arnount of vserrice.t’irne and nrice paid service la‘bor,
Price showed only' a emall "i.nﬂuencevon cost.. Since priceand time 'vr.ere o

1 not negatrvely correlated th1s lack of correlatlon ev1dent1y was not duej v
to 1ncreased efflclency Apparently, the varlance observed in the prlce , a
: of service labor was too small to have any effect That is, the prlce of
.. service la'bor was relatlvely constant therefore 1t naturally was not ;

| correlated w1th anythmg | | - | )
Model year had a low correlatlon w1th the cost of servrce labor

whlch 1noh.cates that 11tt1e 1nﬂuence is exerted by model year or that ",

the amount of service trme is'so 1nsrgn1f1cant that any reductlon is of - o
little effect |

Serwce Labor for Plows and. Dlsks-—The on].y varlahle promls -

ing to explam the var1ance of service Zi.abor cost for plows was amount

i of servlce time (Tablev 16). Twenty—flve pe_r} cent of the_ yarlance was .
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“Table 15, Simple Correlation Coefficients Relating to Cost ofSe:rvice o
~ Labor per Hour of Operation for All Tractors.

Variable

' Desig~ ' Model 'Service ' Price
" nation ' Year ' Time ' “of _
! of '. of ' .per 'Service -
' Vari- 'Tractor ' Hour ' Laborl
T : able t X4 1‘ “ X7 ot ’XB ‘

Cost of service labor

4Mtc,)de‘1 year;bf tractor 3

Service time per hour

Price of service labor

: Cost of servic‘e labor

Model year of tractor

. -Bervice time per hour - -

Price of service labor

" Cost of service labor

" Model year of tractor
Service time, per;ho‘u;r .

Price of service labor

UAN Wheel. (64 Observatith) -
Yoo
‘ S05 0 ¢ -.08
X, S - ~.°10

AN Créwlléijs,(léé é()bfsveyrvatio;r;is)'
Yyo =~ 002 B8
=14 09

%q'}d e

8v.

;,43

13 L1000 85 .36

Mﬂ% »&%

5

1 Price paidrservi‘cé il'abor;per hour. .

A1 e

;AL Tractors -:'(1.4,8‘ Observations) R



Table 16 Slmple Correlatlon Coeff1c1ents ‘Relating to Cost of Service -

Labor per Hour of Operation for. Plows and DlSkS

. Variablé Co

"C_os_t. of servic'e labor‘;i .

- Price paid service labor

Model year. of implement.

Service time per hour

Cost of service labor |

Price paid service labor

Modél year ofi.implémen‘f_

Service time per hour

028 . |

' Desig- ' Price ",'MOdel " Bervice v B
- ' nation -' ‘Paid . ' Year of ' Time
' of - 'Bervice " Imple- ' per
' Variable' .Laborl' ment - Hour
s M U M W
_All Plows (107 Observations) .
Y44g‘ . f;zs iz 50 |
Xy 06 -21
Bt
Ea1
Al Disks (103 Observations) .
Y, a1 a3 .30
% 01 =20
X .06
a1

1 Price paid‘ser'Vice labor per h‘oﬁr; o
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associated ‘Withv amount of service time for plows. No vaf‘ialble-_ss‘ﬁowed

- promise in explaining.-the service time cost. variance for disks.

Estimates Relating to Fixed Costs

Fixed eosts "étfe usuatlly defined as ineludihg depreciation, - irit'er'-_‘ i -'

est on 1nvestment taxes msurance and housmg Housmg cost is very L

- ‘small in Arlzona Because of favorable cl1mate most machmery is

‘ stored outdoors. ’l‘axes anol 1nsurance eosts may be computed from data e

: supplled ‘by the taxulg or 1nsur1ng agency Housmg, taxes a.nd. msuranee '
o costs unlll«:e the costs conmdered ‘by thls study, are not random vari-.
: ables Deprec1at10n and 1nterest on 1nvestment however - may be cem-
, putedjfrom the_vamable,‘ market value.; .l_f: m-arket:value is _mf‘luenced R
by factors ether:than time, a portion of elepreciaition aﬁd"iutex"est {m'
~’ 'v‘in.vestment is ;"a,-etue.lly“a'; ‘varlé,ble cost; Explanation of.these‘ c-emputa;

tions and an analysis of this variable are given below.

" Marke‘t Value

Depre01at1on schedules (commenly usecl for tax purposes may or
' Ihay not apprommate actual deprec:latlon Actual total cleprematmn is |
the cllfference between. original cost and actual present market value
Deprec1at1on for one part1cular year is obtalned by subtraetmg present

", market‘ value from the marketvvalue of» the prev’mus yearo ][ntere_st.on, .



o4
1nvestment in any one year is the actual market value t1mes the appl1-—
cable 1nterest rate |

Present market value is more whenor1g1nal COSt>1S‘ h1gher
\.'Assummg market value declmes 25 per eent in one year a machme B (
eostmg $3}, 000 would have a hrgher market ‘yalue than _pon.e coetmg $2,000
miné é.iven"year | S | | - |

: A eertam amount of decline in market value is due to age alones-
' erfen if the machme ‘had no use, This reﬂects both the 1nﬂuenee of -
obsolescence 1prought about by techmcal innovations- and deterloratlon
due to t1me alone An add1t10nal declme in market value is due to use
alone. . As use is increased market value is decreasedoi | »
- Repairs in year Y are fused as an index of maehine -eondit.ion‘

- Market value. 1s hypothesmed as a functlon of eond1tlon thus as condl-

tion deterlorates market value will declme lf ma]or repa1rs are made’ S

’m a glven year market Value would be expected to rlsem—-for example
| the add1t1on of $l€)0 worth of new t1res |
Serv1ce tlme is- another varlable used as a cond1t10n 1ndex
Machmes that reeelve proper eare and eerv101ng are expected to have : s
‘ 'a h1gher market value than machines’ wh1ch do not reee1ve ‘such care.
' As serv1ce tlme is decreased >1t would be expected that condltron Would :

. be poorer wh1ch would contr1bute to a. lower market value
Certam 1nteract1ons between varlables may mfluence market

: valueo One_ such mteraetmn is the relationship between original cost



and age ‘The 1nﬂuence of ten yea:r:s on the market value of a tractor
1s different for a $5, 000 tractor than for a $3, 000 one, One Would
eXpect the value Qf the more expensive piece of equlpment to decline
ata faster rate. . An interaction between original cost and total Hours

of’use is expected for a similar-rea‘son The value df the more expen—'

L srve equlpment w111 decline at a faster rate than the cheaper equlpment ‘

given the same number of hours use. One buys larger equlpment to do
' larger ]obs——not to obtam more total. hours use

o ‘The 1nteract10n of age and total hou;rs is another Varlable whlch
‘_could explain some of the market va];ue Varlance lWO tractors of the |

same age with dlffermg 1ntens1ty of use Would not have the same. market

.- value.

Still another interaction, age on repairs, should contribute to

the market Value variahee It ‘Would not be eXpected that a maj-or repair

v‘costmg $200 Would mﬂuence the market value of a machme one year old e o

in the Same magmtude that 1t Would effect a machme ten years old bor L :

' _a snmlar reason an 1nteract1on between total hours and repalrs is
expeeted |

R Market value is also 1nﬂueneed by storage practmes When
tractors are: housed year—round market value should be higher beeause"‘ :

ef the machine's better general _,appearanceo.‘



a7
‘Technologica}_’.innovations inﬂuence«fmarket value by caustng '
'older_ models to become obsolete sooner thari-if the innovations had not
| "heeh* ihtroduCed |
No data on storage was ava11ab1e In fact, little machmery

' storage per se is used in Arlzona Of course pamtmg and serv1c1ng

may be substltuted for storage facilities. NQ means to measure the - [P

effect ofnewinnovations on rnarkét tfalue is avaﬂable Th'erefore‘ the
‘varlables tested as 1nﬂuenc1ng the varlance in market value of tractors :
: plows and disks are (1) the or1g1na1 cost, (2) age in year Y, (3) total
2 hours used (4) repalrs in year Y (5) serv1ce tlme per hour ot use
(6) 1nteract10n of- orlglnal cost and age in" year Y §)) 1nteract10n of

| ‘orlgma]. cost and. total accumulated hours (8) 1nteract10n of age 1n year
;Y and total accumulated hours (9) 1nteract10n of age in year Y and -
repalrs 1n year Y and (10) 1nteract10n of total accumulated hours and

S repairs in year Y.

Market Value for Whee]. Tractors—-—The most relevant varlable

is orlgmal cost Nmety two per cent of the varlance in market value -
_Was assoc1ated Wlth th1s varlable (Table 1‘7) L1tt1e 1nformat10n .can ‘be :
gamed ‘by usmg addltlonal varlables In every case Where a 51gn1t1cant |
snnple correlatlon for other varlables appears the cross correlatlon

‘ W1th or1g1nal cost is hlgh



Table 17. Simple Correlation Coefficients Relating to Market Value for Wheel Tractors in Year Y (39 Observations).

Product

Product ! Product

! ! ! ‘ ; ! - ' Product ! ' Product
! _ 'Original'Age in'To’cal!:/ ' Repairs ‘'Service Time' of 't of t of ' of ' of
Varieble ‘Designation' Cost . 'Year Y' Hours 'in Year Y' per Hour ' X, x X3 'YX ox L ! i3 x X5 } X3 x % ! X5 x Xg

T T R I T O N N A
Market Value T)g .96 4,31 ;25‘ .63 .18 .63 .5 -, 02 ;1;3 .T3
Original Cost X, -.27 .19 ,>69 .25 .T1 6L -.03 .50 N
Age in Year Y X3 .38 -.10 =19 L6 -0k .52 135 0T
Total Hoursd/ %, .16 -.08 il .67 .92 .3 T
Repairs in Year Y X | 2 .5k .38 .02 T R
Service Time per Hour X.{ .10 -, 0L -1k .16 07
Product of %, X Xy Xy 59 .33 .68 .62
Product of X, x % X0 .38 .36 .96
Product of XS X '3&5 X13 .25 .50
Product of X3 x X Xk .50
Product of X5 X X6 Xl'j

—]:—/ Total life’c:imé accumlatbed hours.

87



‘ The;variables age"-and'ac'cumulated hours, did not 'appeari' as N
\' relevant varlables contrary to expectat1ons Ev1dently, llttle vari-

' fance 1n age and accumulated hours occurred within each class1:f1ca~

- tion’ of original cost,‘ |

Market Valué for Crawler Tractors--Original cost-':ls a'relevant e

- variable along with age. The original cost explains 52 per.cent of the N : -

" market value Varia'nce; ~ Age explains 44 per cent of t'hevrnarket" value |

- _var1ance (Table 18) The‘cross‘—correlat-iOn between cost and age is

low enough to suggest that both var1ables 1nﬂuence mar.&et valuevarr— o |
»ance apprecrably.,~ The- other varlables tested had low correlatlon _
: coef;ficientso ' Apparentlv, .age ls ,much'more influential 1n ;determ‘in;-
ing rnarket value for crawlers than‘ it is'in e"stimating wheel tractor.
market value However these results were prohably due to the
’chance that the age d1spers1on of crawler observatlons was much

, greater. than it was for wheel tractors.

' Market Value for All Tractors--All tractors were combinedin .~ =

' the h‘opethat the gre'ater number of obserVations' and the’ added vari-

B ance in the 1ndependent varlahles Would 1mprove the correlatlons No R

gam in 1nformatlon occurred (Table 19) It was concluded that the |
2 dlfferent tractor-types should recelve separate con51derat10n

“\/larket Value for Moldboard Plows——Seventy seven per cent of a

the market value varlatmn for moldboard plows is. eXplamed hy



Table 18. Simple Correlation Coefficients Relating to Market Value for Crawler Tractors 1n Year ¥ ()-!-2 Observations ).

1 1 t

1

' Product .

Product

Product

Produet ' Product

T T i 7 i
‘ :Desi enation :Original:Age 'in:TotaiL]_-/ :‘Repairs :'Service Tirhe: of : _of : ) of : of : _ of
Varigble (of Variable , Cost IZ‘e}ac:r' Y'AH}oCurs gll?_. ;({ear Y: . per Hour‘ : X2 X X3 . Xy X X5 | 13 X X5 N X3 xX6 ',X5 x Xg
— . . Xg v 3,05 6 . XT D TR ‘"_X.'LE' Y ”XlBH th, . 'XlEW :

Market Value Yy ‘,72 ;-,6_6 ;-,21 .00 .05 -.28 3 -.oLL' -.29 ~.10 -.07
Original Cost X, | -.50 .1k .12 .05 20 . .01 .06 .12
Age in Year ¥ X3 .30 .11 .08 . O .18 .56 37 11
Tobal Hoursk/ % 43 .09 i .93 .89 45 62
Repairs in Year ¥ 3&6 .22 .29 R .33 .90 .92
Service Time per Hour X7 .02 Noyd .07 .21 .19
Product of Xy x X3 X, 62 .70 .50 .30
Product of Xy x X5 Xlz .80 | W2 .58
Product of X3 x fX5 X13 L9 .50
Product of 'X3 x Xg th .85
Product of XS x Xg }(’15

_1_/ Total lifetime accumulated hours.

0§
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Table 19, Simple Correlation Coéfficients Relakting o Market Value for All Tractors in Year ¥ (81 Observations).

= * o ) T T Product ! Broduct ' Product ! Prodnct ! Product

! '"Originallige in'Total~/"' Repairs 'Service Time'! of ' of- v of ' of 'ooof

Varigble *Designation’ Cost 'Year Y' Hours 'in Year Y' per Hour . ' X, x X3 "X x X5 ; X3 X X5 ' X3 x Xg. ! X5 x Xg

Yof Varigble! X v X, '.X X6 T X'T fx oy ! 'Y t.

1 . ' PR T 5 ? g Oy I TR SRy = ST S X]_3 t 1h XJ_5 '
Market Value B YN 87 =.23 .21 .27 21 - .33 40 .06 .19 .18
Original Cost X -.03 Wh2 Lo .22 .65 .65 .28 .36 .3k
Age in Year Y X3 A2 .19 .03 .61 27 .60 .37 .19
Total Hoursé’:/ . x5 48 .12 .63 .88 .92 A9 .60
Repairs in Year Y % .26 - .52 4o .91 .92
Service Time per Hour Xy .19 .16 .09 e .21
Product of X, x X3’ X1 o Th .68 .62 U5
Product. of }(2 xXs Xo .75 .53 .63
Product of X3 b d X5 | XlS .52 .51
Product of X3 x Xe X | 87
Product of X5 X X6 X15

i/ Total lifetime accumulated hours.

- 1§



_orlgmal eost The cost on age anol cost on total hours mteractlons also

appear promtsmg (Table 20) P’ owever the hlgh cross correlatlon
: between both of these vamables and orlglnal cost 1nd1cates that the
addltlonal explanatlon achleved by thelr mclusmn Would be small

l\/larket Value for Dlsk Plows——’l‘he varlables or1g1nal eost age

P

| ,r-tn year Y, and serv1ee ttme appear to be relevant vamables They

: explaln 81 per cent 35 per cent, and 26 per cent of the market value

) ‘varlance respectwely (Talole 21) The cross correlatlon between these' o

. ,vamables is relatwely low g0 an appremable amount of 1nformat1on

:should be galneol loy the 1nclus1on of all three varlables ’l‘he other varl— .‘ -

’ ables testedl had low coefﬁ(:lent values ‘wh1ch suggests l1ttle gam in -
| 1nformat1on Would be reallzed by the1r 1nclus1onu :

\/larket Value for All Plows——'l‘he separate plow claSS1f1cat10ns

N were 'comhmed to see ﬁ.:more 1nformat10n could be gal_necl from the

o f’aggregate observatmns (Table 22) Although the numb‘en of observations

| "'Was greatly 1nereased no add1t1onal 1nformatlon Was gamed It appeared
fthat the marlcet value varlance is hest hanclled oy the separate Cl&SSlfl— "
catlons.,.»

. Market'l]alue for}'l‘v»andem Disl«:s‘e vOriginal cost is the mOst relei-"

kvant varlable effectlng the market value variance. The 1nteract10n of _

* _' ,or1g1nal cost on age appears to be 1nﬂuent1a1 but the-cross—correlatmn



Table 20. Simple Correlation Coefficients Relsting to Market Value for Moldboard Plows in Year Y (11‘6 Observations ).

! ! ! ; T ' Product ' Product ' Product ! Prod_uc’c ' Product
! , ‘Original'Age’ 1n'To’ca.l.J:/ ' Repairs 'Service Time' of ' of ' of v of ' of
Varisble :2;%3;?2;1’2: | fgzt :Y;’(i'; T Higs o %ZZ‘” ¥ | ,,Pe%f°“r 'X16 X}; ‘17:}‘16 Xj ?{_19:317 x 3;19:;417}{ %0, X19X Xao
' r ! t i P d T 8 1 Tog 30 31
Market Value Yo 88 oL b 48 25 .16 .59 .30 AT ko
Original Cost X | .08 .55 .62 1 .88 .68 .18 .55 A6
Age in Year Y , Xl'r ) | " .06 | .00 37 16 k2 ‘,2"5 .13
Total Hourst/ - : X19 | : | .59 .06 .62 .93 = (o .81
Repairs in Year ¥ | %o - o .0 .51 .67 255 .87 T
~ Service Time per Hour — le ' , ' : . ,65 : .06 .03 .07 05
Product of X;¢ X le R o - | | 1 67 .65 .51
Product of X5 x Xy g Xy | | _ - .89 ¢T§ 7 .88
. Product of X:er x X_L9 ' .X-29 o | o ‘ T6 8l
Product of Xl"( x X X3O ' | : | | . R S 87
~ Product of X19 x X20 X3l » ‘ ‘ : ’

-l—/ Total lifetime accumulated hours.:

€¢



Table 21. Simple Correlation Coefficients Relating to Market Value for Disk Plows in Year Y (20 Observations).

LR i LIS I ! Y Produet * Product ! Produ.c’c V' Product ' Product

! 1Original’Age in' Total—/ ' Repairs 'Service T:Lme of ' of ' of v of ' of
Variable :]ggs\iéﬁ::%ﬁ: ) C;st 'Year Y‘ Hours '1n Year Y: per Hour Xl6 bls XlT X6 % Xl9 X % Xl9 X7 x Xpo' Xl9 x X?O

° . 6 R L To L L Ky Kg %y, Ky, Xy

Market Value s .90 ~".°59 -,12 ‘,12 .51 .16 .27 -.33 e W11
Original Cost | X6 | “h6 15 A3 .33 .52 58 0 -.19 .22 45
Bge in Year Y Py .50  =,04 -.39 .28 - .05 .78 R .00
Total Hoursd/ o B A 6k 7 .82 .51 5T
Repairs in Year Y » X0 ' -.?OlL : .50 .56 O .86 .93
Service Time per Hour Xoy | ‘ . -, 3k | -26 o« kil =23 -.15
Product of X6 x X17 XZT _ | ' .76 .36 .TO <59
Product of }él6 X }(19 }(28 ’ 4 ‘ A «30 - 251 75
Product of XZLT x X:L9 | a9 ‘ : : .3k .19
Product of XILT x XEO ~ Xg0 ‘ | .82

Product of X19 x Xp0 XB:L

Y potal 1ifetime accumilated hours.

v



Teble 22, Simple Correlation Coefficients Relating to Market Value for All Plows in Year Y (67 Observations).

B . o ! ! ! ' ¥ Product T Product ' Prod{ic’c ' Product ' Product .
) ! . ‘ "Original 'Age in!Tg’cal_J;/ "Repairs "Servicg Timei:. ~of : - of : ~ of : ~of : of '
Variable :g;s%rix;?’;%ir;: : }C{ZZ‘E ‘:Ye;i;:ﬁ;‘z;sv :1:; gf{:z,r Y: pe:}f{2 gmr ,}“{16 X }?1,'(,3“16 X X19g?{17 X X19,}§17 X .)?20('}&9 X X2

' 4 ' Ay 9 i : 1 X27 4 X28 " }{29 " X3O " XSl
Market Value | | Ysp . 87 | _—', 31 .21 .31 o7 L7 L -05 .22 .26
Original Cost X6 -.17 -,us .55 T .5 b2 2l il e
Age in Year Y Xiq .27  °01 T .30 .08 .56 .28 08
Potal Hours:/ %19 o .50 -0k .63 91 .88 .66 .18
Repairs in Year ¥ X0 : .05 R ,66 .35 .85 o Th
Service Time per Hour X | o =403 | ;Oi S =l ,Qb .02
Product of X % X.LT R : .72 .58 65 .52
Produet of X6 X Xg g _ ; .73 T 8T
Product of X7 x Xyg %ag | | , B 6T
Product of 'XiT x Xg XBO -8k

Product of Xjg x Xpg X3y

—J-‘--/ Total lifetime accumulated hours.

Gq
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between these two- varlables is hlgh (Table 23) Thus, ne a'ppreciahle B

; .,'}gam in 1nformat10n Would result from mcludmg both va.rla,b].esa1 =

Market Value for Offset D1sks—-Slxty Six per cent of the market

"'varlance for offset dlSkS 1s explamed by orlgmal eost No other vari-

’able tested shows promlse of addmg apprec1ably to the varlanee explana—',_i

 tion (Table 24),

Market Va,lue for All Dlsks--—Agam all cla,ssﬁlcatmns were.

‘ ‘grouped together to see 1f addltlonal 1n.format10n could be gamed from

’the 1ncreased observatlons (Table 25), The results mdleate however

B _that no gain was a.ch1eveda

1 Three Cross- correlatmn eoefﬁments in Table 23 have a
value of 1,00 which shows that these variables were perfectly corre-
lated. ‘ For purposes of. explammg variance in the dependent varlable

these mtercorrelatmn varlables are 1dentlca1



Table 23. S:Lm_‘ple Correlation Coefficients Rélating to Market Value for Tandem Disks in Year ¥ (70 Observations).

e

' ! ! T ! ! ' Product ' Product ' Product ' Product ' Product

‘ ! 'Original 'Age in’Total.];/ ' Repairs 'Service Time' of ' of 't of v of v of
s ¥ 3 2 1 ] t 72 t r, £y ¥ H i & H
Variable : 'D-es:Lgn?tlonr Cost '¥ear Yx,Hours '12(1 Year Y2 ~ per Hour ,‘{16 X X:L’T,Xl6 X X19,X17 X Xl9,XlT x XzO,X19 b4 Xgo

i . 1 { [N H -1 H 27 1 28 { 29 H 30 i 31

Market Value Tsp 93 =36 -.02 .07 -.09 6L - .32 - 17 .07 07

Original Cost o X6 ~518 -1l -.09 .02 79 2L -.19 -.10 =-:10

Age in Year ¥ Xy A7 o1 -39 T 32 .73 L1 i11

Totel Hourst/ | . -1 .22 .93 .93 2 e

Repairs in Year ¥ Xog | ,10 .03 .90 7L 1,00 - 1.00

Service Time per Hour Xel o ‘ | - 1T . =,03 =, 30 »10 .09

Product of Xy x X Xpr A5 .29 .02 .02

Product of XZL6 X Xl9 o8 | | ' ‘ / .80 .90 - .90

Product of X, x 5@19 Xog ‘ : | .T1 T2

Product of Xl? x X5 %30 | _ 1.00
Product of X19 X XEO X31

1/

Total lifetime accumulated hours.

LS



Table 2L, Simple Correlation Coefficients Relating to Market Value for Offset Disks in Year Y (38 Observations)°

' ! ' ! ¢ == Product * Pro&uct ¥ Product ' Product ' Product
! 'Original'Age 1n’Total./‘ Repairs 'Service Time! of ' of v oof ' of ¥oof
Variable '2§S%§§i:%ig'_ Cost: 'Year Y! Hours 'in Year Y! per Howr 'Kjgx X 'Kjgx X g'Kiq X Xi9 XiT Fpo'X 19 x X

. Yo o Kyt X:zo N T %9 X0 1+ X3
Market Value ¥y .81 - .03 19 3L .15 .23 _-‘.13 .13 .19
Original Cost X -.16 .22 .25 .33 i A6 -k .25 .20
Age in Year Y X7 | 239 -.08 .12 265 +23 72 L1k =09
Total Hours'i/ X19 o .T0 .10 A5 2 I (o ,74
Repairs in Year Y Xy .00 AL LT9 300 . Lok
Service Time per Hour X21 ‘ .25 .13 .08 -.05 .03
Product of Xjg x Xjr Koo | | | 55 .68 .30 .06
Product of X g x X Xog .71 .5 .81
Product of XiT-x Xié Xé9 ‘ . A5 .32
Product’of Xi? x Xo Xéo ‘ <19
Product of X g % Xy XBl

1/

Total lifetime accumulated hours.

8¢



Teble 25. Simple Correlation Coefficients Relating to Market Value for All Disks in Year Y (68 Observations ).

P
e

i ' ' ! ' ! Produc:t T Product ! Prod.uct T Product ' Product

! 'Original "Age 1n'Total:_L./ ' Repairs 'Service Time' - of t of v of 'oof r of |
Varisble 'Designation' Cost 'Year Y’ Hours ':m Year Y' per Hour 'Xl6 x Xl’? "X6 X Xl9'XlT x Xy XlT x Xq! Xl9 x g

(OF Veriablel Xg | Hir K | %o VB %y L X %y Xz, X3
Market Value Ys), o “36 ,09 ,18 .28 .29 28 -.08 L .19
;bfiginai Cost X6 | -.26 .18 .18 +29 o 5T 40 e 212 .16
Age in Year Y X7 .25 -.02 -, 0k R 07 L6k .21 -.03
Totsl Hours/ X9 | .1 A3 e 93 .85 L STk
Repairs in Year ¥ %50 Lok .73 il .90 .92
Service Time per Hour - Xpy - o : °‘i6 .19 0T 00 .06
Product of X4 x X Xor | " .50 59 .33 13
Product of X5 x X g o8 | o .70 .67 T
Product of Xl'T ;; }§‘19 | %, 5 , - | .62 oA
Product of %7 x %o X30 - . .76

PI‘Od.'LlCt of Xl9 X Xeo XBl

Y ot 1ifetine accumilated hours .

66



. CHAPTER II
~ SUGGESTED IMPROVEMENTS IN METHODOLOGY
 The data tested in this study did not produce eneugh highly'co;r—'
| ‘relateol varla.bles to warrant a multlple regressmn analys1s usmg these

Adata However there is reason to beheve that multlple regressmn ,

equatlons can be developed by further 'WOI'K Wlth 1mproved sehedules

L 'better data proeuremen‘t ano‘l by usmg the expemence gamed in thlS

'study more rellable cost estlmates should result It thls is not the case,

the Whole area of machmery cost estlmatlon is. left in: doubt Machmery R |

. costs do vary; thls varlance must be su'b]ect to eﬁs‘.plzmatlon° In any
case where the varlance is sub]ect to a loglcal explanatlon multlple‘
| regressmrt can give better results than 81mp1e avera,geso

As costs- of machmery ownershlp and operatlon increase, the R
need for more rehable cost est1mates 1s 1ntens1f1eo'i Thus further

B Woxjk. in th;s ;a.xfea‘ would be Justjnf,led;°
’g@e Sample

The eXperlenee galned. in th1s study 1mp11es that the method of e

o selectmg the sample should be ehanged A simple random sample :
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(proportmnate or not) usually results 1n most oloservatlons occurrlng

= rather close to the mean value of the sampleu Very few if any, __obser—

'jvatlons are obtamed at elther extremea Thus sthe sample oloes not show"-.'.:_» o

S all poss_tble combmatlons of varla‘bles A purp051ve sample Woulcl prove" S ;

more satlsfactory ThlS type of sam.phng obtams 1nformat1on pertam_ S

"i‘1ng to all possﬂole comb1nat10ns——the sample contams the extreme cases_,_"g

as Well as the commonly found caseso For example in the present
B '-study, the ages of most gasolme Wheel tractors Were clustered around

‘ two to three years The varlance in ase was not great enough to show

‘ .‘.up as a contrl‘butlng factor to market value Purpos:We sampllng Would

vsearch out tractors of all relevant ages Then if age were a contrlbu-' :
| tlng factor 1t Woulcl have a chance to show 1ts effect | |
| Smce each and every two var1able comblnatlon. shoulol show a
- .izlar‘ge range of values much more t1me woulcl be mvolved 1n obta:i.nmg
acornpletepurposwe sample thanlwas 1nvolved 1n the present ranclom

 sample.

T_l_l;e"-Data-: . .

All data ‘W‘e"r"e’ obtainecl fro:rn”rmemory in the present stuclyo For
some varlables this. procedure surely is adequate Data on tractor
,horsepower orlgln.al cost age and 81ze of equlpment are examples '

i ) K of 1nformat10n Wh1ch can satlsfactorlly be obtamed 1n thls manner,,



H’l:‘hese de,ta are "facts"' .an :estiimete by the owner is nef necees‘afy |
- Also mteger accuracy should be sa.tlsfactory ln other cases how— ‘

ever, the farmers memories and 1nformal estlmates ma.y not be sat—

' 1efactoryog o |

| Market Value

- ‘ l‘t was beheved that the owner Would have a good estlmate of
' ;p?res:ent value‘,‘ Presumably he is abreast Qf,the‘marl{et, knows the. conﬂ— '
':clitiOn,vof_li’is equipment,., etc. 'Withdut; testing this hypothesis, however,
o clle cannot be silI?e that aner estimates and market'valeeelweﬁld coin-
: cicle.p"l‘ Actuall merl{et Valﬁe iS’ 'thye‘ re:ally‘relelrant Veriable - The ques— -
tion 1S-—do market Values vary ‘due to use COIIdlthn sta‘te of repalr
etc.,,’k or clo ‘i:hey merely reﬂect or1g1nal cost ancl age‘? These latter two.‘
‘varlables are reﬂected in bluebooK Values Owner eetlma‘tes seemed

to merely follow the bluebool: lf these other varlables are not rele-

- :vant it Woulol be 1rrat10nal for an owner to keep hls equlpment inan

7 extremely h1gl1 state ofconohtlom Data on actual equlpment sales,‘ , |
coupled ‘with repair:, ,.}ufs}e,’ age, f'and'c'ondition claté, would be extremely
difficult to obtain in q’uanﬁty‘, .,Yet,"?, these data are necessary“iﬁ pro;g:'ljeSS )

. is to be made on estimation of ownership costs.

- Repairs

In orcler to make a rehable estlmate on repa.uc costs per hour

rtotal accumulated hours of use and total accumulated repaurs must be
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* known. This would involve access to good records, Repairs in any one -

- particular year are a'function of previous use and previous repairs. -

E The need for repairs occurs due 'to the 'accumula‘ted effect: of use, To

1llustrate a major motor overhaul is the result of accumulated wear

over tlme Any amoun‘t of use contr1butes to th1s accumulatlon S0 the L [T

cost of repa1rs although made in a spec1f1c year is attrlbutable to the
total use permd between such overhauls Whlle one would eXpect the )
' average repalr cost per year for a. machme to increase over tlme :
b'repa1rs 1u any one year mlght range froin a large amount to nothmgg
: .Therefore ‘data on one year S repa1r proved inadequate. . Also the |
‘ _'assu'mp‘tlon that total accum_ulated hours was equal to thehours use in~
- the observed year times the machine's age rnazy‘have been incorrect in o

. some instances.

. Fuel Consumption .l v

More conc1se tabulatlon of fuel consumptlon is needed Generally, o

- consumptlon was reported in whole or half gallon 1ncrements ’l‘h1s

roundmg procedure tends to mask that part of the variance Whlch can

; be attrlbuted to the effect of a spec1f1c varlablea For example 1f the
installatmn of new spark plugs reduced fuel consumptmn by .2 gallons |

" ber I hour thls effect Would not be shown in an analys1s uSmg whole or:

~ half gallon data,,f lnformatlon of this precrslon could not be ob‘tamed in. |

- any appremable quantrty from owners Probably thls type of data would
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‘ha've to he-aequired by actualiy testing the effec.ts of differentl_repairs '
on fuel consumptlon under experlmental eondltlons Also important
Would he the rate of increase in fuel consumptlon between repalr per~ o

‘ '1ods.a o

. Service Time

A more equltable means than owner estlmatlon of determlmng
: the actual servrce tlme devoted toa partleular machine is needed Thls

. suggests a t1me and motlon study It is reeogmzed that the eost of -

" -f”serv1ce tlme is one of the lesser cost components of machmery opera— L

tlon°x-st111' large varlatlon in time used Was reported. . ][f the reason for

"varlatlon in several small cost components is 1gnored the aggregate

variation could prove q_u1te largeo =

Oil _and Grease Use =

| - ""I‘hel‘re seenied ’to be a‘vtendene‘y for ‘owner‘s to ’mini'm‘ize the

E amonnt of oil and grease reported as used Some reported as 11tt1e as._
one-fourth pound of grease used per servicing. Others 1ndlcated that
‘the oil used between changes was neghglblee, Thls may be true but 1f ~
5 a dependable aggregate estlrnate 1s~to be developed then a11 :Eactors o
' must be consmlered Several supposedly neghg:tble 1tems m1ght pos—‘
s1b1y contrlbute to sizeable effects Time and motlon studles (mclud-

ing the measurement of materlals used) seem to be the only answer
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o Fleld Capacz_ty ‘

Estlmates of fleld capamtles Wete also neually obtalnect in
g round f1gures° Whlle these data Were supposedly' W1th a partlcular soil
f: texture and depth of t111age for one- Specrflc fleld it is suspectedthat
x,',some ”average“ field capaclty was obtamed A,galn actual measure—v o
"ment of the data appears necessary for satlsfactory regreSS1on analy—

~ Ssis.

 Alternatives in Securing Data

One alternatwe in obta1n1ng data for machme cost regressmn |

R analysm is to enlarge the sample to mclude several states It Would be

B Khoped that by obtamlng many more obeervatlons over a Wlder geographlc .

area that all possﬂole combmatlons of vamable values mlght be obtamed -

B » The need for a strlctly purposwe sample Would be ehmmated snnply by

e the quantlty of data Of course 1naccurac1es in data measurement

Would remam Hopeful}.y, these data 1naccurac1es Woulo‘i cancel out

R Whﬂe the resultmg cost estlmates myight stlll exhlblt a 1arge varlance

most of the causatwe var1ables could be 1dent1f1ed !
Another alternatlve is to set up experlmental testsa ThlS method -

N Would be espe01a11y advantageous Where accuracy in measurement is ~

1 ThlS methodo];ogy is presently belng attempted by a commlt— :
tee of agrlcultural economlsts from e1ght Western states (Regional’ Pro—
: ]ectW 62). P BEETR . B
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| ‘hecessar'jf It would be pravctically imposSEble to seCure;ade’quate data |

-..on the effect of repalrs on fuef consumptlou from farmer cooperatorso ‘

. Recoro‘ls are not kept on thrs type of data and it is doubtful that many

| owners Would be w1111ng to devote the t1me and equlpment necessary in

| ._ order to obtam these data.

This type of testmg Would also be advantageous in. determlmng. :
g ’.'the effects of soil type on speed repalrs and fuel consumptlon
o ,makrng accurate serv1ce t1me cost estlmates and in studymg 011 and ;
| _‘grease costs On the other hand market Value estlmates must be
_ obtamedi from nonexperlmental data. - | '
| It is recognized that the cost of suCh e}rperiment‘atfon Would. be
hlgh ! Yet, sorrle eXperimentaI tests of a similar nature are ru'n, for
Al example The Nebraska Tractor Tests¢, . The problem is to get these

tests run in a form that 1s compatlble Wlth regressmn analysrs



CHAPTER IV
- SUMMARY

The general obJectlve of thls study was to test the rehablllty of

e 'cost data collected by the farm survey: methool Cost data of th1s type

_‘ eXh1b1ts w1ole varlance lf these olata Were rehable th1s vamance coulcly

. be explamed by correlat1on and/ or regressmn analys1s

- ln1t1al analys1s 1nchcatecl that complete regressmn eq_uatlons

were. 1mpractlcal with avallahle olatae. Therefore correla‘tlon analyms ‘

| was used as a prellmmary analytlcal tool to determme the rehablllty of

L 1nd1v1olual estimates and the relevance of 1ncl1v1dual varlables Sugges—v.

» tlons ‘for 1mprovements. 1n data necessary.for complete regressmn
. t‘?"Ii?l,l}lsr‘ls"“‘Were;tlusn made. | EEEE |
i ‘The data analyzed were obtainecl‘fronl a propol‘tionate' ranclo:n i
| vsainpl’e-of 146 'farmers WhO‘- haol c-otton allotments in‘ four ArizOna coun-
-f'"tles Data were restmctecl to those on tractors plows anol disks, |
lndepend;ent varlables (hsted in Appendu{ B) were hypotheswecl
: ‘for each of the followmg dependent var1ables for several classes of |

tractors, plows, and disks. The depende'nt variables were field capacity, -
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| fuel consumptlon cost of 011 and grease cost of repalrs cost of
) serv1ce labor and market value. |
. : In each case the hypothes1zed 1ndependent varrables Were each B
:‘correlated W1th the dependent varrablea lf the correlatlon was . 50 or
jhlgher g the 1ndependent varlablewas con51dered -relevant -.That' is, . an
= apprec1able amount of the varlance 1n the dependent varlable was :
explamed In addltlon, the observatrons of both the dependent and 1nde-

o pendent varlables were cons1dered relatlvely rellablea

Correlated» 'Variables .

. The followmg notable correlatlons were found Drawbar horse—
T power Was correlated Wlth fleld capacrty When plowmg and dlsklng Wlth

‘ Wheel tractors Drawbar horsepower repalrs 1n year Y and acres

e per hour were correlated Wlth fuel consumptlon for gasollne Wheel

" tractors Fuel consumptlon for dresel Wheel tractors both plowmg and
d1sk1ng ‘was.correlated Wlth servrce tlmeg Drawbar horsepower was

o tcorrelate‘d with fuel consumpti_on :f‘or‘« crawler tra(:tors when plowing and

disking; i’l‘-he tarnodnt'of service time Was correlated with cost.of s?e'rv_'f' o

ice tlme for tractors and 1mp1ementso The orlglnal cost of tractors
and 1mplements was hlghly correlated w1th present market value Age
and-amo,u_ntvof service time were alsocorrelated wlth present mark__et

" value for disk plows.
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"Uncorrelated 'Variablesv o

B '*SeVeral‘independent‘ Variables"sh0wed promise of'being highly -
: . correlated ‘with dependent varlables had add1t10nal data been avallalole° -

’l‘he most prom1s1ng of these followa Soil type w1dth of equ1pment and

o depth of tlllage showed a margrnal correlatlon wrth freld capac1ty Age

, and amount of service’ tlme were margmally correlated wrth present

T E market value

o No correlat1ons were found for crawler tractor f1eld capac:tty,‘
‘ fcost of 011 and grease for all tractors and 1mplements nor cost of
£ repalrs for all tractors and 1mplements The surplus power of crawler o
tractors seemed to mask the effects of the other 1ndependent varlanles
o "when"estrmatlng :E1eldcapac1ty ‘lnsuff1c1ent data and the lack of prec1se s
- «measnres of quantltles used apparently were responmble for the lack ofv \
correlatlon When estlmatmg the cost of o1l and grease for tractors and
1mplements€, The cost of repalr results were 1nconclus1ve Repa1r
: "observatlons were obtalned for only one year, Observatlons on accumu—j‘_
lated repalr costs should prove more satlsfactory ) Age falled to show (v
correlatlon w1th cost of serv1ce tlmeo Apparently, too few newer trac—

to,rs’ and implements which require lrttle or no 'serv1ce tlme were con-

~ta'ined in the s‘a_mpleo
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i ’\'Silggested Alternatives in Data Procurement

. The a,lterna,tlves suggested for secut'lng the needed addltlonal
' 'data Were (1) usmg a purposwe ra;ther tha,n a random sa,mple (2)
expa,nchng the sample size to mclude severa,l states S0 that a greater

'"Varlance cou].d be observed and’ (3) obtaining the dlata from ererl-
- _mental results The data for such dependent varlables as field capactty,:

1’ | fuel consumptmn and cost of 011 and grease must be obtalned by exper—

o 1ment,a,]5 __means to bereh_ablet ‘
Conclusion '_ '

' 'Thislreport has Shown th‘e results of vét"preiviminary' at'temnt to
' use:regresusiOn 'methods to estinlate farm rnachinery costs. and explain

L farm machinery 'cost varianceo‘ Previous Work in machinery cost has -

falled to cope emplmcally Wlth the reasons for cost va.matlon The

‘ 11m1ted. results of th1s prehmmary effort are ev1dent to the authora

- Nevertheless 1t is hoped that thls effort ma,y lead the Way for further o

V'work us1ng -a more pre01se methodology leaohng to aeeurate farm .

o machlnery cost estlma,tlono
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_ APPENDIX A

Detinition of Dependent Variables -

Field capacity per ho‘ur‘ f@r given tractor and uimple.ment;

Fuel anéuﬁption pé'r hour for 'ail_ tractors. )
Cost of 6i1 and'gr?eafse per hbﬁi’ of tractor op_eratior_x:;" .
| »-Co‘st: of greaseper hoﬁr‘iof- plow and disk ppe‘r}ati(‘)x‘l@.
HiCost-Aof ‘rjepairs. p;’e'rv _houbrg'""kfc‘)r .ail tr'aéiz'torsfo o
~Cost of répaii's,' bef,"hou;:j for_'vmdldbt)ard pi‘oWse '
Cost of répaii's p_éfjhdﬁr To? dlsk plows.
' ~Cqsﬁ ofrepéirs per ﬁo‘uf’ fqr.}all; disks.
, Cost of se‘rﬁce»lpavbofiper hour .c:>f tractor operation. |
‘ éést of Sier‘.vicve_ lébor_‘p‘é:li,hour of pipw orv‘diskoperét‘iorial.
| Market,vvaluéi fpr all tractofso
‘M‘arket value for all pipwsg |

Market value for all disks.
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- Definition of Independent Variabiés for. Tractors -

Max, drawbar H.P. of tractor.*
Orlgmal cost of tractor ($) o
~ Age of tractor in year v." R
. Model year of tractoro o

Total accumulated hours on tractor (hours in year Y tlmes R
" age assuming constant use per. year).

| Repalrs in year. Y on tractor ($)

Service time per hour of tractor operatmn (hundredlths of
hour).. o

Prme of serv1ce labor per hour (cents)
; Price of o0il per qua.rt (cents)

= Price of grease per .pound (c_;ents).ol e

-~
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' 'Definition of Independent Variables for Plows and Disks - ..

M

25

26

M M

29

Y

31

23
23

24

27

28:“

i

o

"

"

W H

o n

&

]

|

‘“Age"of ifrhp']:emen‘t in year Y.

CH.

H

.

. -Orig:inal cost of 1mp1ement ($).

- Model year of implement'

,Total a,ccumulafced hours on 1mp1ement (hours in year Y o

tlmes age a,ssumlng -constant use per year)

o Repau‘s in year ¥ on 1mp1ement ($)

» 'Servme time per hour of 1mp1ement operatlon (hundredths

" of. hour)

' Depth of tillage- (ihches) -

"Total w1dth of tlllage equlpment (1nohes)
' 'Acres per hour (nearest tenth)

. Number of plow bottoms or disks.

Size of plow bottoms or dlsks (mches)



APPENDIX B

' Relationships Subjected to Empirical Analysis
Field oapacity per hour ’Wit}t gi‘&én ‘iyniplérhént'-uyi’ 16 = f(X 22’ 3) o

Wheel tractors, pIoWing in light SoiL

B
oy
i

o
i1

‘Wheel tractors, plowing in medium soil.

»Wheel tractors‘,;, plowing in héavy soil.

<o
H

e B

= . Wheel tractors, plowing inall soils, -

Wheel tractors, disking in light soil,

o1t
|

"

Wh(e:ekl tractors, disking in medium soil. o

(@]

" ‘Wheel traCtors,‘ disking in heavy soil.

=3
i}

‘oo
i

Wheel tractors, disking in all soils, .

H

. Crawler,traotors, ploﬁx}ing' in iight soil, ”

o)

i

Crawler tractors- }p'vlowing in medium s.oifl.,'

=
@

,Crawler tractors . ploWingfirf h‘éav_'y‘soil; o

| Y
ek
H

Crawler tractors , plowing iri 'all so:tls.,, L

| il
i1

-Crawler tractors - dlskmg in 11ght SOll

fa=y
N
i}

- Crawler tr‘actors? ' dlskmg 1n medmm SOl].

oy
o

iCrawler tractors : d].skmg m heavy 8011

T T R N T o T R T
}; .
W

j,g‘ Crawler tractors dlskmg in a];l soﬂs

e
"m
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S Fuel consumptlon per hour Y

i

= f(X XG’ X7, X22’ XZS’ X24)

| 17- 24
;Y‘l'? = Wheel tractors gasolme plow:mg
YlS' = Wheel tractors gasolme dlskmg
Yl@ = - Wheel tractors d1esel plowmge R
YZO = Wheel tractors diesel, d1sk1nge
-’ §21 = Crawler tractors plowmgle _
Y22 L= Crawler tractors d1sk1ng |
g Y2é- = Dlesel tractors9 pl_owmg., |
Y., = Diesel traCtorS," disking.

N
S

] Cost of 011 and grease per hour of tractor operatlon —Y25 26

" | f(X

‘f(X X % 36, X7, Xg, Xm)

7Y25 = ‘All’wheel'tractorsl

Voe = Al crawler tractors, -

R

‘_-,Cost of grease per hour of plow and dlsk operatlon-—For all plows YZ"?

10? Xw Xzo’ er Kgg)e g

For all disks Y2 sf(xw, X18, XzO, le, ng)

,Cost of repalrs per hour for tractors-—‘i[29 31 = f(Xl,X X X7) ‘.
,' -'.ng’ = All wh.eel tractors.

YSO = . All crawler ‘tracto‘rs,,

YSl" o | All tractors. -
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- Cost of repairs per hour for;mo-"ldboétrd: plOWS?-,'-YV’éé;é 4':'.5-%” o
:f(Xm’ 19’~X2‘1’ Ko50 Xog!

32 = In :au soils.

e »=<%]
]
#

33 = ‘.In Sandy So;lo

In,othe_f than sandy soil.

<
)

. Cost of repalrs per hour for dlsk plows Y% 37 = f(Xl’?’ 19, 21,

‘f'f' %25 26)

Y35 ~~:.=.§ In all s01ls

. Y In sandy SOll

U

36

i

-,g_j:Yg?

In,,o'thve‘r than sandy soil,
,.Cost of repalrs per. hou: for disks- Y38 10 = f(X17 Xlg’ 421; X23)-' |
Y38 = - In all soﬂs

“In sandy soﬂa

-H

Y39

i’

,' Ya0 . In other than sandy SOii;.' -

. Cost of serv1ce labor per hour of tractor operatlon——Y 41 43

X, og)

H

41 ‘All Whoeﬂl~tractorso

"

42 ‘ Alltcrawlye/xv' tractors‘o»_

H

43 ALl tréctors‘ .
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19
‘fCost of service labor per hour of plow or dlsk operatlon -Y, 4 4 45

;,f(X 187 21)

.i."Y44 ::H.'All’plowsé
Y%_. = All diskso

Market value for tractors -Y, “46- 48 = f(XZ, Xﬁ, X7, XM’ XIZ’ »

5X

13 14 15)

Y% = All wheel tractors.
Ygn

Y4g

H

All crawler tractors.

All tractorsq

i

_',.(Market'value.fqr: plows~ Y49 51 ™ f(X:ﬂ.G’ Xl'?’ X19’ X20’ X21, X?.’?’ X28’

*29° X300 %37)
: ,f-Y4 9 = 1 Mold’board‘plows,
Y,50 s‘s | D1s}; plows. |
= ,All plows, -

Y51

mf(X X, Ko, Koo X,

,Ma,rket value for dlsks-- 16’ 17, 19, 20, 210 Cam e

52 54

V‘X X X

29 3@ 31)

‘ ,Y52 =  Tandem disks.

Y.

£3 : .foset disks.’

i

Yoy

i

 All disks,



APPENDIX C

Dept, of Agr. Economics Farm No.
University of Arizona

Tractor Schedule

Make Model Y ear Fuel Year Purchased
Original Cost $ Present Value $ Disposal Year _
Type of Insurance Type of Housing

Jobs Performed Acres Machine Used Hours IX Remarks

Has there been or have you planned a major change in the hours of annual use

of this tractor on your farm? Yes/ / No / / 1Ifso describe
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Tractor Schedule (continued)

Repairs Date No. 1
t
Rings T T
T T
Valves . :
T t
Points
Plugs
Rear tires

Front tires

Battery

Date No. 2

t
t
t
f

Date No. 3

t
t
t
t

Cost

R R

‘tMo. >Year Mo. ;FYear Mo. ;Year Parts’Labor; Rcmarks

1
f
t
t
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Tillage Machine Schedule

Tillage Machine Schedule for: Farm No.
Make Size Year Year Purchased
Original Cost $ Present Value $ Disposal Year
Type of Insurance Type of Housing

Crop X Acres Tractor Used Remarks

Has there been or have you planned a major change in the hours of annual use

of this machine on your farm? Yes / / No / / 1If so describe

Select a Typical Field Tilled by this Machine

Crop Following Previous Preplant oper.(s)
Soil Type  Acres Length Width

Tractor Driver Wage §  /hr. §  /mo. for hrs.
Field time IX (Gross) hrs. Down time IX hrs.

Fuel IX gals. at. $ Include Storage? Depth of Tillage
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Tillage Machine Schedule (continued)

Servicing Schedule and Materials for this Type of Field Work

Tractor Oil Oil Air Add Gr.till.
grease change filter cleaner fuel mach.

Operating hours between servicing
Material used (amount)
(cost)

Time per service

Repair Schedule for this Tillage Machine

Date No. 1 Date No.2 Date No. 3 Cost

Mo/ Year Mo. Year Mo/ Year Parts ' Labor Remarks

Item

Do you have a repair shop? Replacement cost for shop $

Replacement cost tools $




