


(fixed) and variable parts from standard accounting data
available from 13 road transport enterprises.

The investigation enabled me to establish which factors
(independent variables) should be measured exactly and should
be followed with particular attentlon in studylng the
variation in costs.

Such invastigations have not been carried out“before in
the Polish road haulage industry. This approach has gone
beyond the traditional treatment of the subject. It was
also a good opportunity to examine whether the routine and -
traditional way of explaining relationships between costs
and relevant factors is adequate -

2. Model construction

Before the methodology of modelling of costs in the road
haulage industry is presented, it is necessary to say-
- something about the construction of the model.

I was particularly interested in behavioural equations, which
describe the behaviour of individuals or groups in the
economy, especially such familiar economic relationships as

cost functions.

1 the variables contained in a model are related causally,

‘—\l —_— == S — —

and we shall discuss them later on.

Let us first consider the form of the model I used. I assumed
that our dependent variable Ccosts) is related to more than
one independent variable. For that purpose we use multiple
regression, because presumably we shall need two or more
explanatory variables or predictors. A value of each
dependent variable and corresponding values of the:
independent variables were available for every month over

a 3"‘)4:41 pc'x iod.

So we write

Y =a +a X +a X _+ ... +a X _+U, Cid
n Rie e 160 W7 47 J48 481 J :
where: _ :
Y. for j=1,2,...,15 , is total cost or a component of
) cost Y, of output in period i di=l,2,...,36) (see

Table J1 for a list of variables Yj)

ajo is the intercept term
a,k Ck=16,17,...,48) are the unknown population structural
I parameters (regression coefficientsd
Xk' Ck=16,17,...,48> are the values of the 33 independent
v Cexplanatory> variables as observed in period 1
Ci=1,2,...,36) (see Table 2 for a 1list of the
variablestkD
‘U_,L is a measure of the deviation of the estimated value Y
* from the observed valus Y in period i Cthe error’

terms
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Y1 fuel, oil, lubricant costs .
_Y2 tyres, inner tubes costs
Y3 depreciation of vehicles with engines
Y4 depreciation of trailers
Y5 repair and maintenance costs
Y6 hire charges
Y7 driver wages and insurance depending on vehicle—km
Ya driver wages and insurance dependlng on the worklng
tlme of vehicles
Y9 drlvgr wages and iﬁsurance' not depending on the
working time of vehicles
Y;o approved driver expenses Covernlght accommodation,
meals, eted
Y ,6 costs of spare#iand essential equipmept
Yiz vehicle insurance costs
Y;a overheads for the departments
Y14 overheads for }Qe organization C(not including %3 p)
Y15 total costs ='Z Yj
Table 1: Depedent variables Ccostsd Y
i In physical measures
X,, goods moved o o ' ‘ Ctonngfka
Xf? vehiclefdistance Cvehicle—kmd
Xﬁ; loaded vehicle-distance Cvehlcle—km loaded)
Xip test running ' ' | Cvehlcle—ka
xzo supply o Cyebicle-days)
X21 capacity : Cusable vehicle-daysd
Xzz capacity supplied Coperated vehicle-hours)
X23 capacity supplied Coperated vehicle-hoursd
X24 total run tlme : Chours)
X25 loadlng and unloadlng time Chours)
Xzs goods lifted _ Ctonnesd
X27 number of powered vehicles
X23 number of trailers
ng- total locad capacity of powered vehicles Ctonnesd
X30 total load capacity of trailers Ctonnesd
X

total number of employees of the department C(peopled
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st number of drivers Cpeopled
X_ o Dumber of driver assistants Cpeopled
X34 total working hours of lorry drivers Choursd
X35 total working hours of driver assistants Chours)
Cciid Indices Cratiosd
X index of utilisation CX__ XD
s S ‘ z2 ~ 20
X index of utilisation (& S SIS
a7 : z2 T z27
X index of utilisation X X D
a8 18 47
X index of utilisation CX_ X +X_ D
3o z2s 29 " 30
X index of utilisation CX completed X potentiald
40 - T 16 ) 16
X - index of utilisation : X /X 3>
41 S ‘ 24" " 23
Ciiid Averages
X = average inventory capacity per (tonnes-vehicled
42 vehicle : ' o : i
X . average load per vehicle - Ctonnés/vehicle)
X44 average design speed of fleet Ckmshour)
X45 average operating speed of fleet Ckm-hour)
X46 meén haul Ckm>
X47 average vehicle working time per. day Chours/dayd
X48 average loading and unloading time per Chours.tonned
tonne -

Tablé'azllndependent veriables X,

Equation <13 assumes a linear relationship, but in the road
haulage industry there usually exists a non-linear ,
relationship between costs and explanatory variables, for
~example a log-linear relationship '

a. a . a, U,
Y  =ax %9 37 . X %% o d% cad
ji 0 161 171 481
Both equations (12 and (2) were estimated by least squares.
For the least squares computation of parameters, we can take
the natural logarithms of both sides of equation (22, thus

InY =1lna +a, InX  +a  InX  + ..+ a_. 1InX .+ U,
Ji o) J1G 161 Ji7 171 j48 481 n

We define the following new variables and the constant A.

Y. =1ln Y _,
Adr L
a = 1n a
o o]
X, =1In X |
161 161
! =1n X _.
-47L 171
X =1In X |
181 181
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- Then we can rewrite the redgression equation as

A ~ ~

¥ =32 =+ Xr o+ X*  + ... +a X  +uU

= a . a, . .. . . -

jt o] jJi6 161 J47 171 j48 4B1L AR
which is linear in all the variables, so we have reduced the
problem to one of multiple linear regression. Other
transformations are possible for some other types of
non—-linear equations.

I have estimated a few hundred different types of
relationship and I could not establish which form of
relationship between the costs and their explanatory
variables gives the best fit in general.

Cost relationships are very complex and not smooth. Ueually
Several functional forms fit the data equally well.
Relationships are continuosly undergoing change as a result of
changes in economic, technical and organizational conditions.
In addition, errors in measurement can affect which form of
relation appears to fit the data best.

That is why it is important to observe many factors,
particularly those which most determine costs. It was rather
difficult to obtain within the time available for the study
the necessary number of independent variables to explain the
variation in cost. It was even more difficult to choose the
important ones and construct good cost models by least
squares regression. :

There is a further problem. It is: very often the case w1th
economic data, especially for costs, that a close
relationship exists between the explanatory varlables
themsel ves Cmultlcolllnearlty)

I found that a high correlation exists between different
independent variables (X and X ,J. When such a linear relation
exists among two or more of the explanatory varlables, it is
difficult to measure their separate influence upon the
dependent variable Ccost).

There was little doubt that multicollinearity existed between
the explanatory variables. I have tried to avoid or to reduce
collinearity using the available tools of statistical
analysis. I have used a taxonomic method to select meaningful
explanatory variables, which has 'a low correlation between

themsel ves.

In that way, I could identify their separate effects upon the
costs to be estimated. But it was not always possible,
because multicollinearity is an inherent characteristic of
much economic, technical and organizational data about which
little can be done. relationships here are often multiple and
complicated,.

Returning to the taxonomic method, it is necessary to
emphasise that it was complicated, but we can identify the

following steps.

(1> Establish the aim and scope of the investigation

(2>  Establish the dependent variables Ctotal costs Y and
component costs Y » Y ,...,Y14D s

A



(3> Establish the independent variables (which describe the
toohrientd ~~~4 organizationzl relaticons of

P
>

productiond

C4j Standardise the independent and dependent variables Cto
reduce the range of size and to make different variables

comparabled

(55 Examine the matrix of correlation coefficients (between
dependent and independent variables and between one
independent variable and another)

(6D Examine the matrix of distances between dependent and
independent variables (W and between one independent
variable and another (C '3 where the distance between
two variables is mean o%t the 36 absoluteudifferehces
between values taken by the two variables in the same

month after standardisation

(7> Establish a certain criterion (C) for the exclusion of
independent variables from the cost model

(8 Identify the independent variables highly correlated
with  the dependent - variable Cdistance between
independent variables and dependent variables W is
lower than the criterion € o

(80 ITdentify the indepehdent variables which satisfy the

-~ Py ela e . . 1 N q 1 + 4
condition C = C and where there is & low correlation

between the%éelves.

3. The estimation of regression model, and measurement of
explanatory power ‘

After the choice of ekplanatory variables I was able to
quantify and measure the relationships between the '
indeépendent and dependent  variables.

The relationships between costs and their explanatory
variables were not strictly linear in many cases. However, I
equaticns have given

.
used a linear regression becazuse linear equation

a sufficiently close fit to the observatiqns.

In many cases I found that linear regression with one
independent variable will give a good fit to the
observations, but there were also situations in which I found
the fit unsatisfactory. The errors were tooc large and the
regression coefficients were not significant.

There are many reasons for this; one reason might be found in
the fact that costs changed markedly during the period
studied. Since the hypothesised linear relationships are only
approximations, one would not expect them to be stable under

large wvariable changes.

Generally, I can say that the most important determinants of
the explained variable Ccosts) have been included in the
regression equations. So, I could employ standard econometric
methods to make estimates of the population parameters and to
conduct test of hypothesis Cusing, for example Student’s t
and the Durbin-Watson statistiecsd. ' '

Let us now examine the results of applying the taxonomic
procedure to data for the road haulage industry in Poland,
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Eosf s  Number of en'fzrprcse hﬂ“‘“}f f"‘{“d’?;
(] ‘ i :
mPo : -— -~ — — — To— — — —— " a— -_— V‘r"’” véftwn |
T i i v v vioooovit v X X X! Xi! X T T
- -~ bt -~ — — ~— — — -— — '— - -—
P P 3 & 5 & 7 8 9 a0 1 . 12 13 15
Vs 2 = 2,39 | 22,51,32,82 |28 17,39 | 39 22 2,80 4426,30,41| 22 1? 1? )
Yy 18 X % M40, |28,26 | 29 39,42 [32,39 | 20 18 28,32 i 17 18
. 16 17,27 17 .| 17+29,30,10, | 18 16, 17,30 | 16,85 18,34, | 18,26,39,42'22,27,43 16436 8 1724 1 18
Yg 42 -
Yy 28 17,27 3%,36,39 | 45 130 ) 39,42 |30 % 29,19,26,50) 32 120,29 | 35,50 A
Y 25,33 19021533435, | 90,719,483 | 27,18,26,31, (25 35,44 17,30 31,172,37,] 28,41 24,30,39,42| 32 16 42,37,39,47 |29 . 23
‘ ‘ 42 45 45
Y 33443,87 | 88,33,35y39,( 28 42,24 - - 26,19 24 - 19,32 B3 41,29,38 (27,25 33,47 1 36
c - lag i
v 32,02 43,19,39 25 36,30,38,41, 41,26 | 2% 38,50 |24 163856 | 85 32 54125928y | 3642533 2037 1 30
¥ . a2 : ‘ 30 l
- 1
Y 16 25,28,30 32,19 29,45 18 29,36,37 34,35, |26 23,2734 | 16 17,33435 16,36 22,25 24 24
) 30,44 '
48,17,18, | 30 I 33 27,45 48,20,314 41 19,46 24 23927434 48,19 34443 39 4592392%,25y (34 48,26
20,21,22y |- . * (46 . .Y v -
. \ 34,39
9 25,32,33, - 3
45 !
Y'o‘ 26,33,8, | 30 22 "82417,18,21,] 285 16 41436 | 37433934| 47,34 26020,37 |4733,38 80729433y | 36420530 . 29441 18,445
43 22,24,32,37" v 35 . ] 35,82 ’
Y- 28,59,42, | 42,22 28 29,38 23 HT128,25, 28,35 | 37528430y) 30 . 38,30 47 27 . 19,435,386 33 18445
p 58 - 34437,39¢ 3143232 |. ; : ’
. 50 L¥] '
Y 34 32 23 82,17,18,20,} 46 44,19,36{ 29,37 |45 48,19,34, | 36,30,42, [45,46 45425 45,20,23 34 34
n . 22,36,37,44 . 48 35451 46,47 :
33,20,25, | 29,39,46 22 34429 21,38,43 | 24 35919, | 46,40,48 | 26 46 48 41,20429, |28,38,46 38423 34y23
Y!Q 28,3043, : 40 48 '
. 38,50,37 )
Yw 28 34 28 30 16,29 40 20,%5 3 36 39 32 23,48 28,37 29 . 29
version T
Y‘s’ 4 s . : .
24 17,27 16,35 40,8447 17 . 18 26,8 | 3243643 23,40 .| 16 32,27,84,43 |16 18 22 47
AN 39,44 ‘
VCTS]W] I 4,@ 17,27,6 " 16,12,15| 40,8,10,33 (17 . . ~ | 32,35 23,14 16,3 32,6,15,27,44] 16,7,15 14 - -

Entire yoad,

Source: Author’s results based on data from the above enterprises.

Table 3:

The most significant factors for
industry selected by the taxonomic procedure,

each . enterprise in road haulage

ranked by revealed significance.




T REGRESSION C o8 Ts N
ENTERPRISE - | Y= £#(X) | X=#(¥) | FIXED [VARIARLE} QTR | S, | EL v
. a | b a |6 (w2t | % (w2t %

- . 2 3 4 5 6 Vi 8 9 10 11 12 13 14

HAULAGE SEQOK| 1 o35 | 115900 | 0,681 | 370700 |~115.900 903.700 | 100,0 {0,339 [0,813 |392.710| 1,15 85,5

! 0,677, | 215720 | 1,448 | 20330 | 215.720| 23,8 | €89.70| 7,2 {0,225 |0,881 | 65.062| 0,7% 4,6

n 0,884 |- 14100 | 0,931 | 177000 |~ 144100 818,000 | 100,0 {0,177 |0,911 | 38.200{ 1,02 10,8

" 0,657 | 261290 | 0,531 | 493330 | 261.290| 29,0 | e€38.80| 71,0 |0,650 |0,591 | 90.918] 0,7 12,0

v 0,447 | 479590 | 0,965 | 826000 | 479.590| 32 [1.000.000 | 68,0 |0,518 0,650 |112.000| 0,68 9,6

v 4 0,954 | 95500 | 0,941 | 19100 | 95.500| 13,0 | e57.000| 87,0 |0,103 {0,956 | 37.70| 0,87 15,0
vi 0,824 | 88200 | 0,667 | 190000 | 88.200| 16,0 | 455.364| 84,0 0,447 |0,70 | 60.700| 0,64 16,0

~ Vil 0,331 | 253250 | 0,124 | 454340 | 233.250| 58,3 | 166.680| 41,7 0,959 |0,203 | s4.685| 0,42 20,7
5 v 0,833 | 146000 | 0,874 | 50700 | 146.000| 21,0 | 545.000 | 79,0 {0,272 {0,850 |  30.000| 0,79 2,9
X 0,628 | 260000 | 1,250 |-166000 | 260.000| 36,0 | 457.000| 64,0 |0,216 0,890 | 26.100| 0,64 2,5

X 0,431 | 178000 | 0,78 | 328000 | 178.000| 37,0 | 299.000| 3,0 |0,659 |0,588 | S53.300 0,63 13,4

X 0,514 | 153000 | 0,640 | 428000 | 153.000| 28,0 | 402.000| 72,0 [0,671 |0,575 | e4.100] 0,72 13,5

X 0,919 |- 19694 | 0,887 | 590000 |~ 19,69 | 523,544 | 100,0 |0,528 |0,690 | 51.530| 1,04 9,7

X 1,015 | 74100 | 0,287 | 463006 | 7.100| 10,0 | 694,000 | 90,0 |0,706 |0,546.|152.000| 0,90 22,5

Source: Author’s results based on data from the above enterprises,

Table 4a: Estimate of regression [parameters of ¥1

aX
17

+ b




Standard

Proportion of

. Co:xespendiﬁq deviation variation
Forw of model (with standsrd errors of coafficlents 5 per cent of cost explained Autceorreldcien Durban-<azsss
in brackets) and assoclated t-values value of ¢t {n zloty) ‘r2) 1-r? R coefficlenc d-sTatlIciC
Y15-1774900+3.85x17‘ 2.0729 242832 0.680 0.320 0.825 £.2833 1.6722
{518250) (0.%6)
3.42 5.90 .
Y5 " 22C05C30C + 2223000X, ¢ + 2423400X¢q - 195350000%4 7 2.0660 231€E400 0.¢3? 0.903  0.311 -9.1257 2.2228
{151050000) (30:07C0) (16262000} (188310000) .
1.14 0.723 .« - .15 1.07
Y, = 798160 + 6.12X(y 2.0739 1e$300 0.534 Q.066 0.567 c.3704 1.1c84
(241110} (0.35)
in 17.72
Yl = 5478130 + ~52.1523Xyy 2.0719 7275960 0.6c4 0.926 0.36! 0.2343 1.55C8
(4155747} (4B.4471)
1.32 1.08
Y, ==347210 + 34.443X54 2.0739 30760 0.932 0.068 0.962 0.562 i.1124
(823717 (1.991}
2.81 17.30
¥, ==22824000 ~ 60513Xag + 10818X3 = 12319X37 + 1563200X43 2.0930 108648 0.534 0.466 0.730 22414
(6468400} (69636) {4006} (6268) (436120)
3.528 0.265 2.70 1,98 3.58¢
¥, = 240708 + 19.625X;4 2.0738 - 123400 ¢.813 Q.187 0.902 0.9675
(15063) {0.535) . .
© 15,98 16.68
Yo = 431:100+1.C81SX:g 2.0739 54600 0.917 0.023 o0.588 1.9419
(1€937) (0.0348)
4.9 30.5
Yo =153990 4 0.432iX9 2.0739 37258 0.500 0.5¢0 ©0.708 1.879¢
(7:€34}  (0.C909)
4.94 4.75
Y, =-92696 + 18.40X3¢ 2.0739 245906 0.817 0.183 0,904
{29510) (1.03) i Lo
314 .73 .
¥,y = ~225270 + 42.22%)) ~ 4422X3g = 146813 2.0860:. 29900 0.621 0.373  €.788 2.5717
(106239} (10.21) {234010) (12311)
2.12 4.13 .02 . 1.19
Y, ,=-111650 + 204.32X39 - 1044.7X4¢ 2 0796 20182 0.227 0.775 0.477 2,3873
(203720)  (138.23) {S04.6)
0.55 1.48 2.07
¥} 3T 4TS & TLIEXyS 5. 20%0¢ o=
(13768) (0.55) {0.70)
0.25 2.47 744 .
Yl = ~686700 + 168.61Xpg + 33.05Xz5 2.0719 64700 0.721 0.779° 0.849 1.2026
(213160) (36.85) . (16,79
3.23 4.61 1.97 .
Y, = -1253000 + 3955Xy¢ 2.0718 27830 0.284 ¢.716  0.533 2.3312
(57598C) {140}
2.15 2.95
'l'M - 8.6125)(290'6421 2.0739 157047 0.531 ’ 0.469 0.729 1.3982

(0.2515) {0.0343)
8.64 18.7

Source: Author’s results bassed on data from the above

enterprises.

Table 4b: Regression

Poland.

444

models in road haulage transport in

-i1-



and the results of the analysis of cost behaviour.

First, the factors that were identified as affecting costs
are shown in Table 3. Examples of the regression
coefficients, and the goodness-of-fit are given in Tables 4a

and 4b.

4. Economic criteria in managemeht of a road haulage
undertaking

In dealing with. the asSessment of the management of the road
haulage industry, ideally we should like to maximise profits
or minimise losses. To do this we must find answers to the

following questions

€13 What rates should the public haulage contractor charge
for its services?

(2> What level of service should the public carrier offer to
' maximise profits Cor minimise lossesd?

(3) VW¥hat cost and profit dec151ons should the public haulage
contractor make?

In looking for the answers to these questions, it might be
helpful to apply ex ante static analysis, known as

i 3 3
break—-even analysis, which assumes constant or changi

selling prices Crates). The first kind of break-even
analysis, usually called conventional break-even analysis,
represents total revenue and total cost by straight lines,
and assumes that profit is to be a linear function of service
Cor unit sales). This is the main reason why conventional
break—even analysis cannot easily be used for the
maximization of profit or the minimization of loss Csee

Figure 13,

Much more useful for these purposes is the second kind of
break—-even analysis, which does not assume that services and
sales can be increased without changing rates and that the
common carrier operates at the same efficisency at all levels.
But even in this case there will be doubts about whether the
public carrier will aim to maximize profits, because he may
simply wish not to make a loss (see Figure 23.

n
H

-~
)

Consider the above-mentioned break-even analysis. We can
expect it to show us revenues, costs and profits for
different levels of unit sales and different rates.

Thus, it is, in fact, perfectly possible that break-even
analysis can easily be used to explore changes in the
activity levels over time, because it shows the results of
using different price—quantity relations.

In both analyses Cconventional and extended to include other
factorsd it was necessary to mazke some substantive
assumptions which, in fact, limit their applications in
practice.

In spite of these constraints, break—even analysis has been
used quite often to review and check past results in pricing
and output decisions of the road haulage and other
industries. It is interesting to add that the same analysis
could be used to examine many practical problems of
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Figure 1: Conventional break-even analysis. Constant rates.
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: Figure 2. Break-—even analysis. Ch}angi ng rates.
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investment decision making.

In practice, however, operational managers of hauliers prefer
to draw break—-even charts assuming the present rates for the
sake of simplicity.

The lowest break—-even point is deétermined by the rate equal
to the variable cost per unit Cserviced and the total fixed
costs. Quite frequently fixed costs do not énter at all into
the present pricing decision because it could be difficult to
find the sales volume which equates the true marginal cost
Cwhich is not just wvariable cost) and marginal revenue

Coptimal rated.

Other areas of application not dealt with here of these
methods and results are:

Ci> predicting of costs
Ciid limitation of costs

Ciiidassessing the elasticity of costs and reliability of
costs and profitability of transport services.

On the basis of broad material I have collected from 13
transport undertakings, I have demonstrated the followirng.

(1> There exists the.possibility of selecting meaningful
explanatory variables, which determine a high proportion
of the total variation of costs.

C2) The costs of transporting consignments can be modeiled
by means of regression equations, mostly linear.

(3> Costs C(total and componentsd can be divided into
" constant and variable parts, in spite of the
considerable differences in the degree of their
variability, especially in cross—-section. There is also
a pronounced sSeasonal pattern Cobserved over 4
- quarters). '

€43 Decision making in operation of vehicles can be improved
with knowledge of relationships between operating cost

and the gquality of the management and operating staff.
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