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A Statistical Analysis Of Rural Road Costs 

E A R L R . S W A N S O N , Associate Professor of Agricultural Economics, 
University of Illinois 

• T H I S P A P E R describes and i l lus
trates the appl icat ion of a s ta t i s t ica l 
technique to a problem of h i g h w a y ad
m i n i s t r a t i o n . The detailed findings of 
the inves t iga t ion used as an i l l u s t r a t i on 
i n th i s paper have been reported else
where (1, 2); hence methodology w i l l 
receive p r i m a r y emphasis here. 

The pa r t i cu la r re la t ionship to be dis
cussed is the effect of size o f h ighway 
admin is t ra t ive u n i t on per-mile costs. 
Th i s re la t ionship is of interest f o r pur
poses of p red ic t ing the l ike ly effect on 
per-mile costs o f changes i n the size of 
admin i s t ra t ive uni ts cu r ren t ly operat ing. 

Several a l ternat ive methods exist f o r 
s tudy ing th i s cost-size relat ionship. I t is 
not presumed tha t th i s enumerat ion is 
exhaustive. I n the synthetic approach 
method, budgets of costs would be deter
mined f o r hypothet ica l admin is t ra t ive 
uni ts of var ious sizes. Costs should be 
based on a detailed specification o f ma
chinery and equipment, performance 
rates, labor and materials , and other 
physical data upon w h i c h costs depen J. 
A n a t tempt m i g h t be made to develop an 
o p t i m u m organizat ion f o r each size of 
un i t . Thus, comparisons would not be 
made, f o r example, between an efficient 
u n i t of one size and an ineff icient u n i t of 
another size. Cost comparisons m i g h t also 
be made o f uni ts at average levels of 
efficiency. The p r inc ipa l advantage o f the 
synthet ic method is tha t , i n a sense, i t 
permi ts control o f fac tors other than size 
w h i c h are l ike ly to affect costs i f the re
la t ionship o f actual un i t s is studied. On 
the other hand, the demands f o r technical 
p lann ing data i n th is method are great . 
Considerable judgment needs to be exer
cised i n developing the machinery, equip
ment, labor, and materials requirements 
f o r un i t s of various sizes. A detailed 
study of several uni ts i n actual operation 

would be useful as a guide i n th i s ap
proach. 

I f the increase i n size of cer ta in ad
min i s t r a t i ve un i t s has taken place re
cently, a comparat ive study o f the costs 
before and a f t e r reorganizat ion is a sec
ond method by w h i c h insights in to the 
effect of size on costs m i g h t be gained. 
Th i s method has the advantage of study
i n g un i t s i n actual operat ion and thereby 
discovering problems involved i n t r ans i 
t i on to la rger un i t s . However, i f changes 
in size have not taken place recently, the 
ad jus tment of the previous costs to re
flect price changes and technological de
velopments m i g h t prove to be d i f f icu l t . 
Fu r the r , one may wi sh to s tudy a ra ther 
large sample of uni ts tha t had undergone 
such a change i n size. Th i s may require 
w a i t i n g u n t i l more uni ts have increased 
i n size. I f a s tudy of the effect of size on 
costs is to be of m a x i m u m usefulness, i t 
should f o r m the basis f o r evaluat ing the 
des i rab i l i ty of the f o r m a t i o n of larger 
uni ts and not s imply record wha t has 
happened his tor ical ly . 

As contrasted to the synthetic method 
and the study of uni ts tha t have actually 
changed i n size, knowledge may be gained 
of the cost-size relat ionship by r e l y i n g 
on s ta t i s t ica l cont ro l and s tudy ing a 
large number o f uni ts . I n this s ta t is t ical 
method, the dominant variables selected 
f o r observations are apt to be f ewer than 
i n an intensive s tudy o f a f e w units . 
Funds are usually not available to study 
operat ional procedures such as k i n d and 
size o f equipment, and amount o f use f o r 
a very large sample of units . Even w i t h 
high-speed data-processing fac i l i t i e s , 
considerable cost may be incurred i n ob
t a i n i n g the o r i g i n a l data. 

The remainder of th is paper deals 
w i t h the applicat ion of s ta t is t ical methods 
to the s tudy of local r u r a l road costs i n 
I l l i no i s . I l l i no i s has three systems o f r u r a l 
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h ighways : (1) state p r i m a r y system, 
(2) state-aid or county system, and (3 ) 
the local system. I n terms of mileage, the 
p r i m a r y system comprises 10 percent of 
the to ta l r u r a l h ighway mileage, the 
county system 18 percent, and the local 
system 72 percent (3). I n 1953, the local 
system was adminis tered by 1,515 local 
admin is t ra t ive units." Approx ima te ly 30 
percent o f these uni ts each had less than 
40 miles to admin is te r ; 6 percent o f the 
uni ts each had less than 20 miles. I n 1953 
the average size o f the road system ad
minis tered by these uni ts was 48 miles. 
I n each o f the f o l l o w i n g f o u r counties 
the voters have acted under ex i s t ing 
statutes to reorganize smaller admin is t ra 
t ive uni ts i n t o an admin i s t r a t ive u n i t 
compr is ing the area of a county : H a r d i n , 
Massac, Pulaski , and Wi l l i amson . I n A l 
exander County the en t i re area outside 
of Cairo is i n one road d i s t r i c t . 

The r u r a l roads under local control con
sist p r i m a r i l y of gravel roads (Table 1 ) . 
O i l roads are impor t an t i n State H i g h 
way Dis t r i c t s 5, 6, and 8 ( F i g u r e 1 ) . 
Graded and drained ear th roads comprise 
25 percent o f the to ta l mileage i n Di s 
t r i c t 7. Adequacy of the present system 
may be better judged, however, by the 
number o f f a r m s located on each type o f 
road. C la s s i fy ing the roads upon w h i c h 
I l l i no i s f a r m s are located in to two classes, 
(1) ha rd surface and gravel and (2) d i r t 
or unimproved, 12 percent o f the f a r m s 
in I l l i n o i s were located on d i r t or un im
proved roads i n 1949 ( ^ ) . I n 1939, 28 
percent o f the f a r m s i n I l l ino i s were lo
cated on d i r t or unimproved roads. H o w 
ever, the to ta l number of f a r m s decreased 
d u r i n g th i s 10-year per iod about 8 per
cent. Accordingly , the need f o r at least 
some of these roads has d iminished. 

A N A L Y S I S O F D A T A 

A l t h o u g h the effect of size on costs 
m i g h t theoret ical ly be studied best by 
div is ion o f costs in to " f i x e d " and " v a r i 
able," i n an empir ica l study the cost class
i f ica t ion is l i ke ly to be governed by the 
nature o f the data available. The Div i s ion 

Figure 1. The highway districts into which road ad
ministrative units were grouped. Because this study 
is concerned only with rural-road systems. District 10 

(Cook County) is omitted from the analyses. 

o f H ighways , State of I l l i no i s , collects 
receipts and expenditures data f r o m gov
ernment uni ts admin i s t e r ing local roads. 
Costs reported f o r each of these uni ts 
f o r the fiscal year 1953-54 were divided 
in to three categories: maintenance, ad
m i n i s t r a t i o n , and construct ion. Main te 
nance costs include al l direct labor i n 
volved i n maintenance operations, oper
a t i n g expenses, and the share of machin
ery and equipment overhead costs not 
charged to construct ion. A d m i n i s t r a t i o n 
costs reported are composed chief ly o f the 
commissioner's salary. Construct ion p r o j 
ect descriptions and cost data were ob
tained f r o m reports submit ted to the 

1 Counties with the township form of government had 1,408 townships; 
i>f aovernment had 107 road districts. 

counties with the commission form 
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D i v i s i o n o f H ighways i n connection w i t h 
the a d m i n i s t r a t i o n o f the motor f u e l t a x 
funds . The D i v i s i o n of H ighways also 
made available road mileage data col
lected i n cooperation w i t h the Bureau o f 
Public Roads o f the Depar tment o f Com
merce. The miles o f each type of road 
surface i n each local road admin is t ra t ive 
u n i t as o f December 31 , 1953, were ob
tained. The average number o f miles o f 
each surface type per admin i s t ra t ive u n i t 
is presented i n Table 1. 

The central problem i n analysis is one 
of i sola t ing, insofa r as possible, the rela
t ionship between per-mile costs and mi le 
age adminis tered by the un i t . Other fac
tors tha t may be operative i n causing d i f 
ferences i n per-mile costs among uni ts 
are differences i n types of road adminis
tered, amounts of construct ion, physical 
characteris t ics o f the soil, topography, 
snow f a l l , f r o s t action, ava i l ab i l i t y of lo
cal materials , wage rates, and taxable re
sources. There are other f ac to r s r e l a t ing 
to operational efficiency w h i c h cannot be 
appraised f r o m the secondary data u t i 
lized i n t h i s study. F o r example, uni ts 
w i t h the same mileage to adminis ter and 
operat ing under s imi l a r conditions may 
have d i f f e r en t costs due to differences i n 
managerial a b i l i t y of the admin i s t ra t ive 
personnel. 

To a id i n m i n i m i z i n g the effect on costs 
o f fac tors associated w i t h location, such 
as physical characterist ics of the soil , 
topography, and snow f a l l , the local road 
admin i s t r a t ive uni ts were f i r s t grouped 
in to the state h ighway dis t r ic ts ( F i g u r e 
1 ) . The costs o f admin i s t r a t ive uni ts i n 
each h i g h w a y d i s t r i c t were then s tudied 
separately. Group ing in to h ighway dis
t r i c t s also reduced the effect of d i f f e r 
ences among uni t s w i t h respect t o wage 
rates and cost o f construct ion and ma in 
tenance materials . 

D i v i s i o n o f costs in to maintenance, ad
m i n i s t r a t i o n , and construct ion also aided 
i n i so la t ing the re la t ionship between per-
mile costs and mileage adminis tered by 
the un i t . B y p e r f o r m i n g a separate ana
lysis on const ruct ion costs, the cost d i f 
ferences among uni t s due to d i f f e ren t 
mileages o f construct ion i n 1953 were 
taken in to account. 

A f t e r g r o u p i n g local admin i s t r a t ive 
uni ts in to state h ighway d i s t r i c t s and 
c l a s s i fy ing costs, the mul t ip le regression 
technique (5) was employed to estimate 
the relat ionships between per-mile costs 
and mileages adminis tered by the uni ts . 
I n developing the mathematical model of 
the cost f u n c t i o n i t was necessary to take 
in to account the f a c t t h a t the accounting 
system had not allocated costs to each 
type o f road main ta ined by the un i t . 
Since admin i s t ra t ive uni ts have the e igh t 
types o f roads (Table 1) i n v a r y i n g pro
port ions and costs va ry depending on the 
surface, considerat ion of the mileage of 
each type o f road pe rmi t t ed a more ac
curate evaluation o f the cost relat ionship 
than i f an aggregate of s imply "mi les" 
had been employed. Fu r the rmore , since a 
p r e l i m i n a r y analysis indicated tha t tax
able resources were related to per-mile 
costs, assessed valuat ion was included as 
a variable. Inclusion of assessed valua
t i on tended to insure tha t the effect o f 
mileage on costs was a net effect. Tha t is, 
i t aided i n p revent ing d i s to r t ion o f the 
estimated per-mile cost relat ionships i f 
the weal thier admin i s t r a t ive uni ts , wh ich 
typ ica l ly spent more on t h e i r roads, also 
consistently had ei ther low or h i g h mile
ages of roads to adminis ter . 

A maintenance cost f u n c t i o n and an 
admin i s t r a t i on cost f u n c t i o n f o r each 
h ighway d i s t r i c t were determined by 
choosing constants a, b^, and c i n such a 
f a sh ion as to min imize 

2 ( y . _ a _ 2 6 . Z y _ c Z . ) ' (1) 
/ i 

i n wh ich 
Yj = to ta l maintenance or ad

m i n i s t r a t i o n cost o f the 
jth admin i s t r a t ive u n i t ; 

^"4^ = number o f miles of the 
ith type o f road i n the 
y th admin i s t r a t ive u n i t 
( i = 1, 2, 3, . . . . 8; see 
Table 1 ) ; and 

Zj = assessed valuat ion o f the 
jth. admin i s t r a t ive un i t . 

I f the value of a> o, a downsloping 
average (per mi le ) maintenance or ad-
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m i n i s t r a t i o n cost curve results. I f a = o 
then average maintenance or adminis t ra 
t i o n costs are estimated to be constant 
th roughout the range o f observations. 

The f o l l o w i n g cost equations based on 
177 local road admin i s t r a t ive uni ts 
( / = 1 7 7 ) i n H i g h w a y D i s t r i c t 7 i l lus 
t r a te the procedure of es t imat ing costs: 

y „ = - 3 2 8 +191.85X1 +29.43X= +93.18X3 
(119.07) (28.52) (34.41) 

+71.39X. +278.16Zs - 6 9 3 0 X « 
(16.74) (470.53) (11063) 

-1010X1 -3865Z8 +0.481Z (2) 
(1358) (12994) (0.051) 

y„ = 273 +67.845Zi +0.869X= +24.292A:= 
(24.224) (5.819) (7.019) 

+22.081Zi +42.5X, +2942.4X« 
(3.413) (95.9) (2246.9) 

+319.6X1 +465.1Zs +0.046Z (3) 
(276.8) (2637.1) (0.010) 

i n which 
Y,„ = maintenance cost, i n dol

l a r s ; 
Ya = admin i s t r a t i on cost, i n 

dol lars ; 
Xi = unimproved roads, i n 

mi les ; 
X2 = graded and drained 

ear th roads, i n mi les ; 
X3 = soil surfaced, p r i m a r i l y 

oi l roads, i n mi les ; 
Xt = gravel or stone roads, i n 

mi les ; 
X i = b i tuminous ( low type) 

roads, i n mi les ; 
= b i tuminous ( h i g h type) 

roads, i n mi les ; 
Xi = concrete roads, i n mi les ; 
Z6 = b r i c k roads, i n mi les ; 

and 
Z = assessed valuat ion, i n 

$1,000. 

The number i n parenthesis immedi 
ately below each regression coefficient is 
the standard e r ro r of the regression co
efficient. 

To find the average variable mainte

nance or admin i s t r a t i on cost per compos
i te mile , each of the regression coeffi
cients corresponding to a road mileage 
variable ( Z i t h rough Xs) is m u l t i p l i e d by 
the average percentage of tha t pa r t i cu 
l a r type o f road i n H i g h w a y D i s t r i c t 7 
(Table 1 ) . F o r the maintenance cost 
equat ion: (191.85) (4.889%) + (29.43) 
(25.017%) + . . . - ( 3 8 6 5 ) (0.003%) = 
$68.26 is the average variable main te
nance cost per composite mi le . To deter
mine the to ta l fixed maintenance cost per 
composite mile the assessed valuat ion Z 
is assumed to be at i ts mean value, 
$4,030,000. M u l t i p l y i n g t h i s value by the 
regression coefficient f o r Z and adding 
the constant ( - 3 2 8 ) , $1,610 is the fixed 
maintenance cost. 

A n ident ical procedure is fo l lowed w i t h 
Eq. 3 to obtain average variable admin
i s t r a t i on costs and to ta l fixed adminis
t r a t i o n costs. F o r H i g h w a y D i s t r i c t 7 
these values are $19.50 and $458, re
spectively. The fixed maintenance cost of 
$1,610 added to the admin i s t r a t i on costs 
of $458 gives $2,068. The variable ma in 
tenance cost of $68.26 added to the ad
m i n i s t r a t i o n costs per composite mile , 
$19.50, totals $87.76. The to ta l cost per 
composite mile may then be computed f o r 
any mileage w i t h i n the range o f the ob
servations. F o r example, the cost per mi le 
of a 20-mi u n i t would be $2,068 -f- 20 4-
$87.76 = $191.16 (Table 2 ) . 

Construct ion costs were also estimated 
by the mul t ip le regression procedure. As 
an example, the 106 projects i n H i g h w a y 
D i s t r i c t 7 i nvo lv ing the appl icat ion o f 
gravel to a surface of graded and shaped 
gravel or crushed stone, give the f o l l o w 
i n g equat ion: 

Y<, = -4086 +2413Xi +II6X2 +II6OZ3 
(158) (72) (176) 

(4) 
i n w h i c h 

Yj, = construct ion cost, i n dol
la rs ; 

Z i = length of project , i n 
mi les ; 

= w i d t h o f surface applied 
i n f ee t ; and 

Xs = depth of surface applied 
i n inches. 
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A t the average w i d t h (13.17 f t ) and 
average depth o f surface (3.10 i n . ) f o r 
th i s group of projects, the to ta l fixed 
costs are (116) (13.17) + (1160) (3.10) 
- 4068 = $1,038. Us ing the coefficient o f 
Xi, $2,413, as the variable cost per mile o f 
road constructed, the t o t a l cost per mi le 
f o r mileages w i t h i n the range of data 
may be est imated by d i v i d i n g to ta l fixed 
cost by the mileage and adding $2,413 
(Table 3 ) . 

The cost equations had the f o l l o w i n g 
mul t ip l e corre la t ion coeflScients; a l l are 
s ta t i s t ica l ly s igni f icant at the one per
cent level o f p r o b a b i l i t y : 

Cost Equations 
Highway Dist. Maint. Adm. Const. 

1 0.93 0.74 0.80 
2 0.90 0.71 0.71 
3 0.79 0.60 0.70 
4 0.61 0.66 0.81 
B 0.84 0.66 0.98 
6 0.91 0.73 0.79 
7 0.76 0.66 0.84 
8 0.81 0.74 0.93 
9 0.92 0.78 0.79 

I n essence, the mu l t i p l e regression 
technique is an averaging process w h i c h 
summarizes the effects of , i n th i s case, 
mileage on road costs a f t e r t a k i n g in to 
account other variables. The technique 
also yields a measure o f the degree of 
confidence wh ich m i g h t be placed i n the 
estimated cost re lat ionship. When the 
mul t ip le correla t ion coefficient is squared, 
the resu l t ing figure is the percent of var
ia t ion in to ta l cost among road uni ts tha t 
is "explained" by the variables consid
ered. F o r example, i n H i g h w a y D i s t r i c t 
1, 86 percent (0.93') o f the un i t - t o -un i t 
v a r i a b i l i t y i n maintenance costs was ac
counted f o r b y mileage and assessed va l 
uat ion. On the other hand, only 55 per
cent (0.740 o f the v a r i a b i l i t y i n adminis
t r a t i o n costs among uni t s i n D i s t r i c t 1 
was accounted f o r by these same v a r i 
ables. 

The existence of "unexplained" va r ia 
t i on means tha t increasing size o f admin
is t ra t ive u n i t is not l ike ly to be the only 
avenue f o r lower ing per-mile costs. The 
mul t ip le regression technique may f u r 
nish a s t a r t i n g po in t f o r a more detailed 
comparative analysis wh ich m i g h t i n d i 
cate other fac tors operative i n a f f ec t ing 
costs. The cost func t ions could be used to 
determine f o r a given u n i t an "average" 

cost adjusted f o r such fac tors as mileage 
of each type of road and assessed valua
t i on . Th i s average cost may be deter
mined by subs t i t u t ing the actual mi le 
ages and assessed valuat ion o f the u n i t 
considered i n the cost f u n c t i o n and solv
i n g f o r the adjusted average cost f o r t h i s 
un i t . For example, suppose a u n i t i n 
H i g h w a y D i s t r i c t 7 has 15 miles o f o i l 
roads Xs, 20 miles of gravel or stone roads 
Xi, and has an assessed valuat ion, Z, of 
$5,000,000. The adjusted average ma in 
tenance cost f o r th is u n i t wou ld be : 
(93.8) (15) + (71.39) (20) -|- (0.481) 
(5,000) - 3 2 8 = $4,902.50. 

I f th i s pa r t i cu la r u n i t had a main te
nance cost substant ial ly above or below 
th i s adjusted average, f u r t h e r study o f 
this road u n i t m i g h t be useful . The ana
lysis could be extended to determine a 
group of road uni ts tha t appear to be suc
cessful i n terms of hav ing actual costs 
less than the i r respective adjusted aver
ages. The impor t an t point here is t h a t 
the mul t ip le regression analysis may be 
a usefu l p r e l i m i n a r y tool i n determina
t i o n of detailed fac tors causing cost v a r i 
a t ion among uni ts . Computat ion of ad
jus ted average costs was not pe r fo rmed 
i n the study discussed here. 

RESULTS 

A l t h o u g h per-mile maintenance and 
admin i s t r a t i on costs were est imated sep
arately, the results (Table 2) show only 
the re la t ion of the sum of per-mile ma in 
tenance and admin i s t r a t ion cost to mi le
age. Maintenance costs were generally 
about f o u r times as large as admin is t ra 
t i o n costs irrespective of the mileage of 
the admin i s t ra t ive un i t . F o r the stato 
average, maintenance costs comprised 85! 
percent o f the to ta l of maintenance and 
admin i s t r a t ion costs f o r uni ts adminis
t e r i n g 20 miles, and 85 percent f o r uni ts 
of 70 miles. 

The pa t t e rn o f decreasing per-mile 
costs w i t h increased mileages adminis 
tered by the u n i t is evident i n each state 
h ighway d i s t r i c t . However, the per-mile 
costs decrease at a decreasing ra te ; the 
cost reductions are greatest i n the i n 
creases f r o m the lower mileages. 
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The construction costs per mile (Table 
3) are for the most common type of con
struction — gravel applied on graded and 
shaped gravel or crushed stone. The costs 
presented assume construction of differ
ent mileages at the average width and 
thickness shown for the particular state 
highway district considered or, in the 
right hand column, for the state. 

A P P L I C A T I O N O F F I N D I N G S 

That per-mile costs should decrease 
with larger units is, of course, not sur
prising. The magnitude of the per-mile 
cost decrease is, however, the factor that 
needs to be weighed carefully against 
such factors as "home rule" in consider
ing the desirability of enlarged local ad
ministrative units. The costs reported 
here are suggestive of the amount of ex
pected savings from a system of larger 
units. 

The evidence is rather compelling in 
regard to the cost reductions up to 60 or 
70 miles; approximately 20 percent of the 
local road units have over 60 miles of 
roads. A comparison of the costs (using 
state average figures from Tables 2 and 
3) of one 60-mi unit, two 30-mi units, 
and three 20-mi units will suggest the 
amount of savings from a system of 
larger units. Assuming that 5 percent of 
the total mileage is new construction of 
gravel applied to a previous gravel sur
face, costs are as follows: 

One Two 
60-mi unit 30-mi 

Maintenance and 
administration costs 

(60 miles) $14,160 
Construction costs 

(3 miles) 8,611 

Total $22,671 

$16,140 

9,663 

$25,803 

Three 
20-mi 

$18,180 

10,818 

$28,998 

The expected cost saving by consolidating 
two 30-mi units into one 60-mi unit is 
about 12 percent; by consolidating three 
20-mi units, about 22 percent. 

The five county-wide administrative 
units are all located in Highway District 
9. However, only one of these units has 
over 400 miles. Of the total of 94 units in 
Highway District 9, only 11 have over 
100 miles of roads to administer. Conse
quently, it is not believed that adequate 
experience is present for drawing infer
ences regarding the magnitude of cost 
reductions resulting from consolidation 
into county units. 
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