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The approach used in this study presents a r eliable yardstick for deter­
mining within broad limits the extent of future resource requirements for 
highway maintenance. Despite efforts to improve technology and effi­
ciency, the cost of maintaining the Minnesota state road system can be ex­
pected to soar in the next 16 years. The present total functional cost of 
mairttenance ($39.7 million, formulated yea1· cost, 1969) can be expected 
to double in less than 10 years and increase 195 percent by 1986. Gains 
through better administration, work methods, and equipment will be more 
than offset by rising cos ts associated with increases in traffic , increases 
in the total highway mileage (especially the growing proportion of freeways 
and expressways in the total syste m), addition of new activities , stricter 
requirements, and the increasing age of the state's Interstate and freeway 
systems. Rising labor compensation rates and cost of equipment and ma­
terials will further aggravate the situation and will, in fact, be the most 
influential factor. 

• THE fact that highway maintenance costs are acce:lerating beyond the expectation of 
most state administrators comes as no shock to the highway engineer-he has prophe­
sied it for years. But he can be likened to the age-old prophet of doom predicting the 
end of the world , Until he becomes specific-"the world will end Tuesday, May 8th"­
and supports his contention with some logical analysis, he will not command much at­
tention! 

An objective quantification of future highway maintenance financial needs must be 
established if administrators and legislators are to be expected to take constructive 
action. Thus, it was the basic purpose of this analysis to quantify, within the normal 
constraints of fiscal projection processes , the future magnitude of the highway mainte­
nance burden in Minnesota, specifically by 1975 and 1986. Our intent was to provide 
a more realistic basis for future highway management decisions, both administrative 
and political. 

From the beginning of the study, we acknowledged that our findings would, in re­
ality, be "structured speculation" regardless of the sophistication of the research tech­
niques employed. 

For each influential factor where both the relationship between cost and magnitude 
could be quantified and the future significance of the factor was known or could be for­
mulated, we were faced with a factor for which an assumption had to be made. Exam­
ples of these assumptions are as follows: 

1. There would be no major change in current trends concerning the development 
of mass transit systems that are compatible with planned highway transportation 
systems. 

2. The highway department's identified highway construction needs would be met. 
3. Technological changes in maintenance methods and equipment, although needed 

and expected, would be evolutionary, not revolutionary. 

Sponsored by Committee on Maintenance and Operations Costs and presented at the 50th Annual Meeting. 

1 



2 

Each a.ooumptivn we n1a.de r-cquired a subje'3tive judgnitn.t and thu~ i8 opt:u tu chaiieug;e 
on that basis. Nonetheless, we believe the approach used is realistic and consistent 
with the stated purpose of the study. 

Our analysis began with an in-depth review of available literature concerning high­
way maintenance management research, specifically those reports dealing with the ef -
feet of various factors on maintenance costs. This was followed by a careful documen­
tation and analysis of our own highway maintenance cost experience. 

Because of circumstances peculiar to our record-keeping system, we chose to use 
cost accounting rather than expenditure records. Although cost data may vary from 
actual expenditures in any given year, especially for equipment and materials, over a 
period of time little, if any, total deviation was noted. The maintenance cost account­
ing system encompassed all of the activities traditionally considered as direct opera­
tional costs in accordance with the AASHO definition. A second projection level, the 
total functional cost of maintenance, was also developed, and I will comment briefly on 
it later in this report. 

Maintenance costs on the state highway system for each year beginning in 1957 and 
continuing through 1969 were identified. These costs were related to a single measure 
of the magnitude of the maintenance work effort, namely, centerline miles of highways. 
To show explicitly the magnitude of fluctuations in cost over this 13-year period, the 
annual cost per mile was expressed as an index number with 19 57-19 59 serving as the 
base time period (Table 1). The index clearly shows the relative increase in the cost 
of all factors affecting highway maintenance over the cost that would result had these 
factors remained static. As can be seen, a fairly modest trend of increasing costs 
existed from 1957 through 1964. A significant change occurred between 1964 and 1965, 
and again between 1968 and 1969, with a somewhat stable period in between. 

We sought to identify some basic factors that had a direct influence on the changes 
in the unit-mile cost for which (a) there existed or could be developed quantified mea­
surements of past performance and (b) it would be possible to identify or project ob­
jectively a reasonable estimate of the future magnitude of the factor. The following 
factors were selected as totally meeting these criteria: 

1. The increasing cost of labor, equipment, and materials, both in terms of trends 
toward greater utilization of more costly items or occupational classes and the influ­
ence of rising rates for these items over the past decade; 

2. The effect of the changing mix of highway classifications within the total road 
network and the sheer technological complexity of maintaining the more sophisticated 
systems such as freeways (urban and rural) and expressways; and 

3. The increase in road utilization in terms of rising traffic volumes. 

The analysis of our highway maintenance historical cost data was basically a distil­
lation process. For each of the factors, the extent or degree of influence was quanti-

TABLE 1 

ANNUAL UNIT-MILE INDEX OF HIGHWAY 
MAINTENANCE DIRECT OPERATIONAL COSTS 

Year 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

1957-59 avg. 

Cost Per Mile 
(dollar) 

1,305.50 
1,338.96 
1,232.15 
1,328.55 
1,468.81 
1,522.89 
1,643.22 
1,785.12 
2,426.69 
2,425.97 
2,529.02 
2,289.13 
2,876.96 

1,292.14 

Index 

101.03 
103. 62 

95.35 
102.82 
113. 67 
117. 85 
127. 17 
138.15 
187. 80 
187. 74 
195. 72 
177.15 
222.65 

100.00 

fied and used to reduce the unit-mile cost of 
highway maintenance for each year. It was 
then possible to compute a new index that 
would show the change in the unit-mile costs 
for any given year if the specific factors un­
der consideration remained constant. 

The most prominent influence on mainte­
nance costs proved to be fluctuations in the 
quantity and type of labor, equipment, and 
materials needed for direct maintenance op­
erations and the effect of economic factors 
on the "going rate" for these resources. In­
flationary pressure, specifically during the 
last 4 years, has played a significant part in 
the increase of maintenance costs. This in­
flationary pressure has primarily affected 
wage rates. Fortunately, because of the tre 
mendous technological advances during the 
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past decade, equipment and material costs have not increased as rapidly as the cost of 
labor. 

Changes in the "going rates" for labor, equipment, and materials were computed 
and expressed in the form of index numbers for purposes of analysis. The recent in­
crease in the cost of labor is clearly evident, and the 1969 compensation rates repre­
sent a 97 percent increase over the base period (Fig. 1). At the same time the increase 
in equipment costs has been very modest; costs have ris en only about 13 percent over 
the base period (Fig. 2). The cost of maintenance ma terials is still below base-per iod 
levels despite a small but steady increase since 1965 (Fig. 3). An overa ll index (Fig. 
4) was developed to express the composite impact of rising labor compensation and 
changes in equipment and material prices. 

We have had to guard against the classification or interpretation of this change sim­
ply as inflation. Obviously, it represents more, as would easily be detected by com­
paring the labor index, for example, with the government's index for consumer prices. 

A basic premise of this study has been the selection of a single measure of output, 
namely, centerline miles of highway maintained. In selecting this unit of measure, it 
was realized that not all centerline miles are equal in terms of maintenance complexity. 
Therefore, any change in this makeup from one year to another would obviously have 
a substantial effect on the average overall centerline mile maintenance cost. 
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Figure 1. Labor compensation index. 
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There has been a substantial change in the overall composition of our state highway 
network between 19 57 and 1969 . Nondiv1ded trunk highway m1ieage was rectucect by 
over 600 centerline miles, whereas divided expressway and Interstate Systems, in­
creased by 900 miles. In our analysis of maintenance costs during the 1957 to 1969 
period, we were able to identify statistically a theoretical "fixed-cost" level for each 
type of highway system. Using the "fixed-cost" factors, it is possible to account for 
the extent of increase in total highway maintenance direct operational costs caused by 
changes in the highway systems mix. 

Another important factor affecting the overall increase in highway maintenance di­
rect operational costs is the result of expanding motor-vehicle registrations and high­
way travel. Higher traffic volumes affect both the upkeep of the physical elements of 
the highway and the extent to which operational services must be furnished. A further 
growing effect of high traffic volume is that it impedes the efficient performance of 
maintenance work. 

A detailed analysis of substantial segments of our highway system, at varying traf­
fic densities, provided a measure of the cost influence of increasing traffic in Minne­
sota. A positive correlation between traffic increases on our various highway systems 
and increasing maintenance costs is shown in Figure 5. Note that the costs are ex­
pressed in 1957-1959 dollars. The cost progression seems to be related to the differ­
ence between dual and single roadways with the trend for nondivided being somewhat 
steeper, which indicates that traffic increases have a more pronounced effect on the 
maintenance costs of nondivided highways. 

Because it has been possible to quantify the effect of rising costs, changing systems 
mix, and increased traffic on maintenance costs, the value of unit-mile highway main­
tenance direct operational costs, as given in Table 1, can be statistically adjusted to 
indicate the cost level that would have resulted had these factors remained static. A 
plot of the adjusted index is shown in Figure 6 by the light dashed line superimposed 
over the original index. It can readily be seen that with these influences removed th 
cost index in 1969 drops from 223 to 132. If the impact of rising compensation and 
prices is excluded, changes in the systems mix and increased traffic leave a residual 
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Relationship between maintenance costs and 
average daily traffic. 

that we considered changes in the 
basic cost level. 

To establish clearly the change in 
the basic cost level, two further mod­
ifications were made in the adjusted 
unit - mile index of highway mainte ­
nance direct operational costs. First, 
the influence of cost changes caused 
by differing winter severity was ne­
gated, and, second, a representative 
trend line was mathematically estab­
lished (shown by the bold dashed line 
in Fig. 6). 

It should be noted that the result­
ing basic cost-level index for 1969 
is 119. Therefore, when the influ­
ence of rising prices, changing sys­
tems mix, and increasing traffic is 
removed and winter severity is neu­
tralized, the unit-mile highway main­
tenance direct operational costs in­
crease modestly (only 19 percent be­
tween the base period and 1969). It 
was further noted that there was a 
negative trend during the 1967 to 1969 
period that supported our subjective 
evaluation of the benefits achieved 
from an intensive maintenance wor' 
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Figure 6. Adjusted index of unit-mile highway maintenance 
direct operational costs showing the basic cost level. 

improvement program implemented during that period. From this analysis of past ex­
perience, we gained a better understanding of changes in the unit-mile cost index and 
-leveloped impact formulas for cost projection. 

The projection of highway maintenance direct operational costs required the devel­
opment of a simulated unit-mile cost. This was a process of synthesis beginning with 
the actual base-period unit-mile cost level (Fig. 7). To the base-period unit-mile cost 
level, we added the cost of changes in the systems mix. Note that all costs are ex­
pressed in 19 57-19 59 dollars. These costs were developed on the basis of (a) "fixed­
cost" ratios for each class of highway that were identified during the analysis of our 
past costs records and (b) projected mileage for each highway classification as denoted 
in the department's long-range highway systems plan. 

Comprehensive estimates of future highway traffic volumes have been prepared as 
part of the process of projecting our highway construction needs. By using this infor­
mation it was possible to identify anticipated traffic volumes for 1975 and 1986. By 
using the traffic volume forecasts and formulas developed during the study, anticipated 

UIIIT MJ LE COST' IN BASE UNIT MILE COST' OF CIIAl<GES 
PERIOD (BASED ON CENTERLINE + IN SY STEMS MIX BETWEEN 
MILES) BASE PERIOD AND TARGET YEARS 

UNIT MILE COST' OF INCREASES UNIT MILE COST' OF + IN TRAFFIC VOLUME BETWEEN + INCREASING AGE OF THE NEW 
BASE PERIOD AND TARGET YEARS INTERSTATE-FREEWAY SYSTEMS 

UNIT MILE COST' OF CHANGE 

+ ~E~~::NA~
1;s~0

:;R~;~~D 

TARGET YEARS 

UNIT MILE HIGHWAY 
MAINTEIIANCE DIRECT = OPERAflONAL COST, EXPR~SSED 
IN 1957-1959 DOLLARS, FOR THE 
TARGET YEAR 

' EXPRESSEU IN 5 7-.'ilJ DO LLAR:S 

-igure 7. Projection of highway maintenance direct 
operational costs (normal year). 

maintenance cost increases due to greater 
traffic density were calculated and became 
part of the forecast. 

Historical cost information used in this 
study reflects a period of time wherein 
pavement, shoulder, and structure main­
tenance requirements of the new Interstate 
and freeway systems were substantially 
below the level that will exist when the av­
erage pavement age is much greater. Un­
til that time, unadjusted historical cost 
records will not provide a realistic basis 
for the projection of future cost levels for 
physical maintenance of the new Interstate 
and freeway systems. By using formulas 
concerning the relationship between age 
and maintenance requirements developed 
as part of a separate study and by analyz­
ing cost data on completed sections of the 
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crease in Interstate and freeway age by 1975 and 1986, respectively. The relationship 
between the increasing average age of the Interstate and freeway system and the change 
in physical roadway maintenance costs is thus added to the forecast. 

It is anticipated that changes in the scope and magnitude of the overall highway main­
tenance operation will result in a 3 percent annual growth in the basic costlevel begin­
ning in 1971. This represents an objective assessment of current trends and identified 
program needs. This rate of growth-expressed in unit-mile cost-is the final additive. 

At this point we have simulated a unit-mile cost rate for highway maintenance direct 
operational costs, which is expressed in 1957-1959 dollars. 

The next step (Fig. 8) represents the conversion of our formulated unit-mile high­
way maintenance direct operational cost figure from 19 511-19 59 dollars to target year 
dollars (for example, 1975 dollars). The factor necessary for this process was devel­
oped by projecting the indices of historical changes in compensation and prices shown 
previously. This projection was based on trends occurring during the 1957 to 1969 
period. Information on future employee benefit proposals were formulated by labor and 
management, using the best available economic forecasts for the decade ahead. A pro­
jection was made of the annual anticipated labor compensation rates for each year from 
1969 through 1975. The average annual change during this period was then used as a 
basis for projecting labor compensation rates from 1976 through 1986. 

A similar in-depth analysis was made of equipment and material costs during the 
1957 through 1969 period. As reported previously, these costs actually dropped below 
19 57-19 59 levels for a substantial period and, in the case of materials, remained be­
low these levels as of 1969. In both cases, however, a trend beginning in 1965 has been 
detected that would indicate that these costs have started to increase, although at a 
greatly reduced rate when compared to labor compensation costs. Although it cannot 
be expected that this trend will remain as moderate in the years ahead, it is anticipa' 
that cost increases for equipment and materials will not reach the proportion that is 
expected in the labor market. 

A composite index has been computed to reflect the combined influence of these three 
factors (labor, equipment, and materials). This composite index serves as a basis 
for determining the effect of rising compensation and prices on the maintenance pro­
gram of the future. Using this projected index, the normal year unit-mile highway 
maintenance direct operational cost, expressed in target-year dollars, can be calcu­
lated. Further, with centerline mileage information available from the department's 
20-year highway systems plan, total costs can also be formulated. We have projected 
normal-year costs, although anticipated plus and minus deviations resulting from ab-

~~:!r~~:1~~';.':~~CT LABOR, EQUIPMENT AIIO 
OPERAT IOl4AI COST EXPRESSEDX MATERIALS PROJ EC TED COST 
IN 1917•1919 POLLAR's. FOR THE 111oex FOR TARGET VE.A.Rs 
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~~1
1!:~:"~~1

:~CT TOm CENTERLINE MILES = OPERATIOHAL COST EXPRESSED X BEltlG MAINTAINED IN 
Ill TARGET YE/\R DOLLAR~ TARGET YEARS 

FOR~ULATED NORMAL YEAR 
_ HIGllWH MAINTENANCE DIRECT 
- OPERATIONAL COSTS IN 

TARGET YEAR DOLLARS 

Figure 8. Projection of highway maintenance 
direct operational costs (normal year). 

errant winter severity have been developed. 
By using the methodology just explained, 

it is possible to formulate normal-year total 
direct operational costs, in any given year, 
solely on the basis of information concerning 
changes in these influential factors. 

Table 2 gives the Minnesota cost forecast 
for 1975 and 1986 along with formulated and 
actual cost for selected years between 1960 
and 1969. Total direct operational costs are 
forecast at $53.5 million by 1975 and $106 
million by 1986 . These projections are based 
on normal winter conditions . 

As noted in the preceding paragraph, di­
rect operational costs have also been formu­
lated for the period 1960 through 1969 by us­
ing the projection methodology. The devia­
tion between formulated and actual cost in any 
given year during this period primarily rep­
resents the difference between actual winte1 
conditions and theoretical normal conditions. 
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TABLE 2 

FORMULATED HIGHWAY MAINTENANCE DIRECT OPERATIONAL 
COSTS-1957 TO 1986 (Thousands of Dollars) 

Item 1960 1962 1964 1966 1969 1975 1986 

Costa at 1957-1959 levelsb 15.3 15. 4 15. 5 15. 5 15.6 15. 8 16.2 
Increasesa caused by 

changes in the basic cost 
level 0. 0 0.4 2. 9 5. 2 3.0 5. 5 11.0 

Increasesa caused by 
changing system mix 0.0 0.4 o. 7 1.0 1. 5 2. 7 4.3 

Increasesa caused by 
changing traffic volume 0. 1 0.6 0.8 1. 2 1.8 4. 8 8.4 

Increasesa caused by In-
terstate and freeway 
aging 0.0 0.0 0.0 0.0 0.0 0.2 0.8 

Increases caused by ris-
ing labor compensation 
rates and higher prices iQ ...ll ....!J!. ..1.:1 --11 24.5 ~ 

Total formulated normal 
year direct operational 
costs 16. 4 18.1 21. 7 26. 8 31.8 53. 5 106.0 

Actual costs 15. 7 18.1 21.4 29.2 34. 7 

aExpre-r;s,:id in 1957-1969 dorl~rs. 
bThe cost if all factors rom11ined static except the number of centerline mil es maintained , 

Table 2 further provides a breakdown of formulated highway maintenance direct op­
erational costs by the dominating factors that have influenced the increases noted be­
tween the 19 57-19 59 base period and 1969. The influence of these individual factors 
is also projected for 1975 and 1986. 

The awesome fact about this forecast is that in the 6-year period immediately ahead 
'1.970-1975), highway maintenance direct operational costs will increase by $ 5 million 
.iore than they did during the pr eceding 10 years. The anticipated incr ease between 

1969 and 1986 will be 4½ times greater than the $16. 5 million increase that occur red 
between the base period and 1969. 

These projections do not include nonrecurring maintenance betterments, central 
office support services, and other functional costs. A second projection level, identi­
fied as the total functional cost of maintenance, includes the direct operational costs 
plus other maintenance-related expenditures of the department-e. g., centralized sup­
port services such as finance, personnel, and radio maintenance, the nonrecurring 
maintenance betterment program, and other costs of this nature . This adds an addi­
tional $8.5 million to the 1975 projection and $11.7 million to the 1986 figure. 

The approach used in this study presents a reliable yardstick for determining within 
broad limits the extent of future resource requirements for highway maintenance. This 
approach is not intended as a substitute or replacement for more sophisticated tech­
niques such as planning program budgets that will more accurately account for changing 
work loads, standards, levels of service, and productivity. A quantification of the 
projected magnitude of the highway maintenance problem, however, was considered a 
necessary first step in our effort to meet this challenge effectively. For the purpose 
intended, we believe that the approach used in this study provides a reasonable mea­
sure of future costs. 

A note of caution is in order. It is not our intention that this forecast be used as a 
guide for the allocation of funds. The results obtained are useful for planning purposes 
only. The study identifies typical cost levels that might be reached by 1975 and 1986; 
it does not identify anticipated cash flow in any given year, either total or as a result 
of any specific cause. In this respect the actual dollar amounts are of less significance 
than the degree of change detected. 

What is the value of this analysis of present and future maintenance costs? 

1. It permits a more comprehensive assessment of total highway user tax revenue 
requirements in the future, thus allowing for systematic rather than panic solutions. 
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2. It helps government executives and administrators better understand the factors 
that influence and increase highway maintenance costs. Except for changes in the basic 
cost level, and to some extent changes in the system mix, the highway department can 
only respond to, not control, these factors. 

3. It fosters new attitudes and appreciation for the increasing significance of the 
maintenance function. 

4. It stimulates research efforts and commitment of resources thereto for the so­
lution of the problem through new technology. 

5. It provides criteria to measure the effect of policy and program changes rela­
tive to their influence on maintenance costs. 

6. It generates greater top-management support for planning-program budgeting, 
work standards, methods improvement, and other efforts to reduce maintenance costs. 

The complexity and magnitude of the highway maintenance problem is not widely ap­
preciated outside the maintenance division. Only in recent years has maintenance man­
agement received the attention that it needs. Ineffective or nonexistent planning has 
been one of the more serious areas of neglect. We feel this study represents a posi­
tive step by the Minnesota Department of Highways to rectify this situation. 




