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PREFACE

This study of FHWA data indicates a strong correlation between the cost of engi-
neering and the volume of work contracted out to private sector firms. The opt-

mum level for contracting out appears to be from 50% to 70% of all engineering

work.

Unlike other studies that have tried to focus on partial costs of engineering, this
study focuses on total engineering program costs. This total cost approach provides
a better perspective than studies focusing on portions of cost.

The FHWA data was sorted for several significant variables, including geography,
mileage, traffic density and the size of construction budgets. Only the contracting
out percentage resulted in a correlation with engineering costs.

This report supplements the study of all fifty states with specific comparisons of Cal-
ifornia spending for transportation engineering,

The findings clearly indicate contracting out a significant portion of engineering
work results in a lower total program cost for engineering. :

/; - o
William F. Fanning vl

Director of Research (-
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Executive Summary

This study of design and construction engineering costs uses data reported by state
and local governments to the Federal Highway Administration (FHwA) that is pub-
lished annually by the U S Department of Transportation. The study encompasses
eleven years of data, from 1979 to 1989

The purpose of the study is to assess the expenditure of Preliminary and Construc-
tion Engineering (PCE) costs in terms of both trends and in relation to specific fac-
tors, including the size of construction budgets, the impact of contracting out to
private sector design firms, costs based on mileage factors and costs based on other
geographic considerations including mountain and sea coast terrain,

One variable factor clearly has a bearing on the relative of cost of engineering-the
use of contracting out for engineering. States contracting out between 50% and 70%
of their engineering work have achieved the lowest total cost of engineering as a per-
centage of construction over the eleven year period.

Figure 1
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States that contract out between 50% and 70% of their
engineering work have achieved the lowest PCE cost as
a percentage of construction over the past 11 years.

Engineering Cost as % of Constructio
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No other factors, such as the size of the construction program, state highway mile-
age, traffic demsity or geographic considerations appear to have a consistent impact
on engineering cost levels relative to construction spending.

This study clearly points to maximum cost effective utilization of taxpayer dollars
through contracting out 50% to 70% of all engineering work.

The study results also indicate contracting out is more cost effective when construc-
tion funding levels are either increased or decreased. FEEWA data indicates all
states have either reduced construction spending or increased construction spending
(above the level attributable to inflation) at least once during the period studied.
When construction funding levels change, states contracting out more than 50% of
their engineering work are better able to control engineering costs as a % of con-
struction.

The study also reveals engineering costs for transportation have risen over the
period, a not unexpected finding. Increased environmental concern, safety consider-
atlons and neighborhood activism have contributed more demands for additional
engineering efforts. Apparently, contracting out engineering services contributes to
controlling these increased costs. Only those states that have increased their con-
tracting out (as a % of total engineering work) have been able to keep engineering
costs level as a percentage of construction. The states contracting out less than 10%
of their engineering work have seen the largest increases in engineering costs rela-
tive to construction.

Whether these factors have been officially recognized or not by state transportation
agencies, the trend over the period has been to increase contracting out. Overall
contracting out has increased over the period, and a majority of states feel contract-
ing out is cost effective.

In preparing this report, other reports and studies of contracting out were reviewed.
In general, these reports tried to focus on comparative costs for individual engineer-
ing projects, and/or comparisons of partial cost data.

Making cost comparisons of alternatives in engineering on a detailed project by
project basis may well be impossible due to the unique nature of individual projects
and inconsistency between government and private sector cost accounting. Partial
cost comparisons, while helpful do not address overall cost effectiveness on a total
program basis.

Only a total program comparison, such as this analysis, provides a comprehensive
view of engineering cost effectiveness.

One other interesting finding is contracting out engineering is apparently more cost
effective currently than it was ten years ago. While we can not determine an objec-
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tive reason for this, one possible explanation is private sector engineering firms have
better adjusted to overall changes in engineering requirements and the technology
changes that have occurred.

Based on the findings of this study, it is clear contracting out engineering require-
ments helps transportation departments achieve maximum cost effectiveness. It is
also very clear that not utilizing contracting out, or contracting out only a minimum
of total engineering work is the least cost effective use of taxpayer dollars. It
appears that the cost advantages of contracting out are increasing, indicating trans-
portation agencies should be moving to increase their use of private sector firms for
engineering in order to maximize the results achieved from the taxpayers dollars.

Perhaps Engineering News Record says it best in a recent editorial commenting on
a change by the Tennessee Valley Authority (TVA) to contracting out:1

"The TV A message is an instructive one for those highway departments and
other public agencies that continue to insist on doing design and construction
work in-house. With many state and local governments in fiscal trouble, this
Is a luxury they can ill afford"

1 Engineering News Record, May 20, 1991, page 66
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Key Study Findings

The analysis of FHwA data provides a great deal of insight into the relative spend-
ing policies of states and local governments. The comparative analyses performed
show clearly the impact of contracting out in maintaining a cost effective
engineering program.

Key study findings include:
Contracting out of PCE work is more cost effective:

@ The states having the lowest PCE cost as a percent of construction contract
out between 50% and 70% of their PCE work.

@ States with less than 10% contracting out consistently have the most expen-
sive PCE

@ From 1979 to 1989, states contracting out 50% to 70% of their engineering
work saw total engineering costs only 54% as high as states contracting out
10% or less of their work.

@ States contracting out 50% to 70% of their engineering work saw engineer-
ing cost increases of 15.4% while engineering costs rose 21.5% for states con-
tracting out 10% or less.

@ States increasing their contracting out percentage by more than 10% have
seen declines in their PCE costs as a percentage of construction cost

Construction funding is subject to change in all states. This change creates variable
needs for engineering efforts.

@ All fifty states have seen construction costs decline in at least one year from
1979 to 1989. Twenty-six states have seen declines of 20% or more on a year
to year basis.

@ All fifty states have seen construction increases of more than 10% on a year
to year basis, and 47 have seen year to year gains of 20% or more.

@ States contracting out 50% or more of their engineering work were able to
hold engineering cost increases even with the rate of growth in construction,
while states contracting out less than 50% saw engineering costs increase at
twice the rate of construction increases.

@ When construction funding declines, states contracting out less than 10% of
their work saw engineering costs rise 123% (as % of construction) while
states contracting out more than 50% saw increases of only 23%.

The use of contracting out is increasing:

@ The overall percentage of contracting out has risen from 30% to the 50%
level since 1979.
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@ Seventeen states have changed their policies to increase contracting out, but
no state has changed policies to reduce the use of contracting out.

@ An additional 14 states are planning to increase contracting out over the next
few years while 34 will contract out at the same level.

@ The dollar volume of contracting out has doubled to $1.4 billion since 1979.
A majority of states believe contracting out of engineering work is cost effective.

@ A majority of states feel contracting out is cost effective when compared with
in-house design costs when all cost factors are considered

@ Almost all states use consultants for all major phases of transportation engi-
neering tasks.

@ Agencies and owners other than transportation also have found that con-
tracting out more than 509 of their work is cost effective

Contracting out of engineering tasks enables a transportation agency to meet its
needs without incurring the costs of full time staff.

@ Contracting out allows states to utilize specialized design skills on an as-
needed basis rather than having the responsibility for full time staff costs

@ Contracting out is used for increases in construction spending where the abil-
ity to begin design quickly is important to overall cost savings

@ Consultant use allows more flexibility and cost control when construction
spending levels decline

By including eleven years of data and all fifty states, this study provides a broad
overview of contracting out policies and engineering spending. The results are very
clear--contracting out is clearly a factor in achieving cost effective engineering.
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Evaluating Engineering Costs

Historically, engineering costs have been measured as a total cost relative to con-
struction costs. Engineering costs have typically been expressed as a percentage of
construction costs.

Prior to the mid 70’s, percentage of construction cost was the predominate method
for determining engineering fees in both government and private sector contracting.

The federal government replaced percentage of construction cost contracting with
the current cost based system after selection of a design firm based on qualifications
(QBS). The Department of Justice also forced the major professional societies to
abandon their published percentage of construction cost fee guidelines on the
theory these constituted a form of price fixing,

Despite the decline in the use of percentage of cost as a form of contracting, its use
is still recognized in both federal law and agency regulations.

All federal engineering/architectural contracting is done by the provisions of the
Brooks Act (P.L. 92-582). Among the provisions of this act, certain design functions
are limited to a 6% of construction cost maximum. FHwA regulations also recog-
nize a percentage of construction cost as a threshold for the reasonableness of engi-
neering costs for federal aid reimbursement purposes.?

Thus, the use of percent of construction cost still retains its usefulness as a guide for
measuring engineering cost performance, even though its use as a sole basis for con-
tracting has declined.

Percent of construction cost is the best measurement of cost effectiveness presently
available. Defining percent of construction cost, it is the total engineering cost to
accomplish a dollar value of construction. It is also best used over time, and over a
number of projects where individual project differences do not unfairly impact the
comparisons.

Problems in Comparing Engineering Costs

Several other approaches have been used to try to evaluate the costs of engineering.
Each of these approaches has limitations.

Some comparisons have focused on the hourly rates for engineering staff. This
approach does not take into account several factors, including the time it takes to
perform a task (cost equals rate times hours), the level of staff used to perform a
particular task (a higher skill/paid individual may be assigned to the same task on

2 This regulation sets a maximum of 15% of construction cost as eligible for construction engineering
reimbursement. 23 CFR Part 140 Section 140.201
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different projects) and the overall mix of staff is not considered (overall average pay
rates may be higher in an organization where comparable individual rates are
lower).

Comparisons of hourly pay rates for individuals simply can not be used for overall
cost comparisons. This method ignores all but one factor in cost determination.

Other comparisons of engineering costs have atternpted to focus on overhead rates
as a measure of cost effectiveness. Overhead costs as a basis of cost effectiveness
are an even more limited basis for comparing costs. In a study of U. S. Army Corps
of Engineers engineering costs, the unreliability of using overhead rates was
described as follows:3

"Two cost comparisons are possible: the total cost of providing a service, and
the indirect cost rates. The total cost com parison is the more meaningful
since it reflects the complete cost of providing a service. The comparison of
indirect costs is less meaningful since those costs are normally expressed as
percentages of direct labor. Consequently, accounting practices and policies
- within USACE or in private sector firms - can result in an item being a
direct cost in one organization an indirect cost in another. Engineering and
construction organizations can charge the same price to produce a product
but have very different cost rates. For that reason, we base most of our
analysis on total costs.”

Overhead, or indirect cost rates only reflect the relationship of costs within a single
organization based on how costs are elected to be accounted for. Even a compari-
son of indirect cost rates between two groups is not realistic unless a very detailed
study of comparable costing policies is performed and adjustments to accounting
records are made to reflect differences in costing policies.

This problem is often a major difficulty in comparing private sector engineering
COSts 10 costs within a government agency. Unless a very comprehensive study is
conducted, the difference in how accounting records and allocates costs will not pro-
duce meaningful results. Several other studies have acknowledged the difficnlty of
completely and fairly allocating overhead costs to in-house engineering efforts.

Thus detail, project by project cost comparisons can not be objectively prepared.
Only an overall comparison of expenditure levels, over time provides a fair evalu-
ation of cost effectiveness.

3 Monitoring and Controlling Engineering and Construction Management Cost, Performance within
the Corps of Engineers, Report AR801R1, December 1988
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Since engineering design costs typically represent about 10% of construction costs,
and inflation has been 5% to 6% over the past few years, schedule can have a mate-
rial impact on engineering cost effectiveness. A delay of six months can raise con-
struction costs by 2 1/2%. This cost of delay could represent 25% of engineering
costs. Thus the ability to either quickly begin design, or add immediate staffing
capability to complete design sooner can have a dramatic impact on the total costs
that can be associated with engineering.

Similarly, the use of in-house staff means the agency is assuming some future cost
risks that can not be objectively determined. Included in these unquantifiable risks
would be the need for the staff in the future, the benefit costs associated with future
employment as well as the liability risks associated with design. Since these costs
can not be objectively determined, comparison of in-house to contracting out costs
can not be objectively compared on a single project basis.

Engineering design is by nature extremely variable in skills required, and construc-
tion programs generally require many different skills from time to time. In short,
the skills required today may not be the skills required tomorrow. In-house staffs
frequently face a mismatch of skills available and skills needed where contracting
out allows the use of only those skills needed. States that choose to use in-house
staff for a majority of their work thus assume the risk that their future skill require-
ments will match the skills available.

Proper cost determination would also require that the current value of future bene-
fits such as retirement plans be allocated to the current period as employees earn
the benefits. Future legislative actions may modify these benefits, so current cost
accruals are dependant on unknown future actions.

Construction has also become a fertile field for litigation, thus also creating poten-
tial future risks if in-house staff is used to prepare the engineering design.

The use of in-house staff is the assumption of these risks by the agency, while con-
tracting out transfers many of these risks to the outside contractor. Reasonable peo-
ple will agree that there is a cost associated with the assumption of these risks, but
since only future events will objectively determine the cost, it is impossible to be
totally objective in any cost comparison on a current basis,

To summarize, several factors contribute to the difficulty in objectively determining
comparative engineering costs.

v~ Comparing the use of in-house staff to outside consultants involves a degree
of risk for in-house staff that is not present for consultants. While reason-
able people will recognize there is a cost for this risk, since it is dependant
on unknown future events, it is impossible to quantify.
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v~ No two construction projects are ever exactly alike, plus there are muitiple
engineering solutions to almost every project, plus multiple alternatives in
staffing and scheduling. Thus simply comparing estimated costs from two
sources is unlikely to produce a fair or complete comparison.

v The differences in accounting records and cost accumulations between dif-
ferent firms, or agencies will minimize the ability to draw conclusions as to
total cost differences.

v~ The effect of inflation on construction costs from different completion
schedules for engineering work can easily be close to the full current cost of
engineering from comparison of labor and/or overhead rates.

Thus a comparison of individual project engineering costs is unlikely to produce
meaningful objective results as to the relative cost of alternative engineering
choices. There are simply too many variables, some of which depend on future
events, to precisely quantify the relative cost effectiveness of engineering on a proj-
ect by project basis.

A Total Cost Approach

To determine cost effectiveness, the total cost of an engineering program should be
looked at. Only by looking at the total cost for all projects, and drawing general
conclusions from the overall assessment can it be determined that cost effectiveness
has been obtained.

This study of FHwA. compiled data is a unique opportunity to assess the cost effec-
tiveness of engineering as there is both a significant number of agencies and a simi-
larity of design effort present, as well as data prepared on a common basis for over a
decade.

All fifry states have roadway design requirements, and due to federal supported
standards, the design efforts are for largely similar end products. Since this data
covers over a decade of experience, the comparison is not affected by unusual occur-
rences in a particular year, or for particular projects.

FHwA cost data includes Preliminary & Construction Engineering (PCE) which
includes total engineering costs for both preliminary design and construction inspec-
tion, as well as related costs of testing and surveying. This broad definition of engi-
neering is well suited to a total cost study as it encompasses the full range of
engineering activities required to accomplish highway construction.

To further minimize the impact of particular projects, or changes in state policies
(such as a temporary cutback on construction due to budget constraints), the FHwA
data was looked at over a minimum three year period. By utilizing a multi-year
basis, the impact of unusual occurrences on the data is minimized.
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The FHwA data was confirmed and supplemented by a survey of all 50 state DOTS.
A summary of this survey appears in this report. The primary FHwA data used in
this study also is produced in this report, as are the definitions of costs used by
FHwA.

Study Methodology

The FHwA data was sorted to test for several variables in order to determine if any
individual variable could be equated with PCE costs. These variables included:

L. Volume of construction (Does the size of the construction program affect
the level of PCE costs?)

II. Traffic Density (Does high traffic volume per mile of highway affect the
level of PCE costs?)

HI. State/Local Responsibility (Does the portion of roads under state vs. local
control effect the level of PCE costs?)

IV. Construction Spending Per Mile (Does the intensity/complexity of con-
struction effect the level of PCE costs?)

V. Geography (Do significant geographic factors, such as coastal regions or
mountainous areas effect the level of PCE costs?)

VL Size of Road System (Does either the total mileage in a state or the mile-
age under state control effect the level of PCE costs?)

VII. Contracting Out (Does the level of contracting out PCE tasks to private
sector firms affect the level of PCE costs?)

Reported spending in other areas, including administration, maintenance and safety
and enforcement were also compared. None of these comparisons indicated state
spending patterns with a strong statistical correlation to any of the variables tested,
except contracting out.

One factor not felt to influence PCE cost relationships are the differences in con-
struction costs (for a given amount of construction) in different geographic areas.
While cost of living factors do vary by area, PSMJ Fee surveys conducted annually
since 1983, have shown a close correlation between design and construction costs
within a geographic area. Thus design costs remain relatively constant as a percent
of construction costs in all areas.

The only statistical correlation that could be found in the data is in the percentage
of PCE effort contracted out to private sector firms.

As shown in figure 2, comparing the eleven years of data for all fifty states indicates
the most economical level of PCE results from contracting out 50% to 70% of all
PCE.
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Figure 2
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PCE costs as a percent of construction show a strong
correlation with 50% to 70% contracting out being the
most cost effective level
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This result is not unusual, as studies conducted for both the U. §. Army Corps of
Engineers and Naval Facilities Engineering Command have indicated optimum
costs are achieved at the 70% contracting out level. Also the popularity of contract-
ing out by other private and public sector facility builders would indicate contracting
out is the preferred method for accomplishing engineering tasks.
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PCE Costs Based on Contracting Out

The FHwA data on Preliminary & Construction Engineering (PCE) costs was tested
based on a number of criteria. Most of these comparisons produced no statistically
valid relationship between PCE costs and the variable test factor. Included in these
tests were the relationship to total state mileage, total state transportation spending,
percentage of total miles under state control and level of state fuel taxes (both per
gallon and total collected).

It is only when a state’s contracting out percentage is used that valid correlations are
achieved in PCE costs. The data analysis clearly shows a correlation between con-
tracting out and cost effectiveness.

Figure 2
PCE as % of Construction
1979 to 1982
25%
20%
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Data for the years 1979 to 1982 also indicates o pli-
mum engineering costs are achieved by contracting out
between 50% and 70% of engineering work.
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It should also be noted that the states in each contracting out grouping showed no
other relationship than the percentage of work contracted out. The states in each
group showed wide differences in construction spending, highway mileage, traffic
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density and geographical design constraints. This finding reinforces the conclusion
that percentage of work contracted out, and only this factor has a direct bearing on
engineering cost effectiveness.

As shown in figure 1, the lowest cost PCE (in relation to construction costs occurs
when 50% to 70% of all PCE work is contracted out to private sector firms.

In addition to the comparison of the full eleven years of FHwA data, three alterna-
tive comparisons of PCE costs based on contracting out were prepared. These com-
parisons used the data for the three year period from 1979 to 1982 (figure 2) and the
three year period from 1987 to 1989 (figure 3). The third comparison used the data
on contracting out provided by our survey of all 50 states and construction for 1987
to 1989 (figure 4).

The results of the comparison for 1979 to 1982 are shown in figure 2. Like the full
eleven year comparison, the lowest engineering cost levels were achieved by states
contracting out between 50% and 70% of their engineering work.

Figure 3
R — s
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When the 3 most recent years of data available are
used, the result also indicates 50% to 70% contracting
out is the optimum level for cost effectiveness.

e

The Effect of Contracting Out ' Page 16 September, 1991




The results for the period 1987 to 1989 are shown in figure 3. The results were the
same for this analysis, with 50% to 70% contracting out showing the lowest costs for
PCE. From this data it appears that contracting out at this level is even more cost
effective currently than it was at the beginning of the decade.

While those states contracting out less than 10% of their engineering work incurred
an increase of 21.4% in their PCE costs, states contracting out 50% to 70% saw
their PCE costs rise only 15.5%. Thus states contracting out 50% to 70% saw PCE
costs only 59% as high from 1987 to 1989 compared with 62% during the 1979 to
1982 period.

Figure 4
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1987 to 1989
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Using current state contracting out policies also pro-
duced a finding that contracting out 50% to 70% of
the work is the most cost effective.

—

No definite reason for this change could be determined. It could be related toa
better ability in private sector firms to accommodate the changes in engineering
practice caused by the increased use of computers. Another possible explanation is
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the changing environmental rules and other factors affecting engineering skill
requirements have had more impact on in-house design staff costs than in the pri-
vate sector.

Whatever the cause, the data does show contracting out has become more cost effec-
tive over the past decade.

The survey of state DOTs conducted in conjunction with this study was used for the
final comparison (figure 4). The state reported percentages were used for a com-
parison using only the 1987 to 1989 data as the state responses to contracting out
volumes were not considered sufficiently accurate beyond this time frame.

It should be noted this state provided data is less mathematically accurate than the
FHwA PR-37 data, however it does include total state design program values rather
than just federally assisted project data. By using the wide brackets of contracting
out activity, the lower degree of accuracy is not considered to affect the final resuits.

This data comparison produced even more dramatic differences in PCE cost effec-
tiveness as the inclusion of total state contracting out efforts re-positioned several
states with contracting out policies that differ on state and federally funded work.

All of these comparisons reached the same conclusion—states contracting out
between 50% an 70% of their PCE work achieve cost levels that are approximately
only half as high as states contracting out 10% or less of their work.

This study did not attempt to determine the specific causes of the results, but our
conversations with state DOT personnel and factors cited in other studies of engi-
neering costs did reveal several factors believed to contribute to this result:

v Private sector firms perform specific projects in less time than public sector
design groups.
+” The ability to rapidly expand or contract engineering efforts in response to

variability in construction needs is better accomplished through contracting
out.

+” The variety of skills needed for engineering design is more cost effectively
maintained on a contract need only basis rather than as full time staff.

v Projects have a better defined scope, level of effort, and schedule when for-
mal contracts are developed with private sector firms than when projects
are performed internally.

Contracting Out and Changing Levels of Construction

In government spending, construction funding is one of the most frequent areas
where change occurs. Several factors contribute to this variability:

v In times of budget cutting, construction projects are often the first to be
either postponed or cancelled to reduce spending.
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v Construction programs are often funded with bond issues, which result in
rapid increases in construction fund availability, with similar rapid declines
as specific programs are completed

How frequently do these changes in construction work efforts affect transportation
construction?

Reviewing the FHwA data for 1979 to 1989 found construction spending is fre-
quently subject to significant change:

v/ 26 of the 50 states recorded cutbacks of 20% or more in at least one year
from 1979 to 1989.

v 48 of the 50-stat¢s have had at least one year of decline in construction
spending during this same period.

v All 50 states have seen gains of 10% or more in at least one year.

v 47 out of the 50 states have recorded increases in construction spending in
excess of 20% in at least one year.

To determine the impact of changing construction levels in transportation and the
cost impact of contracting out when change occurs, the FHwA was sorted for both
increases and declines in construction funding. In both increased and decreased
funding situations, states contracting out over 50% of their PCE work were better
able to control PCE spending levels.

Increasing Transportation Construction Spending

When construction increases, the cost of PCE should also rise to accommodate the
increased volume of work. The FHWA data was sorted to determine states with
Increases in construction (more than 10% on a year to year basis). PCE costs for
these periods were then compared based on the percentage of work contracted out.

‘The results of this comparison were startling in that states contracting out more than
50% of their work were able to achieve a 143% increase in construction while PCE
costs rose only 135%, indicating contracting out increased work actually lowered
overall PCE costs as a percentage of construction.

On the other hand, states contracting out less than 50% of their work saw construc-
tion rise only 64% while PCE costs increased by 134%. This indicates that limited
contracting out increases PCE costs faster than construction costs.

The results of this comparison are shown in figure 3.
This finding leads to several possible conclusions:

v~ Contracting out enables a state to increase construction spending, thus deliv-
ering highway construction more rapidly when a high proportion of contract-
ing out is used to accomplish engineering.
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v The effect of rapid growth in construction program funding is to reduce the
cost effectiveness of in-house design efforts.

Figure 5
“

Engineering Cost Changes
When Construction Spending Increases

Contruction Change ’

PCE Change
0% 50% 100% 1507 200%
B Less tahn 50% Contracting Out
FHWA Data Table SF4C & More than 50% Contracting Out
L " A |

States contracting out more than 50% o f their PCE
work were better able to control PCE costs than those
States contracting out less than 50%.

The Effect of Declining Construction Spending on PCE Costs

As shown in figure 6, states reducing construction spending by more than 20% in
one year who contract out less than 10% of their PCE work saw an average increase
in PCE costs of 123% when PCE is measured as a percent of construction.

States contracting out over 10% of their work showed only a 70% increase in PCE
Costs as a percentage of construction.

When a comparison was performed on states experiencing a construction cutback of
20% or more, states contracting out less than 10% of their PCE work saw PCE costs
rise over 300% as a percentage of construction.
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Similar tests when run for states contracting out over 50% of their work showed sig-
nificantly lower PCE cost rate increases. In these tests, costs increased less than
20%

The findings are clear, PCE costs are managed most effectively when construction
volume decreases through substantial contracting out to private sector firms.

Figure 6
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States that contract out a significant portion of their
PCE work are better able to control PCE costs as con-
struction volumes decreased.

_

To give an example of how construction cutbacks affect the cost effectiveness of
PCE tasks, a current on-going example is the U. S. Army Corps of Engineers, where
facility construction programs have been subjected to well publicized freezes due to
changes expected from different East/West relationships, actions in the Persian
Gulf and the need for budget cutbacks (which is delayed by Congressional action).

In a conversation with Headquarters personnel, we were told there is a trend to
increase staff requirements over historical levels in order to show a need to retain
staff. The result is the same level of staff accomplishing a lower level of work. This
is not unexpected where staff are in-house, full time employees. Current COE pro-
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jections indicate the underutilization of staff, and the inability to downsize to the

staff level necessary could result in $300 to $400 million in higher than normal
spending levels.
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Conclusions

It can be safely concluded that transportation construction spending has a high
degree of probability to be variable. PCE costs, which are directly related to con-
struction efforts, thus should also be variable.

Variability of costs and efforts would indicate good management policies would pro-
vide for a variable level of staff or implementation of policies for contracting out the
work so variable volumes of need could be met cost effectively.

Having a full time staff to accomplish a variable work effort is often the least cost
effective method.

Contracting out has proven to be more cost effective in both increasing and decreas-
ing construction programs.

The Effect of Changing to Contracting Out

A separate analysis was performed for states that had significantly increased their
contracting out (by more than 20%) over the decade of the 80s. This compared
their PCE costs as a percentage of construction from 81-83 to the 87-89 time frame
(figure 7).

The results of this test indicated average PCE costs as a percent of construction
declined for states increasing their contracting out by 10% or more. This same data
indicates that states contracted out less than 109% of their PCE work saw the largest
increase in PCE costs as a percentage of construction.

One state, due to a major, deliberate legislative policy change to a reliance on con-
tracting out to private sector firms saw their in-house staff levels decline 55% over a
five year period and their contracting out of PCE work increase from 10% to 70%
over the period of the change. As a result, their PCE costs as a percent of construc-
tion declined 38% over the period.

These results also confirms the finding that contracting out of PCE work is cost
effective.
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Figure 7
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States increasing their percentage of contracted out
PCE work are the only states showing stability in over-

all PCE costs.

Overall PCE Cost Trends (79-89)

The study found PCE costs as a percent of construction have been increasing over
the past decade rising from 14.5% of construction in 1979 to 15.5 % in 1989. This
result was expected, as several factors have imposed additional demands for addi-
tional engineering services. Included in these factors are:

v/ Increased Environmental Regulation. Designers have to provide for
increased environmental protection in wetlands and other environmentally
sensitive areas. Additional requirements have been imposed for environ-
mental studies and designs to mitigate environmental damage.

v/ Increased Safety Standards. Additional safety standards have been
adopted for highways which must be incorporated into designs. Addition-
ally, safety during construction must be given more consideration today.
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v~ Neighborhood Activism. The Not in My Back Yard (NIMBY) phenomenon
has also impacted highway design. Designers must work with affected par-
ties to avoid long and costly protests and/or litigation.

No longer can highway design be considered to be simply “grade it and pave it".
These additional factors all directly impact the design of highway projects and thus
PCE costs. These changes have also affected the staff skills needed to accomplish
design, adding another variable to engineering needs.

How Much PCE Work is Contracted Out

The overall use of private sector design firms by state and local governments is a
large and growing market. Establishing the value of private sector PCE work by
state DOT agencies is a relatively straightforward process. Determining the volume
at the local government level for contracting out is more difficult due to the many
more government entities involved plus a lack of standardized reporting by these
entities on contracting out data to FHwA.

Figure 8
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The percentage of PCE work contracted out has risen
steadily over the past eleven years, increasing by almost
20%.

“
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However, limited testing of major metropolitan areas indicates local government
entities are more likely to contract out higher levels of PCE work than are state
level agencies. Even major metropolitan areas have more limited in-house design
capabilities than do most state DOTs.

The data clearly shows the volume of work contracted out to private sector firms has
been growing steadily. It also shows this market is substantial.

Table 1
Volume of PCE Work Contracted Out
1982 1984 1986 1988
State Level $429,487,000 $639,677,000 $1,042,626,000 $1,113,466,000
Local Level $217,042,000 $235,916,000 $256,431,000 $278,024,000
Total $646:529.000 $875.593.000 $1,299,057,000|.  $1,391.491,000
Figure 9
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The dollar value of private sector consultants for PCE
work has been increasing steadily
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These volumes are probably low since contracting out volumes for local government
entities are conservatively estimated at the same percentage of total spending as
their respective state agencies, when testing indicates the percent is, in fact, some-
what higher. This estimate also excludes any PCE work for special authorities, such
as toll facilities, mass transit work, and direct federal work on federal sites.

This data indicates several clear conclusions:

v Government highway agencies are significantly increasing their use of pri-
vate sector consultants for PCE tasks;

v The private sector has the capability to meet increased engineering needs of
any state agency :

Also excluded from this estimate of contracted out PCE work is work for private
sector developers. Many states and localities have shifted increased responsibilities
for road improvements to private developers, further increasing the volume of trans-
portation engineering performed by private sector design firms.

In summary, the FHWA data indicates:

v PCE costs are lowest in states that contract out between 50% and 70% of
their work

+ PCE costs are more effectively controlled when construction spending
either increases or decreases when substantial contracting out is used

v States increasing their contracting out have seen lower overall increases in
spending levels for PCE

v The use of contracting out is increasing
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State Survey Resuits

The data accumulated by FHwA includes information on contracting out of PCE
tasks. This information is included in the PR-37 file which contains data from 1979
to 1989 (except for 1982 when the data was not accumulated).

FHwA points out this data is applicable only to federal aid highway funds and may
or may not reflect state experience for non federal aid projects. In order to confirm
the validity of this FHwA data, we contacted all 50 state DOTs.

The findings of this portion of the study are:

v/ The federal data on contracting out can be used as a reasonable basis for
total contracting out volume on all state PCE work.

v The majority of states feel contracting out engineering work is cost competi-
tive with in-house design costs.

v~ The majority of states use private sector consultants for all phases of PCE
tasks.

v States have increased their use of consultants, and plan further increases in
consultant use in coming years.

The questions for this state survey are included with the FHwA data in the back of
this report.

Table 2 contains the findings on state contracting out policies as compared to the
FHwA data in the PR-37 file.

Table 2
State Contracting Out of PCE
Number
States matching federal data 27
States contracting out more PCE 14
States contracting out less PCE 9
50

Generally, the differences from the FHwA data were minor, in the 5% to 10%
range. Several states (28) do not track contracting out on a regular basis, so precise
re-calculations of contracting out volume (as shown in table 1) were not performed.

In comparing the states to the percentage contracting out brackets set for this sudy,
the revised state furnished numbers would change six states into brackets with
higher contracting out and six states into brackets with lower contracting out.
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The federal data is felt to be reasonable and if there is any difference, an accurate
re-calculation would probably produce a slightly higher contracting out volume.

At the same time, we inquired of each state their policies regarding contracting out
of PCE tasks and several other areas, including the type of work contracted out,
what. factors are considered in deciding what projects are contracted out, if there
have been any changes made or planned in the future in contracting out policies and
if the states felt contracting out was cost effective in comparison to using in-house
staff. ~

The results of the survey on types of work contracted out are shown in table 3.

Table 3
Number of States Using Consultants For:
Number
Planning/Feasibility Studies 43
Environmental Impact Studies 40
Project Design 50
Construction Inspection 31

These results indicate a majority of states use outside consultants to help with each
of the major PCE task areas.

The results of the policy change questions are contained in tables 4 and 5.

Table 4
States With Changed Use of Consultants
Number
States not changing contracting out policies 33
States increasing use of contracting out 17
States reducing use of contracting out 0
50

One state planning to reduce contracting out cited state financial constraints on con-
struction funding as the reason for the expected decline in the use of consultants.
The other state planning to reduce contracting out is expecting to change from 95%
contracting out to 80% contracting out.
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Table §
States Changing Future Use of Consultants

Number
States not changing contracting out policies 34
States increasing use of contracting out 14
States reducing use of contracting out 2
50

Several other states indicated they might be faced with reduced construction funding
due to budget problems, but they felt this represented a temporary condition and
their use of consultants would return to current levels after spending levels are
returned to normal. All of the states expecting reduced contracting out due to con-
struction funding cutbacks indicated that they felt more comfortable controlling
costs in the event of cutbacks because of the use of consultants,

The last question we asked was if states felt contracting out was as cost effective as
using in-house staff. The results of this are shown in table 6.

Table 6
State Comparisons of Contracting Out Costs
Number
States that feel contracting out is cost effective 27
States that feel in-house staff is more cost effective 17
States not expressing an opinion 6
50

Two of the states that felt in-house design was more cost effective indicated their
belief was not due to a difference in engineering costs, but that outside consultants
were more conservative in their design practices, resulting in higher construction
COsts.

Several other states felt outside consultants were more expensive due to a lack of
documentation of state standards for design, resulting in excess efforts for both the
consultants and the state reviewers.

Thus a majority of the states feel contracting out is cost effective, even though docu-
mentation of this was limited as only 23 states indicated they have undertaken stu-
dies of this issue. Several of these states indicated their studies were not formal, and
were several years old.
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States that contract out expressed several common criteria that made contracting
out cost effective:

v Consultants are used for the variable load portion of design tasks. Several
states indicated they have found variable load contracting out is cost effec-
tive at the district level even if overall state workloads would not require
increased contracting out efforts.

v Consultants are used for specialty projects, such as bridges or tunnels where
the state can not justify having the expertise in-house on a full time basis.

v Consultants are used for accelerated construction schedules where in-house
staff could not reasonably be shifted to meet needs.

v Consultants are used for large, finite term construction programs as states
feel it would not be cost effective to hire personnel for a project where
there was no justifiable prospect their skills would be needed after the con-
clusion of the program.

v~ Consultants are used for the more difficult, or larger construction projects
where the impact of project staffing needs on in-house staff levels would be
the greatest.

The variability of construction design needs results in a fairly high level of contract-
ing out in many states. These states indicated their approach is to determine the
normal volume of engineering work required by type of project, and by district office
to compute their base load.

When project types (such as bridges, resurfacing, new highways, highway expansions,
etc) are divided by district, the volume of construction work on a continuing annual
basis is well below the normal total volume of construction.

For example, if one district normally designed one bridge per year, any bridges
above this level would be contracted out even if the overall number of bridge
designs in the total state program did not change.

Many of the states expressed concerns over how costs could be fairly compared, as
true state in-house costs were very difficult to determine fairly. Frequently cited
were the costs associated with hiring and training staff, buying computers and deter-
mining a fair overhead rate for state employees. Also cited were the uncertainty of
future costs, such as retirement benefits, for in-house staff,

If a general consensus were to be developed from these discussions with DOT offi-
cials, it would be that if one only looked at partial cost data for comparison, in-
house staff would be slightly less expensive, but if that were true and complete state
costs were able to be determined, consultants would probably be more cost effective
for many projects.
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Other Published Cost Studies

Several other studies of contracting out costs have been published. We have been
able to identify four studies that deal specifically with transportation engineering.
These are studies conducted in Wisconsin, Texas, Oregon and by the National
Transportation Institute which included several states.

These studies focused on an attempt to compare the cost of single projects or single
cost components (such as labor rates) rather than the total cost of engineering pro-
grarms.

Federal Study

This study acknowledges the difficulty of comparing in-house to contracting out
costs. This difficulty is perhaps best summed up by the statement:

"The archaic nature of many present accounting systems makes it
very difficult to determine, with any precision, the actual total cost
of utilizing in-house staff."*

Thus, comparing contracting out with in-house costs on a project by project by proj-
ect basis suffers from a difficulty in finding common ground for comparisons.

In fact, many of the "cost comparisons" shown in this report compare estimates to
estimates and thus do not even come close to approximating an actual total cost
comparison.

A typical example is a "cost" comparison prepared by the Connecticut DOT (Table
10 of the referenced study), where the estimated hours proposed by a consultant are
priced both at the consultant’s rates and at the states’ rates. Not only is the consul-
tant’s proposal only an estimate, the state relies on it rather than preparing their
own estimate of hours required.

Obviously, comparing estimates to estimates is not a reliable method for determin-
ing how actual costs compare.

Oregon Study

The same methodology of comparing estimated costs to estimated costsis used in a
study prepared by the Association of Engineering Employees of Oregon.

4 Use of Consultants for Construction Engineering and Inspection, Transportation Research Board,
National Research Coundil, 1989, page 7

The Effect of Contracting Out Page 32 September, 1991




This study, using methodology of comparing estimates to estimates, concludes con-
tracting out costs are 182% of the costs of performing engineering in-house.

The overall cost data for construction, engineering and contracting out presented in
the report directly contradicts this finding,

Figure 10
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In spite of the "findings" of the Oregon study that con-
tracting out was more expensive than in-house engi-
neering, the overall data in the report shows
engineering costs declined when contracting out
increased.

L S

The report shows contracting out increased from 3% to 20% from 1989 to 1990. If
contracting out was, in fact, more expensive, total engineering costs (both in-house
and contracted out) would be expected to increase as the "more expensive” contract-
ing out became a greater portion of the total effort.

Rather than increasing, total engineering costs actually decreased as contracting out
increased (both in actual dollars and as a percentage of construction costs).
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The possibility that costs should not be viewed on a current year basis, since engi-
neering precedes construction and the two activities may occur in different years on
the same project does not appear to refute the reduced cost as engineering costs
continue to decline as a percentage of construction into 1991 according to the study.

The report’s own data would certainly, at a minimum, cast doubt on the finding that
contracting out is more expensive than performing work in-house and confirm the
fallacy of trying to compare engineering costs soley on the basis of labor rates.

Texas Study

This 1987 study also reached a conclusion that performing work in-house was less
expensive than contracting out. While this study used paired actual project experi-
ence, the costs assigned to in-house work are also estimated, as the states’ account-
ing system was not able to produce complete or accurate cost data.5

The report also fails to reconcile individual cost accumulations to total costs
incurred. The "finding" that in-house design costs were 2.8% of construction costs
while consultant costs were 4.9% of construction are both significantly below Texas
data reported by SDHPT to FHwA which shows preliminary and construction engi-
neering costs ranged from 12.2% of construction to 19.6% of construction over the
study period.

Since the report acknowledges the less than complete accuracy of the state’s cost
data and the findings differ substantially from total engineering program costs, the
findings should be viewed with a certain amount of skepticism.

Wisconsin Study

This study was conducted by the Legislative Audit Bureau in April of 1990 in
response to concerns that contracting out was costing the state more than it would to
perform the engineering work in-house.6

The results of this study speak for themselves.

The volume of engineering work performed by private consultants for the
Department of Transportation has increased sharply since the early 1980s.
In 1982, the Department negotiated 20 contracts, for approximately $2.4 mil-
lion. For 1989, the Departiment awarded 241 contracts, totaling $27.6 mil-
lion. Currently, approximately 33% of the engineering work for highway
design and construction supervision is performed by private consulting firms,
up from 9% in fiscal year 1982-83. This growth in consultant use has devel-

5 Use of Consultants for Construction Engineering and Inspection, Transportation Research Board,
National Research Council, 1989, page 15.

6 An Evaluation of Use of Engineering Consultants Department of Transportation, State of Wiscon-
sin Legislative Audit Bureau, April 1990.
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oped despite the absence of a Department policy on the appropriate level of
consultant use, and has led to complaints that engineering services provided
by consultants are more costly and of lower quality than similar services pro-
vided by state staff.

- Our analysis indicates that for projects that have recently been completed,
the use of consultants is no more costly than if state staff had been used.

We found no widespread evidence of poor consultant quality in contracted
highway design projects.

It should be noted this study does not mention any of the difficulties in developing
comparative costs found in other reports. Also it focuses on actual total project
costs rather than estimates of cost, or partial cost factors.

One of the key findings of this study (as it relates to other studies) is "design consul-
tants perform work more efficiently” and "resulted in in-house projects that require
excessive amounts of time to complete".’

This finding not only refutes the basic premise in studies such as the Federal Study
and the Oregon study, it also clearly demonstrates the fallacy of focusing on labor
rates, overhead rates or time estimates as the sole basis for COSst comparison.

Total cost incurred is the sole measure on which conclusions as to cost effectiveness
should be based. It is the only suitably comprehensive measure to assess cost effec-
tiveness.

Other Studies

Our survey of state DOT agencies revealed twenty other states that have performed
studies on comparative costs of in-house and contracted out design. These states
did not publish these studies as they were for internal use only.

Of these eighteen states, eight stated their studies concluded contracting out is cost
effective. One state could not find a difference in cost between the alternatives.

We feel all of these unpublished studies should be viewed with a healthy dose of
skepticism from the comments of DOT officials. Several indicated their studies
were very limited, and several indicated they used the methodology of comparing
consultant costs to in-house costs based on only the consultants time estimate to
perform the work. One state indicated their comparison was limited to only com-
paring theur actual payroll rates to consultants full costs (including overhead) and
one state compared the consultants full costs with state labor plus a labor overhead
rate only (ignoring any administrative overhead).

7 An evaluation of Use of Engineering Consultants Department of Transportation, State of Wisconsin
Legislative Audit Bureau, Report 90-9, April 1990, page 14.
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All of these studies, both published and unpublished, primarily support the follow-
ing conclusions:

v The differences in conclusions of the studies serve to continue the debate
on the cost effectiveness of contracting out.

v There is great difficulty in fairly comparing costs on an equal basis when a
study seeks to compare detail costs.

v No study has found a decrease in quality of engineering in contracting out.

It should also be noted that numerous studies of both U.S.Army Corps of Engineers
and the Naval Facilities Engineering Command (Navfac) have, over the years,
pointed out the cost effectiveness of contracting out design tasks. These studies
have been conducted within the agencies since 1973, and are the primary reason for
the federal contracting out policies now in-place.

As a result of these studies, both USACE and Navfac now contract out approxi-
mately 70% of their design requirements. Other federal agencies (GSA, DOE,
EPA) also rely on the private sector for the majority of their engineering effort.
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California Engineering Cost Comparisons

One obvious fact in the FHwA data is that California has the highest PCE costs of
any state in the country, and this very high cost has been consistent since 1979.

For this portion of the study, both state and local spending from the FHwA data has
been used. It is believed that a combination of state and local PCE spending is
more appropriate for a detailed look at a limited number of states. Also, the prac-
tice of sharing responsibility for engineering tasks between state and local govern-
ments makes a total cost approach more appropriate for this more detailed
comparison.

State and local construction and design often are not totally independent. In many
states:
v/ States review local design efforts for compliance with state standards,
v States will observe construction of locally funded highway construction.
v State and local groups will often jointly prepare designs and fund construc-

tion.
Figure 11
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It would be overly optimistic to assume that financial record keeping clearly differ-
entiates or separates state and local spending for PCE and construction. Therefore,
it would be appropriate to test PCE as a percent of construction when both state
and local spending is combined.

Several comparisons have been performed; California to other states with large con-
struction budgets, California to other high traffic states, California to other moun-
tain states and California to all other states.

These tests indicate that state level PCE costs are well above normal levels, and that
effort to control costs should first look at state level PCE operations.

From the FHwA data, we have found the following:
v California PCE spending at the state level is the highest of any state
v Total California PCE spending (state and local) is approximately twice as
high as the average spending in all other states

Figure 12
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Local government PCE spending in California is
almost equal to the level found in all other states.
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v California PCE spending is well above the levels in other states with equally
large construction budgets, miles of roads, traffic density or states with simi-
lar geographic factors affecting design.

v Local PCE spending levels are very close to typical spending levels in the
other states used for this comparison.

One factor stands out in this comparison of California to other states--contracting
out is more widely used by the other states and at the local level within California.
Based on the overall results of this study, contracting out is a factor in engineering
spending. While the lack of contracting out at the state level in California may not
be the sole cause of the very high engineering spending levels, increased contracting
out should be looked at as a potential methodology for reducing the high current
cost of engineering.

Figure 13
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Table 7
California PCE to All Other States
(1987 10 1989)

SR R
State { Local
Stace Local State Local PCE | PCE
(000 omitted) Construction | Construction PCE PCE % %
Calitomial s ST S0t e 00a 0L 510303700 $204,654 4429511 0:8¢
All Other States $50,207,925 16,847,390  $7.4453711  $1,806,648|
AR C

(3 year totat 1987 10 1989)
State and Local Comparison Within California

Another comparison performed is for PCE spending within California by the various
levels of government. The results of this comparison are show State level spending
for engineering is well above spending for either counties and towns or municipali-
ties. This is shown in table 8.

Table 8
Construction and PCE Spending Within California - 1987 to 1989
PCE as Percent of
(000 omitted) Construction PCE Coastruction
State $783,626 $346,457 : 44.2%
Counties and Towns{  $179,003 $1,415 10.0%
Municipalities $519,300 $50.367 93%

(Avernge single year based on 1987 to 1989)

Since all of the entities are within California, it can be assumed all geographic and
mileage factors are comparable. While there is some sharing of PCE responsibili-
ties between the state and local governments within California, some degree of
shared responsibility also exists in all other states.

The data shows local government PCE costs within California are relatively normal
when compared with the rest of the country. The out-of-line costs are at the state
level, where engineering spending is a much larger portion of construction costs.

California to Other Large States

California totals were also compared to the other states with large construction bud-
gets. This comparison is shown in tabie 9.
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Table 9
California PCE to Other Large Construction States

State | Local
State Local State Local PCE | PCE
(000 omitted) Construction | Construction PCE PCE % %

ort $2,593,556 51,080,442 $586,549 $117,351] 22.6%| 10.9%
Nlinois $2,817,795 $668,071 $382,370 $111,690| 13.6%| 16.7%
Pennsylvania $3,679,333 $378,250: $217,361 $38,205| 5.9%| 10.1%
New York $3,033,579 $1,936,631 $222,464 $226,073| 73%| 11.7%
Texas $4,874,513 $2,245,646 $673,537 5268,821] 13.8%| 12.0%
Large State Average $16,998,776 $6,309,040[  $2,082,281 $762,140) 122%| 12.1%

(3 year total 1987 to 1989)

As in the previous comparison, local spending within California appears to be at
normal levels, but CALTRANS PCE spending far exceeds normal levels.

California to Other Mountain States

Comparing California PCE costs (combined state & local) to other Western Moun-
tain states shows California spending levels to be higher. While the other western
mountain states expend 20.1% of construction for PCE, California spends 28.0%
(combined state and local).

Figure 14
L —_

Col‘ig‘zornio to Other Western Mountain States

30% favereeees

20%
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California Other Mountoin Stote
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Stote & Local PCE Spending

“

Combined state & local spending in California on
engineering is higher than in other westem mountain

states.
L S —————
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Note this comparison is limited to western mountain states to more closely match
the geographic constraints imposed on construction. A comparison that included
eastern mountain states showed an even greater difference in PCE spending levels
between California and the other states. It should also be noted the eastern moun-
tain states contract out a higher percentage of their PCE work than the other west-
ern mountain states. This difference would further support this study’s conclusion
that increased contracting out is a factor in controlling PCE costs.

California to Other High Traffic States

In testing for mileage related factors, traffic density, measured as vehicle miles per
mile of highway, was also used to test for PCE spending. A heavy traffic density
could be related to engineering costs as the highways and roads could require more
design effort to accommodate heavier volumes of traffic.

Figure 15

)

California to Other High Traffic Density States
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s — s S -

Total PCE spending as a % of construction in Califor-
nia is more than twice as high as other states with high
vehicle miles per mile of highway.

-

California ranked third in traffic density among all the states, at 1430 vehicle miles
per mile of highway. It is well below the most heavily trafficked highway system
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(1829 vehicle miles per highway mile). The top ten states for traffic density (densi-
ties above 925 vehicle miles per mile) were compared for combined state & local
PCE costs.

California spending for PCE was more than twice as high as the average spending in
these other high traffic states.

Other mileage related factors were not tested as California data did not indicate a
high ranking for the state. Both construction per and miles under state control
showed California is near the average for all states. Since California values do not
appear to be out of line with average, these factors can not offer valid reasons for
California PCE spending levels to be high.

Other Geographic Comparisons

California contains a wide variety of geographic conditions that affect construction
in addition to mountain areas. These would include coasta] regions and large met-
ropolitan areas. Separate comparisons of each of these conditions were not pre-
pared as many of the states that would be appropriate for such comparisons are
already utilized in the previous tests.

The states used in the large state construction program comparison also contain a
number of states with extensive coastal regions, as does the mountain comparison.
The states in the large state construction program also contain states with major
metropolitan areas.

Since the comparative states would be the same as other comparisons, the results
would be the same-California spending for PCE is higher than other states.

Overspending

Table 10 shows the spending levels California would have incurred if the state had
achieved the same level of engineering costs as the average for the 49 other states.

This comparison shows that from 1979 to 1989, California spending totaled more
than $1.7 billion more than if spending was at average engineering cost levels. With
California increasing transportation construction spending, the most recent years
show spending at excess levels of better than $200 million per year.
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Table 16

Excess PCE Cost California
1979 to 1989
All States PCE Cost at
. 1 Construction| All States California | 49 state % of| Actual | Excess PCE
Year @ PCE (1) PCE %| Construction | Construction PCE Cost

1979 58,088,831  $1,082,662] 13.4% $296,025 $39,6220  $129,7

1980 $8,328,8311  $1,130,663| 13.6% $272,842] $37,039 $121,6gj
1981 $9,060,546;  $1,178,095| 13.0 $378,021 $49,152] $117,589
1982 $9,483,623  $1,324,520| 14.0% $327,853] $45,789| $170,476
1983  $10,323,791  $1,452,386| 14.1% $331,895 $46,692
1984)  $12,061,257]  $1,657,139| 13.7%)| $451,980 $62,099
1985  $14,650,106|  $1,926,587] 13.2% $534,035] $§71,413

1986 $15,289,747 $2,061,984] 13.5 $523,559 $70,607

1987 $16,030,421 $2376,598] 14.8% §734,0381 ° $108,827

1988 516,998,259 $2,436,991] 143 $786,220 $112,718

1989  $17,179,245|  $2,632,7820 153% $830,609 $127,294 ]
Totals| $137,494,768) $19260,407 14.0%|  $5476,087  $771,252) 18]
(000 omitted)
Conclusions

Clearly, California PCE spending levels are very high. The differences in PCE costs
can not be attributed to the level of construction funding, traffic density, or geo-
graphic factors. The primary cause of the high PCE spending is at the state level
and thus the state level appears to offer the most opportunity to change PCE
policies to achieve more effective spending.

Contracting Out Data in Other Construction Markets

The use of outside, private sector design consultants is common, not only in trans-
portation but in all other major construction types.

In December 1990, Building Design and Construction magazine published its annual

survey of facility owners. Two of the key results are:

v The use of outside consultants has been increasing since 1986, except in
facility types where construction volumes have decreased.

v Only a small fraction of the owners perform all design work in-house.
These results are shown in figures 16 and 17.

Figure 17

TS
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Contracting Out Policies
Various Construction Types
Owners Performing All Design Work In—House
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M 1990

Building Design & Construction
Published December 1990

R

Only a minority group of engineering service users per-
Jorm all design work with in-house staff.

L . S——

While this survey is not intended to be comprehensive of all facility owners, the data
covers owners who reported construction dollar spending of $49.7 billion. A sample
this large is believed to be a valid representation of the construction market as a
whole.

Figure 18

- S — .
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Contracting Out Policies
Various Construction Types
1986 to 1990
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Of the builder types, retail developers, multi family housing developers, health care
developers and industrial developers showed declines in the number who contract
out over 50% of their work. These owners also showed a drop in the value of con-
struction over the period. There reported construction value decreased from $21.0
billion to §19.4 billion (without factoring in any inflation factors).

This decline in the value of construction is believed to be the reason for the decline
in the use of outside consultants. Declining construction has caused owners to
reduce consultant use without impacting employed staff.
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Other Considerations

The results of this study clearly indicate contracting out engineering tasks is a pri-
mary factor in determining overall cost effectiveness. What are the underlying fac-
tors that contribute to this result?

v Private sector engineering design is a highly competitive market. Competi-

v’

v’

v’

v’

tion is a more cost effective approach to accomplishing a task. Eliminating
competition by performing all work with a dedicated work force creates a
non-competitive situation and can lead to higher costs.

Construction creates variable engineering support needs. The total amount
of construction will vary from year to year, creating a variable volume of
engineering work effort.

Within a given dollar value of construction, the engineering skills needed
will also vary. The skills needed for bridge design are very different from
the skills for road design. Within a project, the skills needed for planning
are different from engineering. The skills needed are also different for con-
struction supervision.

Engineering design often is best accomplished with specialized skills. Con-
tracting out allows agencies to use these specialized skills on an as needed
basis rather than having the responsibility for full time staff.

Several other studies have indicated that private sector management tools,
and the need to stay within contracted scope and schedule lead to more
efficient project performance by the private sector. This is not 1o say agen-
cies can not manage effectively, but that apparently they do not manage
effectively in more cases than the private sector.

In-house design staff levels are less readily able to be changed as construc-
tion volumes change. Owners are able to adjust staff levels more quickly in
response to change when the staff is hired on an as needed conrract basis,

Managing the varying needs for skills in a constantly changing environment would
indicate contracting out to use only the skills currently required would be more cost
effective.

Certainly contracting out is not the sole cause for maximum cost effectiveness, but it
is one factor that helps achieve maximum cost effectiveness.
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Study Methodology

The study of contracting out policies and Preliminary and Construction Engineering
(PCE) costs is based primarily on data reported to FHwA by state and local govern-
ment sources. FHwA complies and edits these reports into their published annual
report entitled, "Selected Highway Statistics and Charts”.

The information in the FHwWA reports was supplemented by a phone survey of state
DOT agencies. A copy of the questions asked of each state follows this narrative.

Supplemental information sources on contracting out policies are listed in the Bibli-
ography of this report.

There is some concern that states use different standards to classify costs in their
reports to FHwA. FHwA exercises care in the gathering of data and has worked
closely with all states and localities over the years to standardize the reporting of
data by the states and to report the information on a consistent basis from all states
and localities.

Quoting from the Introduction section of the annual report,3

"Statistics in this publication have been analyzed and reported on a calendar
year basis for the most part, using procedures that provide comparability of
values among states. Therefore, some values reported here may differ from
values reported by other agencies for similar items."

The statistics reported are gathered on the basis of actual spending by FHwA cate-
gory, and thus will differ from data prepared on a fiscal year basis, a budget basis or
on the basis of state adopted spending categories different from the FHwA.
standard.

Another issue to be addressed is the appropriateness of comparing same year data
for PCE comparisons to construction, since by definition, preliminary engineering
must precede construction and the total period for project engineering and construc-
tion may exceed a single year.

This issue is addressed by:

A.  Inclusion of cost data from 1979 to 1989, thereby minimizing any distor-
tions caused by one year changes in activity.

Users should thus view the results as trends rather than focusing on any
one year period.

8 Highway Statistics, Federal Highway Administration, PL 89-003, 1990
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B.  The PCE category includes engineering services during construction.
While exact percentages of construction engineering to total engineering
are not available, the ratio is between 25% and 35% of total costs (per
several state estimates). Thus a significant portion of total PCE costs are
incurred in the same time frame as construction spending.

C. The nature of the primary funding for highways is a dedicated gas tax and
multi year federal highway funding source. Thus, revenue available is
fairly level from year to year, making multi year trends valid.

D. Conclusions drawn from the data are based on a minimum three year time
period rather than from any one year. The use of multi year data mini-
mizes the potential impact of an unusual occurrence in any one year affect-
ing the study conclusions.

Local spending was only used for the three year period from 1987 to 1989. This was
used only to minimize any potential effects from split responsibilities or shared
resources between levels of government. Data prior to 1987 for local governmental
units was considered to be too incomplete to provide substantiation for conclusions
after discussions with FHwA regional and Washington offices.

FHwA feels the information provided by local government units is accurate, but it is
incomplete due to non-participation by some local governmental entities.

The supplemental survey of state DOTs was developed to enable the use of FHwWA
data that is gathered only for federal assistance highway projects by determining if
the same policies were followed for non federally funded work.

Each state was asked if the contracting out percentage in the federal data was also
applicable to state funded work. If the answer was yes, the federal data was used as
the basis for this study. If the federal data was not appropriate for the total state
program, the states own volume of contracting out was used. This data was used
only for the comparisons of 1987 to 1989 as the data would not be as applicable to
prior years due to many states not recording this information on a continuous basis.
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State: Federal Data:

Contact: Avg § PCE
Title: Avg % PCE
Comments:
Phone:
Address:
Date Con-
tacted:

1. | s policy on use of consultants the same or different on federally Sam | Dif
funded work than on state work? e
2a.| Do you track total dollar value of consultant PCE? Yes | No
2b.| If so, how much in latest year?
Year ;Sor %
3a.| Do you track consultant PCE projects as % of total construction? Yes | No
3b.| If so, what is % of latest year?
Year ; %o
4. | Do you use consultants for:
a. Planning/Evaluation Studies Yes | No
b. Environmental Impact Studies Yes | No
Project Design Yes | No
d. Construction Period Services Yes | No
e. Construction Management Yes | No
5.| What factors do you consider in choosing to use a consultant instead of
department employees?
6.| Have you changed policy on use of consultants over the past few years?
7.{Are you planning to change policy on use of consultants?
8a.| Are consultants cost competitive with in-house design? Yes | No
8b.| Have you done a study of this? Yes | No

The Effect of Contracting Out Page 50

September, 1991




FHWA DATA

The following data is from FHwA. The primary data source is the annual Highway
Statistics publication.

This report is complied, annually, from data submitted by state and local govern-
ments. Three important points regarding this data:

1. The data is for actual spending on a calendar year basis. Thus, the data will
vary from either state budget/appropriation figures or reports prepared on
the basis of a state’s fiscal year.

The data is gathered on the basis of FHwA definitions that may be some-
what different than state/local definitions for particular spending catego-

I1es.

FHwA staff review the data for consistency and conformity with their guide-
lines to verify the data for all states is consistent.

From our discussions with FHwA staff, their belief is all data submitted by the states
is accurate, including the spending data used in this study. These personnel
expressed some doubt as to the completeness of local spending data. These doubts
were 1ot about the accuracy of data submitted, but about its completeness as they
are uncertain if every local government unit submits data.

Accordingly, this study relies primarily on state level data.
The spending categories used in this study are defined by FHwA as follows:?

Item A.1.b. Preliminary and construction engineering.-Include
the following expenditures: field engineering and inspections;
surveys, material testing, and borings; preparation of plans,
surveys, and engineering (PS &E); and traffic and related stu-
dies.

Item A.1.c. Construction of highways.-Include the following
classes of expenditures for construction, 3R /4R, (resurfacing,
restoration, rehabilitation and reconstruction), restoration of
failed components, additions and betterments:

o

(93]

@® Construction of roads includes roadway earth work and
grading; drainage and related protective structures; base
and surface or resurfacing; shoulder and approach surfac-

9 Text from FHWA Notice N 5600.9, January 7, 1991, page 8-8, instructions for completing form
FHWA-332
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ing, including turnouts, interchanges, frontage roads, clim-
bing lanes and parking areas; utility relocation; and
environmentally related improvements.

® Construction of major structures includes: bridges; via-
ducts; grade separation structures, overpasses and under-
passes; vehicular wnnels and subways; sewer and
drainage systems, walls and roads over dams; and ferries
and landings.

@® Installation of traffic service facilities includes the cost of

building or installing specialized facilities designed to aid,

direct, regulate or control vehicle use of the highways.

(Report costs of weighing, inspections and highway patrol

facilities in item A.S.)
Note these categories do not include any costs associated with right of way acquisi-
tion, including administration of right of way costs.
FHwA also tracks state costs for engineering of federal aid projects in the PR-37

data file. This data is accumulated for both total reimbursed costs and for con-
tracted out costs. The PR-37 data was used to determine the state volume of work

contracted out.

The PR-37 data file was not prepared for 1982 (current staff contacts with FHwA
could not explain why this was not done).

The survey of all fifty states conducted for this survey included verification of state
contracting out volume. Both the PR-37 data and the adjusted contracting out vol-
ume produced the same findings as to the cost effectiveness of contracting out.

The state survey was conducted in March of 1991, and is of 90-91 values, and was
conducted to place each state in one of the contracting out percentage groupings for
the purposes of this study, and thus did not attempt to precisely quantify contracting
out volume.

This study resulted in six states being moved to higher contracting out groupings and
six to lower contracting out brackets, with no overall significant impact on the data
analysis.

Additional Highway Statistics data used for testing the cost of engineering included
mileage, vehicle miles and administration costs.
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FHWA Data

Table SF4C .
Total PCE and Construction for 1979 to 1989 (000 omitted)
PCE as % of
State PCE Construction Constr ruction
i ? +760 ]
1 J o I A, ]

Alaska 311528 991994 3L4%
Hawaii 171332 551739 311%
Massachuserts 413432 1647269 25.1%
Colorado 428535 1726491 24.8%
Connecticut 646332 2624445 24.6%
Washington 77071 3153804 24.6%
Utah 343575 1545898 n27,
North Carolina 665513 3158679 211%
Maine 142195 697894 20.4%
Tennessee 546334 2797326 19.5%
Arizona 415734 2325748 17.9%
South Carolina 303818 1721901 17.6%
Cregon 290723 1656419 17.6%
Delaware 140034/ 802565 17.4%
Florida 1087828| 6300000 173%
Kentucky 604157 3523111 17.1%
Idaho 121835 715877 17.0%
Virginia 786199 4719148 16.7%
Wyoming 218013 13250356 16.3%
New Hampshire 95755 601620 159%
Vermont 57130 369613 155%
Minnesota 467016 3057378 153%
Nevada 160684 1061000 151%
Michigan 461025 3222189 143%
Texas 1603647 11252728 143%
Mississippi 270835 1930759 14.0%
Arkansas 248698 1828018 15.6%
Marviand 459896 3395388 135%
Georgia 660391 4907571 155%
Nebraska 154998 1175523 132%
North Dakorta 87414 669133 13.1%
New Mexico 214312 1730866 12.4%
Ilinois 973331 7971127 122%
Louisiana 511979| 4255280 12.0%
Wisconsin 276578 2299167 12.0%
QOkiahoma 239316 2152434 11.1%
Iowa 225376 2113924 10.7%
New Jersey 417882 4029973 10.4%
New York 808826 8365309 9.7%
South Dakota 79696 850698 9.4%
Indiana 211685 2205417 929
Qhio 430847 4681327 92%
Kansas 168810 2017684 84%
Montana 108811| 1306599 835%
Missouri 243435 2965706 82%
Pennsylvania 618331 8515944 75%
West Virginia 187552| 2787137 6.7%
Alabama 178942 3097976 58%

50°State-Average: A —
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FHWA PR-37 File

State Averages Contracting Out

State Qverall Average Average Change Survey
Average 79-82 87-89 82-39 Response*
Alabama 6.0% 4.5% 3.9% -0.6% 6.0%
Alaska 12.0% 12.7% 15.9% 3.2% 12.0%
Arizona 55.3% 52.0% 53.2% 1.2% 70.0%
24.0% . . -15.2% 24.0%
. . 25.5% 10.8%
Connecticut 28.8% 32.5% -11.4% 28.8%
Delaware 49.5% 33.1% -22.5% 49.5%
Florida 60.9% 83.0% 40.3% 60.9%
Georgia: 23.9% 39.4% 37.7% 5.0%
Hawaii 46.4% 46.3% -10.1% 80.0%
ldaho 40.3% 36.2% 1.5% 40.3%
lllinois 75.6% 77.5% 2.7% 75.6%
Indiana 74.2% 91.5% 34.0% 60.0%
lowa 57.9% 84.4% 39.9% 30.0%
Kansas 14.6% 6.6% -16.7% £0.0%
Kentucky 14.9% 24.0% 7.1% 8.8%
Louisiana 896.3% 95.4% -<4.3% 80.0%
Maine 3.1% 2.8% -0.2% 10.0%
Maryland 57.8% 72.4% 22.6% 57.8%
Massachusetts 81.3% 74.6% 0.4% 60.0%
Michigan 3.9% 3.6% 1.8% 40.0%
Minnesota 40.4% 43.5% -2.0% 25.0%
Mississippi 9.2% 14.8% 5.2% 9.2%
Missouri 35.9% 63.8% 57.2% 35.9%
Montana 5.9% 0.7% -10.8% 5.9%
Nebraska 44.5% 72.2% 40.2% 10.0%
Nevada 27.2% 34.5% 9.8% 272%
New Hampshire 48.8% 29.4% -21.5% 80.0%
New Jersey 62.7% 66.1% 6.9% 80.0%
New Mexico 24.4% 0.0% -35.3% 10.0%
New York 65.4% 68.4% 7.0% 65.4%
North Carolina 14.8% 49.4% 49.4% 25.0%
North Dakota 0.9% 0.0% -2.2% 10.0%
Ohio 62.1% 55.6% <4.0% 62.1%
Okiahoma 59.9% 93.1% 93.1% 59.9%
Oregan 4.5% 11.3% 10.4% 4.5%
Pennsyivania 63.6% 74.1% 21.6% 63.6%
Rhode Island 70.1% 80.6% 32.3% 85.0%
South Carclina 49.5% 60.0% 24.7% 20.0%
South Dakota 27.2% 43.4% 26.1% 27.2%
Tennessee 29.5% 29.7% 8.7% 29.5%
Texas 22.3% 59.7% 59.6% 22.3%
Utah 16.5% 54.4% 54.1% 25.0%
Vermont 7.3% 21.0% 21.0% 7.3%
Virginia 6.0% 6.6% 5.4% 20.0%
Washington 17.8% y 30.2% 25.4% 17.8%
West Virginia 45.1% 60.5% 25.1% -35.4% 45.1%
Wisconsin 18.1% 13.5% 27.5% 14.0% 40.0%
Wyoming 5.2% 0.0% 17.0% 17.0% 10.0%

*-All fifty states were contacted during March of 1991 for this study and thus represent 1990 contracting out
values. States that indicated their overall contracting out was equivalent to PR-37 file data were
unchanged. Values for contracting out as reported by states were tested to the 87-89 PCE data as it is felt

the less exacting standard of calculating out volumes would not be accurate Jfor periods prior to 1987.
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