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A Performance-Based Approach for Determining 

Cost Responsibilities of Load-Related and 
Non-Load-Related Factors in Highway Pavement 

Rehabilitation and Maintenance Cost Allocation 
TIEN-FANG FWA and KUMARES C. SINHA 

ABSTRACT 

A methodology is presented that was developed for use in a 1983-1984 Indiana 
highway cost-allocation study to determine the responsibilities of load-related 
and non-load-related factors for pavement routine maintenance and rehabilita
tion costs. Proportions of the effects of the two types of factors are derived 
by comparing actual pavement performance curves with predicted pavement perfor
mance by using design equations. A technique is presented to estimate the 
amount of total pavement damage caused by load-related and non-load-related 
factors combined. The cost-responsibility proportions of the two types of fac
tors are then computed. An example is given to illustrate the application of 
the procedure. 

An old problem in highway cost-allocation studies, 
unresolved since the first such studies were under
taken several decades ago, involves the determina
tion of respective proportions of traffic and envi
ronmental responsibilities in highway pavement 
rehabilitation and maintenance expenditures. 

In cost-allocation studies, it is convenient to 
divide factors that affect pavement performance into 
those that are load related (or traffic related) and 
those that are not load related. Non-load-related 
factors include environmental variables such as tem
perature, moisture, soil and site conditions, mate
rial variables, soundness of engineering design, 
quality of construction work, and others not related 
to traffic loadings. Pavement deterioration may re
sult from load-induced distress, non-load-associated 
distress, and interaction of the two. 

It is recognized that design technology has not 
advanced to the stage where interaction of the dis
tresses can be accurately predicted. Nor is there 
enough information to reliably separate load-related 
effects from non-load-related effects by physical 
measurement of pavement conditions. Established en
gineering principles therefore offer relatively lit
tle help to cost-allocation analysts in identifying 
the effects of such factors on pavement performance. 
As a result, the contribution of these two types of 
factors has been assigned judgmentally, if not arbi
trarily, in almost all cost-allocation studies to 
date. 

Listed in Table l are the proportions of alloca
tions for pavement maintenance and rehabilitation 
based on load-related and non-load-related factors 
used by different cost-allocation studies. Also 
listed is the basis on which these assignments were 
made. The wide diversity of these allocation propor
tions, which vary practically from O to 100 percent 
for either of the two types of factors, indicates 
clearly that subjective judgment does not provide an 
acceptable solution to this problem. 

In recent studies, there has been a tendency to 
employ the Delphi approach to obtain from a pool of 

selected experts their op1n1ons regarding the shares 
of load-related and non-load-related factors respon
sible for pavement maintenance and rehabilitation 
costs. The Wisconsin (10) and Maine (8) studies are 
two examples of this approach. Howev~, on a topic 
such as this where there is a wide disparity of 
views among highway pavement experts, it is doubtful 
that efforts to find averages from pooling would 
produce any meaningful results. This subjective ap
proach provides at best only group-consensus values 
for cost-allocation purposes. It does not neces
sarily offer a more reliable answer than the judg
mental decisions used in earlier studies. 

In this paper a methodology is described in which 
estimates are obtained of total pavement damage or 
wear in terms of the present serviceability index 
(PSI) and equivalent single axle loads (ESALs) com
puted from a pavement performance curve. The total 
pavement damage is estimated by defining a zero
maintenance pavement performance curve. A technique 
is introduced to derive the zero-maintenance curve 
by considering the routine maintenance expenditures 
associated with the pavement sections under consid
eration. Last, a proportionality assumption is made 
to determine responsibility shares of the load
related and non-load-related factors for total pave
ment damage. 

BASIS OF THE APPROACH 

In practice, actual pavement performance rarely co
incides with predicted performance based on pavement 
design equations. Although inaccurate design equa
tions could lead to discrepancies between predicted 
and actual pavement performance, there are other 
factors that would contribute to these discrepan
cies. Four of these factors are (a) elements not 
considered in the design, such as inferior materi
als, substandard construction, and so forthi (b) 
incorrect assessment of the values of design param
eters such as regional factors and material proper-
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TABLE I Proportions of Allocations for Pavement Rehabilitation 
and Maintenance Based on Load-Related and Non-Load-Related 
Factors 

Source 

Oregon study 
1980 (1) 

Wyoming study 
1981 (2) 

Maryland study 
1983 (3) 

Washington study 
1977 (4) 

Georgia study 
1979 (5) and 
Plorida study 
1979 (6) 

Kentucky study 
1982(7) 

Maine study 
1982 {R) 

Connecticut 
study 1982 (9) 

Wisconsin study 
1982 (JO) 

Federal study 
1982(11) 

Proportions 

Overlay: I 00 percent 
load related; main
tenance: 10 percent 
environmental, 90 
percent load related 

Maintenance: 80 per
cent non load related 

Modified federal pri
mary method : 25 
percent environ
mental, 75 percent 
load related 

48 to 68 percent non
Ioad-related, varies 
among highway classes 

Resurfacing: 25 per
cent environmental 
and aging factors; 
maintenance: 80 per
cent environmental 
and aging factors 

Rehabilitation : I 00 per
cent load-related; 
maintenance: 80 per
cent to all vehicles by 
axle miles 

44 percent allocated by 
PST ; S6 !Jercent alle>
cated by ESAL 

75 to 80 percent com
mon costs; 25 to 20 
percent attributable 
costs 

Rehabilitation: (rural) 
40 percent environ
mental (urban), SO per
cent environmental; 
maintenance: 15 to 
21 percent environ
mental, varies among 
highway classes 

Responsibility of pure 
environmental effects 
in the decision to re
habilitate: 7 percent 
(flexible pavement), 
I percent (rigid pave
ment); pavement 
maintenance not 
within scope of study 

Basis 

Recommendation of depart
mental maintenance research 
engineers and officials 

Based on judgment 

Based on FHW A input 

Used values intermediate 
to 1976 Oregon study and 
1965 federal study 

Georgia study: Georgia De
oartment of Transnortation 
issumption; Florida study 
based on 1965 federal study 

Based on other cost-allocation 
studies 

Delphi approach 

Based solely on engineering 
judgment 

Derived from judgments of 
Wisconsin Department of 
Transportation experts and 
1981 Texas study 

Based on distress models 

Note: PSI= present serviceability index; ESAL = equivalent standard axle load. 

tiesi (c) faulty designi and (d) level of mainte
nance performed. 

The Indiana Department of Highways (IDOH) pave
ment design method (12) basically follows the pro
cedure described in the AASHTO Interim Guide (13). 
The Indiana design equations estimate the traffic
loading effects under a set of selected design con
ditions. The responsibility for pavement damage 
caused by these design load-related factors can be 
attributed to vehicle classes by considering the 
parameters in the design equations (basically the 
ESALs) • Other pavement damage costs are due to the 
effects of non-load-related factors and the inter
action of load- and non-load-related factors. 

In Figure l, curve l represents a field pavement 
performance curve and curve 2 the corresponding per
formance predicted with Indiana design equations. 
Area A may be considered as a measure of the pave
ment wear or damage due to the design load-related 
factors defined earlier. Area B represents further 
pavement wear due to non-load-related factors and 
interaction of these factors with load-related fac
tors. However, area (A+ B) does not truly represent 
the amount of damage or wear caused jointly by load-
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IESAL 

related and non-load-related factors and their in
teraction. This is because a certain level of rou
tine maintenance is always present in practice. Some 
of the damage caused by the various factors dis
cussed is repaired or "recovered" by maintenance 
work. Therefore, the true total damage caused by 
these factors is g_reater than that represented by 
area (A+ Bl in Figure 1 . 

Theoretically, the true total damage may be rep
resented by the shaded area (A+ B)o between curves 
3 and 4 in Figure 2. Curve 3 is a hypothetical no
loss line and curve 4 a hypothetical performance 
c ui:ve for the pavemen t concerned in a situation 
where no maintenance has been carried out. An actual 
pavement performance curve may lie anywhere between 
curves 3 and 4 depending on the level of maintenance 
performed. By considering actual performance of 
pavements and their associated maintenance expendi
ture, it t.P.~hnique was developed by which the zero
maintenance curve could be derived. 

If the zero-maintenance curve is known, area 
( A + Bl o can be calculated. Proportion of the dam
age responsibility tha t can be a ttributed entirely 
to design load-related factors may be computed as 
A/(A + B)o and the joint responsibility of non
load-related factors and interaction factors as 
[(A+B)o-AJ/(A+B) 0 • on the assumption that 
the share representing non-load-related plus inter
action factors is the arithmetic sum of the two com
ponents and that the interaction portion is composed 
of two parts, namely, load-related and non-load
related parts, the total respective proportions of 
load-related and non-load-related factors may be 
computed by means of a proportionality assumption 
discussed later in chis paper. 

DERIVATION OF ZERO-MAINTENANCE CURVE 
AND AREA (A+ B)o 

As mentioned earl i er, the role of routine mainte
nance is to move the actual pavement performance 
curve away from the zero-maintenance curve, shown as 
curve 4 in Figure 2. The higher the level of routine 
maintenance performed, the closer the field perfor
mance curve would be t o the no-loss line. Perfor
mance curves for three sections of a given stretch 
of pavement, each with a different level of routine 
maintenance, are shown schematically in Figure 3 in 
which maintenance level L3 is higher than L2 and 
L2 is higher than Li· 

Each of the three performance curves in Figure 3 
is also labeled with a value Si, which is the 
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FIGURE 2 Total pavement damage as defined by zero-maintenance pavement 
performance curve. 
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S3 :,,,S2 >SI 

LESAL 

FIGURE 3 Pavement performance curves with their 
associated routine expenditures. 

maintenance expenditure associated with maintenance 
level Li. A convenient measure of maintenance ex
penditure would be the annual maintenance expendi
ture per lane mile of the pavement section under 
consideration. On the assumption that all three 
maintenance levels are performed with the same tech
nology, it is reasonable to consider that the main
tenance expenditure would be positively related to 
the level of maintenance performed. In Figure 3, one 
would expect s 3 to be greater than S2 and S2 
greater than s1. 

The steps involved in deriving the zero-mainte
nance curve for a stretch of pavement are discussed 
in the following paragraphs. 

The first step is to establish the no-loss line, 
defined by the design initial PSI value specified in 
thP. nesign rP.quirP.mP.nts. Tn accordance with the 
AASHTO Interim Guide, values of 4.2 and 4.5 are com
monly used for flexible and rig id pavement, respec
tively. 

Second, the actual performance curve is deter
mined. Many state highway agencies maintain certain 
forms of pavement performance records as part of 

their pavement management or pavement evaluation 
system. In Indiana, !DOH began to systematically 
record yearly roadmeter roughness measurements on 
all Interstate and state highways in the late 1970s. 
The use of the roadmeter permits the evaluation of 
extensive pavement mileage in a relatively short 
period of time. These pavement roughness measure
ments have been found to be an efficient means for 
screening highway pavements relative to their pres
ent serviceability (14). PSI models have been devel
oped for Indiana to cmrrelate measured roughness and 
pavemen~ serviceability (_l!,.!?_) • These models and 
their R -values are as f ollows for different pave
ment types: 

Asphalt: 

PSI= 3.94 - 0.00072C 0.79 (1) 

Overlay: 

PSI= 4.37 - 0.00174C R2 = 0.77 (2) 

Jointed reinforced concrete (JCR): 

PSI= 4.69 - 0.00141C 0.88 (3) 

Continuously reinforced concrete (CRC): 

PSI= 4.40 - 0.00070C R2 = 0.59 (4) 

where C is roadmeter counts per kilometer. 
For a given pavement section, if a PSI value and 

the corresponding cumulative ESAL are known, a point 
on the field performance curve of the pavement can 
be obtained. This procedure may be repeated for 
other points for which data are available. The field 
performance curve of the pavement may then be plot
ted. The area between this field performance curve 
and the no-loss line established in step 1 is the 
area (A + B) in Figure 1 for this pavement section. 
This area (A + B) is computed by considering the 
cumulative ESAL over the age of the pavement section 
measured at the analysis year. Similarly, field per
formance curves for other pavement sections may be 
plotted and their corresponding areas (A+ B) calcu
lated. 

In the third step, the routine maintenance expen-



4 

diture is computed. IDOH keeps a detailed annual 
record of highway routine maintenance activities. An 
earlier study (16) developed a procedure to compute 
:'. ~ ~':::'~!'~':::'?.~orl ;:;;-r,11~1 rf'\11t-ino m=:11in+-on:::1n,..o rn~+- f=nr 

each highway section from these records. A highway 
section is defined as that portion of the highway 
that lies within the boundaries of a county. The an
nual routine maintenance cost per lane mile of a 
given highway section is obtained by dividing its 
annual routine maintenance costs by its total lane 
miles. The annual routine maintenance expenditures 
over the analysis period are considered to compute 
the average maintenance co~t for the highway section 
under consideration. Because routine maintenance in
formation is documented by highway section, this 
same section has been chosen as the basic unit of 
analysis in this study. When a pavement section con
tains more than one roughness measurement, a 
weighted average of area (A + Bl is calculated by 
using the lane miles of each roughness measurement 
11s the weighting f11cto.t:, 

The last step is to derive area (A+ Blo of the 
zero-maintenance curve. Area (A + D) calculated in 
step 2 may be plotted against its respective average 
annual routine maintenance expenditure per lane mile 
computed in step 3. A least-squares line may be fit
ted to the data points. The intercept of this line 
with the (A + Bl axis gives area (A + B)o of the 
zero-maint~nance curve of the pca.v~Jn,ent 1_1nciP.r ~on~id
eration. 

Because design criteria are different for dif
ferent climatic regions, highway functional classes, 
and types of pavement, it is necessary to group 
pavements by region, highway class, and pavement 
type. In .idditicn, different pavement thicknesses 
also give rise to different design performance 
curves. This means that the procedure just outlined 
has to be carried out separately for each combina
tion of region, highway class, pavement type, and 
pavement thickness. In the Indiana highway cost-
111lrn:,;it-.ion stnny, two regions, five highway classes, 
and four pavement types were considered. The two 
regions are northern and southern Indiana (17). The 
five highway classes include Interstates, state pri
mary routes, state secondary routes, city streets, 
and county roads. The four pavement types are flex
ible, rigid with bituminous overlay, JRC, and CRC. 

DETERMINATION OF PROPORTIONALITY RULES 
FOR LOAD-RELATED AND NON-LOAD
RELATED EFFECTS 

A schematic diagram representing the proportion of 
responsibility for pavement damage ot load-related 
and non-load-related effects is shown in Figure 
4(a). Tne proportion of these four types of effects 

LOAD-RELATED 
EFFECTS 

LOAD-RELATED 
EFFECTS 

1---------- -

NON-LOAD-RELATED 
EFFECTS 

NON-LOAD-RELATED 
EFFECTS 

INTERACTION 
EFFECTS 

a 

b 

C 

d 

FIGURE 4 Responsibility for pavement damage by load
related and non-load-related effects. 
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in pavement damage are represented by a, b, c, and d 
in Figure 4(b). These four values add up to 1. 

/<;\ 

Proportion a represents the load-related effects 
according to design equations. It is given by 

a= A/(A + Blo (6) 

Determination of (A + B) 0 has been described in 
the preceding section. Area A is computed from de
sign equations for the same cumulative ESAL used in 
deriving area (A+ B) discussed earlier. 

If proportion a is known, it is possible to cal
culate proportions b, c, and d by making a propor
tionality assumption as followo1 

b/(b + C + d) a/(a + b + c + d) 

c/(a + b + c) = d/(a + b + c + d) 

(7) 

(6) 

Equation 7 assumes that for a given case of 
purely load-related effects (proportion a), the 
share of the load-related effects in the remaining 
non-load-related and interaction effects is directly 
proportional to the share of the purely load-related 
effects in the total (a+ b + c + d). Similarly, 
Equation 8 assumes that for a given case of purely 
non-load-:celaLed ~ffects {proportion d) , the share 
of non-load-related effects in the remaining load
related and interaction effects is directly propor
tional to the share of the purely non-load-related 
effects in the total (a+ b + c + d). 

In a physical sense , the proportionality a,;1rnmp
tion implies that for a given pavement and a known 
set of environmental conditions and time period, the 
higher the traffic loading, the higher share it is 
going to have in the interaction effects. It also 
implies that for the same pavement with a given 
amount of traffic loading, the more severe the 
weather and other environmental conditions, the big-

FIGURE 5 Location of the sections of 1-65 analyzed. 



Fwa and Sinha 

ger share those conditions will represent in the in
teraction effects. This phenomenon has been con
firmed by the recent research of Sharaf (17). 

Equations 7 and 8 may be reduced to 

b a (b + C + d) 

c = d(a + b + c) 

(9) 

(10) 

Solving ford by using Equations 9 and 10 gives 

d = 1 - (1 - (1 - a)]l/2 (11) 

Proportions b and c may then be determined 
solving Equations 9 and 10. The total proportion 
responsibility for load-related effects is given 
(a+ b) and that for non-load-related effects 
(c + d). 

APPLICATION OF THE METHODOLOGY 

by 
of 
by 
by 

The methodology presented in this paper was applied 
to determine the proportions of load-related and 
non-load-related effects responsible for the damage 
to different pavement types in different highway 
classes in Indiana. The results of an analysis on an 
Interstate highway in northern Indiana are presented 
for illustration. 

The northern half of I-65 is a CRC pavement con
structed in the late 1960s. The concrete slab thick
ness is 10 in. Figure 5 shows the location of this 
highway and the numbers of the counties through 
which it passes. Of the eight counties concerned, 
maintenance and roughness records for the sections 
in counties 91 and 12 were incomplete. The computed 
areas (A+ B) and average annual routine maintenance 
expenditures per lane mile over the analysis period 

TABLE 2 Area (A+ B) and Maintenance Expenditure 
for 1-65, North Indiana 

Highway County 
Section No. 

1 6 
2 37 
3 41 
4 45 
5 49 
6 79 

Annual Routine 
Maintenance Expenditure 
per Lane-Mile($) 

138.75 
80.05 

173.20 
47.33 

166.80 
129.38 

Area (A+ B) 
(PSI-ESAL) 

0.3172 X 107 

0.3833 X 107 

0.2734 X [0 7 

0.4570 X 107 

0.2656 X 107 

0.3470 X 107 

5 

for the remaining six pavement sections are pre
sented in Table 2 and plotted in Figure 6. By using 
AASHTO design equations for rigid pavement, area A 
for the pavement was computed to be O. 2163 x 10 7 

PSI-ESAL. This gives a value of 0.4189 for propor
tion a, as shown in Figure 6. Solving Equations 9, 
10, and 11 gives 0.1862 for proportion d, 0.2434 for 
proportion b, and 0.1515 for proportion c. 

The total proportion of load-related effects 
(a + b) is O. 6623, and the total proportion of non
load-related effects (c + d) is 0.3377. If the total 
pavement rehabilitation or maintenance expenditure 
for this stretch of pavement is known for a cost
allocation study period, the appropriate cost re
sponsibilities for load-related and non-load-related 
effects can then be obtained. 

Continuing research is being conducted to apply 
the methodology presented in this paper to investi
gate (a) the regional effects of non-load-related 
factorsi (b) the effects of non-load-related factors 
on different pavement types, (c) the effects of load
related factors on pavements of different highway 
classes, (d) the variation, if any, of the propor
tions of load-related and non-load-related effects 
with traffic volume levels, (e) the effects of pave
ment age on the relative proportions of load-related 
and non-load-related factors, and (fl the effects of 
pavement thickness on the relative proportions of 
load-related and non-load-related factors. 

CONCLUSIONS 

A relatively simple procedure for the analysis and 
determination of the responsibility proportions of 
load-related and non-load-related factors has been 
presented in this paper. The procedure does not re
quire an extensive amount of data collection effort. 
It relies entirely on measured pavement performance 
data, which are generally available in the records 
of a state highway agency. It provides a means to 
compute from field measurements the cost-responsi
bility proportions of load-related and non-load
related factors for use in highway cost-allocation 
analyses, thereby eliminating the undesired element 
of subjective judgment commonly involved in such 
studies. 
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Quantitative Criterion for the Evaluation of the 

Functional Classification of Public Roads 

STEPHAN FREGGER, DALE K. STANLEY, JOHN H. SHRINER, and ROBERT G. SHIFFER 

ABSTRACT 

The Florida Department of Transportation is required by law to periodically 
evaluate the functional classification of public roads. The evaluations are to 
utilize formally adopted quantitative criteria. A quantification criterion, 
called the System Attribute Score (SAS), has been developed by the department. 
The procedure provides score values that indicate the probable functional clas
sification of public roads. Its output is the product of two concurrent assess
ments. The first measures the satisfaction of threshold levels of certain road 
attributes such as traffic count, number of trucks, and length of road. The 
second evaluates the elemental role of a road in a transportation network that 
connects service end points (e.g., two urbanized areas, rural communities, and 
collector roads). Separate processes are included in the procedure to address 
the geosocial transportation differences among rural, urban, and urbanized 
areas. The SAS procedure provides the department with a quantitative criterion 
to utilize in the functional classification of public roads. However, func
tional classification will also consider other factors, including input from 
public hearings, as required by Florida statutes. 

In 1977 the Florida legislature enacted a law that 
provided for the establishment of the functional 
classification of public roads in Florida. The law 
defined the various road classifications, estab
lished public road systems based on those classifi
cations, and provided a mechanism for a continuing 
evaluation of each classified road and road system 
assignment. 

The law also required that functional evaluations 
performed after 1982 utilize quantitative criteria. 
The Florida Department of Transportation (FOOT) has 
developed the required criterion, which is detailed 
in this paper. 

CLASSIFICATION THEORY 

The quantitative criterion developed by the depart
ment is to be known as the System Attribute Score 
(SAS). It is based on two system classification the
ories that augment and complement each other to pro
duce a classification procedure of the highest accu
racy. The first classification theory is based on 
the concept that a road, by itself, has certain in
herent attributes that define its functional ser
vice. The attributes are physical and operational 
characteristics that naturally stratify into ranges 
correlating with functional classification. In its 
application, an analytical methodology known as Min
imum Attribute Presence is used to evaluate (score) 
each road. The resulting score of qualifying attri
butes of the evaluated road is then entered into the 
SAS quantitative formula for functional classifi
cation. 

The second theory used in SAS iii basied on the 
concept that the whole road network is made up of 
system elements (routes) that interconnect and link 
together the end points of transportation service. 
System elements are each defined in terms of their 
operation within a hierarchical order of service 
connections. The hierarchy forms a natural stratifi-

cation that correlates well with functional classi
fication. Consequently, an individual road can be 
inspected for its typical principal service and 
matched with its corresponding system element. Each 
evaluated road is assigned the coefficient value of 
its system element, which is then entered into the 
SAS quantitative formula for functional classifi
cation. 

Quantitatively stated, SAS is expressed by the 
following mathematical notation: 

where 

(1) 

SAS by functional model (rural arterial, 
rural collector, urban principal arterial, 
urban minor arterial, and urban collector), 

s = system element coefficient, and 
A qualifying attribute. 

In the process of criterion development, it be
came apparent that no single quantitative criterion 
could be efficiently designed to evaluate the diver
sity of public roads in Florida. A er i ter ion cali
brated to qualify high-traffic-volume urbanized area 
arterials would disqualify many rural arterials. 
Conversely, a criterion calibrated to qualify even 
moderate-traffic-volume rural arterials would erro
neously qualify many urbanized area collectors as 
arterials. Accordingly, it was determined that Flor
ida's road systems would best be evaluated by dif
ferentiating between three system groups: rural 
roads, roads in small urban areas (5,000 to 50,000 
population), and roads in urbanized areas (popula
~ion in ~x~~ss of 50,000). 

Three criteria sets were developed to model the 
three system groups. The rural criteria set and the 
urban area criteria set follow the SAS as introduced 
in the foregoing discussion. The urbanized area cri
teria set was developed from the same conceptual 
basei however, it was designed to draw its data from 
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the Urban Transportation Planning System (UTPS) 
models, which were approved and adopted by FHWA, 
FOOT, and the officials of the respective urbanized 
areas. 

The UTPS models are analytical tools with a mas
sive data base used to predict travel demand in ur
banized areas. The models are individually tailored 
for each urbanized area. In Florida, 15 models (one 
for each 1970 census urbanized area) are opera
tional. Microcomputer models for the six additional 
Florida (1980 census) urbanized areas are now under 
development. Pending the adoption of these six new 
models, an interim new urbanized area functional 
model has been developed. Analysis of the UTPS 
models indicates that they have an inherent rela
tionship to SAS theory. In an oversimplification of 
the model process, tables of traffic-related data 
(minimum attributes) are mathematically processed by 
computer in a program that measures productions and 
c:1tti:ac::tions of ti:: ips between transportation service 
end points (system elements). As a consequence, the 
mathematical notation for the urbanized area SAS is 
a variation of the general formula and is expressed 
as follows: 

where SA5uf is the 
tional model (urban 

SAS by urbanized area __ . __ . __ , --"---.:-, ··-'---~.L Lll\,;L~Q.L. 01.L.CI..LO.Lt U.LUCIU 

arterial, and urban 
attribute output. 

collector) and Au is 

TADLE 1 Minimum Attribute L:?,·el:; for Rural 
Functional Models 

Rural Arterial Rural Collector 

the 

Attribute 

Minimum 
Qualifying 
Presence Attribute 

Minimum 
Qualifying 
Presence 

Traffic factor 3,000 Traffic factor 400 
Ex tent of road 20 Extent of road 2 
Trucks 200 Trucks 50 
Network factor 15,000 Network factor 1,000 
Access factor 150 Access factor 25 
Mobility 3 Interchange 4 

Note: Rural attribute definitions are as followa: traffic factor= 
product of ADT and counly normallz.ing: codOc!o.nl T pd, where. 
Tpd ~ 5/(log t o (count y population don,lty :< 100)) ; oxtonl of road = 
phyd.cn.J lo.nath of tho ro3d lit m.Lles (not neccuarUy tho umo al th 11t 
of the segment being evaluated); ltucks:;; actual count of trucks in a 
24-hr period during the week, or value obtained by utilizing U.S. 
Department of Transportation estimated truck percentage x ADT; 
network factor = product of ADT and distance between arterial 
connections; access factor = ADT divided by number of access 
points per mile, where access points are road intersections, driveways, 
etc.; mobility = total number of counties in which the road is lo
cated;lnterchange = number of intersecting or interchanging arte-
rials apd collcclor, along the segment, including beginning and end
ing termini. 

(2) 

func-
minor 

UTPS 
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RURAL AND SMALL URBAN AREA CRITERIA SETS 

Tables l and 2 detail the minimum attribute levels 
applied in the evaluation of rural and small urban 
area road segments. Rural segments are awarded a 
score of 1 for each attribute exhibited in excess of 
the minimum qualifying presence level. Attributes 
exhibited below the minimum level are scored zero. 
Urban segments are scored in the same manner with 
the exception of average daily traffic (ADT) , which 
is awarded a score of 2 for qualifying presence. 
System elements and coefficients are detailed in 
'!'ables 3 and 4. 

The product of the sum of the attribute scores 
and the system element coefficient is graded in 
Table 5, which indicates the probable functional 
classification of the rural or urban road segment 
being evaluated. 

In evaluating rural and urban road segments with 
SAS, a designated evaluation sequence is mandatory: 

1. Rural road segments must be evaluated first, 
because their extensions into urban areas will in
fluence the urban classifications. 

2. All segments must be evaluated in descending 
order of classification tests, starting with the 
highest level (rural arterial or urban principal 
arterial). 

3. Evaluations terminate wii:h cu~ [irst 
ing• SAS. 

4. If a segment fails the highest-level test, it 
is then evaluated with the next-lower-level test or 
tests ( rural collector or urban minor arterial and 
urban collector). 

5. If a segment fails a rural collector or urban 
collector test, it is automatically determined to be 
a local road. 

6. Under no circumstances can an SAS value from 
a test at a collector level be used to qualify a 
segment as an arterial. 

URBANIZED AREA CRITERIA SET 

As noted earlier in the section on classification 
theory, the urbanized area functional model combines 
the tandem attribute-element process of the rural 
and urban models into a single urbanized area system 
attribute set. By using the data and the UTPS model 
of the respective urbanized area, a set of five at
tributes is produced for each link (segment) in the 
modeled network. The attributes and their defini
tions are as follows: 

1. Volume-trip length (VTL) : product of a trip 
and its total trip length (from origin to destina
tion) summed for total trips on the link over 24-hr 
period, 

TABLE 2 Minimum Attribute Levels for Small Urban Area Functional Models 

Urban Principal Arterial Urban Minor Arterial Urban Collector 

Minimum Minimum Minimum 
Qualifying Qualifying Qualifying 

Attribute Presence Attribute Presence Attribute Presence 

ADT 10,000 ADT 4,000 ADT 1,000 
Speed 45 Speed 35 Speed 35 
Traffic signals 4 Traffic signals 3 Traffic signals 1 
Street length 5.0 Street length 3.5 Street length 1.5 
Lanes 3 Lanes 3 Interchange 10 

Note: Urban attribute definitions are as follov.rs: ADT = average daily traffic in vehicles per day; speed = low
est posh:d s.poed (lgnorlns: 50hool :ionics) ln miles per hour: tnffic .1.Jt;nalJ = nurnhor of slgualized lntonaclfons, 
includlns lo.r-mln l: 11racu hrn B1h --:i ph)'1•ca.l lC1.nff(h or the con Llnuoui s:egmon t In mlJl:5;~ ~ totP.I o umO_or of 
through rocidwuy 11111-c.d excluding rnmp1 .. 1p,c1od•chnn&o lrmes, parklng lanes, turn lanes, etc.; n\l<!rchnngii;, - num
ber of intersecting streets along the contllluous urban street, including beginning and ending termini. 
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2. Free flow speed: average speed that vehicles 
travel on the link when there is no congestion, 

hundreds of zones included in the urbanized area. 
This yields a set of vehicle trips between all TAZs. 
The set is filed in matrix form and is known as a 
trip table. 

3. Daily load: number of vehicles that use the 
link on an average weekday 24-hr period during peak 
season, 

4. Capacity: theoretical 
cles that may pass over the 
riod, and 

maximum number of vehi
link during a 24-hr pe-

5. Number of lanes (code): 
lanes; 2 = four lanes; 3 = two or 
one lane. 

l = five or 
three lanes; 

more 
4 = 

Operation of this functional evaluation process 
is substantially computer-internal. The UTPS model 
program accesses the data base, comput es attribute 
values, sums the values, and stratifies the streets 
in classification order. This process does not allow 
the "hands-on" scoring of individual roads that is 
permitted in the other models. The following short 
description of the UTPS model is provided for those 
who have not yet been exposed to it. 

The network data base i s a file of street-related 
information including street width, length, number 
of lanes, operating speed, and so on. This yields a 
file of network characteristics for individual 
street segments. A mathematical manipulation of the 
network and trip table files then produces a com
puted traffic volume for every street on the urban 
network. At that point the computed traffic volumes 
are measured against actual traffic counts. Adjust
ments are made until the traffic is balanced. The 
UTPS model is then said to be calibrated. 

The model is driven by two data files: the Traf
fic Analysis Zone (TAZ) data base and the network 
data base. The TAZ data base contains demographic, 
socioeconomic, and land use data for each of the 

The calibrated UTPS model data will then provide 
all of the attributes listed previously for every 
segment in the urbanized area street network. Other 
routines are programmed to score the attribute val
ues for each segment, sum the segment scores, and 
assign the segment its probable functional classifi
cation. A computer graphics program is then applied 
to automatically plot the street network with color
coded ink to differentiate the assigned classifi
cations. 

TABLE 3 Rural System Elements, Definitions, Typical Functions, and Coefficients 

System Element 

Urbanized-to-urbanized with ar
terial termini 

Bypass with principal arterial 
termini 

Alternative urbanized-to-urbanized 
with arterial termini 

Bypass with arterial termini 
Urbanized-to-urban with arterial 

termini 

Urban-to-urban with arterial 
termini 

Urbanized/urban-to-multiple com
munities with arterial termini 

Connection from rural Interstate/ 
rural principal arterial to large 
municipality within urbanized 
area with arterial termini 

County seat to arterial/Interstate/ 
county seat/urban area, county 
population <2 5,000 

Community-to-community or to 
urbanized/urban area 

Arterial-to-arterial, serves only one 
urbanized or urban area or com
munity 

Arterial-to-arterial, no communi
ties or urban areas connected 

Rural-to-urbanized or urban area 
or community, no arterial termini 

Collector-to-collector or arterial, 
no urban areas or communities 
served 

Same arterial at both ends, no 
bypu!l9, no arteriofo or collectors 
served 

No special traffic generators 

Within community 

Typical 
Definition Function 

Most direct route(s) beginning at one urbanized area boundary and ending at another Principal arterial 
urbanized area boundary; route may involve a number of different roads and may pass 
through a number of urban areas and communities; if the distance between urbanized 
areas is 75 mi or less, one or two additional routes of this system element category may 
be designated 

Road that serves as a bypass or circumferential route around an urbanized area, urban Principal arterial 
area, or community; must have principal arterial termini 

A second-most-direct route beginning at one urbanized area boundary and ending at Minor arterial 
another urbanized area boundary over 75 mi away; route may involve a number of 
different roads and may pass through a number of small urban areas and communities 

Bypass or circumferential rou1 e around an urbanized community Minor arterial 
Most direct route(s) beginning at an urbanized area boundary and ending at a small Minor arterial 

urban area boundary; route may involve no more than two different roads and may 
pass through a number of communities with < 5,000 population; if urbanized area is 
oblong in shape, two or three such routes serving its greatest dimension may be desig-
nated 

Most direct route beginning at one urban area boundary and ending at another urban Minor arterial 
area boundary; route may involve no more than two different roads and may pass 
through a number of communities with< 5,000 population 

Most direct route connecting one urbanized or urban area with two or more communi- Minor arterial 
ties; communities must have a combined population of at least 5,000; route may involve 
no more than two different roads and each road must connect at least two communities 

Road that extends from an interchange/intersection with an Interstate/principal arte- Minor arterial 
rial nnd run parallel to and omside the bou ndnry or nn oblong urbani1.ed area 10 n 
municipality with u popu'lo tion or 15,000 or greater wil'hin that urbnnizc:d nrcn ; rural 
portion of the rood mny not exceed S ml in hmgth: urban extension or the road must 
~ross the munlalpality's boundary and have nn arterui l lcnninus within the urbanized 
area 

Road that extends from a county seat and fulfills at least one of the following condi
tions: (a) is over 40 mi long and connects to an arterial, (b) connects with an Inter
uutc highway, or (c) connects to adjacent county seat or urban area in the snme or 
adjacent county; applies only to county seats in counties where population is < 25,000 

Most direct route connecting one community with another community or with an ur
banized or urban area; route may involve no more than two different roads 

Route beginning at one arterial intersection and ending at another arterial ; serves only 
one urbanized or urban area or community at one route end; route is confined to one 
road 

Route beginning at one arterial intersection and ending at another arterial but not serv
ing any urbanized or urban area or community; route is confined to one road 

Route beginning in rural area at one end and serving one urbanized area or community 
at another end; route is confined to one road and does not connect two arterial high
ways 

Route beginning at one collector intersection and ending at another collector or ar
terial intersection; route is confined to one road and does not serve urbanized or 
urban area or comm unity 

Road that begins and ends by intersecting with the same arterial; road must not serve 
as a bypass around urbanized or urban area or com munity nr inte:rsect with other col· 
lectors or arterials 

Road that does not provide service between arterials and collectors or collectors and 
collectors; road must not provide service to any urbanized or urban area or com· 
munity 

Road that remains entirely within the boundary of community with 1,000-4,999 
population 

Minor arterial 

Major collector 

Major collector 

Major collector 

Minor collector 

Minor collector 

Minor collector 

Local 

Local 

Coefficient 

15 

15 

10 

IO 
JO 

IO 

10 

IO 

IO 

s 
s 

s 
2 

2 

2 
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TABLE 4 Small Urban Area System 
Elements and Coefficients 

Svstem Rlemtmt 

Arterial to arterial 
Arterial to collector 
Arterial to local 
Collector to collector 
Collector to local 
Local to local 
Arterial to dead end 
Collector to dead end 
Local to dead end 

15 
10 

5 
5 
2 
1 
I 
1 
I 

Note: These system elements and coefficients are 
also to be used on an interim basis for new urban
ized areas. 

TABLE 5 Classification Evaluation of Rural and Small Urban 
Area Roads 

SAS Value 

Rural arteria I test 
75 or greater 
30-60 
Below 30 

Rural collector test 
15 or greater 
4-12 
Bek":v4 

Urban principal arterial test 
60 or greater 
Below 60 

Urban minor arterial test 
30 or greater 
Below 30 

Urban collector test 
15 or greater 
Below 15 

PiuLaL!e Functional Classification 

Rural principal arterial 
Rural minor arterial 
Fails rural arterial test (evaluate with rural 

collector test) 

Rural major collector 
Rural minor collector 
Fails rural coll~ctvr t&5t (au tornutkally 

determined to be rural local road) 

Urban principal arterial 
Fails urban principal arterial test (evaluate 

with urban minor arterial test) 

Urba11 miuur arlerial 
Fails urban minor arterial test (evaluate 

with urban collector test) 

Urban collector 
Fails urban collector test (automatically 

determined to be urban local road) 

No te: This table is also to be used on an interim basis for new urbanized areas. 

Inspecti on of the p l ott ed networ k permits the 
identificat ion of classification a nomalies, such as 
the intrusion of a short segment of one classifica
tion in the midst of an otherwise continuous route 
of another classification. An analysis of the anoma
lies is made and, if warranted, their classifica
tions may be changed. The resulting smoothed network 
yields the recommended functional classification of 
the urbanized area streets. 

The attribute scoring routine requires an addi
tional note. The range in Florida of urhAni7.en ~re~ 
public road mileage (500 mi in Gainesville to 5,000 
mi in Miami) precludes the use of a single set of 
functional classification cutoff scores for minimum 
attribute qualification. Consequently, a relative 
s coring routine was developed by using a family of 
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regression analysis formulas that quantitatively de
termines functional classification gross lane mile
ages for each urbanized area. The analysis is based 
on two variables (population and sauare miles insinP 
the urbanized boundary) and produces quantitative 
determinations of exceptional strength for urban 
principal arterials, combined principal and minor 
arterials, and combined arterials and collectors 
(R = .93, .96, and .99, respectively). The determined 
lane miles, by functional classification, are then 
used to set the attribute score cutoffs. 

An assignment of probable functional classifica
tion for each urbanized area road segment is mane by 
the following procedure. A quantitative model, which 
regresses urbanized population and urbanized area 
square miles as independent variables, is used to 
determine lane miles per functional classification. 
Segments are listed in descending VTL attribute 
value order with cumulative lane miles indicated. 
All segment miles falling within the determined 
principal arterial lane miles are awarded a score of 
1. Subsequent segment miles falling within the de
termined minor arterial lane miles are awarded a 
score of 2. The segment miles for collectors are 
awarded a score of 3, and the remaining local miles 
are awarded a score of 4. 

The scoring procedure is continued for each of 
the other four attributes. The five attribute scores 
for each segment are then summed and listed in as
~ 6 "A~~; sccra order (theor~tical t an9e, 5 to 20) 
with cumulative lane miles indicated. By using the 
quantitatively determined lane miles per functional 
classification again, the probable functional clas
sification for each segment is prescribed. With the 
aid of qraphical rectification, the recommenaea 
classifications are then assigned. 

SPECIAL INTERIM CRITERIA SET FOR NEW URBANI ZED AREAS 

In the 1980 census six additional Florida population 
centers qualified as urbanized areas. These new 
areas (Ft. Pierce, Ft. Walton Beach, Naples, Ocala, 
Panama City, and west Pasco) wi l l ul t i mately utilize 
microcomputer analytical models similar to the UTPS 
functional models of the other 15 Florida urbanized 
areas. Development of these models for each of the 
new areas is under way. Pending completion and adop
tion of the models, a procedure similar to that for 
the small urban areas is to be used. Special interim 
minimum attribute levels are detailed in Table 6. 
Evaluated segments are awarded a score of 1 for each 
attribute exhibited in excess of the minimum quali
f y ing presence lev~l. Attributes exhibited below ,:he 
minimum level are scored zero. System elements and 
coefficients utilize d for new urbanized areas are 
the same as those for small urban areas and are de
tailed in Table 4. Quantitative functional evalua
tion is determined from Table 5. 

TABLE 6 Special Interim Minimum Attribute Levels for New Urbanized Area 
Functional Models 

Urban Principal Arterial Urban Minor Arterial Urban Collector 

Minimum Minimum Minimum 
Qualifying Qualifying Qualifying 

Attribute Presence Attribute Presence Attribute Presence 

14,000 ADT 4,000 ADT 20 ,000 ADT 
Speed 45 Speed 45 Speed 35 
Traffic signals 4 Traffic signals 3 Traffic signals 2 
Street length 5.0 Street length 3.5 Street length 1.5 
Lanes 3 Lanes 3 Interchange 10 

Note: For attribute definitions, see Table 2. 
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CLASSIFICATION DETERMINATIONS 

The quantitative values produced by SAS evaluate the 
functional classification of public roads with ap
parent high accuracy. When calibrated against the 
current official qualitatively determined classifi
cation, the SAS rural model replicates rural func
tional classifications at a better than 90 percent 
match. The apparent accuracies of the SAS urban and 
urbanized models are also very . fine, although 
slightly lower. However, the issue of accuracy is 
not easily addressed. 

If a quantitative evaluation model fails to per
fectly simulate a qualitative evaluation, any ap
parent inaccuracies may be due to an error in either 
of the evaluations. That is, the original gualita
t ive classification may have been incorrect or the 
quantitative model may have been incorrectly designed 
and be insensitive to the true classification. The 
likelihood of absolute perfection in either type of 
evaluation is improbable, Thus Florida law mitigates 
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against errors of evaluation by requiring a forum 
for resolution. The paragraph of Florida law that 
requires that classification evaluations by the de
partment "shall utilize quantitative criteria" also 
requires that "the Department shall hold a full pub
lic hearing. , • as an integral part of its evalua
tion procedures in order to receive public input 
prior to making any determination of classification." 

Taking into account both statutory evaluation re
quirements, the department intends to utilize the 
SAS quantitative criteria as its principal func
tional classification tool. It will, however, pre
serve the responsibility to consider other signifi
cant data as is necessary to assure that correct 
classification determinations are made. 

Publication of this paper sponsored by Committee on 
Transportation Programming, Planning and Systems 
Evaluation. 

The Development of Transportation Cost Functions for 
Three Intercity Corridors of Costa Rica 

EDWARD C. SULLIVAN 

ABSTRACT 

The findings of a cooperative University of California-University of Costa Rica 
study of the cost characteristics of transportation technology alternatives in 
three principal corridors of Costa Rica are summarized. The cost functions de
veloped quantify the total fixed and variable costs of moving freight in each 
corridor as well as the corresponding energy consumption and the cost breakdown 
between domestic and foreign expenditures. Conclusions are drawn regarding the 
implications of these findings for the future development of intercity trans
portation in Costa Rica. 

Selected results are presented of a study on alter
native transportation technologies applied to inter
regional transportation needs in Costa Rica (1), The 
economic and physical consequences of several-alter
native rail and highway systems, including several 
systems currently in place, were estimated in order 
to provide a quantitative basis for future transpor
tation investment decisions, The analysis was based 
on the particular transportation requirements and 
resource constraints of concern to Costa Rica. 

The results of the study are cost and resource 
use relationships that can be used to compare dif
ferent transportation improvements in light of the 
quantities of goods to be transported now or in the 
future. It is expected that the quantitative rela
tionships from this study will be used with alter
native planning scenarios concerning the future 
economic structure of Costa Rica in order to help 

define a comprehensive long-term program for orderly 
national development. 

In order to concentrate on a limited number of 
issues of practical significance to Costa Rica, at
tention focused on the costs and physical conse
quences of alternative transportation technologies 
in three important transportation corridors of Costa 
Rica (Figure 1): 

1, San Jose-Puerto Limon (from the national capi
tal to the major Atlantic coast port) 1 this moun
tainous corridor is now served by both rail and 
highwayi 

2, San Jose-Puerto Caldera ( from the capital to 
the major Pacific coast port)i this mountainous cor
ridor is also now served by both rail and highway, 
and 

3. Puerto Caldera-Liberia (parallel to the Pa-
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F1GURE 1 Overview of transportation alternatives. 
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rider is now served only by highway and is the loca
tion of anticipated development in agriculture and 
other sectors, 

In each case, several transportation technologies 
were considered, including the existing systems and 
alternatives involving significant improvement to 
the existing facilities. Because the study empha
sized transportation service to economic develop
ment, the analysis dealt only with the transport of 
freight. A wide range of possible traffic volumes 
was considered, ranging from current levelo to traf
fic volumes approximately 10 times those now accom
modated. 

The study used a microcomputer-based transporta
tion supply model called analysis of corridors 
(ANCOR) recently developed for estimating economic 
cost functions in national transportation planning, 
This model uses vehicle simulation and engineering 
cost methods to estimate quantities of resources 
consumed in the process of producing transportation, 
Resource consumption, of interest in itself, is 
converted to financial costs on the basis of produc
tivity rates and factor prices, which incorporate 
components of domestic expenditures and foreign ex
change. 

TECHNICAL APPROACH 

In recognition of the need to limit consideration to 
a small number of practical alternatives that have a 
reasonable chance of implementation in Costa Rica, 
it was decided to perform the applied-technology 
analysis for the following specific alternatives: 

1, San Jose-Puerto Lim6n 
a • Existing rail system (nonelectric, poor 

alignment), 
b. Existing electrified rail line, 
C, Existing rail line with significant align-

ment improvements, 
d. Electrified rail line with significant 

alignment improvements, 
e. Existing highway, 
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ment improvements, 
g. New highway currently under construction, 

2. San Jose-Puerto Caldera 
a. Existing rail system (electrified, fair 

alignment), 
b. Existing rail system with significantly 

improved alignment, 
c, Existing railway using diesel-electric 

propulsion (abandon electrification), 
d, Improved railway alignment using diesel-

electric propulsion, 
c, Exioting highway, 
f, Existing highway with improvements, 
g. New highway on separate alignment. 

3. Puerto Caldera-Liberia 
a. 
b. 
c. 
d. 

Existing highway, 
Existing highway with 
New electrified rail 
New rail system with 
pulsion. 

improvements, 
system, 
diesel-electric pro-

The detailed data characterizing the various alter
natives are described in the final report of the 
study (.!), 

The study developed for each of the forl'!going l!).

ternative technologies a family of cost curves indi
cating how costs and resource consumption vary with 
increasing amounts of freight to be transported. 
Figure 2 shows the general form of such a cost 
curve. The horizontal axis represents a multiple of 
the total volume of rail freight traffic transported 
in the particular corridor in 1981. The vertical 
axis illustrated here represents total annual cost. 
In the actual results, a variety of cost types (ver
tical axes) appear for each corridor and technologi
cal alternative. These correspond to the different 
cost components of interest, such as total fixed and 
variable costs, total domestic and foreign exchange 
costs, and vehicle energy consumption. Note that 
when fixed costs are included in a cost curve, the 
initial capital outlay is converted to an annualized 
value by means of the capital recovery factor. 

Figure 3 shows a typical corridor description re
quired to perform a cost analysis with the ANCOR 
model. Base payload quantities for each of the three 
corridors are presented in Table 1 and average trip 
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FIGURE 2 General form of total-cost curve. 

lengths in Table 2. The quantities listed for the 
San Jose-Lim6n and San Jose-Puerto Caldera corridors 
are the 1981 reported rail volumes (~). The base 
volume for the Puerto Calder a-Liberia corridor was 
taken to be one-half of the 1981 volume between San 
Jose a nd Puerto Caldera. 

Finally, Figure 4 shows the table of factor 
prices and construction productivities used to esti
mate all of the cost curves developed in this study. 
Note that factor prices and productivities are re
lated to six different labor types and to eight 
major physical resources (energy sources and con
struction materials). These data represent 1982 
prices and conditions in Costa Rica and were taken 
primarily from a University of Costa Rica study (1) 
supplemented through personal contacts. 

The cost-estimation procedure and formulations of 
the various submodels involved in the estimation of 
cost for both vehicles and way are documented else
where (!,il. 

TECHNICAL OBJECTIVES 

The overall objective of the study was to develop a 
family of cost curves for different transportation 
technologies, including existing systems. All alter
natives are serious candidates for implementation in 
the three selected corridors of Costa Rica. Among 
the cost curves developed for each technology are 
the following: 

TABLE 1 Base-Year Payload Volumes 
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• Total annual cost (annualized fixed cost for 
vehicles and way plus total annual variable cost) as 
a function of annual payload, 

• Annual vehicle operating cost as a function 
of annual payload, 

• Vehicle energy consumption as a function of 
annual payload, and 

• Total annual cost separated into domestic and 
foreign exchange components for selected alterna
tives. 

,,,,,, ..... ,,,,.,,,,,,,,,,,,.,,, 
Corridor : 
SAN JOSE-BRASIL (NBW 4 LANB RWY) ,,,,,,,,,,,,,,,,,,.,, .. ,,,, .. ,,, 

CORRIDOR DESCRIPTION 
==:=========:;===========~====== 
Number of Segments: l 
Number of Entry/Exit Points: 4 

********** SEGMENT l ********** 
Length: 17 km 

Topography: ROLLING 

Vegetation: FOREST 

Rainfall: MEDIUM 

Soil Type: STABLE SOIL 

Seismically Active Area 

Primary Existing Lend Use : 
URBAN FRINGE-LIGHT DEVELOPMENT 

Span Length to Bridge Obstructions: 250 m 

Beginning Elevation : 1142 m 
End Elevation : 840 m 

Design Speed: 100 km / hr 

Representative Daily Volume of Other 
Vehicles: 6000 veh / dey 

Average Expected Deley from Other Then 
Congestion: .05 hra/veh 

******************************** 
NO TRANSPORTATION SYSTEM IN PLACE 

FIGURE 3 Corridor description. 

San Jose'-Puerto San Jose'-Puerto 
Caldera" 

Puerto Caldera
Liberiab Limbn a 

Payload Type and Description Forward 

5: Packaged food products (nonrefrigerated) 
6: Bulk agricultural products (dry) 106,295 
7: Bulk agricultural products (liquid) 
8: Bulk industry products (dry) 149,391 
9: Bulk industry products (liquid) 

10: Wood and wood products 
11: Heavy machinery 
12: Packaged industrial and commercial 

produr.18 1,058 
13: Large fabricated structures or furniture - - -
Total 256,744 

Note: Values given in tons per year. 

Reverse 

52,173 
16,922 
12,352 

3,162 
27,170 
69 ,349 

26,833 

---
207,96 I 

Forward Reverse 

3,893 
56,318 142,570 

539 
28,928 97,229 

287 

85,533 

8,119 
57,193 

3,123 
__ 3_8 

312,704 

~Rail traffic reported in 1981 1 includint hllntm11s. 
Puerto Caldera-Liberia traffic arbitrarily liCI lo 50 percent of that for San J os~-Puerto Caldera. 

For ward Reverse 

1,947 
28,159 71,285 

269 
14,464 48,615 

144 

42,767 

4,059 
28,597 

1,561 
__ 1_9 

156,352 
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TABLE 2 Average Trip Length 

San Jos~-Puerto- San Josf-Puerto Puerto Caldera-
Limon8 Caldera" Liberiab 

Payload 
Type Forward Reverse Forward Reverse Forward Reverse 

5-7, 9-13 66 63 70 73 70 73 
8 66 76 70 99 70 99 

Note: Values given in percentage of corridor Jength. 

:Rail traffic ,-c,,Jorted in j 981, lncluUlng b:u111u11s. 
Puerto Caldeira-Liberia traffic orbJtrarlly !IG1 to 50 percent of that fo r Sa n Jos€. Puerto 
Caldera. 

These results are available for use in future stud
ies where different economic growth and transporta
tion demand scenarios would be evaluated with re
spect to their total life-cycle transportation 
costs, energy use, and balance-of-payments impl ica
tions. 
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RESULTS 

Only the highlights of the results of this study for 
one corridor, that between San Jose and Puerto 
Caldera, are given here. A complete tabulation of 
results appears in the final report (1). 

The total estimated economic cost~ for the exist
ing electrified railway between San Jose and Puerto 
Caldera are shown in Figure 5. Three annualized cost 
curves are shown, each assuming that the entire pay
load being considered would be transported exclu
sively on trains of the stated size. In each case, 
the length of the train, in number of cars (wagons), 
is controlled by the available power of the single 
locomotive, based on the ruling grade of the exist
ing railway. 

Figure 6 contains a second family of cost curves 
for the electrified railway between San Jose and 
Puerto Caldera. In this case, the alignment of the 
railway is assumed to have been improved signifi-

For Labor Type* / 
Labor ( colones/ hr) 1 2 3 4 / 5 6 

1-1:-;2,.;.."'"96,--,----,-1 =1 ~. e""o,--,.----:2:"a2""5-,-....,6,::2...:.,. 5:-:o:--..--....:;.,,,90;.,o,__-.-----,3e,:oe---

"' Materials (colones/ t on) 
For Material Type** 
2 3 4 

"' 1 
u Fo r ei gn Exchange Component: I 466 I 13964 I 10660 I 1181 I 100 ..... ! I 

"' Domestic ExEonse Conrnonent: .i 233 I 34.!~ . ,_, I 5330 I 319 I };! 
"- I I I I I CG 

gasoline diesel fuel electrici t) 
0 Direct Propul sion (colones/ ) ( /liter) { /liter) { Lkv-hr t; I Foreign Exchange Component: l 21 I 16 I 1. 36 < I 

"' I Domestic Exeonse Comeonent: I 1.1 0 0 ,85 0 , 58 I j I 

I Per Land Use CategGr y*** 
I 

I 
Land 1 2 3 4 

(col ones/hectare) I 30,000 I 40 , 000 I 2 , 500 , 000 I 10 , 000,000 I 
I 

Economic n1acount Rate (%) : 15 I I 

a or y y)e qu1pmen upp 1ee I j (colones/uni t) 
L b b T * E t & s 1· 
(ho urs/unit i Activities Unitsl 1 2 3 4 5 6 Foreign Ex, Domestic 

I I I Site Pre111n·etion 1112 , 00001 ,000007 . 223 .0005 .0001 
OJ I,.,,,~,,(,.,) i . 050! i "' m3 . 060 , 006 .003 124. 5 ..... i 
f-< 

I I > ! I I I .01331 I ..... Earthwo r k ( fill) m3 i .111 io.133, ,0067 252 
ti 

1
1ane j 

4371 32sl 32 . s! I ::, 
!Minor structures 16,4 140 Cl I -km I I 

~ **** 
!Bridge & Tunnels 

way j I 
"- -km 7200 3600 360l 180 405,000 
z 

I I I I 0 I I I 

.0062! 6 
.-< 

!Concrete I ton lo . 139 \0.062 , .0031 100 I "' i .... 
I ,I I 3 I k I I I -I I .023u! I 1= 

I 
!; tj 

1
steel ton lo . 2J0 10,4bU\ I , U4b1 4 000 

"' "'u 
ton lo.115 10.230 ! z ;:;; ~ 

1:::.,. 
,2301 I g 

I ,l; V , 0115 2 ,1 00 I)"' ! 
0.075 1 

I "'.-< ! I .... c,. ton I0 , 100 .0075 . 0038 125 I k 
;:, 

ton lo.02s, o. 011 ! "' 
1Gravel I ,00 11 . 00063 1 50 

!Final Site Details/ m3 I I I 
I ,0834 0,035 1 

I 

I ,0035 .00171 25 

*Labor Types: 1 
3 
5 

General (domestic) Labor; 2 = Skilled Crafts (domestic); 
Skilled Crafts (foreign); 4 = Profeasional (domestic); 
Professional (foreign); 6 2 Administrative (domestic) 

**Material Types: 1 • Concrete; 2 2 Steel; 3 Wood; 
4 • Asphalt; 5 = Gravel 

***Land Uee Categories: 
2 

3 
4 

Underdeveloped 
Agricultural 
Urban Fringe 
Urban Fringe 

or Public Reserve 

Lightly Developed 
Heavily Developed 

****Major Structures' Productivities Based on Tvo-Lane Highway 

FIGURE 4 Price and productivities. 
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FIGURE 6 San Jose-Puerto Caldera rail electric technology on 
improved way. 

cantly. The general shapes of these cost curves are 
similar to those of the unimproved railway; however, 
total costs for low traffic volumes are greater be
cause of the construction cost of improving the way. 

Other data for diesel-electric locomotives were 
developed for comparison only and show the logical 
result that the electric railway technology is more 
economical, particularly when the significant capi
tal cost of electrification has already been in
curred. 
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Figure 7 shows the family of total cost curves 
developed for three highway alternatives in the San 
Jose-Puerto Caldera corridor. In all cases, it is 
clear that the total annualized cost for highway 
transportation exceeds that for rail. Reconstruction 
of the current low-standard sections appears justi
fied at a traffic level 5.0 times the base traffic. 
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FIGURE 7 San Jose-Puerto Caldera highway. 

1000 

Figure 8 is a composite total-cost curve showing 
the least-cost alternatives for freight movement in 
the corridor. The analysis indicates that the cur
rent electrified railway is optimum up to about 3.0 
times current (1981) traffic, at which point double
tracking is economically justified. At approximately 
7.5 times current traffic, substantial alignment im
provements are justified. 

Figure 8 includes two f i scal break-even points in 
addition to the economic break-even points of prin
cipal interest in this study. These fiscal break
even points indicate the traffic levels at which up
grading would be justified on the basis of capital 
cost savings alone. The fiscal break-even points are 
of particular significance to the capital expendi
ture side of transportation planning. 

Figure 9 presents the energy intensities of the 
alternative technologies. The rates shown indicate 
only direct vehicle energy consumption. They illus
trate the relative energy savings in reduced con
sumption per ton-kilometer of transportation that 
can be accomplished by various technological im
provements. Improving the alignment yields approxi
mately 10 percent energy savings, although this 
benefit overlooks the direct energy cost of the con
struction itself. Note that the energy intensities 
for electric and diesel propulsion alternatives have 
different scales and are not directly comparable. 
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FIGURE 8 San Jose-Puerto Caldera corridor lowest-cost alternative_ 

Figures 10 and 11 show a more detailed breakdown 
of costs associated with a selected vehicle tech
nology operating on the electrified railway between 
San Jose and Puerto Caldera. Figure 10 shows total 
lifetime fixed costs of the alternative, represent
ing primarily the capitAl costs of vP.hir.lP. Acquisi
tion. Note that the lifetime fixed costs include the 
present value of obsolete-vehicle replacement costs, 
which make up a significant portion of the fixed 

costs of all alternatives being considered. Figure 
11 shows vehicle operating costs and the variable 
costs of railway maintenance and operations. For the 
alternative illustrated here, most variable costs 
are domestic expenditures, with the principal excep
tions being the foreign expenditures for replacement 
parts of vehicles and other maintenance supplies . 

Figures 12 and 13 show the lifetime fixed costs 
and annual variable costs (foreign and domestic) of 

kw-hr/ton-km 
o. 

0. 

OJ 

650-800HP 
6 cor 
train 

--ELECTRIC 

liters/Ion-km 
a 

020 

14 75HP ____ 2000HP 

8 cor 10 cor 
train train 

PROPULSION -

D Existing woy 

~ [mproved woy 

E;SI New woy 

S00·850HP-- I IOOHP· -- - 3600HP ___ 30·1on truck 
4cor 7cor 20car 
train train train 

---DIESEL PROPULS~N~~---

FIGURE 9 Energy intensities of alternative technologies: San Jose-Puerto Caldera. 



Sullivan 

8.0 

6.0 

a, 
Q 
" "' 4.0 Q) 

C: 
0 
0 
u 

2.0 

100 300 500 700 1000 
% of Bose Tro ffic 

Domestic 

Foreign 
Exchange 

FIGURE 10 Cost breakdown (vehicles and way) for 2,000-hp, 
10-car electric train on unimproved way, San Jose-Puerto Caldera: 
lifetime fixed cost. 

0.6 

~ 

0 
Q) 

"' '- 0.4 a, 
Q 
" 1/) 
Q) 
C: 
0 0.2 
0 
u 

LOO 300 500 

_______ .o 

---
700 1000 

% of Bose Traffic 

Domestic 

Foreign 
Exchange 

FIGURE 11 Cost breakdown (vehicles and way) for 2,000.hp, 10-
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FIGURE 12 Cost breakdown (vehicles and way) for 2,000-hp, 
10-car electric train on improved way, San Jose-Puerto Caldera: 
lifetime fixed cost. 

significantly improving the alignment of the elec
trified way between San Jose and Puerto Caldera. Of 
intP.rP.Rt is the fact that the increased fixed domes
tic expenditure due to railway reconstruction is 
relatively small compared with the foreign capital 
expenditure on vehicles. The operating-cost advan
tage of the improved way shows up as expected in 
both the domestic (mostly labor) and foreign ex
change components of variable costs. 
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FIGURE 13 Cost breakdown (vehicles and way) for 2,000-hp, 
10-car electric train on improved way, San Jose-Puerto Caldera: 
annual variable cost. 

CONCLUSION 

This research utilized an innovative transportation 
corridor cost model to explore the costs and re
source consequences of several transportation tech
nology alternatives for three major transportation 
corridors of Costa Rica. The output of the analysis 
is a collection of economic cost curves that were 
used to draw some initial conclusions regarding de
sirable directions for future transportation invest
ment in Costa Rica. This study considered only con
ventional technological options that were believed 
to be strong candidates for adoption within the up
coming decades. 

The cost curves developed in this study are valid 
for broad comparisons among technological options at 
the level of national transportation planning. They 
are not sufficiently accurate to be used as the 
basis of final decision making. These results are 
intended to show broad trends and comparisons, indi
cating the general direction in which the transpor
tation technologies of Costa Rica should develop. 

The study provided a number of specific recommen
dations with respect to the different technological 
alternatives considered in the three corridors of 
interest. These are documented in the final report 
(1). 

As in all studies of this type, it is not possi
ble to do everything that could be done. There al
ways remain questions and opportunities for dis
covery that simply cannot be accommodated within the 
scope and resources of the study. The following are 
areas of additional work that would be useful exten
sions of these investigations: 

• Because of the need to address the practical 
problems of immediate concern to Costa Rica, the 
novel transportation technologies discussed in an 
initial working paper (§.) were not subjected to 
quantitative analysis. These include such options as 
electrified highways and hybrid locomotives able to 
function in both the pure electric and diesel
electric modes. The ANCOR model is capable of ana
lyzing novel technologies in the same manner as 
existing technologies, and analyses of this nature 
would be a worthwhile extension of the work. 

• This study was restricted to three corridors 
of Costa Rica to the exclusion of other potentially 
interesting transportation corridors, such as the 
proposed dry canal route connecting the Pacific with 
the Caribbean Sea through the underdeveloped north
ern part of the country. A combined analysis of 
transportation technology options and economic de
velopment opportunities for this and perhaps other 
corridors would be very interesting indeed. 

• The ANCOR model was developed several years 
ago as part of a research program for the government 
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of Venezuela, but the current study is its first 
large-scale practical application. Although most 
relationships embodied in the model have been vali
dated in their oriqinal form. thPrP haR nPvPr hPPn" 
full validation of the complete ANCOR model with a 
comprehensive empirical data base. To the extent 
that reliable and disaggregate construction and 
operating-cost data can be obtained for the rail or 
highway modes in Costa Rica, this presents a valu
able opportunity to evaluate comprehensively the 
strengths and weaknesses of the current model and to 
suggest directions for possible improvements. 

• In addition to the ANCOR model used in this 
research, two other corridor cost models have been 
developed: ANCOR-AGUA, which performs cost and re
source use analysis for water transportation 
systems, and ANCOR-AIR, which analyzes air trans
portation technology alternatives, It would be of 
interest to utilize these models to explore non
land-transportation options in suitable settings. 
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Research on Appropriate Planning Methodology 1n 
Developing Countries 

C. JOTIN KHISTY 

ABSTRACT 

Developing countries have generally adopted the planning methodology conven
tionally practiced by developed countries. The results have not been encour
aging. There is a dire need to evolve inexpensive appropriate methodology espe
cially applicable to developing countries, which will help policymakers reduce 
the inefficiencies in transport, correct misguided priorities, promote equity, 
and enhance the quality of life. The following topics connected with appropri
ate planning methodology are examined in this paper: development and diffusion 
of planning methods, basic problems of land use and transportation planning, 
the meaning of need as compared with demand, distributional effects of current 
planning methods, appropriate planning methodology, and the ethics of methodol
ogy assessment. The issues concerning appropriate planning methodology are 
clarified and areas where further research is needed to improve the planning 
process are identified. An agenda for action is included. 



Khisty 

Recent interest in appropriate planning methods 
stems from the general dissatisfaction with the 
planning and development process expressed by the 
public in developing countries. Planners dealing 
with the planning process in these countries have 
also expressed frustration with applying the conven
tional sophisticated planning methods. The objective 
of this paper is to clarify the issues concerning 
appropriate planning methodology applicable to de
veloping countries and to identify areas where fur
ther research is needed to improve policymaking in 
the choice of methodology. Al though the focus of 
this paper is directed toward land use and transpor
tation planning, the ideas expressed can be extended 
for general application to the planning of the urban 
and rural infrastructure. The organization of this 
paper hinges around seven tasks: (a) to understand 
the development and diffusion of planning methods, 
(b) to identify the problems of land use and trans
portation planning in developing countries, (c) to 
differentiate between need and demand, (d) to under
stand the distributional effects of current planning 
methods, (e) to investigate appropriate planning 
methodologies, (f) to examine the place of an ethics 
of methodology assessment, and (g) to describe re
search issues applicable to developing countries. 
This speculative paper is an attempt to seek answers 
to the topics listed and to question some of the 
conventional answers that are generally taken for 
granted within the profession. 

A word needs to be said about form in presenting 
this paper. The subject discussed here lies in the 
realm of metamethodology, which means methods of se
lecting methods: a progression from theoretical en
quiries toward practical solutions. 

SOME DEFINITIONS AND DESCRIPTIONS 

In most of the discussion in this paper the terms 
"methodology,• "technique," and • technology" are 
used interchangeably. Gendron' s definition of tech
nology captures the meaning of the other terms (_!): 

A technology is any systematized practical 
knowledge, based on experimentation and/or 
scientific theory, which is embodied in pro
ductive skills, organization, or machinery. 

Also, because this paper is essentially concerned 
with the assessment of planning methodology appro
priate for developing countries, Coates' definition 
of technology assessment is applicable (~): 

Technology assessment is a class of policy 
studies which systematically examines the 
effects on society that may occur when a 
technology is introduced, extended, or modi
fied. It emphasizes those consequences that 
are unintended, indirect, or delayed. 

Technology and society are tightly intertwined by 
complex mutual causal relationships. Hence assess
ment may take on a normative or planning character 
by establishing a technological path from the pres
ent to a future state, where goals reflecting the 
social values of society can be achieved (l). 

Although the terms "appropriate" and "intermedi
ate" have been used in connection with planning and 
technology since 1973, no formal definition of the 
terms has been put forth so far. Darrow and Pam's 
description of appropriate technology covers the key 
elements. They stated (!): 

"Appropriate technology• is a term that rep
resents a particular view of society and 

technology. It suggests that technology is 
neither neutral nor does it evolve along a 
single path. It recognizes that different 
cultural and geographical groups will have 
different technologies that are appropriate 
to their circumstances; that technological 
self-determination is essential to cultural 
identity (and political independence). It 
suspects that the only wise technologies are 
those which seek to accommodate themselves 
to the biological environment within which 
they are used. It assumes that the purpose 
of economically productive activity is to 
produce what is determined by need, in an 
enjoyable, creative process; not what is de
termined by endless greed, in an alienating, 
repetitive production process. It stresses 
that every society has a technological tra
dition and that new technologies must grow 
out of this tradition. And it presumes that 
the only development that makes sense is de
velopment of the people and their skills, by 
the people and for the people. 
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The implications of appropriate planning methodology 
are taken up in a later section of this paper. 

PLANNING METHODOLOGY: DEVELOPMENT AND DIFFUSION 

Model building and methodology are fundamental to 
policy analysis. Orderliness, predictability, con
trollability, and reduction of and allowance for er
ror are some of the hallmarks of methodology. Be
cause methods are the outcome of complex social 
demands, it is obvious that one can predict what 
will happen to methods if one can predict what will 
happen to society. There is yet a deeper aspect to 
method. A knowledge of method shapes the perception 
and ultimately the organization of the world by 
those who possess it. In this sense, method becomes 
the organizing basis for a world view (2_). 

Methods originate, modify, and change over time 
because of the environment in which they are ap
plied. Figure 1 shows the four phases of the devel
opment of methodology: definition, formalization, 
maturity (and diffusion), and decline (_~). Methodo
logical development is naturally a dynamic process 
with a feedback element. 

Figure 2 shows how a method is under constant 
revision as the needs of society warrant change. For 
example, with the decline of innovative method I, 
another appropriate method II will take over, and so 
on. 

PROBLEMS OF LAND USE AND TRANSPORT PLANNING 
IN DEVELOPING COUNTRIES 

Although modern urban planning techniques have been 
used in developing countries for a couple of de
cades, surprisingly little is known about the out
come of short-term and long-term strategies and in
vestments used in these countries (3). Comparative 
studies of the factors influencing the development 
and quality of transport systems are now gaining 
some recognition. 

Almost every transportation-related decision is 
really a public issue. The transport system impinges 
on those who use it and also on those who do not. 
"If there is one inescapable conclusion from a study 
of the world's major cities, it is that people 
everywhere are dissatisfied, often to the point of 
public protest with their transport, with the way it 
is developing and the effects it is having on their 
cities" (2) . The problems are all the more intense 
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in developing countries. The need for transportation 
arises because of the existence of time and space, 
and the oost of tr,msportation determines the cur
rent transportation technology, the size of cities, 
and hence the human opportunities for work and lei
sure, for the choice of jobs, and the quality of 
life in general Cl). 

Transportation is only one of the many necessi
ties required to accelerate the pace of economic 
progress, but in many situations it plays a key 
role, and in all cases it sets the 1 imi ts of im
provements. Inadequate supply of transportation ser
vices for both goods and people has plagued the 
developing countries. The high influx of rural mi
grants usually seeking employment in urban areas is 
straining the already overutilized infrastructure. 
For instance, in India during the decade 1961 to 
1971 the urban population has increased by about 20 
percent (8). 

There is a wide divergence of opinion on how to 
solve urban and rural transportation problems, but 
the common aim is to search for the best solution 
given the resources available. Land use and trans
portation planning studies have been conducted ac
cording to more or less standard procedures and 
methodology in most major cities of the developed 
world since the 1950s. This remarkably uniform 
methodology, consisting of the five-step sequential 
models of land use, trip generation, trip distribu
tion, modal split, and traffic assignment, has been 
referred to as the conventional urban transportation 
planning process. Because of the necessity of con
sidering many land use and transportation alterna
tives, efforts have been made in the last decade to 
evolve simplified urban travel demand models, 
chiefly to reduce the cost, time, and complexity of 
analyzing options (~.). 

The current situation of urban and rural planning 
in developing countries is alarming. Further deteri
oration is in prospect if present trends are allowed 
to continue unchecked (!Q) • In the last decade many 
developing countries used travel models similar to 
the ones used in the United States and other devel
oped countries. These procel11_11.:e~. methods; and 
models are hi<Jhly sophisticated, very data hungry, 
and extremely costly and require specialized trained 
personnel to run them. Some work has also been done 
to adapt these sophisticated models to suit the 
requirement of developing countries, but still the 
cost of running these sophisticated models is hor
rendous. Unfortunately, all this work and expense, 
a 1 though intrinsically valuable, has not helped the 
developing countries and the results have been dis
appointing. The reasons for this disappointment are 
not difficult to comprehend, and some of the glaring 
ones are noted as follows (11,.!±_): 

1. The planning objectives and policy variables 
formulated for developing countries have usually 
been those meant for advanced societies of the 
world, instead of being related to the social needs 
and the economic status of developing countries. 
Similarly, the constraints encountered in developing 
countries are much more severe than those in devel
oped countries. Some of the chief planning con
straints are limitations on capital and resources; 
the capacity to pay for travel; limitation on avail
able expertise to plan, implement, and maintain the 
transport system; the problem of benefitting the 
maximum number of people; and the conservation and 
use of carce resources, such as energy. 

2. Cities in developing countries have grown 
enormously. Some cities have grown by 300 percent 
within 30 years. Such growth has brought with it im
mense problems for public authorities who have to 
eventually provide the life-support system essential 
for the survival of these cities. 

3. Heroic responses by public authorities to 
cope with rapid urban growth have often been really 
ad hoc reactions. There has thus been no time to 
adapt and evolve as cities have grown in size. Dif
fusion of innovation, the pace of technical change, 
and the rate of income growth are all out of bal
ance. Also, economic, social, and political institu
tions have not kept pace in regulating patterns of 
growth. 

4. The analysis of cities is highly complex in 
developing countries because of the coexistence of 
the different kinds and levels of technology. Elec
tric trains run side by side with hand-pulled carts, 
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bicycles, cars, and pedestrians. Moreover, there is 
a marked lack of research into the growth and struc
ture of cities in these countries. Naturally, the 
transferability to developing countries of sophisti
cated transportation and land use planning methodol
ogy as practiced in the United States is, to say the 
least, highly questionable. There is currently a 
lack of suitable tools for analyzing and understand
ing urban structure in cities of developing coun
tries. 

5. The lack of data to fuel any kind of urban 
activity-transportation model is one of the main 
bottlenecks. With over 30 years of experience, 
transportation planners have realized that the qual
ity of results expected from sophisticated models is 
chiefly dependent on good, sound, reliable data. De
veloping cou.ntries are unable to collect the large 
amount of data to fuel sophisticated models, mainly 
because of financial constraints. The prime concerns 
of transportation planners operating in developing 
countries are how to collect data for input into 
land use and transport models as cheaply as possible 
and in the shortest time, how to transfer effec
tively the sophisticated methods currently being 
used by developed countries, and what the possibili
ties are of applying modified, simple methods ca
pable of providing answers suitable for developing 
countries. 

6. Because of the rapid and uncertain rate of 
urbanization, planners have usually concentrated on 
short-term plans. In most cases this has been a di
saster because by the time the plans are completed, 
they are already obsolete. 

The experiences of the past 30 years in planning 
methodology applied in developed countries have 
taught policymakers and planners several lessons. 
One of the main ones has been to recognize the limi
tations of methodology--that methods must be tai
lored to fit the task and the budget. This experi
ence leads to the following suggested rules (l_,12): 

1. Initial application of planning methods 
should start with sketch planning, which is gener
ally small-scale, quick, and manageable: 

2. Methods should generally have a fast turn
around time to make the results responsive to policy 
needs and issues; 

3. Detailed information on operating and fixed 
costs of transportation modes should be collected; 

4. The patterns of human activity and their 
clustering character is tics should be known to dis
cover clues to the reasons for agglomeration; and 

5. The dilemmas of growth, control, and distri
bution as observed in developing countries should be 
analyzed. 

NEED VERSUS DEMAND 

As pointed out earlier, the constraints on planning 
are much more severe for developing countries than 
for developed countries. In an economy faced with 
scarcity, the priorities and the provision of trans
port supply have to be carefully estimated. The gen
eral run of transportation models provides answers 
that depend on the concept of demand for travel. The 
concept is founded on traditional economic theory. 
Demand for travel is based on the willingness-to-pay 
concept. Those wit.h low incomes and no automobiles 
are less likely to demand travel. 

In contrast, the social concept of need is not 
clearly defined (13): 

Travel needs may be considered as fixed 
amounts of travel that are deemed necessary 

to provide an adequate standard of living. 
This quantity is not affected by the price 
of travel. That is, a person may have a need 
to travel independent of the ability or 
willingness to pay. In this context, need is 
an equity criterion, indicating that a devi
ation from an established norm should be 
corrected. 
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The assessment of needs is a crucial part of the 
planning process. 

Burkhardt ( 14) , in describing a case study of 
transportation needs, provided a procedure for esti
mating trips needed by households in five rural 
areas. In his conclusion he suggested that future 
research should focus on a concept of need that re
fers to transport services that would be used, in
stead of those that should be used. Need must there
fore be based on actual behavior (or estimates of 
actual behavior) , not on some idea of what people 
ought to do. Bradshaw (15) has expressed similar 
ideas by classifying need~nto four categories: ex
pressed, felt, comparative, and normative. Expressed 
need is what people think they want and is the most 
obvious measure of need, whereas normative need pos
tulates a standard below which one is not expected 
to fall. According to Burkhardt (.!!) , 11 it is thus an 
objective measure based on a subjectively-determined 
norm. 11 A method of assessing need for travel in de
veloping countries is sorely lacking. 

DISTRIBUTIONAL EFFECTS OF CURRENT PLANNING TECHNIQUES 

In the Western world public decisions for public 
projects most frequently use the benefit-cost model 
for evaluation. The model rests on the assumption 
that in any public-decision problem an attempt must 
be made to maximize the net benefit to society (!&.). 
This traditional process has been used by planners 
working on projects in developing countries. It is a 
consensus-seeking process because it assumes that a 
system can be constructed that will produce an ag
gregated net social benefit conceptualized in terms 
of the public interest. The general logic of bene
fit-cost analysis is well documented and so are its 
shortfalls (17-19). In this context Bolan's observa
tions are most appropriate. He says (1.Q.): 

Our concepts for optimality, our focus on an 
abstract welfare function, and our concern 
for an illusory greater good (or public in
terest) is brought into serious question 

Planning is being challenged more 
and more, not on its service to an overall 
public, but rather on the differential and 
distributional aspects of its results af
fecting particular publics. 

These observations are particularly apropos to the 
problems of equity and distribution one constantly 
encounters in less-developed countries. 

Benefit-cost analysis is grounded in the 19th
century social philosophy of Jeremy Bentham concern
ing the need for pursuing a course of action that 
would provide the greatest happiness for the great
est number in any public decision. Bentham's model, 
1 ike cost-benefit analysis, was consensus seeking 
and thus ignored distributional issues by concen
trating on net aggregate benefits. Cost-benefit 
analysis, when used for assessing net aggregate 
benefits for purposes of evaluating alternative 
courses of action, makes use of the Pareto optimal
ity condition, which states that if one person gains 
and nobody else loses, there is a net gain in wel
fare. If some gain while others lose, however, the 
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method can provide little guidance, although the 
Kaldor-Hicks criterion states that an allocation of 
resources is warranted i f those that gain could in 
theory compensate those that mav los... Tn ""'"'", 

practice, this does not require that compensations 
be paid nor does it imply that gainers and losers be 
identified (~. The implications of the Kaldor
Hicks criterion for potential Pareto improvements is 
highly quest i onable and is of special importanc e 
when the soc i oeconomic standards of the community 
are so distinct that transportation improvements 
frequent:J.y benefit particular g roups of society sys
t ematica l l y at the expense of others (~. 

In comparison with Bentham's theory of utilitari
anism, which aimed at the greatest happiness of the 
greatest number, Gandhi and Bhave went a step fur
ther in an attempt to establish a new social and 
economic order based on human values--a decentral
ized, self-governing, nonexploitative, cooperative 
society, Gandhi gave that society the name "sarvo
daya," meaning the uplift of all, that is, a society 
in which the good of all is achieved (~. 

The concept of sarvodaya is the most original 
contemporary contribution to political thought. It 
postulates that development of self-governing vil
lage communities, decision of local issues by near 
unanimity, limitation of needs, and the development 
of the capacity to manage affairs with minimum gov
ernmental control and assistance will lead to the 
welfar ~ o f all. Bhave' s cogent e~ample cf a mothar 
distributing food to her children, not on the basis 
of mathematical equality, but taking hunger and di
gestive capability into account, drives home the 
point on the exercise of discriminative equality 
(~). 

As much as sarvodaya is attractive there are 
questions that must be resolved. First, does the 
sarvodaya theory postulate a condition? In other 
words, does sarvodaya call upon the human race to 
grow towards sarvodaya, which sarvodaya alone can 
create? Second, in the face of growing complexity of 
modern life can one apply the principle that govern
ment is best that governs least? And third, how can 
the winds of change blowing from the developed world 
be prevented from adversely affecting the people of 
developing countries (~)? 

APPROPRIATE PLANNING METHODOLOGY 

The term "appropriate" is itself one of the general 
terms that has come from the literature on planning, 
technology, and development. Most authors agree that 
the fundamental requirement of appropriate technol
ogy is that it make optimum use of the available re
sources in a given economic environment (3). Schu
macher, the originator of the idea and philo sophy of 
appropriate technology, illustrates the value depen
dence of economics by comparing two economic systems 
embodying entirely different values and goals. In 
one system the quality of life is measured by the 
amount of annual consumption. In the other system, 
the aim is to achieve a maximum of human well-being 
with the minimum of consumption (~. 

Leopold Kohr has answered several questions 
raised in connection with the meaning of the term 
"appropriate," which implies the existence of 
limits. Beyond certain limits technology not only 
ceases to be a solution but is actually the most in
tractable obstacle to it. Planning and technology 
are most efficient when they provide humanity with 
the cultural, political, economic, and convivial in
gredients that make up the good life. The question 
of size is also important, Explaining the meaning of 
limited size, Kohr says (26), 
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Today, improvements in transportation and 
communication have made it possible to ex
tend city size limits to perhaps 12 or 15 
million. Rut: hPy nnM t-hia ; nn ~·.~t..~~~ ~~~

nological improvement can match the geomet
rically multiplying problems of scale set
ting in. They now turn into diseconomies of 
scale. 

Planning and technology are described by their input 
requirements- - l abor , capital, and materials- -along 
with the expertise requir ed to plan. The ans1oer ob
viously lies in reducing and/or in balancing the in
put requirements to dimensions where "appropriate" 
tools for human improvements can be furnished 
through simpler, cheaper, and transparent methods. 

Modern methods of planning and the application of 
the latest technology as used in the developed in
dustrial world have traditionally been recognized by 
developing countries as the driving force behind the 
apparent growth and prosperity of the Western world. 
This prosperity and growth is reflected in the qual
ity of life and again the apparent well-being of the 
people inhabiting the developed industrial world. 

The general problems and specific failures of 
modern planning methodologies and the application of 
technology in developing countries prompted Schu
macher to advocate appropriate technology as a means 
of improving the cond ition of the noni ndustrialized 
world. 

There is natura lly a lot of controversy r egarding 
appropriate planni ng and technology . The advocates 
of current planning and technology bel ieve strongly 
that greater economic growth through capital-inten
s ive and energy-intensive plans is the way to go, 
whereas proponents of appropriate technology claim 
that current planning and technology have resulted 
in negative impacts to the environment and the qual
ity of life. Indeed, it is claimed that in countries 
where high technology is practiced , a point of di
minishing and even negative retur ns to scale has 
been reached, as shown in Figure 3 (27). 

0:, 
::, 
0 

Growthists 

Appropri !Ile 
Technologists 

Level of Economic Development 

FIGURE 3 Crowthist and appropriate-technologist 
perspectives (2 7 ). 

Equity, as pointed out earlier, is another impor
tant factor affecting developing countries using 
traditional planning and technology borrowed from 
the West. Environmental factors, including a focus 
on energy use, is yet another problem in these coun
tries. 

The choice and application of appropriate plan
ning methods in developing countries is one of the 
most important collective decisions confronting any 
country. It is a choice that determines, among other 
things, how, when, and where improvements should be 
made to the infrastructure in keeping with community 
goals and objectives, and this decision in turn af
fects the whole quality of peoples' lives (~. 

Very little systematic research has been con-
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ducted into appropriate planning methodologies ap
plicable to developing c ount r i es. The r easons for 
this situation are not d iffic ult to find. Fi r st , in
novation in planning is almost always induced as a 
response to a perceived need. Second , there appea r 
to be economies of scal e in the research and d evel
opment field for evolving such techniques. Third, 
the exist ing examples of planning adaptations of 
Western techniques in developing countries have been 
erratic. Little is known about their success. It 
could be generally concluded that major planning 
adaptations falling in the category of appropriate 
planning will not be forthcoming if research and de
velopment is left solely to private researchers (11). 

ETHICS OF METHODOLOGY ASSESSMENT 

The importance of the ethical dimension in assessing 
the short-term and long-term effects of methodology 
has been recognized from the earliest stages of 
technology assessment. Unintended consequences are 
likely to result from implemented methodologies and 
policies if rigorous assessment is not conducted. 
The question before planners and policymakers as 
they seek to improve anticipatory methods research 
is how the assessment itself can be used to promote 
gains in the quality of life. The task becomes one 
of ascertaining the limits of methodology and the 
limits of being able to assess that methodology vis
a-vis the value system of individuals who make up 
society as a whole, and the possible linkages be
tween the region and the communities at the local 
level (~. 

Jessen says (12_) : 

Technology assessment and social impact as
sessment lie at the crossroads of tension 
between the value free (properly translating 
a modern problem in technological and human 
terms) and the value laden ( implementation 
consequences: bridging the gap between find
ings, policy recommendations and political 
actions to carry out the policies). 

Jessen's statement is appropriate. He says, 

We professionals who use only the narrow, 
specialist training of sterile quantitative 
methods, without taking into consideration 
the qualitative aspects and the broader un
derstandings and insights of citizens re
garding their world view in their own situ
ational complexes, cannot adequately define 
the problem and therefore cannot adequately 
provide prognosis to accompany our diagnosis. 

In summary, it is maintained that the application 
of some kind of ethics of assessment is necessary in 
order to maximize positive results in the predictive 
enterprise of methodology assessment. 

RESEARCH ISSUES 

Because the concept of appropriate planning method
ology in developing countries is quite new, the r e 
are barely any results of such research availabl e . 
Although there has been much advocacy and theory, 
t he r e has been little scientific e xam ina t i on of the 
dimensions of appropriate planning methodology. 

Any innovation in developing and applying appro
priate planning methodologies would necessarily have 
to go through several stages (11): 

1. Evolution of new methodologies particularly 
meant for application in developing countries or the 
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modification of existing know-how based on proven 
cases; 

2. Organization of possible innovations for 
ready application in test cases for the most part 
and in actual application in some cases where the 
method appears to have a fair chance to succeed; 

3. Development of the methodology for regular 
use, in the form of "canned" or packaged programs 
based on the success observed in test cases; 

4. Evaluation of proven methods for their appro
priateness--cost, stability, applicability, robust
ness, and so on ; and 

5. Diffusion of appropriate planning methods, so 
that indigenous planners in developing countries are 
familiar with their use, limitation, and strengths. 

Because very little systematic documentation is 
available regarding appropriate planning adaptation 
in developing countries, a high priority should be 
placed on recording how innovative appropriate 
methods of planning were introduced, by whom, at 
what cost, and where, together with information re
garding the ambient political and social conditions 
prevailing at the time of application and adaption. 

Records must also be maintained on the diffusion 
of appropriate planning methods. Instances have come 
to light from several countries that indicate that 
the diffusion process invariably neglected the im
portant issue of assimilation capability, which de
pends in most cases on the level of technological 
development of the transferee. 

In preceding sections of this paper several ques
t ions have already been posed in the hope that a 
cutting edge will be available to researchers to be
gin a systematic examination of appropriate methods. 
In addition the following questions emerge: 

1. Given the limitation on the cost and avail
ability of data, what performance criteria might be 
realistically adopted for the evaluation of appro
priate methodologies? 

2. Is enough known about cities in developing 
countries? Is enough known about changes in travel 
behavior over time in developing countries to take 
them into account in the planning process? 

3. How can the planning process be made truly 
sensitive to the needs of the community? 

4. What means should be used in developing coun
tries, under different systems and styles of politi
cal systems, to promote an appropriate interface be
tween planning and the political process? 

AN AGENDA FOR ACTION 

Where does the foregoing leave those concerned with 
evolving appropriate planning capability for devel
oping countries? An agenda for developing that capa
bility is outlined as follows: 

1. The first task should be development of a 
clearinghouse of information regarding land use and 
transportation methodologies used by planners. Pre
liminary work of this nature has begun in the shape 
of newsletters from the Subcommittee on Transporta
tion and Land use Planning in Developing Countries 
of TRB. Similar endeavors of the Institute of Trans
portation Engineers are emerging. 

2. The second task should be to inventory exist
ing and emerging land use a nd transportation plan
ning methods c urrently used in developing countries 
in the f o r m of a s ourcebook. Details provided would 
include such topics as data base used, time line, 
costs, manpower needs, results of application, and 
spec ial problems. The scale and level of detail 
c ould follow the matrix ind icated in Table 1. 
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TABLE 1 Methodology Scale Matrix 

Methodology Application 

Data needs and collection 
Socioeconomic forecasts 
Land use planning 
Alternative scenarios 
Travel characteristics 

analysis 
Quick-response and 

sketch planning 
Operations planning 
Strategic planning 
Long-range planning 
Short-range planning 
Intermodal planning 
Goods movement 

planning 
Investment analysis 
Technology transfer 
Policy planning 
Impact assessment 

Scale 

Urban 
Micro-

Rural scopic 

X X 
X X 
X X 
X X 

X X 

X X 
X X 
X X 
X X 
X X 
X X 

X X 
X X 
X X 
X X 
X X 

Urban 
Metro
poli
tan 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

Inter- Re-
urban gional 

X X 
X X 

X X 

X X 

X X 

X X 
X X 
X X 
X X 

X X 
X X 
X X 
X X 
X X 

3. The third task, which is an off,.hoot. of Task 
2, should be to inventory existing and emerging 
methods currently being practiced in the United 
States (and other developed countries) that have 
been proven to work, either as is or with modifica
tions, in developing countries. A range of proven 
methods would naturally emerge from this exercise, 
possibly fitting the matrix in Table 1. Although the 
foregoing agenda is not exhaustive or revolutionary, 
it does recognize that any headway in methodological 
innovation will have to be incremental in nature. 

4. The fourth task should be to seek out method
ologies developed in one country that can hP. tran"
ferred to and adopted for use in another country. 

As a closing comment, it should be recognized 
that the evaluation of planning methods and their 
practical applications in the developed countries of 
the world has spanned a period of over 25 years. 
Therefore, it should not come as a surprise if the 
process of seeking appropriate methods, identifying 
gaps between theory and practice, developing re
search to fill the gaps, and documenting the results 
takes considerable time and effort. 

CONCLUSIONS 

It is apparent that there are no easy answers to is
sues concerning appropriate planning methodology de
velopment and adoption. Criteria for identifying ap
propriate methods are needed. It is also apparent 
that planning cannot be done by central office bu
reaucrats who are not familiar with the culture and 
microscopic details of the country where appropriate 
planning application is proposed. Planning cannot be 
from the top down and cannot stifle the originality, 
energy, intelligence, and innovative drive of a 
country's existing organization. It must incorporate 
these qualities and blend them into what is appro
priate. 

Finally, it is critical to obtain a greater fac
tual base of methodology that is currently being 
used in developing countries, to monitor the re
sults, and to build on such methods in the light of 
the best knowledge available. 
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Business Plan for Engineering Districts: 

The Pennsylvania Experience 

THOMAS TenEYCK, DENNIS E. LEBO, and WINNIE M. BRANDT 

ABSTRACT 

During 1984 the Pennsylvania Department of Transportation embarked on a key 
initiative designed to improve the overall planning process. To facilitate a 
businesslike approach to operating Pennsylvania's 11 engineering districts, 
indiv i dual 4-year business plans were developed. Al t hough Pennsylvan ia's cap
ital improvement projects are coordina ted t h r oug h a 12-year transportation im
provement program that is reviewed, revised, and adjus ted every 2 years and 
maintenance projects are developed for each county through an annual work plan, 
the 4-year business plans for the first time combine these two program elements 
into a multiyear strategic management document. The 4-year business plans are 
intended to assist the district engineers in working toward the common objec
tives of the department. Business plans encompass manpower needs, physical 
plant, equipment, and materials requirements associated with district and 
county activities. The business planning process also provides each county man
ager wi th the opportunity to examine the anticipated multiprogram effects on 
the transportation system. 

The Pennsylvania Department of Transportation (Penn
DOT) is "big business." It is expected that the 
total revenues in 1984-1985 will be around $2.0 bil
lion. This will include $1. 4 billion from Pennsyl
vania's Motor License Fund and $550. 5 million from 
federal sources; $870.7 million in Motor License 
Fund mon i e s will support depa rtmental highway and 
bridge p r ograms; the balance, $ 534.l million, will 
be used to fund local government transportation pro
grams and debt services. This magni tude of revenue 
places PennDOT a mong the top 250 corporat ions in 
America. 

The department's responsibilities are very di
verse. It serves all motorists with a variety of 
driver and vehicle transactions, 25 million each 
year. The department spent $460 million underwriting 
local transportation systems in FY 1982-1983. T.his 
included over $180 million in municipal assistance 

and over $144 million for public transit operating 
assistance. PennDOT maintains almost 45,000 mi of 
r o adways, more than t he combined state h ig hway mile
ag e in the six Ne w England states plus New Yo rk and 
New Jersey . ·Percentagewise , PennDOT controls 40 per
c e n t of all r oadway mi l es in t he commo nweal t h, com
pared with an aver age of 20 p ercen t in other states. 

The network of ro a ds and bridges in Pennsylvania 
today is the fourth largest in the nation and repre
sents an investmen t by taxpayers of more than $50 
billion. 

Not only is the department big business, but the 
environment in which the department operates is be
coming mnrP. and more complex and demanding. The 
areas of uncertainty are increasing, and change is 
all around; it appears, in fact, that the rate of 
change is accelerating. 

What does this mean for management? It means that 
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ther e must be better leadership, planning, direc
tion, control, and response than e ver before. It 
means that there must be effective organization and 
management concepts. There must be the ability to 
u"u"""cana cne environmenc ana anc1c1pate change. 
There must be flexibility; flexibility is needed 
toward missions and in functions and actions. Fi
nally objectives must be known in order to shape and 
redirect program-level activities. PennDOT utilizes 
a strategic management process to effectively pro
vide products and services. The key to this stra
tegic management process is the selection and 
achievement of departmental major objectives. These 
major object ives set the tone and guide the depart
ment's act i vities. 

The department is organized with several depart
mentwide functions at the central office level and 
11 engineering d ist r ict offices delivering p roducts 
and services to Pennsylvania• s citizens. A map of 
Pennsylvania's counties and engineering districts is 
shown in Figure 1. 

The 4-year business plans are an integrated part 
of PennDOT's overall planning network. The planning 
network communicates the manner in which the depart
ment operates, from the broad organizational level 
of planning to the more specific project-level plan
ning. The 4-year district plans provide an important 
communication link between the county and district 
offices and central office management. 

PLAN DEVELOPMENT 

Plan Guidelines 

Guidelines were provided to the district engineers 
covering overall plan development, content, time 
frame, and necessary supportive detail. The guide
lines focused on procedures, products, and budget. 

A number of points or considerations are particu-

FIGURE 1 Pennsylvania counties and engineering districts. 
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larly noteworthy with respect to the Pennsylvania 
business planning initiative. The following are ex
amples of how certain facets of operation were em
phasized in the business Plannina auidelines: 

• PennDOT will continue to be a maintenance
first organization. 

• Multiyear surface improvement mileage targets 
are to be a principal output of this year's efforts. 

• Resources are limited. Districts will need to 
give appropriate attention to the commonwealth's In
terstate system, the priority commercial network, 
and selected roadway segments from the other state
owned system consistent with current program and 
budget guidance. 

• Districts should identify criteria employed 
for making choices that meet district requirements. 
District requirements and environments differ I how
ever, the need to identify selection criteria as the 
basis for decision making is a pervasive requirement. 

• The $1.4 billion bridge program will be the 
major thrust of the department's bridge efforts. All 
available federal critical bridge funds will be uti
lized during this period. Each district has an es
tablished responsibility for bridge projects, and 
this needs to be particularly addressed in the 4-
year business plan effort. 

• Two areas of construction are part of the 
department's major objectives: Interstate comple
t i ons (all remaining work needed to i1,itiate con
struction of Pennsylvania• s Interstate system will 
have been completed by the end of 1986) and the com
pletion of er itical missing links in the state's 
highway system. 

District Var iations 

The 4-year district business plan guidelines pro
vided the basis for general uniformity in plan de-

1 ENGINEERING DISTRICT * DISTRICT OFFICE 

--
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velopment. However, the commonwealth of Pennsylvania 
consists of 45,000 mi 2 of land area with a popula
tion of 11.8 million residents. With the reality of 
distinctions in Pennsylvania's physical features, 
socioeconomics, and climate, there are extreme dif
ferences among the priorities and operating require
ments of the 11 engineering districts. 

Sharp variations in topography create natural 
boundaries throughout the commonwealth. Pennsylvania 
is generally composed of mountain ranges and large 
plateaus with a coastal plain in the southeast cor
ner of the commonwealth. Three major river systems 
and other waterways pose obstacles that must be 
traversed by the transportation system. 

Pennsylvania has two large metropolitan areas-
Philadelphia and Pittsburgh i they are leading cen
ters of industrial production and advanced tech
nology. These two areas account for approximately 
half of the commonwealth's population. 

Despite the numerous cities and towns, large sec
tions of the commonwealth are still rural. In fact, 
Pennsylvania has the largest rural population of any 
state in the nation. An extensive agricultural in
dustry along with the mining of vast deposits of 
coal and the lumbering of 15 million acres of forest 
land pose unique demands on even the most rural of 
districts. This is especially true concerning the 
increased size and weight of trucks hauling these 
natural resources on Pennsylvania's secondary high
way system--highways that were not designed or built 
for these demands. 

The considerable variations in population, topog
raphy, and socioeconomics create distinct differ
ences among engineering districts. This influences 
the type of transportation system necessary for each 
area. It also relates to the unique problems imposed 
on that system or the district's ability to provide 
a proper level of service. 

Throughout the planning process, the uniqueness 
of each engineering district was acknowledged. Busi
ness plan guidelines were purposely kept general to 
recognize district variations and not inhibit the 
planning process in any way. 

Planning Organization 

The components of the 4-year business plans were 
developed based on the present and future demands of 
the engineering districts. The business plans were 
organized into the following major components: 

• Maintenance 
• Highway transfers 
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• Integrated bridge program 
• Capital improvements 
• District capabilities (organization/management) 
• District concerns (emerging issues) 

The first four components are the major appropri
ations to the annual district operating budget (Fig
ure 2). These appropriations result in the major 
maintenance and capital improvement programs in each 
district. The final two components of the plans 
(district capabilities and district concerns) were 
designed to give each district the latitude to ex
press their abilities and shortfalls in accomplish
ing the major objectives of the department. 

The district capabilities component provides the 
forum for discussing the ability to accomplish de
sign, construction, inspection, and maintenance ac
tivities as well as the current policy for providing 
services through department versus contracted per
sonnel. 

A component was left open to items of district 
concern that may affect district or county opera
tions or productivity. For example, this component 
was used to describe difficulties in retaining con
struction or materials inspectors, need for specific 
areas of manpower training, and so forth. This com
ponent existed in order to provide an opportunity 
for the district to elaborate on any district or 
state concerns that had not been previously dis
cussed. 

Planning Time Frame 

District business plans covered the 4-year period 
from FY 1983-1984 through FY 1986-1987. The district 
planning period began in FY 1983-1984 because this 
year provides the most known data. Districts had a 
4-month period in which to prepare the plans. The 
schedule was aimed at completion for a May 1984 pre
sentation of the plans to the Secretary of Transpor
tation and the Strategic Management Committee. A 
review of progress was conducted periodically 
throughout the planning period. 

Budget Assumptions 

Districtwide and programmatical budgets were devel
oped as part of the planning guidelines. These bud
get assumptions were developed as the most probable 
for the 4-year planning period. Funding levels were 
provided for each category of district program ac
tivity. 

DISTRICT OPERATING 
BUDGET 

MA !NTENANCE 

HIGHWAY 
RE STORA TI ON 

TRANSFERS 

ROUTINE 
MAINTENANCE 

ROADWAY AND 
BRIDGE CAP I TA 

IMPROVEMENT 

INTER
STATE 
COMPL. 

F1GURE 2 Annual district operating budget structure. 

HIGHWAY 
COMP. 

INTER
STATE 

4R 
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Tabulations 

Each district engineer was provided with a set of 
preprinted forms for tabulation purposes. A copy of 
a maintenance activity form is shown in Figure 3. 
Both production uni ts and costs are documented for 
each programmatic activity. Departmental recommended 
cycle lengths are shown where applicable. The pre
printed forms facilitated uniformity wherever pos
sible. 

BUSINESS PLANNING RESULTS 

The preparation of business plans for each engineer
ing district in Pennsylvania was an unequivocal suc
cess. It was successful not only in the document:R 
produced, but in the institution of a multiyear 
planning process in each of the district offices. It 
began the evolution of planning as a generic func
tion of district office management. 

Results of the 4-year business plans were pre
sented to the Secretary of Transportation by each of 
the respective district engineers. The plans focused 
on achieving the department's major objectives and 
certain other strategic activities in the following 
areas: 

' Roadways 
..... _.! .:a __ -

D1..LU':f~t::S 

• Highway transfers 
Equipment 

• Buildings and grounds 

Within each area, the district e ngi neer evaluated 
the district's key assets, services, and products. 

DISTRICT: ____ _ 

COUNTY: 

Kt\.Ul'I-

MENDED 83/84 
ITEMS CYCLE s P/U 

MANUAL PATCH - AS 
TONS NEEDED 

MECHANIZED AS 
PATCHING-TONS NEEDED 

LIQUID BITU-
MINOUS SURFACE 5 - 7 
TREATMENT-GAL. YEARS 

~KIN PATCH - AS 
GAL. NEEDED 

CRACK SEAL - AS 
GAL. NEEDED 

SCRATCH COAT - 5 - 7 
TONS YEARS 

JOINT SEAL - 5 
GAL. YEARS 

SHOULDER AS 
GRADING-FEET NEEDED 

SHOULDER 3 
CUTTING-FEET YEARS 

DITCH CLEANING AS 
FEET NEEDED 

l'ltll\L 

PIPE REPLACE- 30 
MENT - FEET YEARS 

l 
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Personnel were evaluated from an overall complement 
level as well as individually within each service or 
product area. Material requirements to accomplish 
goals were an inherent part of plan development. 

The results of the plans indicate that general 
statewide objectives can be met. However, during the 
presentations, it became apparent that minimum re
quirements for an adequate level of service could 
not be fulfilled in all counties with present and 
projected revenues. A number of issues and concerns 
were also raised that involve department policies 
and programs. Addressing these concerns at the top 
level of management will improve the overall opera
tional framework of the department. 

Some highlights of the business plans follow. 

Roadway Program 

In the roadway program the district 4-year business 
plans included routine highway maintenance, highway 
restoration, resurfacing, and capital improvements. 

PennDOT continues its commitment to being a main
tenance-first organization. Maintenance remained the 
department's top priority throughout the business 
plans. A continuing effort will be made to preserve 
the roadways on the state-owned system in order to 
keep them in an acceptable condition. 

PennDOT established the major objectives of re-

of highways and bridges. Integral to meeting these 
objectives is the resurfacing of 625 mi of non
Interstate highway annually and the application of 
surface treatment to 5,460 mi of relatively low
volume state highway. Table 1 compares the annual 
goals (based on the major objectives) with the level 

8.4/85 85 186 86187 TOTAL 
P/U s P/ U ! l'/U ' P/U 

FIGURE 3 Selected routine maintenance activities. 
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TABLE 1 Surface Improvements 

Resurfacing Surface Treatment 

Business Business 
District Plan Goal Plan Goal 

1-0 61 49 665 532 
2-0 27 27 574 545 
3-0 54 32 766 650 
4-0 50 47 565 495 
5-0 83 65 481 436 
6-0 120 148 386 325 
8-0 95 87 752 756 
9-0 43 38 645 535 
10-0 31 32 259 484 
11-0 35 59 281 170 
12-0 ~ ~ ...11.Q -2.ll 
Total 644 625 6,084 5,460 

Note: Improvements are expressed as miles resurfaced or treated 
llllnually. 

of activity in each district based on the business 
plans. 

District efforts in achieving surface improvement 
goals are shown schematically in Figures 4 and 5. 
Although statewide surface improvement goals were 
met, specific districts could not meet their indi
vidual goals for resurfacing or surface treatment, 
In addition, in several business plans concerns were 
expressed about the impact of truck traffic, cli
mate, and drainage factors on goal achievement. 

Roadway plans also included the completion of the 
Interstate system and selected economic development 
highways within the commonwealth. Routine mainte
nance activities evaluated included manual patching, 
mechanized patching, liquid bituminous surface 
treatment, skin patching, crack sealing, scratch 
coating, joint sealing, shoulder grading, shoulder 
cutting, ditch cleaning, and pipe replacement. These 
activities were covered in relation to cycle times. 
Although most districts were addressing routine 
maintenance at an acceptable level, several concerns 
were raised as to the trade-offs between maintenance 
activities and goals in surface treatment or resur
facing. 

All roadway activities were viewed from the per-

160 - A NNU AL GO AL 

140 -

120 -

100 -

"' ~ 80 -
i 

60 -

40 -

20 -

0 
~ RS 

29 

spective of decisions to make or buy, that is, 
whether the department should contract for services 
or perform the services with department personnel, 
It was generally agreed that there is a need to de
velop general methodologies to decide which activi
ties are most cost-effective when done by consultant 
and which when done in house. 

Inte9r.ated Bridge Program 

Pennsylvania's bridge problem differs in many re
spects from its roadway problem. Deficient bridges 
are a major deterrent to the overall commonwealth 
goal of economic development. Whereas poor roads af
fect all vehicles, weakened bridges initially affect 
just heavier trucks, A deteriorated bridge system 
hinders development of natural resources such as bi
tuminous and anthracite coal, natural gas, and tim
ber: the shipment of agricultural and manufactured 
products: as well as economic development opportuni
ties. 

Pennsylvania's billion-dollar bridge program has 
made Pennsylvania a national leader in bridge repair 
and replacement. However, this extensive program has 
only scratched the surface of the bridge problem. 
Much more needs to be accomplished to eliminate the 
backlog of bridge restrictions on the commonwealth's 
highways. There was general agreement that although 
this program is having a major impact, there is a 
need to find ways to extend the program if Pennsyl
vania's highways are to be kept open to heavy 
traffic. 

The 4-year business plan developed an integrated 
bridge program. Plans included not only necessary 
capital improvements but rehabilitation, corrective 
and preventive maintenance, and bridge painting. The 
business planning process provided the first oppor
tunity for PennDOT and each district to examine the 
total program being applied to bridges. This was 
particularly evident in the importance placed by 
each district on evaluating its proper level of pre
ventive and corrective maintenance. 

Bridge painting was found to be an area 
funding is generally not adequate. Business 
expressed special concern for painting of 

I• PLANNED ANNUAL 
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FIG URE 4 Resurfacing: business plan versus annual goal. 
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FIGURE 5 Surface treatment: business plan versus annual goal. 

steel structures, cost for bridge painting is cur
rently funded from general county maintenance bud
gets, but the cost of painting such large structures 
is sometimes beyond the capability of a small 
county, Several plans requested an examination into 
gaining federal participation in this program. Al
though there is no surplus of federal aid, this ap
proach would allow greater flexibility in dealing 
with county funding limitations. 

Highway Transfer Program 

One of the key elements in moving the department 
toward a cyclical maintenance approach is the reduc
tion of the overall size of the state highway sys
tem. As started earlier, PennOOT is responsible for 
twice the percentage of mileage that most other 
states assume, By transferring the functions of 
local roads to municipalities, the department will 
be able to concentrate its efforts on those roads 
that serve a statewide purpose, Legislation in 1983 
established funding for highway transfer rehabilita
tion and annual maintenance. This funding has been 
very effective in encouraging Pennsylvania's munici
palities to assume ownership responsibility. In 
short, the program is beneficial ~o the department 
and to the local governments. 

The business plans developed strategies for 
transferring mileage to local governments as well as 
strategies for the prerequisite rehabilitation ef
forts. Over the 4-year planning period approximately 
1,700 mi can be transferred out of a total candidate 
number of nearly 12,000 mi. All districts believed 
that this program was working well, but additional 
funding is needed to transfer responsibility for 
additional mileage. 

Equipment 

Although the equipment budget and requirements 
appear meager compared with the highway and bridge 
program requirements, it is vital that an adequate 

and modern equipment fleet be maintained in order to 
provide the commonwealth with transportation ser
vices. 

Business plans evaluated the 4-year projections 
of the equipment fleet from an age and utility point 
of view. District equipment considered in the plan
ning process included large equipment such as 
trucks, loaders, and graders as well as snow plows, 
crew cabs, spreaders, and pothole-patching equipment, 

With only a few exceptions, there was a belief 
that there exists a backlog in maintenance equipment 
replacement. Specifically, crew cabs and older 
trucks are requiring extensive repair and breaking 
down too frequently. The department's maintenance 
costs, and in some cases maintenance service, are 
being adversely affected by equipment age. The de
partment's $16.3 million equipment budget is ex
tremely small in relation to the programs it 
supports. Larger equipment is also procured on 
lease-purchase agreements, An increasingly large 
portion of the equipment budget is being directed 
along this line, which results in less available 
dollars for purchase of new equipment. 

The majority of districts are requesting special
ized C'-iU~t1mcut for productivity .:mt'&.VV~m~ut..... Of 
special interest are microcomputers and computer
assisted arafting ana design equipment. 

Buildings and Grounds 

As with equipment, a minimum program for buildings 
and grounds must be sustained in order to produc
tively support the department's other program re
quirements. 

Although the business plans recommended various 
repairs and improvements to existing district and 
county office buildings for energy conservation and 
other purposes, the principal effort was related to 
the department's program of consolidating and devel
oping its winter services stockpiles. It became evi
dent that the department must accelerate installa
tion of salt storage facilities through a rational 
process that takes into account the environment of 
each situation. 

iij 

iii . 
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Human Resources 

Another area addressed in the district plans per
tained to personnel. Several points emerged from the 
plans: 

• There is a need to better focus training to
ward real work activities. One business plan sug
gested use of field trailers so training could be 
held near work sites. 

• Cross-training is becoming an effective 
method of achieving better production from the work 
force. 

• The department's extensive plan to add and 
update new computer systems creates a considerable 
need for systems training and orientation. This need 
must be met if the department is to realize gains in 
productivity. 

• Because the department relies more heavily on 
consultant design agreements, it is imperative to 
ensure responsible performance from these consul
tants. 

• A number of districts presented profiles of 
employee age. Some districts project spec if ic needs 
in critical work areas or skills. This will greatly 
assist the Bureau of Personnel in determining where 
the greatest recruitment and training efforts should 
be concentrated to avoid lapses in delivering trans
portation services. 

FUTURE DIRECTIONS 

One of the greatest benefits of the 4-year business 
plans, beyond the guidance of the documents them
selves, was the initiation of the planning process 
in the district offices by district management. 

An immediate outgrowth of the business planning 
process was the development of a categorical budget 
for the department. District evaluations of minimum 
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service levels served as the basis for requirements 
of both a capital and operational nature at the dis
trict level. District business plans will now serve 
to rebudget resources and to document requirements 
for future funding initiatives. 

Four-year district business plans were initially 
successful in Pennsylvania and will be continued as 
overall guidance to district engineering operations. 
The plan presentations proved to be a valuable com
munications tool. These presentations provide a 
unique opportunity for each district engineer to 
meet with top management to discuss the operations, 
successes, and shortfalls of the district. 

In summary, the 4-year district business planning 
process is a major initiative of the department. 
This multiyear planning process at the district 
level will assist the districts in 

• Working toward the department's major objec
tives, 

• Ensuring that individual annual program-level 
elements are developed and implemented consistent 
with the department's major objectives, and 

• Supporting a businesslike approach to manage
ment at the district level. 

The business plans integrate individual district 
planning efforts into a single unified operating 
document and form the blueprint of district capabil
ity, with the intent to develop an annual process 
that will produce the variety of annual program ele
ments as byproducts of a larger integrated manage
ment process. 

Publication of this paper sponsored by Committee on 
Transportation Programming, Planning and Systems 
Evaluation. 
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Microcomputer Allocation of Manpower to 

Iiiinois State Poiice Districts 

RICHARD A. RAUB 

ABSTRACT 

Mathematical models developed to allocate police officers have been oriented 
toward urban policing. As such, they depend on a backup police unit to service 
a call when the primary unit is not available. The number of units assigned 
minimizes response time while maximizing use of available manpower. Policing in 
a large geographic area such as a state has different constraints. Secondary 
responding units rarely are available immediately. Allocation of a scarce re
source statewide must equitably satisfy both the high and low demand for ser 
vices, and it must provide visible preventive patrol. The model developed for 
the Department of Law Enforcement of the state of Illinois attempts to provide 
adequate administrative assignment, satisfy demands for response, and equalize 
patrolling. Administrative support required to run the operation both centrally 
and on the district level is decided a priori. It is excluded from the mathe
matical allocations. Response to calls for service is handled by individua 1 
patrolling units with one or more officers. The number required depends on the 
expected number of calls and their duration. On the other hand, patrolling vis
ibility i:; depa~d~nt en the aize cf the rt!ral population and th~ length ann 
volume of traffic on various types of rural highways. This model can be run on 
a microcomputer. Its current version allows allocations for up to 110 counties 
combined into 30 district commands. The processes are described briefly and the 
output generated is shown. It is also shown that the model is applicable to 
uses other than those of state police. 

The Illinois Department of Law Enforcement (DLE) re
quired a method for allocating officers throughout 
the state. Procedures originally used had been de
signed around obligated anrl nnohligated time (1), 
These, howew!r, gave too much weight to service -in 
urban areas and tended to ignore rural areas, Exist
ing mathematical models developed by Larson (~ , 
Chaiken ( 3) , and LeGr ande ( 4) also apply to urban 
areas. Th;y depend on availability of more than one 
unit to service a call and minimize response time. 
On a statewide basis, this condition does not exist. 
Response time is measured in the tens of minutes and 
is not as critically related to the police role as 
it is in an urban area. Finally, preventive patrol 
plays an important role. 

In designing a model for the DLE state police , 
two factors were taken into account: balancing re
sponse to calls for service and providing a visible 
patrol throughout the state. Further, because the 
state police operate from more than two semiindepen
dent substations, called districts, allocations had 
to account for administrative activity. 

A model for the Division of State Police was de
veloped in 1981. By 1982, the department was operat
ing it on the main computer. State police executives 
were using it to help plan staffing for district op
erations, to assign newly graduated officers, and to 
support budget requirements. Several reports by Raub 
and Sweat have described this model in great detail 
(5,6). To make it more efficient, the methodology 
has-been r evised and programmed for a microcomputer 
(Apple II Plus in BASIC). This paper describes the 
model briefly and shows the type of output available , 

METHODOLOGY 

General Description 

The model has three sections: administrative sup
port, response to calls for service, and preventive 

patrol, which is titled Policing and Patrolling. Ad
ministrative support is fixed by the police execu
tives for districts and the central office. Alloca
tions for the other two sections are computed for 
each county for the three shifts and then aggregated 
to districts (Figure 1). There is flexibility in 
that either a fixed body of officers can be allo
cated or the total strength required can be computed 
from a given set of parameters. 

Administrative Suppor,t 

The number of officer~ needed to arlminiRtP.r the 
state police are established externally to the 
model . Each district commander along with the super
intendent and staff review their needs for command 
personnel and for officers as,signet'l to specialized 
details such as public information. Officers in 
these categories are not expected to be available, 
generally, to respond to accidents or to patrol. 
This group constitutes the administrative support. 
It is subtracted from the number of officers to be 
assigned before operation of the model. 

The administrative support is established for 
each district as well as for the central office. Its 
distribution is shown on the output summary sheet. 
That a given number of officers is assigned to ad
ministrative support in a district does not affect 
how the model assigns the remaining officers to that 
district. All districts receive allocations of re
maining officers (after subtracting administrative 
support) based on the needs of those districts, 

Calls for Service 

Officers must be available to answer calls for ser
vice. These are classified as responses to events 
normally not seen on patrol, The two that account 
for most of the time are accidents and criminal com-

iii . . 
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Parameters 
·dmi.nis tr a tiv - --

Suppor t 

Executives Allocated 
Administrative 

Support 

ca te Number of 
Units Needed To 
Handle Response 

and To Minimize 
Response Time 

Compute 
Free Time 

Subtract 
Calls for 
Service 

Manpower 

Add 
Free Time 

Miles of Highway, 
Traffic Volume, and 

Rural Population 

Reduce by 
Free Time 

Allocate Remaining 
Officers to Patrol 

of Highways 

Prin t 
Summary of 
Allocations 
Administra-

FIGURE 1 Allocation methodology. 

plaints. In both cases, these responses are limited 
to events in rural areas, except for accidents oc
curring on all Interstate highways outside the city 
of Chicago. 

The bases for assignment are accidents and crim
inal complaints handled in the previous year. There 
is potential for bias resulting from using self
reported statistics; however, the occurrence of both 
events is beyond the control of the police. Also 
known for each accident and criminal complaint is 
the average time taken to handle one event. Their 
occurrence, because it is random, is best predicted 
by a Poisson distribution using for lambda a uniform 
expected rate during the time required to handle one 
event. 

will handle less than 5 percent. Addition of a sec
ond unit may not be practical in terms of resources 
expended to serve a small fraction of activity. In 
reality, the police do not handle all events as they 
occur. The queue is served from other resources in
cluding other law enforcement agencies, delayed re
sponse, or reassignment of an active unit. There
fore, the limit to assignment of patrolling units is 
set at a service level expressed at some percentage 
less than 100. 

The model assumes that one patrolling unit is as
signed to one event. Therefore, by predicting the 
percentage of the time that zero, one, two, or more 
events will occur, it predicts the number of patrol
ling units required. At some point, the addition of 
patrolling units is not practical. If one unit will 
handle 95 percent of all occurrences, the second 

Average rate of event occurrence per shift (lambda): 

where 

p 

(1) 

lambda or average rate per period t; 
time taken to handle one event, accident, or 
criminal complaint; 
proportion handled (used to adjust arrival 
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rates when other conditions are being 
tested); 
number of accidents or criminal complaints 
\]UL.iny fiii.i[(.. ii; a.-,u 

hs hours of work during shifts for each of 365 
days. 

Likelihood of event occurrence: 

P(Xls = exp(-mg)~/X! 

Repeat until LP(Xls ~ qs 
s 

(2) 

(2a) 

where 

P(Xls = probability of X events occurring during 
shifts, 

exp natural log, 
x any integer ~ 0, and 

qg proportion of calls (accidents or criminal 
complaints) to be served immediately dur
ing shift s. 

Note: P(Xls is computed separately for accidents 
and for criminal complaints. 

The model solves for the number of units needed 
for each shift within a county to respond to acci
~ents and criminal complaints. These are combined to 
become number of units required for calls for ser
vice. Because of the relative infrequency of events 
in many locations, zero units will be required. Yet, 
because of the statewide function of the police, 
there must be a unit available, even if that patrol 
covers more than one county. 

The number of patrols required if there are in
sufficient patrols to handle calls for service then 
is the number needed to meet a maximum response time 
for each shift. State police executives establish 
this maximum for each shift. The number of patrols 
needed to meet the maximum response time is the av
erage travel time between any two points d i v i ded by 
the maximum response time. Congestion and the type 
of roads available are considered in the equation 
when the number of patrols required is computed. The 
average mileage that translates to travel time in 
two counties may be the same, but because congestion 
reduces the average response speed in one, the num
ber of patrols required to meet the response time 
differs. For the model, congestion is a function of 
average daily traffic (ADT); its formulation is 
based on the AASHTO results (7,p.96). Although this 
is a simplistic approach, its -purpose is to distin
guish between rural and urban areas; it is not for 
precision. 

Reduction in speed for congestion: 
Interstate 

(3a) 

Two-lane heavily traveled 

where 
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(3b) 

reduction in speed resulting from conges
tion on Interstate (j) and heavily 
traveled two-lane roads (k), 
assumed maximum speed and basis from which 
congestion is computed, 
proportion of ADT during shifts, and 
ADT on Interstate (j) and heavily 
traveled two-lane roads (k). 
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Reduction in emergency response speed: 

(4) 

where v• is the proportionate decrease in emergency 
driving speed and Mj,Mk is the miles of h ighway in 
any county, Interstate (j), and heavily traveled two
lane road (k). 

Number of patrols required to serve maximum response: 

where 

Xd number of patrols required to minimize re
sponse time, 

ds maximum response time during shifts, and 
Q area of a county in square miles. 

(5) 

The number of units assigned to calls for service 
or response time (Figure 2) depends on which need is 
greater. These then are aggregated by shift and then 
by county into districts. Patrolling positions are 
converted to officers. It takes between 1.5 and 2.0 
officers to serve one patrolling position on a year
round basis. This value is derived from the number 
of annual hours in a shift divided by the number of 
rnanhours of work Performed annually by one officer. 
For the model, the number of manhours worked per 
year is entered as a parameter. 

Npmber of fatro}s to handle call: 
Xe• max(Xa + Xb•Xa> (6) 

where 

X~ number of patrols needed to handle calls for 
service, 

X~ = nnmhP.r of patrols to handle accidents from 
the integer X in Equation 2 that satisfies 
expression 2a , and 

Xb number of patrols to handle criminal com
plaints from expression 2a. 

Number of officers: 

(7) 

where x0 is the number of officers assigned and 
cs is the conversion factor for patrols to offi
cers found from dividing annual manhours by manhours 
worked per officer. 

When a fixed number of officers is allocated, the 
number required for calls could exceed the available 
amount. Decreases in allocation would arise from re
ducing the percentage of calls served immediately or 
increasing response time. A sample of the output re
ceived from a microcomputer for this section is 
shown as Figure 3. 

Policing and Pa trolli ng 

After administrative support and calls for service 
are subtracted, some officers r emain unallocated. In 
addition, s ome officers who have heen allocated to 
calls for service may not be busy with a call. Only 
a small percentage of the manhours allocated to 
calls for service is required to handle those ser
vices. Much of the time is available for other work 
or is not obligated. This time is also available for 
p reventive pat r ol. The total of officers not as
s igned and not obligated is alloca ted to patrol li~g 
h ighways and ass:l :Ing local law e nf orceme nt offi
cers as shown in Figure 4. 

;; 



Accidents and 
r iminal Complaint 

by Shift 
and County 

Area in 
county 

Number of Units 
Required to Handle 
Calls for Service 

Number of Units 
to Meet Maximum 

Response Time 
b Shift 

Combine 
Shifts and 
Counties 

Calls for 
Service 

FIGURE 2 Allocating to calls for service. 

Manpower to be allocated 380 
Allocated to calls 113. 2 

ACCIDENTS 
Shift 

nist. 
I 
2 
3 
4 

TOT 

nist. 

I 
2 
3 
4 

TOT 

Dist. 

l 
2 
3 
4 

TOT 

Total 
NBR 
4154 
7280 
1308 
876 

13618 

Total 
NBR 

2142 
3701 
519 

1237 
599 

nist. 
I 
2 
3 
4 

w 
4.0 
4.0 
I. I 
I. 6 

10.7 

NBR 
671 

1020 
261 
186 

2138 

NBR 

530 
886 

97 
247 

1760 

l st 2nd 
POS NBR POS 
2. 0 18,0 ,.o 
2. 0 29,0 6.0 
0.0 484 ,.o 
0.0 331 4.0 
4.0 ,61, 20.0 

CRIMINAL COMPLAINTS 
Shift 

I st 2nd 
POS NBR 
2.0 966 
2.0 1730 
o.o 232 
l. 0 474 
,.o 3402 

MINIMU',1 RESPONSE 
Positions Per Shift 

Shift 
1st 2nd 
• 4 I. 6 
• 2 I. 0 

I . I 4. 3 
• 8 3. I 

POS 

3.0 
4.0 
0.0 
I. 0 
8.0 

TOTAL MANPOWER ALLOCATED 
Positions Per Shift 

Shift 
2nd 

8.0 
10.0 
,.3 
,.o 

28.3 

3rd 

8.0 
10.0 
,.2 
6.0 

29.2 

Total 
Officers 

33.2 
39.8 
19.2 
20.9 

113. 2 
Totals 

Accidents 13618 
Criminal Response 7 ,99 
Allocated to Calls 113, 2 

FIGURE 3 Microcomputer output: calls for service. 

3rd 
I. 6 
I. 0 
4.3 
3. l 

3rd 
NBR 
1633 
3310 
,63 
3'9 

,86, 

3rd 
NBR 

646 
108' 

190 
,16 

2437 

Equiv, 
Patrols 

22 . 3 
20. 7 
16, I 
17 . 0 
76.1 

POS 
,.o 
7.0 ,.o 
4.0 

21. 0 

POS 

3.0 
3.0 
0.0 
2.0 
8.0 
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Remaining 
Officers 

Compute Time Add Free Time 
Required tot-~~~ to Remaining 

Service Cal.1 Officers, Divide 

Miles of Highway 
and Traffic Volumes 

Interstate/Other 

Allocate 
Highway Patrols 

into Highway 
and Local ratrols 

Combine 
Allocations 

Print 
Results 

FIGURE 4 Policing and patrolling allocations. 
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Rural Population 
and Local 

Law Enforcement 
Officials 

Compute 
Persons 

per Patrol 

Officers available: t 

C 

average time to handle one call (accident or 
criminal complaint) 7 and 

(8) 

where 

Xp = officers not otherwise allocated, 
T total strength, and 
O administrative support. 

Adjusted number including unobligated time: 

x~ = {Xp + [(m - m') (Xe - tC)J/m}/cs (9) 

where 

x; 
m 

m' 

equivalent positions for patrol; 
number of annual manhours worked per officer; 
number of nonproductive hours, generally rep
resented by 2 hr for each working day (m' 
2m/hs, where hs is hours of work during 
shifts for each of 365 days) i 

number of calls (accidents and criminal com
plaints). 

Available for patrol: 
Interstate 

I 

Xf 
I 

(10a) = Pfl<p 

All other highway 

x~ 
I 

= PoXp (10b) 

Rural law enforcement 

I I 

Xr = PrXp (10c) 

where Xf, ~. and x~ are positions available for In
terstate and two-lane patrol and for rural law en
forcement and Pf, p0 , and Pr are proportion of posi
tions to be assigned to Inte.r:state pati:ol, other 
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highway patrol, and as assistance to local law 
enforcement officers. 

In allocating positions to patrolling, the user 
has the option of how much weight, in terms of per
centage of available positions, is placed on each of 
the three categories of patrol: Interstate highway, 
other highway, and assistance to local law enforce
ment personnel. Distribution of positions by the 
model to counties is made according to the miles of 
highway based on the average speed of a patrolling 
vehicle, which is a function of congestion and stops 
to handle traffic incidents. Assistance to local law 
enforcement is dependent on the rural population. 

Volume of traffic affects the number of miles to 
be patrolled. The annual time taken for traffic en
forcement and assistance to motorists shows a strong 
linear relationship to daily vehicle miles. This 
time is subtracted from available time before pa
trolling mileage is computed. The amount of miles 
that can be patrolled depends on patrolling speedi 
this decreases because of congestion, which has ear
lier been shown as a function of ADT. Because a 
fixed number of officers is being allocated among 
all highway mileage, the average miles of patrol per 
unit is solved. The following equations show the so
lution for both Interstate and other highways. 

Time required for traffic-related work: 

(lla) 

(llb) 

(llc) 

where 

time in hours required to enforce 
traffic laws, 
miles of highway in each county for 
each of the three types of highway, 
ADT on each type of highway, and 
percentage of traffic in shifts. 

Positions remaining for patrolling: 

X" = x~ - Icitjsi/(365hsll 
i s 

(12) 

where 

X" number of positions available for patrol 
less time taken for traffic-related ac
tivities, 

tjsi time required to perform traffic-related 
functions on Interstate highways from Equa
tion lla during shifts in county i, and 

hs = hours in shifts. 

Note: the time is summed over all shifts s and all 
counties i. 
Average miles of patrol per position: 

Mj = I ~(Mji/fjsil/X" (13) 
S 1 

where 

average miles of patrol per position on In
terstate highways (j), 
miles of Interstate highway in county i, 
and 
reduction in speed because of congestion 
during shifts in county i (from Equation 
3a). 
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After the average miles of patrol statewide is 
computed, the number of positions per shift is ob
tained. This is done by dividing the adjusted miles 
in each county (adjusted for congestion by shift) by 
the average miles of patrol statewide as shown in 
Equation 13. Equations 12 through 14 are shown for 
Interstate highways. The formulas for computing pa
trols on other highways are similar and are shown 
starting with Equation 15. 

Patrol positions during shifts in county i: 

(14) 

where x;si is the posi tions for patrolling Interstate 
highways in county i during shift s and all other 
variables have been described earlier. 

Two-lane highway patrol: 

X 
11 = x~ - I cI (tksi + t1si> / (365hg)] 

i s 

where 

(15) 

time required to perform traffic re
lated activity, from Equations llb and 
llc, 
miles of low-volume highway in county 
i, anrl 
average miles of patrol for low
volume highways (must be supplied ex
ternally). 

Average miles of high-volume two-lane patrol: 

Mk= cI I<Mki/fksill/X" 
s i 

Patrolling positions for all two-lane roads: 

I 

Xosi = [Mki/(fksiMk)] + [M1i/M1] 
+ [(tksi + t1sil/(365hsll 

Rural Patrol 

(16) 

(17) 

Allocation to assist rural law enforcement is based 
on rural population. The model solves for the number 
of rural persons per police patrol (state and local 
combined) and then allocates all rural police on the 
basis of that rural population. State police are as
signed only when there are not sufficient local po
l ice. To prevent assignment of all available state 
police to one county, a maximum number of positions 
is set for any county. Likewise, negative assignment 
is possible but not necessarily desired. A minimum 
number of positions per county controls this. 

Estimated rural population per law enforcement pa
trol: 

R [Pi/(X~ + ILil 
i i 

where 

persons per law enforcement patrol, 
rural population in county i, and 

(18) 

local law enforcement patrols in county i. 
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Note: for each county, the number of state police 
patrols is computed per shift from 

(19 ) 

x;si is constrained to a minimum and a maximum and 
then Ix;si is compared with x;. If the former is 
larger, R must be increased. If it is smaller, R is 
decreased. The computation again is performed. 

Once all equivalent positions are allocated, the 
free time from officers allocated to calls for ser
vice is removed according to the percentage of free 
time originally added, Remaininq are those positions 
allocated to policing and patrolling. These posi
tions also are summed by the three shifts in each 
county and then summed into districts. The output 
from a computer program to operate the model is 
shown in Figure 5. 

Adjustment factors: 

Udsi 

Policing and patrolling positions: 

I 
Y. ··r 

I 

UcisiXfsi 

Available to be allocated 178.9 

(20a) 

(20b) 

(21a) 

where 

llasi~si 

llasix;si 

I 

Xpsi 
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(21b) 

(21c) 

adjustment factors, where fa is the 
general statewide factor and udsi is 
the factor for each county and shifti 
adjusted number of positions available 
for policing and patrolling from Equa
tion 91 
fin~l position~ as~ianed to Interstate, 
two-lane, and rural patrolsi and 
persons assigned to calls for service 
from Equation 7. 

Officers assigned: 

(22) 

where Xf is officers assigned and Cs is officers per 
position. (Note: x0 and Xr are solved similarly by 
substituting~ and x; for Xf.) 

Adding together administrative support, calls for 
service, and policing and patrolling for each dis
trict yields the number of officers that should be 
allocated (Figure 6). During this process, the dis
t-r;nn+-;nn, e,i:;cept for ::llnm.;n;e+-r::.+-;uo support, has 

FOUR-LANE HIGHW A VS 
Total Positions Per Shift 

Dist Miles 1st 2nd 3rd TOT 

I 102.0 4.4 4. 6 4.6 13.6 
2 180.0 8.6 9 , 8 9.6 28.0 
3 204 . 0 0.0 7. 8 7.8 15.6 
4 123 . 0 0.0 4. 8 4.8 9,6 

TOT 609.0 13.0 27 . 0 26.8 66.8 

OTHER HIGHWAYS 
Total Miles Position Per Shift 

Dist. 2-Lane Other 1st 2nd 3rd TOT 

I 830. 0 465.0 2.5 3. 5 3.3 9.3 
2 240 . 0 100.0 I. 0 I. 8 I. 7 4.5 
3 2140 . 0 2020.0 o.o 6 . 9 6. 6 13. 5 
4 1390.0 1335. 0 0.0 4. 6 4.4 9.0 

TOT 4600 . 0 3920 .. 0 3.5 16 . 8 16.0 36.3 

RURAL LA W ENFORCEMENT 
Loca l Posi tions Per Shift 

l)ist Police 1st 2nd 3rd TOT 

I 38 o.o 0.0 
2 74 0.0 o.o 
J 26 o.o I. 5 
4 27 o.o .8 

TOT 165 o.o 2.3 

MANPOWER ALLOCATED 
Positions Per Shift 

Dist 1st 2nd 

I 6.9 8. L 
2 9,6 11. 6 
3 0.0 16.2 
4 o.o 10.2 

TOT L6.5 46 . I 

Miles of Patrol Per Position 
4-Lane 17.3 
2-Lane 306.2 
Other 6000 

Rural Pop./Pollce Officer 6265 

Total Allocated to Patrol 178. 7 

3rd 

7. 9 
11. 3 
15 . 9 
10 . 0 
45 . 1 

F1GURE 5 Microcomputer output: rural patrol. 

0 . 0 o.o 
o.o 0.0 
I. 5 J.O 

.8 I. 6 
2. 3 4.6 

Total 
TOT Officers 

22 . 9 38 . 0 
32 . 5 53 . 9 
32. I 53 . 3 
20 . 2 33 . 5 

107.7 178 . 7 
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Calls Police 
Admin. for and Total 

Dist, Support Service Patrol Allocation 

1 18 33.2 38.0 89,2 
2 22 39.8 53.9 115. 7 
3 10 19.2 53.3 82.5 
4 8 20.9 33.5 62.4 

Staff 30 
TOT 88 113.2 178.7 379.9 

FIGURE 6 Microcomputer output: summary of allocations. 

been generated mathematically. Control is exercised 
through parameters that can be changed to reflect 
different policing philosophies. For example, 
greater involvement in handling accidents would re
sult from increasing the average time taken to han
dle an accident. More emphasis on supporting rural 
law enforcement is established by assigning a 
greater percentage of patrolling to this function. 

This methodology, although it includes a substan
tial number of steps, is not complex. It lends it
self readily to computer application. For this rea
son, the Illinois DLE has prepared the program for 
an Apple II in Applesoft BASIC and will be convert
ing it to an IBM PC XT. 

COMPUTER APPLICATION 

overview 

The model is run in two programs: FACTOR INPUT and 
MANPOWER. It requires both parameters and variables. 
Parameters generally are those values that affect 
the overall operation of the model. Variables are 
the base data generally available for each county. A 
separate program handles initial entries or updating 
of the parameters and variables. All values are 
stored permanently; one read-write disk is all that 
is required to run the entire program. Currently the 
computer used can handle up to 110 counties and 30 
districts. The limitation is the 32,000-byte free 
storage on the Apple II Plus; recoding to the IBM PC 
XT will allow a larger base for allocation. 

There are 18 sets of parameters that must be en
tered, including 39 different values. These are sum
marized as follows: 

• Total officers to be allocated 
• Number of counties in state 
• Number of districts in state 
• Manhours per year per officer 
• Enforcement time (time per stop in hours) 
• Minimum and maximum number of state police 

patrols per shift (rural) 
• Percentage of ADT during each shift 
• Maximum response time in minutes for each shift 
• Patrol miles per position for other rural roads 
• Percentage of patrolling assigned to four-lane 

and other highways and to rural policing 
• Accidents and er iminal complaints (percentage 

handled) 
• Accidents (time in hours to handle) 
• Accidents (percentage queued during each 

shift) 
• Starting and ending times of each shift 
• Shift coverage factor for each shift in each 

district 

All, except the shift coverage factors, apply to the 
state as a whole. Shift coverage is a binary integer 
where 1 is coverage and O is no coverage. It is con
sidered one parameter even though there are three 
factors for each district representing each of the 
three shifts. 
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Entry ,of Parameters and Variables 

Both the variables and parameters can be entered or 
changed either by running the program FACTOR INPUT 
directly or through the main program MANPOWER, which 
automatically calls FACTOR INPUT. This program then 
allows the user to enter or change any piece of in
formation in either the parameter or variable data 
file. The user also can print out the values of ei
ther of the files. 

Variables represent those values that are used as 
the data base from which the model derives its com
putations. Except for the administrative support 
(overhead), which is shown for each of the dis
tricts, all remaining values apply to each of the 
counties. The variables for the model are as follows: 

• Administrative support for each district (k) 
and central office 

• Administrative support for central office 
• Accidents for each shift for county i 
• Criminal complaints for each shift for county i 

Miles of four-lane, two-lane, and other rural 
highway for county i 

• Two-lane, high-volume, and other rural 
• Volume of traffic, expressed in thousands of 

vehicle miles, on four-lane, two-lane, and other 
rural for county i 

• Rural population for county i 
• Area in square miles in county i 
• Local law enforcement officers in county i 

Entry of data into either the parameter file or 
the variable file is performed in the same manner. 
The computer displays a list of parameter or vari
able names along with the current value of each. 
When data first are entered, the values are blank. 
For the variables, except for the first two pages 
shown on the monitor (number of counties and dis
tricts and administrative support), each page shows 
all variable values for each county number. Individ
ual values may be changed or skipped. Entire pages 
may be skipped or recalled. 

Running the Allocation Mode1 

The operation of the allocation model is controlled 
by the program MANPOWER. Because of the length and 
amount of output, a printer must be available. Once 
the program is started, and there are no changes to 
parameters or factors, the allocation runs automati
cally. Computations are made and output generated on 
the printer. Because of the large number of computa
tions that are made, the program runs on the Apple 
II at the rate of approximately 4 min for every 10 
counties. 

Changes can be made to parameters in order to ex
amine the effect of these changes on the allocation. 
Any changes must be made at the start of the alloca
tion program, and then the entire program is run. 
Because of the limited space in the computer, such 
changes must be stored permanently. Only one run is 
made for each set of parameters. However, when con
version is made to a more powerful microcomputer, 
the user will be able to establish a range for one 
or more parameters. The program will automatically 
generate output for each of the parameters selected. 

SUMMARY 

More than 3 years have passed since the model first 
was loaded on the DLE main computer. Numerous runs 
have been made. The Division of State Police has 
used it frequently both as a tool for planning and 
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for assignment of newly graduated officers. Other 
states have expressed an interest in the operation. 

Although the model was developed originally for 
the Illinois DLE and as such is police oriented, it 
has potentially wider applications. Any agency that 
serves a large geographical area with suboffices 
might benefit from using the methodology. For ex
ample, highway maintenance operates generally from 
districts or stations. Some of their work resembles 
calls for service. Its allocation can be handled 
stochastically. Likewise, there will be other high
way activities that resemble patrol. Remaining per
sonnel can be assigned by using that methodology. 

More important, however, has been the transfer of 
the program to the microcomputer. Applying the model 
to the personal computer has increased its versatil
ity. It also has shown how the microcomputer can be 
used to assist in planning assignment of personnel. 
The computer program and documentation are available 
to others who are interested. 
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A Procedure to Assess the Macro Impacts of 
Highway System Improvement and Maintenance Activities 

KUMARES C. SINHA and KANG HU 

ABSTRACT 

In the highway programming and system evaluation process it is often necessary 
to assess the overall impacts of various highway improvement and maintenance 
activities in terms of a set of performance objectives. A procedure is pre
sented for systematic assessment of overall impacts of various highway work 
activities. The performance objectives considered were system condition, level 
of service, safety, and energy consumption. The impacts of highway activities 
on these objectives were assessed on the basis of an empirical approach. The 
empirically generated results were compared with results derived from an expert 
opinion poll. A comparison, using the Wilcoxon test, indicated that a poll of 
expert opinion can generally provide a reasonable approach to the macroassess
ment of highway impacts. 
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The 1982 Surface Transportation Assistance Act has 
provided a considerable amount of funding for high
way reconstruction, restoration, rehabilitation, and 
resurfacing (4R) programs. Nevertheless, this fund
ing still does not meet the minimum requirements for 
the repair of the existing highway network in many 
states. A multitude of improvement projects must 
therefore compete for highway agency funds. An eval
uation of overall impacts of various highway activi
ties is increasingly necessary in order to provide 
the basic information for long-range highway invest
ment decision making. A summary of a procedure de
veloped for systematic assessment of overall impacts 
of various highway work activities (1) is presented. 

There are two broad categories -of highway work 
activities: periodic improvement and routine mainte
nance. Periodic improvement affects highway perfor
mance to a greater extent and involves considerable 
capital outlay, whereas routine maintenance consists 
of routine work and entails less expenditure. Peri
odic improvement, in this study, was divided into 
six activities: highway reconstruction, major widen
ing, minor widening, restoration and rehabilitation, 
resurfacing, and safety and traffic engineering im
provement. Routine maintenance was considered as one 
aggregated activity consisting of pavement and 
shoulder maintenance, right-of-way and drainage 
maintenance, and the maintenance of roadside appur
tenances. 

Highway work activities have several major ob
jectives: preserving system condition, providing an 
adequate level of service, maintaining highway 
safety, and reducing energy consumption and environ
mental pollution. Each objective is a function of 
the highway system and can be evaluated by a set of 
performance measurements. In order to assess how 
well a highway work activity meets a system objec
tive, measurements must be limited to the physical 
characteristics of highway sections. In this way any 
change in highway characteristics caused by a par
ticular activity can be correlated with an associ
ated change in system performance. 

POLL OF EXPERT OPINION 

In an earlier study (2,3), the impact of various 
highway work activities~;s developed through a mod
ified Delphi technique based on a poll of expert 
opinion. About 20 highway department officials in 
Indiana were surveyed with mail-back questionnaires, 
which included directions for completing the form, a 
brief explanation of the nature of the project, and 
a description of the improvement and maintenance ac
tivities. The respondents were asked to evaluate the 
expected impact on a scale of Oto 10, with 10 indi
cating highest impact and O representing no impact. 
Some of the respondents were also contacted over the 
telephone for clarification. Scores grossly deviat
ing from the majority of the responses were elimi
nated, and the averages were then adopted for each 
measure of performance. 

The effective time period for different highway 
work activities varies. In order to account for 
these differences, the average scores were converted 
to total scores by multiplying the average scores by 
their corresponding period of effectiveness. The in
dividual activity impacts were then developed by di
viding the total score for each activity by the av
erage of the most time-effective activity. The final 
impact values derived from the opinion poll are 
shown in Table 1. Although separate questionnaires 
were used for different highway classes, the subjec
tive responses did not indicate any significant var
iation. 
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TABLE 1 Activity-Performance Impact Matrix Derived from 
Opinion Poll 

Objective of Work Activities 

System Level of Energy and 
Work Activity Condition Service Safety Environment 

Reconstruction 7.883 7.275 7.395 6.400 
Major widening 3.063 6.540 5.205 3.975 
Minor widening 1.419 2.250 3.237 2.100 
Restoration and 
rehabilitation 3.707 2.222 1.788 1.800 

Resurfacing 2.938 2.115 1.285 1.800 
Safety and traffic 

engineering improvement 0.279 0.505 0.418 0.485 
Routine maintenance 0.452 0.223 0.233 0.269 

Note: Unit of measurement is based on a scale of Oto JO with O representing no impact 
and 10 indicating highest impact. 

THE EMPIRICAL APPROACH 

Because the impacts measured by an opinion poll were 
likely to be biased and subjective, an alternative 
procedure using the available empirical data was 
adopted in this study. This procedure consisted of 
four major steps. First, a set of performance mea
surements representing the system objectives was de
veloped; then each broad category of highway activ
ity was divided into several working items based on 
its definition. Next, quantitative relationships be
tween each measurement and the constituent items 
within a highway work activity were developed; by 
adding the weighted performance measurements for 
each objective, the activity impact was derived. The 
impact of an activity on a particular objective was 
estimated separately for various highway classes. 

To assess the impact by the empirical approach, 
performance measurements before and after an activ
ity were compared. Years of effectiveness for high
way work activities were also incorporated into the 
impact values. The four objectives are discussed in 
the following sections. 

System Condition 

The primary concern here is to assess how much a 
particular activity would improve the system's phys
ical condition and thus preserve the capital in
vested in the highway. 

Condition Rating Procedure 

Performance measurements representing system condi
tions include pavement, structural, and appurtenance 
conditions. The three measurements were scaled with 
an appropriate rating procedure, each weighted dif
ferently, totaling 10 points: 8.0 points for pave
ment conditions, 1.2 points for structural condi
tions, and 0.8 point for appurtenance conditions. 
These weights represent the relative importance of 
the conditions in the entire highway system. Struc
tural conditions were given only 1. 2 points because 
structures appear infrequently along a stretch of a 
highway. 

Pavement conditions can be measured several ways. 
One of the most widely used methods is the pavement 
serviceability rating (PSR), a numerical rating from 
0 (very poor) to 5 (best condition) • Because pave
ment condition was assigned 8.0 points in the evalu
ation process, any PSR rating from O to 5 could be 
transformed to a scale of Oto 8.0 points. 

Structural conditions were assigned 1.2 points 
subdivided into three components: appraisal of the 
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structural condition, deck width, and the evaluation 
of the approach and alignment. These three compo
nents were assigned 0.6, 0.3, and 0.3 point, re
S!)ectively. based on the AASHTO bridqe maintenance 
guidelines (!,il. 

The appurtenance performance rating reflects the 
conditions of traffic safety and other highway ap
purtenances. Four major component conditions were 
taken into account: that of guardrails, signs, the 
right-of-way, and drainage provisions. 

Procedure to Evaluate Condition 

First, threshold values were set for the performance 
measurements, representing the minimal conditions 
for which the corresponding activities are war
ranted. For example, highways classified as rural 
Interstate and other principal arterials warrant 
restoration and rehabilitation when the PSR is less 
than 2.5 (2). Thus the average PSR value of sections 
before receiving restoration and rehabilitation was 
2.5. 

Next, system conditions were estimated after a 
work activity was completed. If a relationship be
tween the work activity and any component of system 
conditions was identified, the impact of particular 
activities on each of the components was assessed. 

The net impact of work activities on pavement 
conditions was determined by taking the net change 
in PSR value before and after the activity and ad
justing it to the given weight of 8.0 points. 

Similarly for structure and appurtenance condi
tions, impact values of each component were esti
mated before and after a work activity. For example, 
the structure and appurtenance conditions before 
reconstruction can be assumed to be poor but after a 
work activity would be rated close to the maximum 
value. 

For each work activity the impact values of all 
the components were added together to form a measure 
of the total impact on system conditions. 

Level of Service 

Level of service (LOS) is an overall measure of all 
service characteristics that affect users directly. 
The provision of an adequate level of service is a 
major objective of highway improvement and mainte
nance activities. 

LOS Rating Procedure 

The 1965 Highway Capacity Manual (HC'M) (6) consia
ered travel speed and volume/capacity (v/c) ratio to 
be the two major components in a rating of the level 
of service. These parameters have been widely used 
as performance measurements of level of service. The 
1965 HCM classifies service conditions into six 
levels--A, B, C, D, E, F--each representing a range 
of operating conditions bounded by values of travel 
speed and v/c ratio. Because travel speed and v/c 
ratio are the only measurements for level of service 
and they are equally important, each was assigned 50 
percent of the weight. By adding the average weights 
of these two factors, a unique impact value was de
veloped. 

LOS Evaluation Procedure 

The procedure for measuring the impact of highway 
work activities on the level of service is shown in 
Figure 1 (1). In order to determine the level of 
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FIGURE 1 Flowchart of impact assessment on level of service (7). 

service, travel speed and v/c ratio must be esti
mated before a highway activity is performed. Again, 
the concept of a threshold value applied to system 
conditions was adopted to represent the typical sit
uations where appropriate work activity is consid
ered. In the category of rural Interstates, for ex
ample, the threshold value for the v/c ratio of 
those sections likely to receive major widening is 
0.8. The other measurement, operating speed, can 
then be derived directly from the 1965 HCM by the 
v/c ratio. 

The next step is the evaluation of capacity and 
operating speed change resulting from particular 
highway work activity. According to the 1965 HCM, 
the roadway factors that affect highway capacity and 
v/c ratio include lane width, lateral clearance, 
shoulder and surface conditions, alignment, and 
grades. These factors were incorporated into two ad
justment attributes in the 1965 HCM: w, the adjust
ment for lane width and lateral clearance; and T?' 
the truck factor at capacity. The ratio of capaci
ties before and after an improvement can be found by 
combining the associated adjustment attributes. If 
the traffic volume after improvement is assumed to 
be unchanged, the new v/c ratio can be derived di
rectly by multiplying the old v/c ratio by the ratio 
of capacities before and after an improvement. After 
the new v/c ratio is developed, the operating speed 
can be determined by applying appropriate volume
speed tables or figures for each class of highway 
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shown in the 1965 HCM and Transportation Research 
Circular 212 (8). 

In reality; the traffic volume changes after an 
improvement activity. A reduction in travel time on 
an improved highway section increases the volume be
cause of induced and diverted traffic, which in turn 
affects the travel speed and travel time on that 
section. Therefore an iterative process, as shown in 
Figure 1, was performed to take into account supply 
and demand interaction until travel time and traffic 
volume reached equilibrium. The final values derived 
from the iterative process were used to evaluate the 
impact of level of service. The overall impact was 
evaluated on the basis of percentage change in both 
v/c ratio and travel speed for before and after sit
uations. The percentage changes were then trans
formed to a base of Oto 10 for comparison. 

Energy consumption 

According to Apostolos et al. (2_), the energy con
sumption of a proposed project can be divided into 
two categories, direct and indirect. Highway im
provement and maintenance affect both categories of 
energy consumption. An estimate of these consumption 
levels due to various activities by each class of 
highway was made by using the basic approach given 
by Apostolos (2.). 

Direct Energy Consumption 

Direct energy impact of a repair or maintenance ac
tivity was evaluated from the energy consumption of 
vehicles using the highway. The concept of supply 
and demand iteration used in evaluating the impact 
of level of service was applied here. The basic pro
cedure for estimating direct energy impact is simi
lar to that of the flowchart in Figure 1. After the 
baseline levels of service and volume of traffic were 
identified on a particular section, energy consump
tion before improvement or maintenance activity was 
calculated by using the appropriate vehicle fuel 
consumption rate. Then, through an iterative pro
cess, the equilibrium level of service and new traf
fic volume were determined. By applying the new fuel 
economy rate to the new traffic volume, the energy 
consumption after the implementation of an activity 
was derived. 

The fuel consumption rate was evaluated according 
to travel speeds, travel times, congestion condi
tions, and traffic delays. The new travel speeds and 
traffic volumes developed earlier were applied di
rectly here. Once the average fleet fuel economies 
and traffic volumes were determined for both the 
baseline and improved conditions, the direct energy 
consumption was measured simply by taking the dif
ference between the new and old amounts of energy 
consumption. 

Indirect Energy Consumption 

The approach for analyzing indirect energy consump
tion was based on the quantity method (2_), which 
measures the quantity of materials used in particu
lar improvement or maintenance activities. When this 
is multiplied by a unit energy factor for each ma
terial, the indirect energy consumption of a project 
can be determined. The energy factors include the 
energy consumed, not only in the production of mate
rials, but also in hauling, applying materials, and 
using the necessary heavy equipment. 

An estimating procedure identified the typical 
materials used for each highway work activity and 
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for each section of highway. Both rigid and flexible 
pavement types were considered. Rigid pavements in
clude a reinforced portland cement concrete surface, 
subbase course, and shoulder layers. Flexible pave
ments have several components: an asphalt-concrete 
surface course, a base course, a subbase course, and 
a shoulder. The thickness of pavement, lane width, 
and shoulder width vary with each highway classifi
cation and with the traffic volume. In order to as
sess the average impact, a typical cross section 
with detailed design specifications, representing 
the average design volume, was defined for each 
class of highway. The materials used for handling 
drainage, signs, traffic control devices, and guard
rails were also taken into account. 

Total Energy Consumption 

It should be noted that the direct energy consump
tion was computed for a given base year, whereas the 
indirect energy impact was estimated for the entire 
service life of a particular activity. Therefore, 
the total indirect energy consumption of a particu
lar activity was divided by its service life to de
termine a yearly estimate of indirect energy con
sumption before it was added to the direct energy 
consumption to give an estimate of a total baseline 
energy consumption. 

Improving highway safety is a major objective of 
highway work activities. In fact, many highway work 
activities are warranted solely because of severe 
safety problems, such as high-hazard cross sections 
with poor design. In this study, the safety impacts 
of highway improvement and maintenance activities 
were examined in terms of their accident reduction 
potential. 

Highway Design Elements 

The impact of different improvement and maintenance 
activities on highway safety was determined through 
the highway design elements. Numerous efforts have 
been made to determine the relationship between 
highway design elements and accident frequencies. 
More than 50 highway design elements affect safety 
(10). For the purpose of the present aggregated 
analysis only the 14 major highway design elements 
significantly affecting safety were chosen. They 
were selected because they can be adequately mea
sured and their effect on accident occurrence is 
generally well defined. The elements included the 
number of lanes, the lane width, the surface type, 
the grade on tangents, the grade on curves, the 
sight distance, the degree of curve, the shoulder 
width, the shoulder surface condition, the delinea
tors, the guide signs, the lighting, the marking, 
and the median width. 

Accident Reduction Rates 

In the next step, each improvement and maintenance 
activity was examined for relationships with any of 
the highway design elements. If one was identified, 
then the extent of improvement was assessed. For in
stance, reconstruction would normally affect the 
lane width, eliminate the grade on tangent or in
crease the sight distance or both, widen the 
shoulder, and improve shoulder condition, marking 
signs, and median width. The shoulder maintenance 
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would only possibly improve shoulder surface condi
tions as well as marking. 

The accident reduction rate for each highway work 
;,r.H vi t:y w"" t:h,m n<>t:Prmi nP.n hy r.omhininq thP. P.f
fects of the activity on all the design elements. 
However, an accident reduction rate is based on the 
traffic volume of a particular section of a highway. 
Therefore, it is unreasonable to consider the safety 
impact to be the same for both congested urban high
ways and low-volume rural collectors. It was neces
sary to adjust the determined accident reduction 
rates by appropriate traffic volumes to represent 
v;iriou. highw;iy cl;i111111 •. Furthermore, to t:11• ,:.-nn,.il'l
tent with the other objectives, the actual reduction 
rates were scaled into a range from Oto 10. 

The impact values developed by the empirical ap-
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proach described in the foregoing are given in 
Tables 2 through 5. 

COMPARISON OF OPINION POLL WITH EMPIRICAL APPROACH 

The two approaches used to develop the impact values 
have several differences . First, in the opinion sur
vey, the responses indicated only a small variation 
in impact values for different classes of highway. 
In reality, the impact values vary by highway class 
and the empirical approach attempted to reflect this 
variation. 

Second , the empirical approach included more de
tailed performance measurements than the opinion 
poll. For example, energy consumption considerations 

TABLE 2 Activity-Performance Impact Matrix Derived by Empirical Approach: System 
Condition 

Rural Urban 

Minor Minor 
Other Arterial Other Arterial 
Principal and Principal and 

Work Activity Interstate Arterial Collector Interstate Arterial Collector 

Reconstruction 5.450 5.450 6.500 5.600 5.600 6.500 
Major widening 3.000 3.000 3.712 3.31 5 3.3 15 3. 712 
Minor widening 0.975 0.975 1.375 1.260 1. 260 1.375 
Restoration and 
rehabilitation 2.145 2. 145 2.490 2.225 2.225 2.490 

Resurfacing 1.665 1.665 2.050 1.810 1. 8 10 2.050 
Safety and traffic 
engineering improvement 0.725 0.725 0.965 0.860 0.860 0.965 

Routine maintenance 0.072 0.072 0.100 0.087 0.087 0.100 

Note: Unit of measurement is based on a scale of Oto 10 with O representing no impact and 10 indicating highest impact. 

TABLE 3 Artivitv.P,.rfnrman"" lmnai,t Matr;x n,..;v,.,I hv F.mnfr;.,,.J Annrnai,h: 
~ ---- · --, - - - ------------ ---- .- -·--. -- --- ., .I. .1..1. J .,m,l of 8f'rvice 

Rural Urban 

Minor Minor 
Other Arterial Other Arterial 
Principal and Principal and 

Work Activity Interstate Arterial Collector Interstate Arterial Collector 

Reconstruction 1.520 2.020 2.150 1.480 2.040 2.240 
Maj or widening 2.115 2.835 2.722 2.085 2.655 2.917 
Minor widening 0.290 0.270 0.300 0.300 0.315 0.365 
Restoration and 
rehabilitation 0.325 0.460 0.470 0.310 0.440 0.425 

Resurfacing 0.425 0.435 0.425 0.395 0.375 0.410 
Safety and traffic 
engineering improvement 0. 210 0.245 0.270 0.190 0.260 0.315 

Routine maintenance 0.01 2 0.016 0.021 0.013 0.01 3 0.021 

Note: Unit of measurement is based on a scale of Oto 10 with O representing no impact and 10 indicating highest impact . 

TABLE4 Activity-Performance Impact Matrix Derived by Empirical Approach: Energy 

Rural Urban 

Minor Minor 
Other Arterial Other Arterial 
Principal and Principal and 

Work Activity Interstate Arterial Collector Interstate Arterial Collector 

Reconstruction 4.460 3.790 3.950 4.290 3.520 3.560 
Major widening 2.595 2.002 1.920 2.137 1.432 1.290 
Minor widening 1.215 0.980 0.775 1.1 20 0.000 0.920 
Restoration and 
rehabilitation 1.975 1.420 1.435 1.780 1.790 1.495 

Resurfacing 2.020 1.410 1.330 2.005 1.815 1.380 
Safety and traffic 
engineering improvement 1.455 1.215 1.190 1.210 0.340 1.155 

Routine maintenance 0.115 0.105 0.182 0.169 0.090 0.160 

Note: Unit of measurement is based on a scale of o to 10 with O representing no impact and 10 indicating highest Impact. 
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TABLE 5 Activity-Performance Impact Matrix Derived by Empirical Approach: Safety 

Rural Urban 

Minor Minor 
Other Arterial Other Arterial 
Principal and Principal and 

Work Activity Interstate Arterial Collector Interstate Arterial Collector 

Reconstruction 2.560 1.070 0.240 10.000 3. 180 1.380 
Major widening 1.672 0.472 0.090 6.510 1.890 0.615 
Minor widening 0.250 0.200 0.045 0.975 0.625 0.300 
Restoration and 
rehabilitation 0.325 0.130 0.030 1.265 0.440 0.170 

Resurfacing 0.275 0.115 0.025 1.070 0.395 0.195 
Safety and traffic 
engineering improvement 0.725 0.260 0.060 2.825 0.755 0.405 

Routine maintenance 0.017 0.012 0.001 0.075 0.017 0.011 

Note: Unit of measurement is based on a scale of Oto 10 with O representing no Impact and 10 indicating highest impact. 

were divided into separate direct and indirect com
ponents. Also, the performance measurements for each 
objective were refined to be more applicable to the 
evaluation of the impact of highway activities. For 
instance, the pavement, structure, and appurtenance 
conditions were evaluated in a more disaggregated 
manner than in the opinion poll. 

Stat istica l Te s t ing 

The two sets of impact matrices were developed 
through different procedures, and a nonparametric 
testing was considered to be suitable for their com
parison. As these two sets of data were matched in 
pairs for different measurements (system objectives) 
and treatments (highway work activities) , the Wil
coxon test, one of the most powerful nonparametric 
tests for comparing the identity of two matched data 
sets, was used. This test, also known as the rank
sum test, considers both the sign and the rank of 
two sets of data (11). The final results of all the 
comparisons are giv~ in Table 6. 

Discussion of Results 

It should be noted that in the opinion poll approach 
the energy impacts were considered in combination 
with environmental impacts, but in the empirical ap
proach the environmental effects were not included 
because of insufficient data . Nevertheless, the en
ergy impacts can reflect environmental effects to a 
considerable extent. For example, work activities 
that result in conservation of energy through 
smoother traffic flow also reduce environmental pol
lution. Consequently, the energy impact values ob
tained from empirical data were compared with the 
impact values related to energy and environment from 
the opinion poll. 

It may be noted from Tables 1 and 2 that the 
impact values on system condition derived from the 
two approaches varied considerably. In general, the 
highway experts and specialists overestimated the 
impact of reconstruction and routine maintenance and 
underestimated the impact of safety and traffic 
engineering improvements. 

As for the impact on the level of service, the 
results for all highway classes except urban minor 
arterials and collectors showed significantly dif
ferent orders for the various highway work activi
ties. In the opinion poll, reconstruction had the 
highest impact values among all the activities stud
ied. However, in the empirical results, major widen
ing had the highest impact values. In the empirical 
approach, the impact on service depended mainly on 
the change in capacity when there was no significant 
improvement in operating speed. Because major widen
ing directly increases the capacity of a highway 
most, it had the greatest impact on the level of 
service. 

It can also be noted that the impact values for 
the level of service derived from the empir i cal ap
proach were lower than the corresponding values from 
the opinion poll. This is because, in the empirical 
approach, the change in volume as a function of a 
change in the level of service was considered in de
tail. The traffic volume attracted to a highway 
after an improvement would increase the v/c ratio 
and would thus to some extent reduce the positive 
impact on the level of service. Moreover, in the em
pirical method the impact on service levels was 
evaluated in terms of the net change in v/c and in 
travel speed expressed as a fraction of baseline 
conditions. Even the highest impact value developed 
by the empirical approach was only about one-third 
of the corresponding value derived through the opin
ion poll. 

It is interesting to note that although the two 

TABLE 6 Results of Wilcoxon Test for Comparing Highway Work Activity Impact Values Derived from 
Opinion Poll and Empirical Data 

Rural Urban 

Other Other 
Principal Minor Principal Minor 

Objective Interstate Arterial Arterial Interstate Arterial Arterial Avg Value 

System condition Identical Identical Identical Identical Identical Identical Identical 
Level of service Not Not Not Not Not Identical Not 

identical identical identical identical identical identical 
Safety Identical Not Not Identical Identical Not Identical 

identical identical identical 
Energy Identical Identical Identical Identical Identical Identical Identical 

Note: The level of significance was 0.05. 
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sets of energy impact values were developed through 
totally different approaches, the Wilcoxon test 
showed no significant difference in the impact 
values of highway work ar,Hvit-i"'" h"''""'"'"'" t-h"'"" t-wo 
approaches at a level of significance of 0.05. The 
only exception was that the empirical data indicated 
minor widening to have less impact on energy con
sumption than restoration and rehabilitation or re
surfacing. The reason for this result is that the 
widening of lane widths or shoulder width does not 
have as much of an energy impact as does the im
provement of road surfaces and the subsequent 
smoothing of traffic flow. 

The results of the comparison of safety impacts 
were not uniform. For Interstate and urban other 
principal arterials, the safety impact values of the 
two approaches were not significantly different, 
whereas for the rural minor arterials and collectors 
and rural other principal arterials, a significant 
difference was observed between these two approaches 
at a level of significance of 0.05. However, the 
average safety impact values for all highway classes 
showed no difference between those of the opinion 
poll and the empirical data-based matrix. Similar to 
the LOS impact findings, the opinion poll suggested 
much higher safety impact values than the empirical 
approach, especially for low-volume highways such as 
the rural minor arterial s and collectors. The empir
ical approach indicated small changes in safety for 
the rural other principal arterials and for rural 
minor arterials and collectors, and even for recon
struction and major widening. In addition, the em
pirical approach showed that minor widening had less 
impact on safety. The reason is that most existing 
highway mileage satisfies the maximum design stan
dard for lane width and shoulder width, and further 
widening would not appreciably increase traffic 
safety. On the other hand, the opinion poll underes
timated the effect of safety measures and other 
traffic engineering improvements. Because these work 
activities are safety oriented and include high
hazard location improvement and roadside obstacle 
elimination, their impact on safety should be high. 

CONCLUSIONS 

This paper has presented an empirical procedure for 
assessing the impact of various highway work activi
ties on highway improvement objectives. The results 
indicate that the impact of highway work activities 
is different for different highway classes. In the 
cases of system conditions and safety, work activi
ties have a greater impact on urban highways than on 
rural highways. As for the LOS and energy aspects, 
no significant differences were founil hP.tween im
pacts on rural and on urban highways. 

As can be expected, routine maintenance affects 
the achievement of system objectives the least. Of 
the work activities, reconstruction has the greatest 
impact on all objectives except level of service, 
for which major widening provides the greatest 
impact. 

These results are best used as a guide for long
range highway programming. They will provide deci
sion makers with a clear picture of the relative 
effectiveness of highway work activities. The proce
dures used in the study can also be useful in as
sessing the standards for 4R activities. 

A statistical comparison of the results of the 
empirical procedure with those generated from an 
opinion poll indicates that for highway system con
ditions and energy consumption, the values are iden-
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tical at a level of significance of O. 05, whereas 
significant difference exists between the two matri
ces for impacts on the level of service. Thus, when 
t.h~r~ ar~ i~5!"-!ffici~~t a~ts .::~d li:":":itad t!rnc, the 
use of the opinion poll is a good alternative for 
the estimation of the overall impact of highway im
provement and maintenance activities. 
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Development of a Strategic Management Process: 

A Case Study of the Pennsylvania 

Department of Transportation 
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ABSTRACT 

There is a paucity of literature concerning strategic planning in the public 
sector. The purpose of this paper is to fill this gap with a case study of the 
Pennsylvania Department of Transportation (PennnOT). Strategic management in 
PennDOT evolved as a result of top management's determination to establish pri
orities and set direction for the agency. A broad organizational-level perspec
tive was pursued; program and project-level planning were decentralized. A 
strategic management committee and seven substantive subcommittees have been 
established to set direction and manage change. This committee structure has 
been the focal point for the strategic management process in general and more 
specifically for organizational direction setting. PennDOT has applied strate
gic management in several ways. A concept of business groups has evolved as a 
new way of thinking about the agency. Major objectives for 1983-1986 have been 
defined that are the basis for overall department accountability and direction. 
Strategies to achieve them have been systematically formulated. Four-year dis
trict business plans tied to the major objectives have been initiated as a 
means for management and program planning at the district level. The strategic 
management process has been fused with the annual budget process for the devel
opment of the 1985-1986 budget. In the near future, additional activities and 
functions such as management development and training, information systems, and 
internal resource allocations will receive increased strategic attention. Ef
forts will be undertaken to make the process more useful throughout the depart
ment. A key challenge is to preserve this process in a political environment. 

The purpose of this paper is to present a case study 
of how a strategic management process has been con
ceived and nurtured in the Pennsylvania Department 
of Transportation {PennDOT). It is also intended to 
show why a strategic management framework makes 
sense for a state department of transportation. 

A necessary introductory aspect to this paper is 
to briefly clarify the terms "strategic planning" 
and "strategic management." The two processes are 
very closely related. Strategic planning is the 
foundation of strategic management (l,pp.4,5). Stra
tegic planning provides perceptive a;;-alysisi it pro
vides the framework for addressing change. It 
focuses on establishing priorities for resource al
location. It provides an understanding of the future 
impacts that may result from current decisions. 
Strategic planning is the major process in the con
duct of strategic management. 

Strategic management is more encompassing. It 
takes its advice from the planning function. Then it 
goes on to make strategic decisions concerning the 
timing and context for deploying capital, technical, 
and human resources (1,p.3-2). Although planning is 
dedicated to insight, strategic management empha
sizes control. Strategic management shapes the cor
porate culture. Its objective is the effective man
agement of change (2). In PennDOT, strategic 
planning is seen as a g~eric fune,tion of management. 

To date, strategic planning and management have 
been largely associated with the private sector. 
Yet, their application in the public sector offers 
an opportunity to substantially improve public plan
ning and managerial effectiveness (l,p.20). Strate-

gic planning is increasingly being applied in public 
transportation agencies with a fair amount of per
ceived success (!). 

A recent article by Michael Meyer in Transporta
tion Quarterly described several examples of strate
gic planning efforts in public sector transportation 
agencies in the United States and Canada (!). Meyer 
points out that the need for this type of planning 
can be just as great in the public sector. The en
vironment of the public sector is clearly as dynamic 
as that of the private sector (!). 

An appropriate starting point for discussing 
strategic management in PennDOT is with the organi
zation's mission. PennDOT's legislatively prescribed 
mission is to provide safe and efficient transporta
tion facilities and services at the lowest reason
able cost. Coupled with the mission are the goals 
and objectives of the administration. The Governor 
of Pennsylvania has identified economic development 
and community conservation as primary goals to be 
pursued by the commonwealth's agencies. The most 
salient and strategic focal point then is to deter
mine how to tailor PennDOT's programs in pursuit of 
these missions and goals. Although the missions and 
goals are straightforwardly simple, the challenge is 
to effectively meet them given the size and diver
sity of PennDOT' s responsibilities and operations. 
These include the maintenance, operation, and im
provement of the state's system of 44,000 mi of 
highways and 26,000 bridges; the operation of four 
state airport facilities; and the provision of tech
nical and financial assistance to support local mass 
transit, rail freight service, local airport devel-
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opment, and maintenance of locally owned roadwavs. 
The department's total revenues for FY 1984-1985 
will equal about $2.0 billion--a big business by any 
measure. 

In order to navigate this large organization to
ward its mission and goals, there must be a forward
looking management system that is both proactive and 
adaptive to environmental change. Although many be
lieve that public management is completely con
strained because of legislative dictates, the ex
perience in Pennsylvania has shown that top 
management can make a substantial difference in how 
resources are deployed and in the organization's de
gree of success. A strategic management process has 
been established in PennDOT to set direction and 
manage change--and it is making a difference. 

The method for this case study is part of the 
actual evolution of the strategic management 
process. With the understanding at the outset that 
the process was unconventional given the history of 
the organization, a chronology of the process in the 
form of various documents has been maintained. In a 
fortuitous way, that detailed chronology serves as 
the primary resource for the writing of this paper. 
The case study is an objective review and reflection 
of this chronology or history of events. 

EVOLUTION OF STRATEGIC MANAGEMENT IN PennDOT 

Strategic management evolved as a result of the cur
rent administration's efforts to set priorities, es
tablish direction and effective operations, and, 
above all else, provide a transportation system ca
pable of meeting the needs of Pennsylvania's economy 
and citizenry. 

Reordering Priorities 

J\+- +-h .... ,... ....... c .. ",f! .f.h,... ,..n ..... ,.. ......... ~ ..... .;'"~~ ..... .,. .. .;,...n (10"'70), 

attention was focused on regaining management con
trol over the department's maintenance operations, 
fiscal and electronic data processing systems, and 
fragmented program functions. Foremost among these 
was the commitment to make the department a "mainte
nance-first" organization. This priority was tanta
mount to survival. The new management team quickly 
made the dollar and program changes needed to put 
the maintenance program on track. Beginning with 
basic roadway and bridge maintenance activities, the 
philosophy eventually spread throughout all aspects 
of managing the business of the department. Today, 
maintaining computer systems and paying close atten
tion to the most important resource of all--people-
are seen as essential to accomplishing everything 
that the department undertakes. Simply put, the phi
losophy is one of maintaining those things that are 
important. 

Another change was to adopt a pay-as-you-go pol
icy for highway construction--no highway bonds have 
been floated since 1979. Other priorities receiving 
attention were the maximization of federal funds and 
the attainment of predictable state revenue. In 
addition, the computer systems function became a 
ubiquitous element in the department's drive for in
creased productivity and improved service delivery. 

The department's fragmented programs were inte
grated into a logical and controllable programming 
process in which selecting projects on the basis of 
merit and sound financing was emphasized. Top man
agement set its attention doggedly toward priority 
setting within a systems framework, and fiscal re
sponsibility. A Program Management Committee was 
created during 1980 with a staff-level Program De
velopment and Management Center within the Office of 
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Planning to support it. This new approach was suc
cessful--top management's policies and priorities 
became reflected in the Transportation Program's de
velopment. The program's financing was placed on a 
realistic and responsible pay-as-you-go basis. The 
Program Management Committee became the bellwether 
of the strategic organizational approach of target
ing resources to key areas of department responsi
bility. 

Need for Organizational-Level Planning 

With the immediate problem of management control 
over maintenance, finance, and transportation im
provement programming resolved, the department's top 
management was in a better position to step back and 
assess how the planning function should further 
evolve. What emerged was a fundamental decision that 
top management planning should focus on the broad 
organizational-level perspective of agency policy and 
direction setting. It followed that traditional pro
gram and project-level planning should become a more 
decentralized responsibility of program and project 
managers. This would narrow the gap between planning 
and implementation. Establishing this change became 
a formidable challenge. A major change reflecting 
this new orientation was the restructuring of the 
Advanced Planning Bureau into a Bureau of Strategic 
Planning. This change refocused st~ff wctivity to= 
ward assisting in the development of a strategic 
managerial decision-making process within the 
agency. In other words, the Central Office planning 
function began to tilt toward organizational-level 
planning, whereas program and project planning 
shifted more heavily to the program managers, es
pecially in the field. 

Management Conference as a Direction-Setting Tool 

An important step in the evolution of the strategic 
management approach was a 2-day conference held for 
50 of the department's top managers in April 1982. 
In a setting away from the distraction of daily du
ties, the attendees discussed the theme Challenges 
and Choices for the Future. Managers were requested 
to identify the crosscutting issues that constrained 
their ability to act and the opportunities and prob
lems that would likely face the department over the 
next 5 years. The content of this conference was 
preserved for use by top management as the basis for 
a policy initiatives document. Looking back on the 
participative nature and the insightful output gen
erated by this initial management conference, it 
could be said that it was a key stepping stone to
ward Lhe stti:lteyic management process. Because uf 
its success, the management conference approach has 
been further utilized as a key activity for facili
tating departmental direction setting. 

The policy initiatives document was valuable be
cause it provided an indication of those policy 
issues important enough to be considered as candi
dates for organizational objectives. The policy 
initiatives also brought to light a new way of view
ing PennDOT's organization--the business group. This 
is, the policy initiatives appeared to be more man
ageable if they were dealt with in categories 
broadly reflective of the major areas of the depart
ment's operations. A concept of four business groups 
emerged in top management's thinking. (The business 
groups are further discussed in a later section.) 
Once there was a firm handle on the policy initia
tives of importance, attention turned to designing 
an appropriate organizational-level structure for 
direction setting. 
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Strategic Management Process and Strategic 
Management Committee 

The eventual strategic management structure took a 
broad approach: It absorbed the existing Program 
Management Committee and went well beyond transporta
tion programming to provide strategy development in 
areas such as data processing, federal and state 
legislation, and management development and training. 

A Strategic Management Committee (SMC) was cre
ated during the latter part of 1982. The SMC is made 
up of the department's six top managers--the Secre
tary as chairman and the five Deputy Secretaries as 
members. The creation of the SMC reflects a top
level commitment to make the process work. Further 
evidence of this commitment is the frequency of SMC 
meetings. The committee meets monthly, which is no 
small feat for the six top people in an organization 
of 13,000. The SMC draws staff support from the 
Director for Strategic Planning. Because of the 
broad top management orientation of the strategic 
process, the PennDOT experience has found that full
time staff support requirements need not be ex
tensive. 

The SMC has responsibility for the forwarding or 
evolution of the PennDOT strategic management 
process. The objectives of the strategic management 
process are to 

• Facilitate determination of the major objec
tives of the organization and, in turn, 

• Determine the policies and strategies that 
govern the acquisition, use, and disposition of 
resources to achieve identified objectives. 

Specific elements and aims of the process are to 

• Review and define the department's mission or 
missions, 

• Improve understanding of the department's in
ternal strengths and weaknesses and of the external 
environment in which it operates, 

• Set annual performance goals and define pro
gram objectives, 

• Determine alternative strategies for best 
utilizing resources available to the organization 
(consistent with defined objectives) and estimate 
time and resource requirements, and 

• Allocate all resources available to the de
partment. 

These objectives and elements are implicit in the 
following description of the strategic management 
process. 

The process (Figure 1) is a simple and yet unify
ing framework that provides overall direction for 
the complex programs and services that the depart
ment delivers. The process has as its foundation the 
mission of the department. Analyses are performed of 
internal and external factors affecting the depart
ment, for example, environmental scanning to promote 
understanding of the department's external operating 
environment and its internal strengths and weak
nesses. The activities of the Legislative Review 
Committees are a good example of environmental scan
ning in the context of monitoring how legislative 
activities affect department programs and opera
tions. In a more proactive vein, these two commit
tees not only respond to legislative developments, 
they also try to shape them. In doing so, the stra
tegic loop is closed; the environment has been scan
ned and strategies, reactive and proactive, are pur
sued. 

The next step--determination of major objec
tives--is probably the most important in terms of 
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FIGURE 1 Strategic management process. 
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organizational direction setting. Most signifi
cantly, the major objectives provide the broadest 
basis for organizational accountability; they serve 
as a "report card" for the entire organization and 
represent where the department wants to be within a 
specific time frame. Over time, attention is turning 
to building increased levels of organizational com
mitment among employees in order to have them rally 
for the accomplishment of these major objectives. 
Once the major objectives have been established, 
alternative solutions or strategies are formulated 
for their accomplishment within the respective man
agement committee forums. It is in these forums that 
ideas, alternatives, and strategies are carefully 
considered and preferred courses of action emerge. 
In the process a lot of healthy communication occurs 
between individuals who may not normally have the 
chance to interact on a regular basis. 

Upon concurrence by the SMC, the selected strate
gies move into the program development and manage
ment stage. The ultimate purpose of this process is 
to effectively spend the limited dollars available. 
It is important to note that performance monitoring 
crosscuts the entire process. Deviation from the 
department's mission or major objectives or both can 
easily and unintentionally occur at any stage of the 
process unless there is continuous feedback to top 
management. This feedback takes the form of macro
performance reporting geared to the information 
needs of top management. 

Although the SMC has overall charge of the 
process, it is assisted by various subcommittees 
with substantive roles. Together they constitute the 
PennDOT planning and decision forums (Figure 2). The 
SMC is responsible for the planning and utilization 
of all human, financial, technological, and con
tractual resources available to the department. It 
provides overall direction for initiatives, pro
grams, and agency operations. It also allocates all 
resources available to the department. 

The subcommittees provide a resource for focusing 
on areas of key importance to the department's oper-
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FIGURE 2 PennDOT planning and decision forums. 

ations. The subcommittees and a brief description of 
their roles are as follows: 

• Legislative Review Committees: Responsible 
for analyzing and developing information relative to 
federal and state legislation that may affect de
partment objectives, programs, and funding. 

• Consultant Selection Committee: Responsible 
for selecting consultants for all department pur
poses with the intent to obtain the best expertise 
at a reasonable cost to the commonwealth. 

• Program Management Committee: Responsible for 
both long-range and annual program planning. 

• Electronic Data Processing Management Commit
tee: Responsible for both long-range and annual 
planning for the use and deployment of computer 
facilities and resources. 

• Management Development and Training Commit
tee: Responsible for the development and training of 
management employees. This includes the establish
ment cf training und da· .. :aloprnant objccti•1es and the 
monitoring of the progress toward these objectives. 

• Driver and Vehicle Policy Committee: Respon
sible for forming policy and establishing objectives 
in the areas of driver licensing, motor vehicle 
registration and titling, and highway safety. It is 
responsible for monitoring progress toward these 
policies and objectives. 

These seven subcommittees are strategic in the 
truest sense of the word. Their role is to establish 
direction and overall guidance as opposed to manage
ment by committee. It is important to emphasize that 
the members of these committees hold specific upper 
management positions in the department. They are not 
expected to play their specific managemtemt role per 
se in their committee assignment. Rather they pro
vide strategy and direction and assign management 
responsibility to ensure successful implementation. 

It is important to point out how the SMC and sub
committee structure relates to the department's 
staff and management functions. The structure is not 
to be confused with the department's functional 
organizational chart. This is an important distinc
t ion in understanding PennDOT' s strategic orienta
tion. The committee structure shown in Figure 2 
reflects the organization for strategic direction 
setting. In a three-dimensional sense, one could 
think of this strategic structure as being overlaid 
on the functional structure or organizational chart. 

Some other important relationships should be men
tioned. First, each committee includes representa
tion from various functional areas of the depart
ment. Therefore, the composition of the committees 
does not resemble any particular bureau or office. 
Second, the output of the committees is simply 
direction and guidance for the seven various sub-

stantive areas; this direction then becomes the 
major input for the activities carried out by the 
agency's management and staff. In other words, the 
link between the strategic structure and the organi
zational structure is a link between direction and 
product. 

The SMC and subcommittee structure represents the 
highest level of organizational decision making in 
the department. Its responsibility is truly direc
tion setting and policy making. In general, this 
strategic management structure could be appropriate 
for other state transportation departments. The sub
stantive roles of the committees should be tailored 
to suit the given organization. What should be main
tained, in the authors' estimation, is the structure 
of a top-level strategic committee and a number of 
subcommittees. They are the core of any strategic 
management process, 

Other organizations give credence to the struc
ture advocated here. The Province of Ontario's Min
i::;try of Tr~nspcrtuticn und Ccmmunicuticn has 
engaged in strategic management for a number of 
years. The ministry's structure for conducting the 
process closely resembles that of PennDOT. There is 
a principal corporate committee--the Strategic Pol
icy Committee (SPC) --which has overall responsibil
ity for policy development and for establishing 
strategic directions (S,p.9). These strategic direc
tions guide the various ministry programs for a s
year period. The SPC is made up of the Minister, the 
Deputy Minister, and eight senior executives. There 
are also seven subcommittees of the SPCi they are 
responsible to the SPC for the effective management 
of the ministry's programs and the resources avail
able to the ministry. Five of the subcommittees deal 
with the key program areas of the ministry, one 
focuses on resources management, and one handles 
operational issues. Each of the subcommittees is 
chaired by a senior executive. 

PRODUCTS AND APPLICATIONS OF THE STRATEGIC 
MANAGEMENT PROCESS 

One of the most important products, or perhaps a by
product, of the strategic management process is a 
new way of thinking about the organization. 

Business-Group Concept 

Through the evolution of the process, participants 
began to see that the department meets Pennsyl
vania's transportation needs through four primary 
product and service delivery groups with missions 
that are very distinct from each other: 
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• Commonwealth Transportation Systems Group: 
The Commonwealth Transportation Systems Group pro
vides transportation service in support of economic 
development and community conservation through those 
facilities owned and operated by the department 
(e.g., state-owned highways and bridges), 

• Driver and Vehicle Services Group: The Driver 
and Vehicle Services Group serves vehicle owners and 
operators through the licensing of drivers, the 
titling and registering of vehicles, and the admin
istration of programs to improve highway safety. 

• Transportation Grants Management Group: The 
Transportation Grants Management Group influences 
others, such as local governments, in the delivery 
of transportation services by providing them with 
both financial and technical assistance, 

• Departmentwide Group: The Departmentwide 
Group provides services in overall support of all 
aspects of the department's operations. 

The business-group concept came about as a nat
ural outgrowth of the review of the department's 
missions. As pointed out earlier, this review is 
basic to the strategic management process. The 
department is viewed as a public service organiza
tion consisting of a set of discrete businesses, 
each with a mission tied to the larger overall 
department mission--to provide safe and efficient 
transportation facilities and services. 

The business-group concept was developed for 
several reasons. The first was to provide a basis 
for managing discrete groups of transportation 
activities; that is, the Commonwealth Transportation 
Systems Group owns and operates roadways and thus 
furly controls key performance areas; by comparison, 
through the provision of transit technical and 
financial assistance, the Transportation Grants Man
agement Group seeks to influence rather than con
trol; finally, driver and vehicle activities require 
a greater customer service and quality control ori
entation because day-to-day contact with Pennsyl
vanians is the rule, 

Second, the concept was developed to encourage 
managers to begin thinking in businesslike terms and 
to understand the bottom line or equivalent of 
profit for each business group; for example, in
creased efficiency and reduced overhead can trans
late into a greater level of on-the-road improve
ments, Lowering capital costs to transit authorities 
through provision of a statewide bus pool-purchase 
improves both operating efficiency and subsidy 
utilization. Reduction in the error rate of driver 
and vehicle transactions not only improves quality 
but also speeds delivery of service, enhancing cus
tomer satisfaction. 

The third reason was to establish a structured 
basis for providing common services that crosscut 
each business group, that is, providing the strate
gic framework for developing and deploying elec
tronic data processing resources; programming the 
varying manpower, plant, and equipment requirements 
unique to the respective businesses; and managing 
the administrative and fiscal aspects of each 
group's transactions. 

In summary, the real advantage of the business
group way of thinking is that it brings order to a 
complex and often confusing array of activities. In 
turn, the ever-difficult area of performance moni
toring becomes more manageable and meaningful. An 
understanding of the mission of each business group 
makes the entire process of performance monitoring 
far more meaningful and manageable. 

Development of Major Objectives 

The business-group framework has been utilized in 
defining major objectives for the department. These 
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multiyear objectives (1983-1986) represent a real 
milestone in the department's strategic management 
process. Setting objectives is the principal direc
tion-setting activity in the process. There are 24 
major objectives; each is categorized by business 
group. The major objectives were presented to Gov
ernor Thornburgh in June 1983 as the department's 
agenda through 1986. As previously noted, this makes 
them the focus of PennDOT accountability to the 
administration and to the citizens of Pennsylvania. 
Internally, accountability is assumed by the depart
ment's managers, who have the responsibility for 
achieving the major objectives. 

It should be pointed out that the role of the 
management conference was significant in the devel
opment of these objectives, Their origin was in the 
policy initiatives that were articulated at the 
Challenges and Choices for the Future management 
conference, once the policy initiatives were trans
lated into the major objectives, another management 
conference was held as a first step in conveying 
these objectives to the department's managers. The 
theme of this conference was, appropriately, Setting 
the Course. This conference was a useful starting 
point for such important matters and issues as ini
tiation of major objective strategy development, 
performance monitoring, and elaborating on a value 
system that top management hoped to see permeate the 
organization to bolster the achievement of the major 
objectives. More important, it was a first step in 
communicating the major objectives to the entire 
organization, Since this conference, strategies have 
been developed for each major objective. Major ob
jective progress reports have been prepared and a 
slide presentation has been developed that clearly 
communicates the substance and the importance of the 
major objectives to all employees. 

Formulation o.f Major Objective Strategies 

An important application of the strategic management 
process has been the formulation of the strategies 
to accomplish the major objectives. This step is the 
interface between defining the objectives and pro
gram implementation. Strategy determination is a key 
step in the process, as pointed out earlier in the 
discussion of the objectives of the strategic man
agement effort. The formulation of strategies relied 
on the strategic structure--the management leader
ship of the SMC and its subcommittees as forums for 
the setting of strategy. An example of this is the 
development of an electronic data processing (EDP) 
leading-edge plan under the direction and guidance 
of the EDP Management Committee. This strategic plan 
is in support of a major objective that aims to 
"maintain the EDP systems of the Department at the 
leading edge of this advancing technology.• More
over, a distinct EDP strategic planning process has 
been developed and instituted. The department 
strongly encourages this type of spin-off in a func
tional area. The key point is that through those 
committees, the strategic context of each objective 
is allowed to freely evolve, something that would 
not likely occur through a conventional organiza
tional structure with all of its red tape. The im
portant aspect to remember is that the committee 
framework has provided a structure for strategy 
development and that this same framework tracks 
strategy all the way through to program imple
mentation. 

Four-Year District Business Plans 

The overall strategic management process, with its 
emphasis on placing program planning in the hands of 
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program managers, has led to the development of 4-
year district business plans by each of the depart
ment's 11 engineering districts. District personnel 
began work on them in November 1983. The plans were 
indiviiltH'llllly pr~A~nt~d to th~ SMC by ~:!Ch ~ist:-ict 
Engineer in May 1984. The 4-year business planning 
process is a major initiative of the department, 
which is intended to assist the District Engineers 
in working toward the objectives of the department. 
Within the overall strategic management process, the 
district 4-year business plans represent the formu
lation of strategies--that is, strategies for meet
ing the major objectives in the roadway area. The 
plans encomp1111R prngram, manpower, phy11ic:al plant, 
and equipment and materials requirements associated 
with all district and county activities. This plan
ning process will ensure that annual program-level 
elements are developed and implemented consistent 
with the department's major objectives and will sup
port a businesslike approach to management at the 
district level. These plans are part of the overall 
strategic management effort. The district 4-year 
business planning process has proven successful and 
a new cycle of such planning has been initiated. 

Integration of Strategic Management with 
the Budget Process 

Finally, the most important application to date of 
tne strategic management process has been its inte
gration with the department's budget process. It has 
been pointed out in the literature that integration 
with other agency planning-related efforts, such as 
budgeting, is one of the most important characteris
tics of effective strategic planning (4). The stra
tegic system is irrelevant if it is not integrated 
with the total management process of decision making 
and resource allocation. 

For PennDOT this meant requiring managers to 
address the major objectives in their budget devel
opment for FY 1985-1986 by articulating the activi
ties and dol l ar resources necessary for their accom
plishment. Effective allocation of resources is one 
of the chief purposes of the strategic management 
effort1 the department sees this as the primary end 
product of the process. Having the major objectives 
emphasized in the budget preparation process is con
sistent with this purpose. By this effort, the major 
objectives--the key directions--drive the budget 
request. In a budgetary sense, this application for 
the first time provided managers with a mission and 
framework to consider the relative importance of 
their programs and activities. From the top manage
ment viewpoint, the final resource allocations may 
be determined with respect to congruence with or 
divergence from the major objectives. 

WHAT DOES THE FUTURE HOLD? 

Looking to the future, there are several opportuni
ties for further application of the strategic man
agement process. And there are challenges to be 
faced as well. 

Opportunities for Further Applications 

There are several areas in which the strategic man
agement process will be further applied in PennDOT. 
They include the following. 

Emphasize Training 

The SMC Management Development and Training Commit
tee has already begun to consider key directions in 
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training. To gain some outside insights into this 
area, the committee includes the commonwealth's 
Director of Training and Development. They have 
actively sought input from the private sector. The 
Ao .... .,. .... _,..,..._ •• .:,, ---.1...!---- '-- ---'- - -~ • • • · --t'-· ................ " ... ~~ ..... ...,U\...I.UUC \.U 'C'Jll~llCl:::li.Litit:= 'C.Ld.Lnl.ng at: 

all levels of the organization, and training will 
become increasingly focused on those activities that 
have either a short-term or long-term payback. Eval
uation will become an integral feedback loop for 
training management in order to ensure that training 
efforts are producing their intended results. 

Optimize Allocation of Resources to Dusiness Groups 

The intent here is to increase the capability for 
developing optimal targeting of physical, human, and 
financial resources in a way that will develop and 
strengthen the overall organization. This will re
quire strengthening management's analytical skills 
and the quality of information to support decisions. 

Stay Close to Department's Customers 

In broad terms, department managers must think in 
terms of a market approach; that is, greater atten
tion will be given to recognizing the diversity 
across Pennsylvania, understanding the specialized 
needs of geographic service areas, and providing 
services accordingly. 

Develop Greater Reliance on EDP Information Systems 

The SMC will seek ways to expand the application of 
electronic data processing in order to increase pro
ductivity and to make an overall improvement in the 
information resource. 

Institutionalizing Strategic Management 

As an organization-wide policy-making and direction
setting activity, strategic management's policies 
and directions become operational at the program and 
project (service delivery) levels of the agency. To 
increase effectiveness, opportunities can be taken 
to make strategic management and planning more in
fluential at all levels of the organization. 

The role of management will include the develop
ment of the culture of the organization. Culture is 
expressed in the shared values that an organization 
holds7 they represent the organization's beliefs and 
define what it stands for. They are expressions of 
its philosophy and spirit and are the basis for its 
policies and actions. Values set an organization's 
style of operation and therefore affect its per
formance by building unity and pride in the organi
zation. 

The task of shaping organizational culture is a 
prime management responsibility. The Secretary sees 
his job as shaping the values of the organization. 
Values such as service, integrity, excellence, work 
ethic, and interest in people have been the key 
factors to many of the department's successes. Wider 
adoption of these values will help the department to 
achieve its major objectives. And, perhaps even more 
important, these values will become part of the 
institutional memory, effectuating a positive style 
of performance that will build pride among the em
ployees as well as respect from those whom it 
serves. values, if they are to be the cohesive and 
driving force that they can be, should be conveyed 
and evidenced at all levels of the department. In
culcating a set of desired values among the 13,000 
employees of PennDOT is perhaps one of the greatest 
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and most challenging tasks before the department's 
top managers. Communicating values is by no means a 
guarantee of transmitting values. The rest of the 
equation is to abide by these values and, in doing 
so, to hope that they will be shared by a large num
ber of employees. 

Additional steps at institutionalizing the stra
tegic management process will consist of the produc
tion of video presentations of the department's val
ues and its major objectives. These presentations 
will be widely disseminated among managers and staff 
to create understanding and interest. 

Chal lenges 

There are challenges to be faced in implementing 
strategic management in a public works agency as 
well as limitations because of the significant con
straints of a public-sector environment. The process 
must remain relevant for dealing with organizational 
policy development and direction setting. How to 
maintain its vitality in a political environment 
that has relatively frequent changes of top manage
ment is a valid concern. Its acceptance by a new set 
of top leaders will depend on their view of the 
utility of the activity and the extent to which it 
has been built into the organizational memory anrl 
culture. 

Top management can meet this challenge if the 
usefulness of the process is clearly shown through
out the department. This can be achieved by periodic 
reporting on what has been accomplished through the 
use of good vertical communication throughout all 
levels of management and staff. Moreover, enhanced 
participation in the process by lower echelons of 
management and staff should promote wider use of the 
process. Decentralized strategic planning, such as 
PennDOT's 4-year district business plans, exempli
fies the value of diffusing this process. 

CONCLUSION 

A case study has been presented of the development 
of a strategic management process in PennDOT and how 
the process evolved. Various products and applica
tions of strategic management in the department were 
discussed. A look at the future and some expected 
opportunities for further application and increased 
effectiveness of the process at PennDOT were in
cluded. 

The department's current top management took over 
in 1979. Recognizing not only that PennDOT's size 
and diversity of operations are great but also that 
important priorities then existing had to be re
ordered, top management set about establishing a 
businesslike management style. It was recognized 
that there was a need for a management process that 
is proactive--able to establish policy, set direc
t ions, and manage change. 

Department top management has been active in 
implementing the strategic management process. The 
consideration of identified policy initiatives and 
study of department missions has led to the concept 
of four corporatelike business groups. This new way 
of viewing the organization encourages management to 
think in businessslike terms and to better concen
trate on the four discrete groups of transportation 
activities provided by the department. 

The determination of major objectives is a funda
mental reason for the existence of strategic manage
ment in PennDOT. The SMC determined the department's 
24 major objectives by mid-1983. Covering the periorl 
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1983-1986, the major objectives establish overall 
direction for the agency. They serve as a focus for 
department activity for the second 4 years of the 
current department administration. The major objec
tive strategies serve as the mechanism whereby the 
policies, functions, and activities necessary to 
achieve the major objectives are determined. And 
they also provide a means whereby the SMC and its 
subcommittees can monitor progress being made towaro 
the objectives. And the strategic management process 
has been linked to the budget process, facilitating 
the identification of the resources needed to make 
progress toward the major objectives. 

The experience of PennDOT is that strategic man
agement has been useful. It has permitted top man
agement to establish direction for the agency. The 
structure of the SMC and its subcommittees has been 
set in place and is working. Top management has been 
setting the course for the department through the 
process of establishing objectives, determining 
strategies, and linking them with required resources. 

Strategic management provides several opportuni
ties that a state department of transportation 
should consider. It helps management in evaluating 
the mission of the organization--to study what the 
business of the agency is. Engaging in strategic 
management forces the establishment of objectives 
for the organization, that is, identifying where the 
agency would like to be. It facilitates considera
tion of the activities and resources required to 
best meet the identified objectives. This builds 
management skills and provides opportunity to con
sider the entire agency, its environment, and its 
operations. 

The management structure to carry out the process 
need not be elaborate. A principal committee of top
level management and a number of subcommittees to 
provide direction and guidance in key areas of de
partment operations has been a workable structure in 
PennDOT. 

The participants will strive to make strategic 
management a continuously more beneficial and work
able activity because of a belief that is best put 
by James F. Lyon (~): "Strategic management will 
increasingly gain acceptance as the best vehicle for 
improving large complex companies. Effective strate
gic management can pull together a diverse organiza
tion, communicate clear objectives and values, and 
achieve the creative integration of capital, techni
cal and human resources." 

Suffice it to say, this is the vehicle for 
PennDOT. 

REFERENCES 

1. G.A. Steiner. 
Manager Must 
1979. 

Strategic 
Know. The 

Planning: 
Free Press, 

What 
New 

Every 
York, 

2. K.J. Albert, ed. The Strategic Management Hand
book. McGraw-Hill Book Company, New York, 1983. 

3. F.S. So. Strategic Planning: Reinventing The 
Wheel? Planning, Vol. 50, No. 2, Feb. 1984. 

4. M.D. Meyer. Strategic Planning in Response to 
Environmental Change. Transportation Quarterly, 
Vol. 37, No. 2, April 1983, pp. 297-320. 

5 . Strategic Management at M.T.C. Ontario Ministry 
of Transportation and Communications, Downsview, 
Ontario, Canada, March 1983. 

Publication of this paper sponsored by Task Force on 
Strategic Planning Process. 




