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by an existing guardrail. The pillboxes were less than a foot 
high and about a foot in diameter. Both pillboxes had port
holes with visors, to allow the infrared beam to be sent and 
received. Figure 1 shows a schematic layout of parts of the 
initial system. 

The main goal of the test was to evaluate the system's ability 
to correctly classify passing vehicles according to the OT A 
toll classification scheme. To accomplish this, human observ
ers classified passing vehicles just before the vehicle entered 
the location where automatic classification was to occur. The 
human observer orally communicated his or her classification 
to a person at a microcomputer keyboard, who in turn entered 
the observer's classification as the automatic classification was 
taking place. Researchers decided to employ two persons (ob
server and keyboarder) instead of one so the observer would 
not have to look away from the road and because physical 
constraints at the sight (such as electric power availability and 
the limited view of lanes from a narrow embankment) made 
it undesirable to try to classify from the spot where the com
puter was located. The recording procedure created a com
puter file with both the observer's record and the automatic 
record stored together. Later, these records were compared 
to determine the number and nature of differences between 
the observer and the A VC system. Another person at the test 
site recorded any observer or keyboard input errors, so when 
the record was reviewed later, it would be easier to separate 
human errors from automatic system errors. 

Problems and Solutions 

There were some computer and software problems during the 
first few tests. The problems were identified and solutions 
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implemented, so the system functioned well during the later 
tests. There were also human-input errors, especially when a 
number of closely spaced vehicles came by. With less than 
2-sec headways, it was difficult to correctly key in the 
vehicle class before a following vehicle passed by the loop 
and sensors. 

In addition to computer problems, the researchers had to 
find an ideal spacing between the sensors. The system some
times confused wide single tires with narrow dual tires. During 
the latter data-taking sessions, the A VC system occasionally 
indicated, in a seemingly random pattern, dual tires on the 
front axle. For a dual tire to be indicated, both infrared light 
beams must have been interrupted simultaneously. The cause 
of this problem was not obvious. Cleaning the lenses did not 
alleviate the problem. Eventually, researchers decided that 
the dimensions of some wide single tires and some narrow 
dual tires were too similar. 

A few vehicles did not straddle the RPMs but instead passed 
by entirely to the right or to the left of them. All four tires 
of the few passenger cars that traveled to the extreme right 
side of the instrumented lane interrupted the infrared light 
beams. Vehicles positioned in this manner registered "extra" 
axles because four tires interrupted the infrared beams, not 
two. The A VC system had difficulty classifying motorcycles. 
Some motorcycles came by in pairs, pulled small trailers, or 
passed by to the left of the reflectors. 

Results 

By reviewing the computer record, researchers were able to 
classify errors as caused by either human input, AVC-system 
error, or "unsure ." The automatic vehicle classification sys
tem correctly classified about 95 percent of the 1,736 passing 
vehicles. 

Some errors occurred when following vehicles were closely 
spaced; close headways create a need for a fast-executing 
program. The A VC system did not accurately classify mo
torcycles, and motorcycle detection problems accounted for 
0.4 percent of the system errors. 

The nature of the problems experienced was such that it 
was expected that some of the problems with the first
generation system were correctable, and it was estimated that 
the A VC's accuracy could be improved to about 97 percent. 
The testing of the first-generation A VC system led to the 
identification of issues that needed to be addressed during 
future research and development of the A VC system. 

DEVELOPING A VC SYSTEM FOR 
IMPLEMENTATION 

The Turnpike Authority notified the researchers in late 1990 
that they had decided to implement the tested system on a 
small scale at four of the highest-volume toll plazas and wanted 
the system installed by early 1991. These sites are at each end 
of the Turner and the Will Rogers Turnpikes, which together 
extend from Oklahoma City northeast to the Missouri state 
line near Joplin, Missouri. 

Each of the four plazas has one A VI lane, in which mo
torists with the proper A VI tags can proceed without stopping 
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to manually pay a toll. Vehicle speeds in the A VI lanes gen
erally range from 25 to 40 mph. Infrequently, a motorist with
out an A VI tag, apparently unfamiliar with the system and 
not comprehending the meaning of the numerous signs, gets 
into the through-A VI lane and then comes to a stop, trying 
to find someone to whom to give a toll. 

Designing the System 

The researchers had only a few weeks to prepare for instal
lation. Experiences from the initial system testing prompted 
some changes in the hardware and software installed at the 
four sites. The design configuration was also constrained by 
the existing layout of the toll plaza areas. 

The toll plaza areas consisted of a number of islands in 
parallel, to channel all vehicles alongside one of the toll booths 
where collections were made. The newly created through
A VI lanes were located on the left or inside. To the left of 
the A VI lane is a median barrier curb, about 30 in. high. To 
the right of the A VI lane is an island and a tollhouse serving 
the lane to the right of the A VI lane. The tollhouses are 
enclosed, except for an open window through which the driver 
passes cash to the attendant. A crash attenuator is located in 
advance of the island and tollhouse. 

An initial challenge was identifying a suitable location for 
the sensor installations, out of traffic. There was a space of 
about 4 to 5 ft between the backside of the crash attenuators 
and the front nose of the islands, with guardrail at the face 
of the lane. This location offered just enough space for a 
roadside sensor installation, so none of the island had to be 
jackhammered out. 

The researchers chose not to use two pillboxes to house 
the infrared sensors as was done in the initial test. Instead, a 
single low-profile aluminum box was fabricated to house both 
sensors in one unit. This allowed the proper spacing between 
the sensor pairs to be set in the factory, as opposed to trying 
to correctly position them during a field installation. Based 
on previous experience, a 24-in. spacing between sensors was 
used. Visors projected inward into the aluminum box, so 
nothing protruded outside the box. 

The widths of the A VI lanes varied among the four sites. 
The two sites on the Will Rogers had lanes approximately 
10.5 ft wide; Figure 2 shows a schematic layout used on the 
Will Rogers sites. 

The lanes on the Turner Turnpike were approximately 14 
ft wide. The 14-ft widths posed a problem: that is, vehicles 
have more latitude than normal in the path taken as they pass 
through the loop and sensor area. The researchers needed to 
find a simple configuration that would detect vehicles any
where within the lane, no matter how far to the left or to the 
right the vehicle was. The vehicle detection has to be made 
before the front tire interrupts the leading infrared beam, and 
the detection must continue until the rear tire has completely 
crossed the path of the trailing infrared beam. One constraint 
was keeping the loop relatively small so as to retain the ability 
to continually sense the presence of high-body trailers. In 
addition, researchers wanted to minimize the number of loops 
to simplify installation. 

The researchers addressed this problem by employing a 
diagonal "figure 8" detector loop. The relative positions of 
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the sensors, the reflectors, and the loop permit a vehicle in 
the right side of the lane to pass over the loop in time to 
activate the "call for detection" before the right front tire 
interrupts the leading infrared light beam. A vehicle at the 
extreme left side of the lane will still be over the other end 
of the figure 8 until after all tires have cut the trailing light 
beam. Figure 3 shows this layout. The reflectors were placed 
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to the left of the lane centerline, in the hope that most mo
torcycles would pass to the right side of the reflectors, so the 
tires would interrupt the infrared light beams and be classified. 

The researchers modified the original software so data col
lection could continue for a number of days before the data 
had to be downloaded. They also addressed the problem en
countered during the initial test of confusing wide single tires 
with narrow dual tires. The solution was assuming that all 
front tires were single tires and then referencing following 
tires to the front tires. If the following tires were wider than 
1.2 times the front tire width, the following tires were said to 
be dual tires. Width was inferred from the duration of infrared 
beam interruption. 

Installing the System 

The system was installed during the winter, with subfreezing 
temperatures often encountered. The cold weather influenced 
the researchers to use a poured asphalt adhesive to install the 
raised pavement marker reflectors in the lanes, as well as to 
attach the aluminum sensor housing boxes to the concrete 
surface. Wiring extended from the sensors, through previ
ously installed conduit, into the nearest tollhouse, in which 
the microprocessor and microcomputer were housed. 

Figure 4 shows a pair of sensors installed in the aluminum 
box; the box cover has been removed. Figure 5 shows the 
box in the background and the reflectors and loop in the 
foreground. 

The loop and reflectors were located slightly upstream of 
the tollhouses. Any passenger car or other short vehicle in 
the A VI lane that erroneously stops alongside the tollhouse 
to pay a toll will have already left the detector loop before 
coming to rest. All four systems were turned over to the 
Turnpike Authority in working order. 

MONITORING AND FURTHER DEVELOPMENT 

OT A planned for the toll collection staff to check the A VC 
system performance. The other regularly assigned tasks pre
vented toll personnel from checking the system as often as 

FIGURE 4 A VC sensors attached to base of box. 
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FIGURE S Loop, reflectors, and sensor housing box. 

needed, so monitoring was irregular. From available data, it 
was apparent the system was having problems, but there was 
not enough constant monitoring to identify the causes. It seemed 
that the problems could be arising from a combination of 
human input error and system malfunction. 

In summer 1991, two students employed by OTA for the 
summer assumed the task of monitoring the system. With 
regular field monitoring, and some intensive field checking, 
researchers think they have identified a number of problem 
causes. 

A snowplow accidently removed the raised pavement mark
ers during a late winter storm at the state line site. This site 
was the most time consuming to check, because for the person 
coming from Oklahoma City, it required another 3 hr of driv
ing time past the third site. OTA decided not to reinstall the 
markers and to use the remaining three sites for evaluation 
and development. 

Symptoms of Problems Encountered 

There were many system problem symptoms. An A VC in
stallation would appear to correctly classify for a few days, 
then have a few hours of obviously incorrect data. This period 
sometimes would be followed by apparently correct opera
tion. Incorrect data took the form of a "Class O" (i.e., A VC 
could not recognize a vehicle type) or unreasonably high speeds 
(i.e., 9,530 mph), or both. Sometimes the system would pre
maturely cease operation, and some data files contained more 
than one day's data (a mistake). There also had been some 
visible physical damage to the system wiring at one site. 

Most of the observed classifications have been correct. In 
an exception, researchers observed the effects of a truck trailer 
having rear mud flaps that were dragging the ground. The 
flap touching the pavement surface interrupted the infrared 
beam, creating the impression of an extra axle. This caused 
the system to incorrectly classify a Class 7 as a Class 8 vehicle. 

Attempts To Correct Problems 

Many of the malfunctions happened with no one present to 
document a cause. From conjecture, researchers created a 
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list of potential problem causes. They were 

• Infrared beam misalignment; 
•Dirty reflectors; 
• Pavement vibration; 
• Human operator errors when downloading data and re

starting system; 
•Computer hardware problems; or 
• Computer software problems. 

A number of separate actions have been implemented ih an 
attempt to improve the A VC system operation. 

To eliminate operator input error as a source of problems, 
the computer keyboards were removed from the toll plazas. 
The keyboards are taken to the sites only by central office 
personnel. This action seemed to eliminate the problem of 
one file containing more than one day's data. 

Researchers traced the root of some problems to equipment 
malfunction. Specifically, the microprocessor experienced 
electrical troubles. The cause could have been improper han
dling of the unit. The dirty environment is suspected as the 
cause of another computer malfunction, the failure of one 
floppy disk drive to copy. Computer covers had been installed 
over the front of the units, but the researchers making field 
visits often found them removed. 

In the summer of 1991, one of the infrared sensor housing 
boxes came loose from the concrete pavement. The field mon
itors noted that they could reposition it and align the sensors, 
and then the system would correctly work until one or two 
heavy trucks passed by. The truck vibration caused the in
frared beams to go out of alignment and no longer be reflected 
back to the unit for processing. 

Suspected Chief Problem 

The chief problem seems to be one of infrared beam reflec
tion. After anywhere from 18 hr to a few days, the reflector 
surfaces of the raised pavement markers become coated and 
need a quick wiping. It was found that a product that "cuts" 
oil is better for this task than a window cleaning product. This 
problem was not encountered during the 5-wk test of the 
initial system. One difference is that the initial test site was 
at an unconfined location. At the toll plazas, there are struc
tures, the median barrier curb, and highly channelized traffic. 
There may be fewer deposits and more natural cleansing at 
unconfined sites. 

There also have been instances of the beam losing proper 
alignment. When this happens, the photoelectric emitting/ 
receiving device has to be realigned or retargeted onto the 
RPM for the A VC system to resume operation. 

If the trailing reflector is dirty or the trailing infrared beam 
is misaligned, then an unreasonably high-speed reading re
sults. The series of events during this malfunction is as follows : 
vehicle interrupts leading beam at time t; trailing beam is not 
being successfully reflected, so computer reads this beam as 
being interrupted also at time t-the distance between the 
infrared beams traversed in an infinitesimally short time yields 
a high speed. 

The current suspicion is that premature operation cessation 
resulted from an overloaded computer buffer. A series A VC 
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system readings giving unreasonably high speeds and numbers 
of axles could overload the buffer. On encountering an op
eration cessation, the field monitors have sometimes found 
that simply cleaning the RPM reflective surface will allow the 
system to commence operation without any computer input. 
At other times, the computer system has to be restarted. 

It seems that after a few months on the road, the reflectors 
are not as effective; the cause of this is not certain. At one 
site, the reflector had deteriorated after 5 months until the 
beam aimed at the marker could not be reliably received for 
more than a few minutes. The installation of new raised pave
ment markers in August 1991 seemed to address the problem. 
A second site is showing characteristics of the same problem. 
The computer software was modified to check for loss of 
infrared signal reflection, so malfunctions resulting from this 
cause could be identified with certainty. 

A VC Operation During Rain 

By chance, it rained during an August 1991 field check when 
the researchers were present . This gave the researchers an 
opportunity to assess the system operation during moderate 
precipitation. It appeared that spray from vehicle tires has 
the effect of interrupting the infrared light beam, which can 
distort the classification. For instance, the A VC system may 
incorrectly evaluate the infrared beam interruption pattern 
generated by a Class 7 truck and semitrailer as a Class 1 vehicle 
because the spray from the front tire blocked the beam until 
the first pair of dual-axle tires crossed the path of the beams. 
This extended interruption also created a very large front tire 
dimension in the computer memory, so the following dual 
tires appeared to be single tires. The distance between the 
front dual-tandem axle and the rear dual-tandem axle was 
such that the beam interruption ceased before the rear dual
tandem tires crossed the beam, although spray caused the 
rear tandem tires to be viewed as only one axle. The system 
would identify a slower-speed Class 7 as a Class 5 vehicle. 
The slower vehicle produces less spray, so the classification 
distortion is not as great. 

Researchers observed one occurrence of the unaware driver 
stopping in the A VI lane to pay a toll, with another vehicle 
following closely. The impatient following vehicle was so close 
that the loop detector apparently did not differentiate be
tween the two vehicles and recorded them as one Class 4 
vehicle . 

Additional Actions To Address Problems 

The recent field monitoring has led to identification of other 
actions that may solve the observed problems. The following 
actions are now being considered. 

1. Designing a custom raised pavement marker. Most of 
the marker body would be solid, but a slight recess would be 
formed in the side toward the sensor. The reflector would 
reside in the recess, which would permit a reflector surface 
to be covered from the top but exposed for reflection from 
the side. 
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2. Creating a larger RPM reflective surface. This could help 
improve reliability. A larger vertical dimension would allow 
the infrared beam to avoid losing alignment. 

3. Modifying the computer logic to overcome the spray 
problem in wet weather. The vehicle speed is determined 
when the front tire interrupts the two infrared beams. Once 
the speed is known, then a duration for which a passenger 
car would occupy the loop can be estimated. If a loop oc
cupancy duration exceeded the maximum for a car at that 
speed, then the vehicle classification would be "other than a 
Class 1." Because present experience shows that most users 
of the A VI system, indeed most vehicles on the turnpikes, 
are either Class 1 or Class 7, it is of some benefit to differ
entiate between Class 1 and "others," although it is still de
sirable to correctly identify all eight classes. 

CONCLUSION 

Evaluation of this A VC system using an inductance loop de
tector and a pair of photoelectric sensors emitting infrared 
light beams reflected off raised pavement markers is contin
uing. Recent observations have identified problems not en
countered during the initial tests. Means of addressing these 
new problems are being considered and developed. 

Recent testing has revealed that some vehicle classifications 
may be distorted when a layer of water covers the pavement 
surface. The apparent effects of tire spray blocking the light 
beams constitute a significant system limitation. Computer 
programming techniques may partially overcome this prob-
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!em. In many areas rainfall occurs only a small fraction of the 
time, so this limitation may be tolerable for many A VC system 
applications. 

If system modifications can eliminate other problems and 
lead to creation of an A VC system that will operate reliably 
with minimal maintenance, then the next step would be to 
link the A VC input with elements of the A VI system and 
other OT A toll collection operations. This A VC system may 
have other practical classification applications as well. 
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Calibration and Adjustment of 
Weigh-in-Motion Data 

RALPH GILLMANN 

Several methods have been used for calibrating weigh-in-motion 
(WIM) systems. One difference between the met~ods is in th.e 
formula used to make the calibration. A systematic approach 1s 
taken here in deriving and comparing four calibration methods. 
Adjustments of WIM data beyond calibration may be used to 
more closely emulate the properties of static weig~t data, such 
as in equivalent axle load calculations. Sev~ral adjustment~ of 
WIM data are also derived. Examples are given of the vanous 
methods of calibrating and adjusting WIM data. 

The accuracy of weigh-in-motion (WIM) data depends on 
many factors, including calibration of the WIM system. The 
many reports received at FHW A show a vari~ty of appr~ach~s 
to WIM system calibration. One way in which they differ 1s 
in the formula used to make the calibration. It does not seem 
to be appreciated how calibration affects the accuracy o~ the 
WIM data. The underlying criteria for four different calibra
tion methods are examined and guidelines in their application 
are given. One of the main points is that the way i~ wh.ich 
WIM is evaluated should guide the selection of a calibration 
method. 

WIM data are often used in place of static weight data 
because of their relatively low cost and convenience. What is 
then desired is to minimize the differences between WIM and 
static weight data. In particular, ways in which WIM data can 
be made to approximate static data in the determination of 
equivalent axle loads are examined here. Although other a~
proaches are briefly mentioned, the main approach taken 1s 
to adjust the WIM data. The results of calibrating and ad
justing three data sets are shown as examples of the method~. 

ASTM standard specification E 1318-90 states that WIM 1s 
"the process of measuring the dynamic tire forces of a moving 
vehicle and estimating the corresponding tire loads of the 
static vehicle" (1). Note that WIM measures dynamic weights 
and estimates static weights. All too often these two aspects 
have been combined or confused. One reason for this is that 
static weights are the reference standard for WIM data. An
other reason is that WIM weights are often taken as a proxy 
for static weights. 

The purpose of WIM data collection determines whether 
static or dynamic weights are desired. For weight enforcement 
purposes, WIM is only a proxy for static weig~ts. Weight 
regulations are aimed at the static weight of individual axles, 
axle groups, and vehicles. For most other purpose~, su~h as 
pavement design and management, however, dynalTilc weights 
may be acceptable, if not preferred. The actual for~es of 
moving vehicles that affect the roadway are more meamngful 
than the static weights. 

FHWA, 400 Seventh Street, S.W., Washington, D.C. 20590. 

CALIBRATION METHODS 

A WIM sensor produces a signal whose value depends on the 
instantaneous dynamic wheel loads of a moving vehicle. When 
the output for the sensor is properly calibrated, a dynamic 
load measurement is produced. This dynamic load may then 
be used to estimate a static weight. Calibration is the process 
of adjusting the outputs of a WIM sensor to match the mea
surements of a static scale. 

Some devices can function as both static scales and WIM 
systems, and thus can be calibrated static~lly. Ho~ever, ~IM 
systems usually have to be calibrated with movmg vehicles. 
If a test vehicle could be instrumented in such a way as to 
record the dynamic wheel forces as it moves, than a WIM 
system could be calibrated to these dynamic weights. But in 
the absence of any dynamic weight measurements to compare 
with, the static weights derived from a nearby scale are the 
only standard for comparison. . 

One calibration method involves passing the same vehicle 
or group of vehicles over the WIM sensor repeatedly. Then 
an average WIM measurement for each vehicle can be c~l
culated and related to the static weight. The problem with 
this approach has been that it is costly to get appropriate test 
vehicles and the calibration is keyed to a small group of 
vehicles' that may not be representative of the general traffic 
stream. 

The calibration methods examined here use the gross ve
hicle weight from a sample of vehicles that have been weighed 
with both a static scale and a WIM system. The vehicles may 
include test vehicles as well as the general traffic stream (1) 
but should be representative of the heavy vehicle traffic at 
the WIM site. The vehicles should also cover the range of 
weights expected to avoid extrapolating the calibration. 

INVERSE PREDICTION 

Regression analysis determines a functional relationship be
tween independent and dependent variables that expresses 
their statistical relationship. A particular regression function 
is chosen according to given criteria that evaluate the differ
ence between the dependent variable and its estimate by the 
regression function. Once it is determined, the regression 
function may be used to predict values of the dependent var
iable for new values of the independent variable. 

For calibration, inverse prediction is needed (2 ,3). The in
verse of the regression function is used to predict values of 
the independent variable given new values of the dependent 
variable. This is done because the independent variable repre-
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Y axis y = f(X) 
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FIGURE 1 Inverse prediction. 

sents the reference values that need to be estimated from the 
dependent variable that is being calibrated. 

Let X, be the reference values, Y, the measured values to 
be calibrated, and f(X) the regression function , where the 
index i ranges from 1 to n , the size of the data set (this same 
index will be used throughout) . Then fit Y = f(X) according 
to the regression criteria (see Figure 1) . Finally, use the in
verse of the regression function for the inverse prediction of 
X given a new value of Y: 

(1) 

For WIM calibration, static weights are the reference values 
X ;, and WIM weights are the measured values Y;. Through 
inverse prediction, the static weight corresponding to a WIM 
weight may be estimated. The WIM system may then be 
adjusted to automatically produce these static weight esti
mates . 

REGRESSION MODELS 

A regression model specifies the type of function to be fitted 
and the criteria to be used to select the particular regression 
function. The functional form of the regression function may 
be determined by examining the way in which it is used. WIM 
calibration involves transforming the original WIM values of 
a sample data set , Y,, into the calibrated values in a way that 
depends on the relation of WIM data to static weight data as 
defined by the regression model. 

The gross vehicle weight is normally used for calibration 
because it varies less than the dynamic axle or wheel loads. 
The calibration is then applied to the wheels, axles, and axle 
groups. Thus the transformation that arises from calibration 
must be the same whether it is applied to the gross vehicle 
weight or the individual wheels, axles, or axle groups. That 
means the regression function must satisfy the functional 
equation 

(2) 

where y1 and y2 represent, for example, WIM axle weights, 
and (y1 + y 2) represents the gross weight. The general so-
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lution of this equation for nonnegative functions is 

g(y) = k. y (3) 

where the coefficient k is a nonnegative constant (4, p. 8). 
This constant is called the calibration factor (CF). This cali
bration function is the inverse of the regression function: 

g(y) = CF· y = J- 1 (y) 

so that 

x 
f(x) = - =A · x 

CF 

(4) 

(5) 

where A is the coefficient derived from the regression analysis. 
The CF is thus the inverse of the regression coefficient A . 
We seek to minimize the error of the equation 

Y; =A ·X, (6) 

by an appropriate choice of A. The errors are supposed to 
be in the WIM weights, not the static weights, so the regres
sion of WIM on static data is used . 

The CF is applied to the original WIM values Y; to yield 
calibrated values Z;: 

Z, =CF· Y, (7) 

which approximate the static weights X, for each vehicle i in 
the data set. 

To derive the CF, there must be some criteria for deter
mining the particular regression function. The regression cri
teria should match the criteria that will be used to evaluate 
the accuracy of the WIM system. The type of calibration will 
be determined by the regression criteria employed. If the 
calibration criteria are inconsistent with the evaluation cri
teria, then the calibration will be inaccurate. 

A particular regression function is chosen by optimizing a 
property of the residuals, which are the differences between 
the uncalibrated WIM and the regression estimate: 

Y, -A ·X, (8) 

We will consider two approaches here: making the sum of 
the residuals equal zero, and minimizing the sum of the squares 
of the residuals. We will also apply these two approaches to 
the relative residuals, which are the residuals divided by the 
regression estimates: 

Y, - A ·X, 
A·X, 

(9) 

The mean of the differences between calibrated WIM and 
static weights is called the systematic difference and the stan
dard deviation is called the random difference. This difference 
may be an absolute or relative difference as we shall see. 

Evaluating a WIM system for accuracy and ensuring that 
it is within tolerance are two approaches to WIM evaluation. 
For accuracy the systematic difference is the most important 
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consideration, but for tolerance the random difference may 
be more important. This is because accuracy is usually mea
sured by an average value, whereas tolerances are concerned 
with keeping within a certain range of values. 

A WIM regression model implicitly answers the question 
whether WIM deviations from static weights are considered 
measurement errors or dynamic differences. That is, does 
WIM measure static weight or dynamic weight? If WIM weights 
are expected to match static weights, then any differences are 
errors that should not be allowed to cancel one another. The 
first calibration approaches the residuals as errors. 

LEAST-SQUARES CALIBRATION 

A least-squares (LS) regression model focuses on the squares 
of the residuals and seeks to minimize their sum by an ap
propriate choice of the regression coefficient A: 

LS; = (Y; - A · X;)2 (10) 

All errors in the LS model are nonnegative, so negative errors 
cannot cancel out positive errors. To derive the LS calibration 
factor, take the derivative with respect to A of the total LS 
error and set it equal to zero: 

d 
- "' (Y - A · X)2 = 0 dA L, I I 

(11) 

or 

"' XY = A · "' X 2 
L.J I I ~ l 

(12) 

so that A is (3,5) 

(13) 

Since the coefficient A is the inverse of the CF, 

1 2: x; 
CF=- = --

A 2: X;Y; 
(14) 

In other words, the LS calibration factor is the sum of the 
squared static weights divided by the sum of the product of 
static and WIM weights. 

When the errors are assumed to be uncorrelated and nor
mally distributed with mean zero, the least-squares method 
gives the maximum likelihood estimator (3). However, sev
eral of the desirable properties of the least-squares estimator 
with intercept do not apply when there is no intercept. The 
sum and mean of the residuals do not equal zero. The sum 
of the observed values does not equal the sum of the fitted 
values. The regression line does not go through the center of 
the data points. LS calibration minimizes the variance, not 
the mean, of the residuals. When the sum or the mean of the 
residuals is made to equal zero, a different calibration method 
results. 
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ABSOLUTE DIFFERENCE CALIBRATION 

If WIM is considered as a measurement of dynamic weight, 
then differences with static weights will be expected. WIM 
values will vary about the corresponding static values, but 
WIM should vary as much above static weights as below static 
weights. Thus, an average of the differences would be ex
pected to equal zero as positive and negative differences can
cel each other. Two models result from this approach, de
pending on which type of difference is used. 

An absolute difference (AD) model evaluates WIM using 
the difference between the WIM and static weights (6,7): 

(15) 

This means that the regression line uses the residuals, not 
their squares. The sum of residuals is made to equal zero, 
which means that the sum of WIM and WIM estimates are 
equated. Thus 

(16) 

so that 

(17) 

and the CF is the ratio 

1 2: X; 
CF=-=--

A 2: Y; 
(18) 

The AD calibration factor is the ratio of the sum of the static 
weights and the sum of the WIM weights. Geometrically, the 
AD calibration line goes through the origin and the center of 
the data points. The mean of AD-calibrated WIM equals the 
mean static weight, and the mean AD is zero. This calibration 
has the properties mentioned above that least squares without 
an intercept lacks. 

PERCENT DIFFERENCE CALIBRATION 

Instead of the absolute difference, the relative difference (RD) 
between WIM and static weights may be more important (8): 

RD= Y,- X 
, X1 (19) 

The relative difference is usually expressed as a percent dif
ference (PD) (1,6,7): 

PD; = 100 · RD; (20) 

The RD and PD are related to the impact factor (IF), which 
is the ratio of corresponding WIM and static weights (6,9): 

Y PD1 
IF=___!=RD+l= - +1 

I ~ I 100 (21) 
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In this case, the regression line uses the relative residuals. 
The sum of the relative residuals is made to equal zero 

0 = " Y; - A · X, = .!_ "' IF. _ n 
L.J A·X

1 
AL.. ' (22) 

which implies that A equals the mean impact factor. Since 
the CF is the inverse of A, 

( )

- 1 
1 1 y -

CF = - = - 2: __!. = (IF) - 1 

A n X; 
(23) 

the CF is the inverse of the mean impact factor ( 8). The mean 
of the impact factor for PD-calibrated WIM equals 1 and the 
mean PD is zero. 

RELATIVE LEAST-SQUARES CALIBRATION 

The relative least-squares (RLS) calibration is derived in a 
manner similar to LS calibration, except that the relative re
siduals are used instead of the residuals. First, the derivative 
of the sum of the squares of the relative residuals is set equal 
to zero: 

(24) 
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or 

(25) 

Therefore , 

1 2: Y,IX L IF, 
CF=-= =--

A L Yr! X f 2: IF[ 
(26) 

That is, the RLS calibration factor is the sum of the impact 
factors over the sum of the squares of the impact factors. This 
calibration method appears to be new. 

EXAMPLES 

Examples of these calibration methods are given in Table 1, 
which is based on data sets provided to FHW A from Kansas 
and Utah plus a test data set that we generated. Only five
axle tractor trailers (3S2s) were selected from the data. There 
are 81 trucks in the resulting Kansas data set, 327 in the Utah 
data set, and 21 in the test data set. The tolerance levels used 
in Table 1 are plus or minus 5,000 lb and 10 percent for the 
test data and Kansas data and plus or minus 15 ,000 lb and 25 
percent for the Utah data. 

TABLE 1 Examples of Weigh-in-Motion Calibrations 

Percent Percent 
Mean Mean Outside Outside 

Type of Absolute Percent Absolute Percent 
Calibration Data Set Difference Difference Tolerance Tolerance 

None Kansas -0.26 -1.17 3.70 4.94 

Utah 6.06 10.24 18.04 16.82 

Test -0.23 4.81 0.00 19.05 

Absolute 
Difference Kansas 0.00 -0.68 4.94 4.94 

Utah 0.00 0.42 6.73 8.26 

Test 0.00 5.23 4.76 23.81 

Percent 
Difference Kansas 0.36 0.00 4.94 6.17 

Utah -0.26 0.00 6.42 8.26 

Test -2.98 0.00 38.10 14.29 

Least 
Squares Kansas -0.29 -1.22 3.70 4.94 

Utah 0.21 0.76 6.73 8.26 

Test 1.20 -7.33 4.76 23.81 

Relative 
Least 
Squares Kansas 0.24 -0.24 4.94 4.94 

Utah -1.59 -2.14 7.65 7.03 

Test -3.85 -1.52 42.86 23.81 
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The good news is that the accuracy of various calibrations 
with the two "real world" data sets varied less than 2 percent. 
The bad news is that it is not hard to generate a data set in 
which the difference is 5 to 7 percent as the test data set 
illustrates. Table 1 also shows that LS calibration does the 
best for two of the three data sets with an absolute tolerance. 
Similarly RLS calibration does the best for two of the three 
data sets with a percent tolerance. 

Supposing that the best approach for calibration with a 
tolerance level is the direct approach, find the CF with the 
most points within tolerance. The problem is that there may 
be more than one CF that does this. An algorithm that picked 
one would be arbitrary. The particular tolerance level chosen 
would also have a significant effect on the CF. 

Another approach is to minimize the variance of the resid
uals. For an AD tolerance level this leads to LS calibration. 
For PD tolerance levels this leads to RLS calibration. How
ever, minimizing the variance without minimizing the mean 
of the residuals can produce skewed results. The systematic 
difference should be minimized before the random differences 
are addressed. That is why AD calibration is best for absolute 
tolerances and PD calibration is best for percent tolerances. 

By choosing an inappropriate calibration method, accuracy 
may be needlessly lost. The calibration should at least work 
right on the calibration data set. It is the WIM regression 
model that determines what "right" means. This in turn de
pends on what criteria are used to make the evaluation of 
accuracy. For slow-speed WIM where high accuracy is ex
pected, choosing the right calibration method is critical. 

CALIBRATION STANDARDS 

ASTM E 1318-90 specifies the evaluation of a WIM system 
in terms of tolerance levels for a test data set (1) . A given 
percentage (95 percent) of the data must have an error within 
the tolerance interval. For most cases, the tolerance level is 
defined as plus or minus a certain percentage difference. For 
some cases, the tolerance is plus or minus an absolute value . 

Standard E 1318-90 has much detail about the calibration 
sample and tolerance level but little about calibration calcu
lations, simply (1), 

Make the necessary adjustments to the WIM-system settings 
which will make the mean of the respective differences for each 
basic measurement equal zero. 

Earlier in E 1318-90 "difference" is defined as percent dif
ference. This would imply that the recommended calibration 
is based on percent differences. However , for absolute tol
erances a calibration based on absolute differences makes 
more sense. 

ADJUSTMENTS WITH INTERCEPT 

If wheels or axles are calibrated separately, then Equation 2 
does not apply. In that case the intercept term need not equal 
zero. Although it is just possible that the dynamic weight of 
an axle could be zero, a WIM system reading of zero should 
mean that no axle is present. But by allowing a nonzero in-
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tercept within a certain range, another condition may be in
cluded with the calibration criteria. In this way, both the 
systematic difference and the random difference may be min
imized. 

Let Z; be the adjusted data, AF the adjustment factor, and 
AI the adjustment intercept. Adjustments may be derived by 
inverting the regression equation: 

f(x) =A· x + B 

(compare Equation 5) so that 

1 
AF= -

A 

and 

B 
AI= 

A 

(27) 

(28) 

(29) 

If the mean absolute difference is made to equal zero and the 
standard deviation of the AD distribution is minimized, the 
result is the standard least-squares regression line with inter
cept. Because of the intercept term, the adjustment is applied 
either to the individual axles or to the gross weights but not 
to both. If the mean percent difference is made to equal zero 
and the standard deviation of the PD distribution is mini
mized, a different adjustment results. 

There are other approaches to reducing the random dif
ference. One may try to control the factors that give rise to 
the random difference in the first place. These are factors 
that make the dynamic weights differ from static weights, such 
as pavement condition and vehicle speed. If these can be 
avoided or limited at the WIM site, then the systematic dif
ference should be reduced. 

A list of factors causing dynamic weight to differ from static 
weight has been compiled by Lee (10). These include the 
vehicle factors of gross vehicle load, distribution of gross ve
hicle weight, suspension, tires, and aerodynamic character
istics. However, control of these variables and, hence, of the 
random difference, is limited. 

Other approaches to reducing random differences involve 
the postprocessing of WIM data. We briefly look at the use 
of multiple calibration factors and then examine adjustments 
to WIM data . 

MULTIPLE CALIBRATION FACTORS 

Another approach to minimizing both systematic and random 
differences is the use of multiple calibration factors. Known 
sources of random difference can be accounted for by separate 
calibration factors . Different vehicle types, for example, might 
have their own calibration factor. Since WIM is normally used 
in conjunction with automatic vehicle classification (A VC) 
devices, the vehicle type should be known. 

Standard E 1318-90 notes that some WIM systems allow 
various calibration factors for each wheel, axle, or axle group 
on a vehicle (1) . For example, the steering axle usually weighs 
light with WIM systems because of the torque associated with 
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the drive train (11, p. 340). A calibration that includes the 
steering axle weights will therefore be too high, making the 
other axles weigh heavier than they should. Having a separate 
CF for the steering axle would compensate for this. The CF 
derived from the other axles' weights would then be lower. 
There is also evidence that drive tandems and trailer tandems 
have different dynamic properties (12) and so might have 
separate calibration factors. In any case, more research needs 
to be done to separate out the sources of random difference. 

ADJUSTMENT FOR ESALs 

The calculation of equivalent single axle loads (ESALs) from 
WIM data requires special treatment. Unadjusted WIM data 
in ESAL calculations usually will overestimate ESALs be
cause the standard deviation of WIM data is usually greater 
than that of the corresponding static weight data, and ESAL 
calculations are related approximately as a fourth-power func
tion of the static axle weights (13). (This is also addressed in 
an unpublished paper by Tony Esteve of FHWA entitled An 
Analysis of WIM versus Static Truck Weight Data.) Minimiz
ing both systematic and random differences should help al
leviate this problem. Multiple calibration factors would be 
better than an adjustment with intercept because various ad
justments would be needed for the axles and axle groups used 
in ESAL calculations because of the adjustment intercept. A 
more direct approach is to use ESALs calculated from static 
and WIM data instead of gross vehicle weights in a manner 
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similar to calibration. Then the adjustment factor is defined 
in a manner similar to the calibration factor and is applied to 
the WIM ESALs instead of the weights: 

ESAL(Z;) = AF· ESAL(Y;) (30) 

(compare with Equation 7). Since ESALs are added together, 
it would seem appropriate that the AD criteria be used. In 
that case the AD ESAL adjustment factor is similar to the 
AD calibration factor: 

L ESAL(X,) 
AF = -----

L ESAL(Y,) 
(31) 

(compare with Equation 18). If one uses the PD criteria, then 
the PD ESAL adjustment factor is similar to the PD calibra
tion factor: 

(32) 

(compare with Equation 23). Since the ratio of ESALs is 
approximately as the fourth power of the ratio of the corre
sponding axle weights (14), a PD adjustment factor may be 
derived that is applied to the axle weights: 

(33) 

TABLE 2 Examples of Weigh-in-Motion Adjustments 

Type of 
Adjustment 

Unadjusted 
Static Weight 

Unadjusted 
WIM 

ADESAL 
Adjusted WIM 

PD ESAL 
Adjusted WIM 

PD Axle 
Adjusted WIM 

• Not applicable 

Data Set 

Kansas 

Utah 

Test 

Kansas 

Utah 

Test 

Kansas 

Utah 

Test 

Kansas 

Utah 

Test 

Kansas 

Utah 

Test 

Equivalent Single Axle Load 

Mean Absolute Mean Percent 
Mean Difference Difference 

0.929 - • - • 
1.426 - • - • 
1.979 - • - • 

0.984 0.054 -0.86 

2.328 0.902 59.66 

3.366 1.380 85.65 

0.929 0.000 -6.35 

1.425 0.000 -2.22 

1.979 0.000 9.37 

0.992 0.063 0.00 

1.460 0.032 0.00 

1.809 -0.170 0.00 

0.949 0.020 -4.33 

1.339 -0.086 -8.00 

1.504 -0.475 -13.17 
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so that 

[ ( )
4]-1/4 

AF= ~L i (34) 

which is the inverse of the fourth power mean of the impact 
factor. The adjusted axle weights would then be used to es
timate the ESALs. 

The data set used for deriving the ESAL adjustment factors 
that are applied to the WIM ESALs should be representative 
of the ESALs experienced at the WIM site. Because making 
adjustments is difficult to do in practice, it may be preferable 
to adjust the WIM axle weights instead of the WIM ESALs. 

Table 2 gives examples of WIM adjusted for ESALs for 
the same data sets used in Table 1. This was done using a 
sensitivity index of 2.5 and a structural number of 3 on flexible 
pavement. The second and third axles as well as the fourth 
and fifth axles were combined into tandems since only 3S2s 
were included in the data set. 

The 60 percent average percent difference in the unadjusted 
Utah data set shows the need for adjusting WIM ESALs. The 
form of the PD adjustment applied to the WIM axle weights 
is less accurate than the other adjustments. Further research 
is needed in this area. The calculation of ESALs directly from 
dynamic, rather than static, loads may be the best solution. 

CONCLUSIONS 

• The WIM calibration method should correspond to the 
following evaluation criteria: 

-AD calibration should be used for WIM when the eval
uation is based on absolute differences; 

- PD calibration should be used for WIM when the eval
uation is based on percent differences; 

-AD calibration is preferable for slow-speed WIM with 
absolute tolerances; 

-PD calibration is preferable for WIM with percent tol
erances; and 

-LS and RLS calibrations should be used with caution. 
• Adjustment of calibrated WIM data may be useful for 

the following special purposes: 
-To minimize both systematic and random differences; 

and 
-To approximate static ESALs. 

• Further research is needed 
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- To quantify the factors that make dynamic weights differ 
from static weights; 

- To determine the advantages of using multiple calibra
tion factors; and 

-To use dynamic weights directly in ESAL calculations. 
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Challenges Confronting Metropolitan 
Portland's Transportation Decision System 

SY ADLER AND SHELDON EDNER 

The structure and dynamics of the regional transport regime in 
Portland, Oregon, are discussed and its consensus decision-making 
process through a series of challenges to the regime is explo~ed. 
These challenges include (a) cultivating new sources of proiect 
finance as the federal government reduces its contribution, (b) 
integrating transport projects with regional and local land use 
plans designed to manage urban growth, and (c) intensifying com
petition between business centers within the region a.s rapidly 
growing suburban business centers s~ek transport. ~roiects t~at 
will facilitate locally oriented economic growth. Imtially, them
stitutional and normative elements of the regional consensus pro
cess are discussed. Then a set of case studies that illuminate the 
challenges confronting the regime and the nature of.r.egime re
sponses is developed. To conclude, the f~ture sta~1hty of the 
regime is considered. The challenges call mto quest10n the sta
bility of the informal institutional character of Portland's regime 
that has prevailed since it was created. Clearly, an informal, con
sensus-based decision process functions well when compensatory 
resources are available to mitigate zero-sum consequences of de
cisions. Whether the process can sustain itself without being able 
to remediate the consequences of internal regime resource allo
cations is the true test of an institutionalized versus a noninsti
tutionalized regime. 

A regional transport regime-a set of urban institutional 
structures and related behavioral norms, rules, principles, and 
decision-making procedures governing relations between pub
lic and private political actors-evolved in the late 1970s in 
the Portland metropolitan area (1-4). This evolution took 
place around the process of withdrawing Mount Hood Inter
state Freeway funds and transferring these funds to a variety 
of other highway and transit projects in the region. The most 
important product of this regime conversion process has been 
and continues to be a regional consensus regarding project 
priorities. The structure and dynamics of this consensus pro
cess are discussed through an exploration of a series of chal
lenges to the regime. These challenges include (a) cultivating 
new sources of project finance; (b) integrating transport proj
ects with regional and local land use plans designed to manage 
growth; and (c) intensifying competition between central busi
ness district (CBD) suburban business centers within the re
gion. The initial discussion focuses on the institutional and 
normative elements of the regional consensus process. Sub
sequently, an analysis of contemporary issues illuminates the 
challenges confronting the regime and the nature of regime 
responses. The conclusion considers the potential long-term 
stability of the regime. 

S. Adler, Department of Urban Studies and Planning, a.nd S: Edner, 
Department of Public Administration, Portland State Umvers1ty, P.O. 
Box 751, Portland, Oreg. 97207. 

NATURE OF THE CONSENSUS 

In the 1970s the Interstate withdrawal and transfer process 
produced a consensus that a light-rail transit (LRT) line link
ing the City of Portland CBD with the commercial center of 
Gresham, a suburban city in eastern Multnomah County (which 
also includes Portland), should be the region's top priority 
project. In addition to this LRT line, regime decision makers 
assembled a package of about 140 other highway and transit 
projects that were to be undertaken using withdrawal funds. 
The process demonstrated the crucial importance of a regional 
consensus in the effort to persuade higher-level governmental 
decision makers to accept this package. Since state and na
tional officials are reluctant to make choices regarding local 
projects when local officials are themselves in conflict re
garding priorities, presenting a united front plays a key role 
in facilitating financial commitments by higher levels of gov
ernment. The regional consensus enabled Portland-area rep
resentatives in the state legislature to secure necessary state 
matching commitments and assisted Oregon congressional 
representatives in securing funding at the federal level (5). 

The Joint Policy Advisory Committee on Transportation 
(JP ACT) and the Transportation Policy Advisory Committee 
(TP AC) are the two most important institutional products of 
the 1970s. The dominant "cultural" feature of these com
mittees is the value they attach to sustaining the 1970s 
consensus-building process in support of a continuing vision 
of metropolitan development. This sustaining effort has been 
greatly facilitated by the relative stability of regime personnel 
and their commitment to professionalism. 

Emergence of METRO 

During the 1970s an effort to create a regional government 
was also under way. Authorized by state legislation and a 
citizen vote in early 1978, METRO came into existence in 
January 1979 (Figure 1). The new regional governmental au
thority was created by merging two existing entities, the Co
lumbia Region Association of Governments (CRAG) and the 
Metropolitan Service District (MSD). The new entity had an 
independent board of councilors elected from 12 electoral 
districts and provided solid waste, drainage, zoo, and planning 
services in portions of Multnomah, Clackamas, and Wash
ington counties. The effect of creating this new entity was to 
shift the regional transportation planning process out of the 
hands of local government officials who had dominated 
CRAG-representing the respective jurisdictions-to a pop
ularly elected governing body representing districts within the 
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region . METRO staff assumed responsibility for the devel
opment of regional transportation plans, and for support to 
state and local planning staffs working on transport and land 
use issues. 

Led by its Chairman Neil Goldschmidt, CRAG, in one of 
its last acts (December 1978), adopted a resolution specifying 
the projects that would be funded with Interstate withdrawal 
funds in an effort to set the transport agenda for METRO. 
METRO attempted to adopt this resolution as the region's 
federally required transportation plan, but this idea was re
jected by the federal government . The U .S. Department of 
Transportation (DOT) did not view METRO as either a 
general-purpose government or as composed of representa
tives of general-purpose governments [a requirement for Met
ropolitan Planning Organization (MPO) designation]. This 
was confirmed by a state attorney general's opinion and led 
directly to METRO's creation of the JP ACT in 1979. At the 
same time, the TPAC was formed to provide technical input 
to JPACT. Together these supplemental bodies allowed 
METRO to meet the federal MPO requirements. 

JPACT and TPAC 

The composition of JP ACT has not changed since it was cre
ated. Members include elected officials representing the four 
counties in the bi-state metropolitan area, elected officials 
representing the cities of Portland, Vancouver, and other cit
ies within the three Oregon counties, the Oregon and Wash
ington departments of transportation, Tri-Met, the Port of 
Portland, the Oregon Department of Environmental Quality, 
and the METRO Council. TP AC consists of technical repre
sentatives of FHWA, FAA, and UMTA [now the Federal 
Transit Administration (FTA)] , the Intergovernmental Re
source Center of Clark County-the designated MPO for that 
part of Washington state-and six citizen representatives ap
pointed by the METRO Council. 

JP ACT does not have permanent funding. Local govern
ment dues, Highway Planning and Research funds, UMTA 
planning monies, Tri-Met and Portland grants, and special 
project funds compose the overall budget of $900,000 (ex
cluding special project funds) . 

The organizational relationship of JP ACT to METRO was 
never formally defined. There was a split between those in
volved in creating JP ACT regarding which agency would ac
tually make decisions. An unwritten agreement evolved that 
allowed METRO to approve JP ACT decisions, although it 
was clearly understood that such approval would be a for
mality . As a result, the regional consensus process could be 
maintained in a way not available through METRO alone 
since it does not represent Washington and Oregon state agen
cies , or other implementing agencies . Thus, JPACT became 
the defacto MPO body making recommendations to the fed
eral government through METRO. 

JP ACT deals with issues in an atmosphere that presumes 
a continuing cooperative process. Projects are debated on 
their merits , and each project proposal is given a full and fair 
hearing. Participants describe the process as a "professional 
game" in which anyone (citizen, professional, or politician) 
who plays by the rules can have access. This professional 
atmosphere contributes to the maintenance of high levels of 
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commitment and trust among those involved. The continuity 
of JP ACT's formal membership-and of particular commit
tee members-contributes another important element to the 
stability of the regime. The political trade-offs and compro
mises involved in assembling packages of projects and in de
termining regional project priorities have been easily retained 
within institutional memory. JP ACT has, therefore, been able 
to integrate new project proposals in a manner that is least 
disruptive to the underlying consensus. 

Another crucial aspect of the culture that sustains the re
gime is the relationship between technical staff and policy
makers, and among the technical officials themselves. 
METRO's Director of Transportation chairs TP AC and serves 
as Executive Director of JPACT. Reflecting earlier commit
ments to upgrade METRO's technical capacity, the METRO 
staff is large and technically sophisticated and has significant 
resources available to it for planning and interacting with 
regional, state, and federal governments. METRO staff works 
closely with JPACT, aided by TPAC. TPAC has been par
ticularly important in providing the technical expertise nec
essary to clarify the complexities of project planning and im
plementation resulting from myriad state and federal funding 
requirements, especially regarding the sequencing of events. 
There are also close working relationships between METRO 
staff and staff in local government planning agencies around 
the region. On occasion, professional staff from TP AC mem
ber agencies are loaned to METRO to assist in completing 
projects. 

Structural relationships also contribute to a high degree of 
interagency cooperation. When METRO was designated as 
the MPO, a formal agreement was worked out placing re
sponsibility for socioeconomic forecasting with METRO staff. 
Therefore, local government planners depend on METRO 
for population , employment , and transportation forecasts . 
Although local jurisdictions may suggest and test the conse
quences of alternative growth and development scenarios , the 
regional data base used for these projections is maintained 
by METRO and any changes must be adopted by METRO. 
The high level of interaction among technical people and 
between technicians and political officials has tended to pro
duce a substantial level of agreement on transport policy is
sues, as well as on project priorities over time. This is con
sistent with the findings of Schmitt et al. (6) , who found that 
MPO effectiveness in coordinating transportation planning at 
the local level was more a function of history and the attitudes 
of the people involved than of any MPO structural charac
teristics. The stability of the participants has further rein
forced this tendency. 

In addition to these institutional and political culture fac
tors, the great weight of the Portland CBD in the regional 
political economy undergirds the transport regime. During 
the period of the withdrawal of funds, downtown Portland 
was just beginning to confront suburban pressures for office 
and commercial investment. The choice of a downtown/radial 
LRT line-and the reconstruction of a downtown/radial free
way sharing the same corridor-reflected the weight of the 
Portland CBD in the consensus-building process. Several sub
urban business centers have , however, grown rapidly in recent 
years, and the now-familiar pattern of suburban gridlock is 
evident in these outlying areas . Nevertheless, downtown Port
land maintains its dominant position in the region, even as it 
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faces increasingly intense competition for investment in the 
activities historically concentrated there. This dominant role 
is widely, if grudgingly, acknowledged, and the recognition 
serves as a counterbalance to pressures that would fragment 
the consensus. 

Finally, leading members of the Oregon congressional del
egation emerged as effective advocates of the regional con
sensus with the national government during the withdrawal 
period and have continued to play this role. The absence of 
any competing major metropolitan areas in the state has en
hanced the willingness and the capacity of the delegation to 
serve as an effective advocate . 

NATURE OF THE CHALLENGES 

The Portland regime now confronts a set of challenges that 
generate conflicting pressures on the consensus process. The 
first challenge is financial. Regional transport activists antic
ipate a continuing reduction in the level of federal funding 
for projects, necessitating an increase in state, local, and 
private-sector contributions to offset the decline (7). On the 
one hand, reductions in the level of federal investment gen
erate pressure to maintain the regional consensus to effec
tively compete with other metropolitan areas for a share of 
a shrinking federal pie. On the other hand, the prospect of 
lowered funding levels increases the intensity with which proj
ect sponsors advocate a higher priority on behalf of particular 
projects and, therefore, the level of conflict that the consensus 
process must contain. Moreover, the necessity of including 
private-sector financial participation may exacerbate these 
conflicts, because places with poor private developmental 
prospects will be less able to secure commitments to projects. 

A second challenge is the integration of transport projects 
with comprehensive land use plans. Planners and planning 
processes were greatly strengthened in Oregon by the envi
ronmental movement that surfaced in the 1970s. The new 
environmentally based planning challenges the relatively nar
row concerns of the transportation regime. In the face of this 
challenge, regime supporters may close ranks to defend against 
a broadening of perspective that might compromise the ef
fectiveness of transport projects as facilitators of economic 
growth. At the same time, effective environmentally based 
planning is widely seen as a crucial competitive advantage 
enjoyed by metropolitan Portland, as the region struggles to 
attract investment from Seattle and California urban centers 
that are portrayed as choking on unplanned urban sprawl. 
The desire to maintain this widely appreciated competitive 
advantage creates pressure to restructure the regime as a way 
of tipping the balance of power between transport projects 
and land use plans toward the latter. 

Generally, the most basic challenge to any regional con
sensus process is competition between subregions to maintain 
and attract investment. Competition causes each business cen
ter to sponsor transport projects that will enhance its loca
tional attractiveness. Projects become weapons that are de
ployed to gain competitive advantage. Those projects that 
concentrate benefits in space, as freeways and rail transit lines 
do around interchanges and stations, generate the most con
troversy because they will give a great advantage some places 
and a disadvantage to many others (8,9). The package of 
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projects assembled during the withdrawal process enabled the 
Portland regime to avoid the political stalemates that have 
characterized other areas. 

As noted above, however, the Portland CBD faces increas
ingly intense competition from suburban business centers, 
though it continues to maintain its dominant position in the 
regional economy. The consensus process now includes more 
assertive suburban activists seeking projects that will enhance 
the autonomy of their centers. Designing individual projects 
and assembling packages of projects that will serve the de
velopment aspirations of the many competing regions repre
sented in this regime becomes more problematic. At the same 
time, the continued dominance of downtown Portland en
courages CBD activists to insist on the priority of projects 
that will maintain the privileged position of their region. 

The consensus that was constructed during the 1970s was 
built using federal funds, so the challenge of making up for 
recent reductions in these contributions has only recently sur
faced. Spreading 140 projects around the region effectively 
addressed the challenge of competition in the 1980s. The LRT 
line and the reconstructed freeway primarily benefited down
town Portland; however, the location of LRT stations enabled 
CBD activists to form an alliance with their counterparts in 
Gresham at the end of the line. Including in the package the 
myriad highway and transit projects throughout the metro
politan area induced activists from suburban Washington and 
Clackamas counties to support the consensus. Finally, the 
1970s coincided with the start-up phase of Oregon's statewide 
land use planning program. The jurisdictions in the region, 
including METRO, were busily mapping urban growth 
boundaries and preparing a comprehensive land use plan that 
would accommodate a substantial amount of development. 
The projects includ~d in the original consensus did not en
gender any significant conflicts with emerging land use goals. 
How well a transport regime born in an era of plenty can hold 
up to these internal and external challenges is examined in 
the case studies presented below. 

WESTSIDE BYPASS 

The proposed Westside Bypass (Figure 2) presents a more 
serious land-use-based challenge to the regime for two rea
sons: (a) many jurisdictions are directly affected by the by
pass, including several suburban cities and Washington County 
at the western edge of the region, and (b) part of the proposed 
route would lie outside of the METRO-adopted regional ur
ban growth boundary. The bypass will be a north-south arc 
traversing the western edge of the metropolitan area and has 
raised the specter of traffic-induced sprawl. The bypass has 
been Washington County's top-priority project for some time, 
especially for the western part of the county, which has ex
perienced an electronics-industry-related employment boom. 
County activists have been pointing out that traffic increas
ingly circulates within the county instead of between the county 
and Portland and that the bypass was crucially important to 
serve the growing economic autonomy of the area. 

Following JP ACT and METRO Council decisions to add 
the bypass to the regional consensus priority list, The Ore
gonian lectured Washington County officials on their respon
sibilities. A lecture was seen as necessary because of the per-
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FIGURE 2 Westside Bypass. 

ception that Washington County had historically been 
insufficiently attentive to regional concerns, had displayed a 
"go-it-alone," independent attitude, and was prone to pursue 
narrow, growth-related objectives. 

The Oregonian (10) editorialized two challenges to county 
officials: 

One is to show that participation in a metropolitan partnership 
is genuine and not just lip service masking insular inclinations. 
The other is to show enough backbone in controlling develop
ment to give the rest of the region confidence that the bypass 
would not lay open land supposedly protected by the urban growth 
boundary. 

Washington County's Director of Land Use and Transpor
tation Planning, a TPAC member, had already promised to 
work out a program immediately to resolve land use issues 
with METRO. JP ACT approved funds for Washington County 
to begin preliminary engineering. At that point, the bypass 
project was conceived as a long-term effort that would be 
built in stages, the first stage of which would not involve any 
growth-management-related concerns. The sections ofthe by
pass that would cross over the urban growth boundary were 
several years away. 

The land use brew thickened when the Washington State 
legislature expressed interest in a third bridge over the Co
lumbia River, several miles west of the existing Interstate 
bridge on the freeway connecting downtown Portland and 
Vancouver, Washington. This project was especially exciting 
to Clark County officials as one that would encourage the 
Oregon members of the regional transport regime to extend 
the Westside Bypass in a northeasterly direction all the way 
to the new river crossing, providing a much more direct con
nection between Clark County and industrial development 
zones in western Washington County. The bypass extension 
would, however, cross Portland's Forest Park, one of the 
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largest urban parks in the United States, much of which is 
forested. Intense environmental opposition soon surfaced in 
Portland and in Clark County because of the routing of the 
connecting highway. The Intergovernmental Resource Cen
ter, the Clark County MPO, strongly supported the idea and 
was studying it at the request of the Washington state legis
lature. The legislature recommended a much more elaborate 
third bridge study to be jointly funded by Washington and 
Oregon agencies. Clark County officials readied a pre
sentation to JP ACT to secure a regime commitment: A Wash
ington County transportation planner approved the logic of 
extending the bypass. However, a city of Portland transpor
tation planner and TPAC member sounded a note of caution, 
arguing that before funds were committed to a third bridge 
study, a policy question ought to be resolved: Was opening 
up new lands for economic growth the objective, or was re
lieving traffic congestion on an existing bridge the main con
cern? This planner thought the former goal was uppermost 
in the minds of Clark County officials. TPAC's chair, who 
was also METRO's Director of Transportation Planning, 
thought so as well. The Portland regime's agenda, however, 
was concerned with the latter. 

When the Clark County members of JP ACT presented their 
bistate study idea to TP AC, the technical officials clearly 
indicated that a third bridge would be a low-priority item on 
the regional transport project list. They recommended against 
regime participation in the study. TPAC's chair recommended 
instead that METRO and Clark County's Intergovernmental 
Relations Center cooperate in a study of congestion on ex
isting routes and the possibilities of extending light rail transit 
into the county. A Clark County official asked that a vote on 
this recommendation be delayed while further discussions were 
pursued. JP ACT later agreed to delay a decision. 

When JPACT did consider Clark County's invitation to a 
study, the Clark County officials' presentation of their request 



198 

markedly changed. They now stressed traffic congestion in 
general and the third bridge as one possible answer to corridor 
congestion concerns. JP ACT later decided to reject any ex
amination of a third bridge, but to support a bistate study 
along the lines suggested by the TP AC chair. This was to 
involve an earlier and more concentrated look at possible LRT 
lines linking downtown Portland and the city of Vancouver 
than JPACT had previously contemplated. The Washington 
State JP ACT delegation was pleased, having decided to give 
priority to LRT in the face of the third bridge idea. JP ACT 
member Earl Blumenauer, a leading LRT supporter, noted 
that the city of Portland would likely participate financially 
in such LRT studies. 

The resolution of this issue illustrates the way in which the 
regime was responsive to Clark County concerns. The regime 
responded in a manner that maintained the integrity of the 
existing consensus regarding project priorities, as well as rec
ognized the dominant role of downtown Portland-and its 
congestion concerns-in the regional political economy. 

Although JP ACT dealt with Clark County issues, the level 
of conflict on the Westside Bypass dramatically increased. 
1000 Friends of Oregon, the state's land use law watchdog, 
legally challenged the status of the bypass in Washington 
County's transportation plan on the grounds that land use 
issues had not been addressed before the county committed 
to the freeway in its plan. The state Department of Land 
Conservation and Development (DLCD), which administers 
Oregon's land use laws, filed a separate appeal, arguing that 
the county's plan lacked an explicit agreement that the bypass 
would be dropped if state land use requirements were not 
met. There had been an understanding on this point between 
the county and the state. The state had permitted the county 
to include the bypass to facilitate the search for financial 
support through the consensus process. However, the official 
plan failed to make the understanding explicit. Both 1000 
Friends and DLCD were concerned about the sprawl-inducing 
effects of those portions of the bypass located outside the 
existing urban growth boundary. 

The Washington County Board of Commissioners quickly 
moved to include the explicit agreement sought by DLCD 
and to do a study that would determine whether the bypass 
should be excused from land use laws protecting agricultural 
land outside urban growth boundaries. In addition, the county 
committed itself to study alternatives to the bypass in case 
the project could not be exempted under state land use laws. 
DLCD then dropped its appeal. However, 1000 Friends re
fused to follow DLCD's lead, intending to press their appeal 
unless Washington County dropped all reference to the bypass 
in its transportation plan and addressed the land use question 
of whether a freeway was needed in that corridor. The at
torney representing 1000 Friends said, "We think this is going 
to be used to bust the urban growth boundary" (11). This 
co~stituted a direct challenge to the transportation regime, 
which had approved the bypass in JP ACT's and METRO's 
transport plan. 

The regime countered with a METRO Council decision to 
inteivene in the case being heard by the Land Use Board of 
Appeals (LUBA): 

M~ff!lO shou~d be "at the table," the Council's presiding officer 
said, 1f 1000 Fnends and Washington County wind up negotiating 

TRANSPORTATION RESEARCH RECORD 1364 

some _sort of settlement that could affect METRO's system for 
reaching consensus on transportation problems. (12) 

LUBA decided in favor of 1000 Friends' position ordering 
Washington County to redo its transportation plan so that it 
did not appear that the county was already committed to the 
project. Land use analyses aimed at determining whether a 
freeway was needed in the corridor had to come first ac
cording to LUBA. 1000 Friends hailed the LUBA decision 
as a "major rerouting of the mindset" regarding the project. 
Washington County and METRO representatives disagreed, 
claiming that LUBA had not altered the transportation plan
ning process they had been following . County commissioners 
were saddened, however, that the decision would set back 
construction of the crucial first stage of the project for 2 years 
while the need for the entire freeway was restudied. 

The Oregonian saw the LUBA decision as a victory for 
comprehensive planning, which would consider land use and 
transportation issues together. In the wake of the bypass rul
ing, a DLCD official pointed out the implications of the de
cision for projects being planned elsewhere in the region, 
particularly in Clackamas County, where similar urban growth 
boundary concerns were likely to emerge. State land use and 
transportation officials began meeting to clarify the rules re
garding when the transportation planning process would have 
to take state land use goals into account, particularly those 
concerning defense against urban sprawl, and when particular 
projects would be exempt. The TP AC chair pointed out that 
current rules were unclear and welcomed the effort at clari
fication. 

The problem of integrating land use plans and transport 
projects has been noted in analysis of the state land use plan
ning program (13). Integration is clearly more than a technical 
challenge for the regime. 1000 Friends of Oregon is an ex
tremely well-organized, attentive, and politically and tech
nically sophisticated organization. The organization has pros
pered in its watchdog role and it stands ready and willing to 
oppose the regime on land use and environmentally related 
transport matters. The group members will closely monitor 
the formulation and implementation of the rules that emerge 
from the process of clarification now under way. The question 
is, Will the regime accommodate plans, or will the logic of 
the project continue to drive the urban development process? 

LIGHT-RAIL TRANSIT PLANNING 

After the federal government committed funds to build the 
eastside LRT line in place of the Mount Hood Freeway in 
1981, the regime turned its attention to the next LRT project. 
A westside line, linking downtown Portland and the eastern 
Washington County city of Beaverton, emerged as the top
priority project. From the viewpoint of Portland CBD leaders, 
this route would add commuter capacity in the increasingly 
congested Sunset Highway Corridor. The proposed line would 
not, however, extend significantly into western Washington 
County. 

JP ACT had endorsed a particular westside LRT alignment 
in 1983; however, the Tri-County Metropolitan Transit Dis
trict (Tri-Met) hesitated to apply for funds from the federal 
government to begin preliminary engineering on this project 
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because it lacked the financial resources to apply for a match
ing grant. In addition, however, opposition to the project had 
surfaced in western Washington County. At the same time, 
Clackamas County transportation and economic development 
planners had joined with planners at the Port of Portland to 
propose an LRT line running south from Portland Interna
tional Airport through a connection with the eastside LRT 
line to a major regional shopping center in Clackamas County. 
This line was to share a corridor with the recently constructed 
eastside bypass freeway, I-205, for most of its length. 

Washington County transport activists, particularly those 
in the west, were shifting their focus away from a westside 
LRT line to the bypass freeway. Applauding this shift, The 
Argus, one of Washington County's leading newspapers based 
in the western county seat of Hillsboro , editorialized, "We 
should far rather see ... money ... spent to facilitate north
south traffic in Washington County-where it is urgently 
needed-rather than boosting travel from our County into 
downtown Portland" (14). The fact that the JP ACT-approved 
alignment did not reach into the western portion of the county
even though all Washington County business firms paid a 
payroll tax to Tri-Met-underlined what many in the west 
believed was yet another effort by downtown Portland to use 
transit to capture Washington County office workers and 
shoppers. 

Clackamas County officials stressed the complementary na
ture of their LRT proposal, arguing that the airport link would 
boost patronage on the eastside LRT line. However, they also 
pointed out that their LRT line would cost a great deal less 
than a westside line, since virtually all the necessary right-of
way was in governmental hands, and that it could be con
structed much more quickly than a westside counterpart. JP ACT 
responded by authorizing a search for possible funding sources. 

Tri-Met began preliminary engineering on the westside line 
in 1987 (Figure 3). During the course of this work, Tri-Met 
was reluctantly forced to conclude that the 1983 JPACT
approved alignment was no longer acceptable. During the 
intervening years, parts of the approved route had been built 
over, and a great deal more employment and residential de
velopment had taken place in the western portion of Wash
ington County than had been anticipated. The new alignments 
to be considered would reach all the way to Hillsboro in the 
west. What was most disturbing about the alignment discovery 
was the prospect of having the regime go through the regional 
consensus process once again to reach agreement on a new 
route. 

While westside LRT proponents contemplated major changes 
in their project, Clackamas County government and technical 
officials continued to press their LRT line forward as a high
priority endeavor. These officials called for building both 
westside and 1-205 LRT lines as part of a regional package, 
ushering in a new era of cooperation between Clackamas and 
Washington counties, which historically had found themselves 
competitors for limited transport funds. Clackamas County's 
assertiveness troubled Washington County officials, however, 
particularly when the former attempted to compare the 1-205 
line with the westside line in a manner that reflected less 
favorably on the latter's regional priority. A Washington County 
commissioner and JPACT member said she thought Clack
amas County officials no longer supported westside LRT as 
the region's top priority. She argued that adding more lines 
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to the regional list would jeopardize funding for Number 1: 
"You can't do a little part of everything, or nothing gets done" 
(15). A Clackamas County commissioner, who was also a 
JP ACT member, countered that he was "shocked and ap
palled" by the accusation that his county was trying to disrupt 
the regional consensus (16). Clackamas officials stressed their 
allegiance to the regime and to the westside LR T as they 
continued to argue that there would not be any competition 
between the two projects because various funding sources 
likely would be involved. 

Extending westside LRT to downtown Hillsboro would per
mit that city to join an alliance with downtown Portland and 
downtown Beaverton. An appropriately chosen alignment 
would enable the three business centers to coexist peacefully, 
each enjoying an enhanced capacity to reach potential work
ers and shoppers locating in the rapidly growing parts of 
Washington County. The Hillsboro city council strongly sup
ported efforts to bring LRT to town, as did the city council 
of Forest Grove, a small city beyond Hillsboro that hoped to 
secure a place on the line for the future . 

However, two obstacles were present. The first was the 
concern that adopting a new alignment all the way to Hillsboro 
would necessitate a restudy of the entire project, delaying 
efforts for up to 2 years. The federal government had ap
proved preliminary engineering funds solely for the 1983 
alignment. In an effort to dispel any thoughts about foregoing 
the extension, a Washington County newspaper (17) edito
rialized the crucial significance of the Hillsboro connection: 

A project that ends (at the point designated by JP ACT in 1983) 
will primarily serve commuters travelling between Beaverton and 
downtown Portland. A project that extends to Hillsboro will not 
only serve a greater number of commuters, but it will also provide 
a new route for intracounty travel. ... Indeed, the support of 
many Washington County residents and officials is contingent 
upon seeing the line extended to Hillsboro. Proceeding with plans 
to build the line only to (the 1983 end point) could fracture 
consensus that is starting to grow for the light-rail project . 

Washington County's Director of Land Use and Transpor
tation Planning, a TPAC member, voiced the same concern. 

The other obstacle involved the politics of route selection. 
An association representing land development and industrial 
firms in the corridor adjacent to the Sunset Highway argued 
for an alignment that would follow the highway all the way 
from downtown Portland to Hillsboro, relocating that portion 
of the LRT route in the central portion of the county between 
Hillsboro and Beaverton. Beaverton's planning director op
posed this alignment, arguing that the Sunset Highway Cor
ridor route would not support the land use plans of many 
Washington County cities, including Beaverton. A citizens 
advisory committee to the Tri-Met Board of Directors rec
ommended that the Hillsboro-Beaverton route, instead of the 
Sunset Highway Corridor, be chosen. This route had also been 
approved by the local governments in the county. 

While westside LRT work went forward, Clackamas County 
officials became increasingly concerned that their LRT proj
ect was languishing. The County's Director of Transportation 
Planning, who was a TP AC member, thought that "Portland 
and Washington County have formed a pretty formidable 
coalition. What they want, they get. Unfortunately, they do 
not speak for Clackamas County" (18). Earl Blumenauer bri-
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FIGURE 3 Alignment of proposed Westside light-rail project (heavy lines indicate major highway corridors) (Source: Tri-Met). 

died at the accusation that political power tactics were keeping 
LRT out of Clackamas County. He defended his cooperative 
efforts on behalf of county interests and his support for bring
ing LRT to the county. 

This was clearly a critical period for the regime. Compe
tition for LRT funds was intensifying. Bringing western Wash
ington County into the LRT alliance was problematic. At the 
same time, the Westside Bypass project was under attack, 
and Clark County officials were concerned about the capacity 
of the regime to meet their needs . A leading member of the 
Oregon congressional delegation, whose district includes 
Washington County, announced that he intended to lead an 
effort to seek additional federal funds to study the Hillsboro 
westside LRT extension and to permit this study to be done 
without having to restudy the entire route , thus saving 2 years. 
The significance of this plan is that the project would be 
eligible for 75 percent federal funding, instead of the 50 per
cent contribution that the federal government intended to 
institute when its funding formula expired in 1991. 

The Oregon delegation was successful. House and Senate 
transportation bills incorporated language directing UMT A 
to permit the Hillsboro extension to be conducted without 
delay and providing funds for the work. Moreover, the Or
egon delegation's efforts stimulated a similar effort by their 
Washington state counterparts, who lined up funding for LRT 
studies in a broad corridor including Clackamas County, Port
land, and Clark County. Two possible Clackamas County
Clark County alignments, one via 1-205 and another via down
town Portland, would be eligible for study within this broad 
corridor notion. The LRT program for the entire region was 
boosted, greatly enhancing the stability of the regime. 

The nature of rail transit projects-the fact that they con
centrate access around a small number of station locations-

greatly complicates the process of regional consensus build
ing. The Portland transport regime illustrates one possible 
solution to the problem posed by the spatial concentration of 
benefits: a "coverage" strategy, including alliances between 
leading business centers based on transit network design. The 
success of the congressional delegations, in turn based on the 
underlying stability of the regime, enabled the regime to pur
sue several rail transit possibilities simultaneously, thereby 
covering the region with potential rail transit benefits. The 
regime has also been sensitive to issues of alliance-sustaining 
network design . The coverage strategy requires large amounts 
of funding, however, to make it work (19). Finding the funds 
to construct and operate these projects is the remaining chal
lenge to the regime that we discuss. 

FUTURE OF REGIME 

The case studies illustrate the ways in which the Portland 
transport regime has responded to changes in its environment. 
The financial challenge to JP ACT includes greater depen
dence on state and local sources for planning monies, which 
might disturb the consensus process. If one or a small number 
of regional or local jurisdictions ends up shouldering a much 
larger share of the burden of financing JP ACT studies-Tri
Met , for example-the regime's consensus building process 
will be more complicated than when federal funds were shared 
around the metropolitan area. The challenge of competition 
is also reflected in the concern felt by smaller cities in the 
region that they are under-represented on JP ACT. As these 
smaller cities grow they will become increasingly interested 
in projects that will enhance their position in the metropolitan 
economy, and in articulating their interest through JPACT. 
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Pressures on JP ACT to respond to this concern will likewise 
complicate the consensus-building process. 

Integrating transport projects and land use plans is a dif
ferent sort of challenge from dealing with funding shortfalls 
and an increasing number of project sponsors. These latter 
sorts of difficulties produce conflicts, but these conflicts are 
internal to the regime. Often led by its technical members, 
the regime has been able to learn to deal with them without 
undermining the culture of consensus. The fact of downtown 
Portland's continuing dominance in the regional hierarchy and 
the absence of rapid economic growth pressures should mod
erate disruptive tendencies, permitting the regime to continue 
to deal with these conflicts in the ways that have produced 
the region's past successes. Conflicts between transport proj
ect and land use plans, however, arise from sources external 
to the regime ; the package assembly approach to maintaining 
consensus does not apply. 

The integration conflict represented by the Westside Bypass 
challenges the regime in two profound ways. One issue is the 
possibility of policy learning across belief systems; another 
involves the relationship between JPACT and METRO. 
Learning within a policy domain, such as urban transporta
tion, most readily takes place when the core values adhered 
to by activists within the domain are not challenged. The 
funding and competition conflicts do not directly call into 
question the core values of the transport regime, which in
volve assembling packages of growth-facilitating transport 
projects. The regime has learned and continues to learn how 
to deal with these. However, integrating transport projects 
and environmentally based land use plans, as represented by 
the urban growth boundary, necessitates learning across sys
tems. 1000 Friends of Oregon and the other citizen activist 
groups opposing the bypass hold to a different set of core 
values, including the priority of environmental goals and the 
subordination of growth-facilitating transport projects to these 
goals. 

Saba tier hypothesizes (20) that policy-oriented learning across 
belief systems is most likely to occur when there is an inter
mediate level of conflict between advocates and when experts 
of the respective coalitions are forced to confront each other 
in a forum that is dominated by professional norms. Given 
the legal and political resource of its environmental chal
lengers, the question is whether METRO, JP ACT, and TP AC 
will attempt to defeat their opposition in an effort to maintain 
the integrity of the existing consensus on projects or whether 
the professionalism that has characterized JP ACT and TP AC 
deliberations can be extended to include the advocates of land 
use and environmental planning. 

Finally, the integration challenge calls into question the 
nature of the informal relationship between METRO and 
JP ACT that has prevailed since JP ACT was created. Since 
METRO has jurisdiction over the urban growth boundary for 
the region as well as the regional transportation plan, METRO 
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may have to take a more distant, critical view of JPACT's 
project recommendations to address the land use concerns 
that are also within the agency's domain. Perhaps the conflicts 
surrounding integration will produce a forum that will enable 
METRO transportation and land use professionals to produce 
the policy-oriented learning necessary to transcend the exist
ing limits of Portland's transport regime. 

REFERENCES 

1. C. Stone. Regime Politics: Governing Atlanta 1946-1988. Uni
versity of Kansas Press, Lawrence , 1989. 

2. S. Krasner. Structural Conflict. University of California Press, 
Berkeley, 1985 . 

3. R . Keohane. After Hegemony. Princeton University Press, 
Princeton, N.J., 1984. 

4. 0. Young. Resource Regimes. University of California Press, 
Berkeley, 1981. 

5. S. Edner and G. B. Arrington, Jr. Urban Decision Making for 
Transportation Investments: Portland's Light Rail Transit Line. 
U.S. Department of Transportation, 1985 . 

6. R. Schmitt, E. Beimborn, and J. Weitman. Local Organization 
of Transportation Planning Activities in the United States. Trans
portation Planning and Technology, Vol. 9, 1984, pp. 225-236. 

7. E . Weiner. Redefinition of Roles and Responsibilities in U.S . 
Transportation. Transportation , Vol. 12, No. 3, 1984, pp . 211-
224. 

8. S. Adler. Infrastructure Politics: The Dynamics of Crossing San 
Francisco Bay. The Public Historian, Vol. 10, No. 4, 1988, pp. 
19-41. 

9. S. Adler. Why BART but no LART? The politics of Rail Rapid 
Transit Planning in the Los Angeles and San Francisco Metro
politan Areas, 1945- 57. Planning Perspectives , Vol. 2, No . 2, 
1987, pp. 149-174. 

10. Challenges of a Bypass . The Oregonian, Portland, Oct. 20, 1987. 
11. A . Green. 1000 Friends Say It Won't Drop Freeway Appeal. 

The Oregonian, Portland, Feb. 2, 1989. 
12. METRO Set to Enter LUBA Case. The Oregonian, Portland, 

Feb. 27, 1989. 
13. J . DeGrove. Land, Growlh and Politics . American Planning As

sociation, Chicago, 1984. 
14. Editorial. Argus, Hillsboro, Oreg., March 12, 1985. 
15. A. Green. Counties Each Push Transit Plan. The Oregonian, 

Portland, Oct. 6, 1988. 
16. V. Kohler. Lindquist Denies County Light Rail Effort Would 

Derail Westside Bid. The Oregonian, Portland, Oct. 10, 1988. 
17. See That Light Rail Gets to Hillsboro . The Valley Times , Wash

ington, County, Oreg. , Feb. 23-March 1, 1989. 
18. M. Gerdes. Will Light Rail Come to Clackamas County? The 

Review, Clackamas County, Oreg., March 10, 1989. 
19. S. Adler and S. Edner. Governing and Managing Multi-Modal 

Regional Transit Agencies in a Multi-Centric Era. In Managing 
Public Transporlalion . (G. Guess, ed.) , Greenwood Press, West
port, Conn., 1990. 

20. P. Saba tier . An Advocacy Coalition Framework of Policy Change 
and the Role of Policy-Oriented Learning Therein. Policy Sci
ences , Vol. 21, 1988, pp . 129-68. 

Publicalion of this paper sponsored by Committee on lnlergo.vern
menla/ Re/a/ions and Policy Processes. 

... 




