
of Seattle. The six agencies directly affected by 
the project have been in disagreement over the con
figuration and number of lanes since the late 1960's. 
The project has been in litigation since 1972 and en
joined by the courts from further right-of-way acqui
sition or construction since 1973. 

Following completion in early 1976 of additional 
hearings ordered by the courts, it was apparent the 
disagreement among the agencies still prevailed. The 
department concluded that we needed the services of 
a professional mediator to try to resolve the differ
ences and reach a collllllon agreement. 

Through the efforts of a local mediator that was 
sponsored through Ford Foundation and Rockefeller 
Foundation grants, we were able to reach accord with 
all of the involved agencies on a design configura
tion for the facility. A memorandum agreement has 
been entered into by the affected agencies that not 
only identifies the design configuration for I-90 but 
also obligates the agencies to work toward solving 
other transportation problems throughout the area. 

With the agreement, the final environmental im
pact statement has been rewritten and submitted to 
the Federal Highway Administration and to the Depart
ment of Transportation for approval. Our plan calls 
for returning to the courts to demonstrate satisfac
tion of their requirements later this year and hope
fully have the injunction lifted so that the project 
can proceed. Research relating to the effectiveness 
of formal mediation processes to resolve highway prob
lems may be of interest to many states. 

In summary, I suggest that we need to continue 
research to identify new and imaginative fields in 
all areas associated with transportation. In part, 
however, I feel we should be monitoring the effective
ness of what we are doing, what we have done,, and 
what we are required to do. I believe that all agen
cies should be willing to honestly evaluate that re
search and be willing to change existing rules and 
regulations if it would result in more efficiency as 
well as being responsive to the nation's needs. The 
findings of the research, I am sure, also would be 
useful to those who are responsible for establishing 
the law of the land and whom I feel also are willing 
to evaluate its effectiveness and to respond to 
changes as may be needed. 

TRANSPORTATION PROBLEMS AND RESEARCH NEEDS 
IN THE RURAL SECTOR 

Lynne H. Irwin 
Assistant Professor and Highway Research Engineer 

Cornell University 

The objective of this paper is to present a series 
of recollllllendations regarding research needs on so
cial, economic, and environmental problems in rural 
transportation. To substantiate the need for the 
suggested research some background is presented 
describing the evolution of the rural transportation 
system and itemizing some of the present serious prob
lem areas in the system. 

The Evolution of the Rural Transportation System 

Our rural transportation system has evolved in sev
eral stages which are distinguished by competition 
between the different modes of transportation. It 
also should be recognized that the development of 
our economy has been greatly influenced by the pro
gressive development of the transportation system. 
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The Turnpike Era. At the time of the founding of 
the country, 200 years ago, the inland transporta
tion system mainly consisted of a few north-south 
trails, suitable for horse and rider. Freight was 
principally moved on water, and the population was 
concentrated near ports along the Atlantic seaboard. 

With the advent of the Conestoga wagon (around 
1750), a means of land transportation became avail
able, and the development of "Turnpikes" commenced, 
constructed both by the states and by private com
panies. The first involvement of the federal govern
ment in road building was authorized in the Ohio 
Statehood Act of 1802. It is interesting to note 
that three years ensued between the authorization 
of funds by Congress and the beginning of the route 
location studies. Planning continued for eight years 
and then the Cumberland Road was constructed for a 
distance of about 130 miles in less than four years, 
being completed at Wheeling on the Ohio River in 1818. 
It is not recorded how many pages the Environmental 
Impact Statement ran, but this pattern of "planning 
a road to exhaustion" has been carried over in fed
eral-aid projects to this day. 

The Watet' Transport Era. The invention of the 
steam engine permitted the development of steam
powered boats in the early 1800 1s. Soon thereafter 
a major effort was concentrated on the construction 
of waterways and canals, and by the 1820's the cost 
of water transport was less than half that of wagon 
transport. 

The Rail Transport Era. Shortly after the middle 
of the 19th century railroads began to displace 
water transport as the most economical and hence 
most attractive mode. For example, tonnage on the 
New York State canals peaked in 1880 and began a 
decline which was not reversed until the 1920's. 

As the mileage of railroad track began to mush
room in the last third of the 19th century, every 
city and rural hamlet wanted to be located on a 
rail line. Financial incentives stimulated frantic 
and excessive rail building which continued into the 
early 20th century. 

The Highway Era. Throughout the period of devel
opment of water and rail transport in the 19th cen
tury, roads continued to be built. The road system 
grew from a few thousand miles of trails and turn
pikes in 1800, to about 2 million miles in 1890, 
slightly more than half of the present road mileage. 

The roads served mainly as feeders to the rail 
and waterways systems. Little or no attention was 
given to their engineering or maintenance, and as 
a result their trafficability was highly seasonal. 
Farm products could be moved to the railhead fot' 
shipment to market only at certain times of the year. 

In 1893 Congress mandated rural free delivery 
of mail, contingent on the availability of improved 
roads. In 1895 Congress established the Office of 
Road Inquiry, which has evolved into the present 
Federal Highway Administration. By the turn of the 
century, the advent of the automobile and the truck 
had created further pressure for improved roads. 

In 1905 there were 77,000 automobiles registered 
and 1,400 trucks. By 1916 those numbers had grown 
to 3,400,000 and 250,000, respectively. And in 1916 
Congress passed the first Federal-aid Highway Act, 
for the purpose of financing post roads to facili
tate rural mail delivery and to "get the farmer out 
of the mud." The highway era was well on its way. 

Summation . It can be seen from the preceding 
brief review that the rural transportation system 
has evolved as the consequence of improvements in 
technology. This has resulted in an uncoordinated, 
multimodal transportation network in which one mode 
or another is overbuilt in some regions of the coun
try. Responsiblity for regulation of this system 
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lies with a multitude of agencies, and they suffer 
from the lack of a single, national policy framework, 
within which decisions could be made in a systematic 
manner. 

It should be clear, however, that economic for
ces (transportation costs) have had a significant 
influence in the system evolution. If a government
al regulating agency had taken a protectionist stance 
toward waterways in the mid-nineteenth century, the 
railroads and highway systems might never have de
veloped to provide lower cost freight transport. 
Thus we must be cautious today in approaching policy 
development and system regulation. We must find out 
how to improve the efficient operation of the trans
port system, without merely maintaining the status 
quo. 

Problem Areas in Rural Transportation 

The importance of the rural transportation system to 
our nation's economy is illustrated by the fact that 
the single bright spot on our international balance 
of payments ledger since 1970 occurred in 1973, the 
-year of t he bi g Soviet grain deal. An examination 
of the statistics for 1973 and the previous year 
shows that all but two percent of the favorable 
trade balance can be explained by an increase in 
agricultural exports. 

IL ls clear that our nation's financial health 
depends he avily on exporting agricultural convnodi ties. 
/In cl people 111 ocher countries are increasingly rely
ing on us £1.a f uvu , llv t he !..iovie t gralu d tl a.loo 
showe d us t hat our t ransportation system, particul~ 
ly our railroads and waterways, were not prepared to 
move significantly increased quantities of farm pro
ducts from the farm to port for international ship
ment. Grain was backed up on sidings and in silos 
f or more than a year in that particular instance. 

Rai lroads. As noted previously, during the late 
19th and early 20th century the railroad companies 
grllatly ovllrbuilt the i r tr>irk>ie;P., P.Xtendin1: service 
to rural areas through many miles of spurs and feed
er lines. This overbuilding was especially prevalent 
in the northeastern and midwestern parts of the 
country. 

The year 1916, when there were 254,000 miles of 
line-haul track in the U. S., marked the peak of 
railroad mileage in this country. A steady decline 
in mileage has ensued, such that by 1973 the total 
was reduced by nearly 20 percent, to 201,000 miles. 
Bankruptcies of the major northeastern rail companies 
resulted in federal reorganization inco the Consol
idated Rail Corporation (Conrail), but the trend to
ward retrenchment has continued. In 1972 the U. S. 
Department of Transportation recommended the abandon
ment of an additional 78,000 miles of track, nearly 
/10 pllrcllnt of the pres':'.nt AyRtP.m. 

Since 1920 the Interstate Commerce Conunission 
(ICC) has been charged with the responsibility of 
evaluating applications for abandonment of railroad 
trackage. There have been many of these applications, 
and most of them have been approved. For example, 
from 1960 to 1973 the ICC received 1,937 applications 
to abandon a total of nearly 31,000 miles of track, 
the overwhelming majority of Lht!se requests were 
granted, about 100 were dismissed without decision, 
and only 47 were denied. In the last five years, 
there has been a significant increase in the number 
of applications received each year, affecting nearly 
every state in the nation, but primarily concentrated 
in the cornbelt and the northeast. 

The question arises regarding what happens to the 
farms and rural businesses such as granaries and 
fertilizer dealers which lose their rail service. 
Recent research reported by the Federal Railroad 

Administration, by the U. S. Department of Agricul
ture-Economic Research Service, and by Iowa State 
University indicates that farmers would shift to 
truck transportation, with a trend toward larger ca
pacity(and thus heavier) vehicles and more frequent 
trips. Some researchers have found that the trans
portation costs for farm goods would increase, while 
others have predicted that the increases in revenue 
from truck taxes would not be sufficient to pay for 
the increased highway maintenance costs generated 
by the additional truck travel. 

While the ICC should want to strive to improve 
the economic efficiency of the rail transportation 
system, it s hould be cognizant of the fact that rail 
abandonments have impacts beyond the balance sheet of 
the rail company i nvolved. Improved procedures need 
to be developed for the evaluation of rail abandonment 
applications which will specifically take into consid
eration the ability of other modes to absorb the t r af 
fice. In particular , as we shall see in the fol lowing 
paragraphs, such i mproved procedures need to be able 
to evaluate the s tructural adequacy of highways and 
bridges. 

Highways. Of the 3. 8 million miles of highways 
and streetM l n the United States, only about 630,000 
miles are in urban areas; the remaining 3.2 million 
miles (84 percent) are rural. With about three
fourths of our population located in urban areas, 
some pllople might argue th>it there is a disproportion
ate distribution of highway and street mileage. 
Nevertheless, in 1973, 43 percent of all passenger 
tru.vo l antl 58 p~1·c~n.t of lll1 ~T"11 rk trnv<!l wna r ep o:rt:
ed by the Federal Highway Administration to occur on 
the rural transportation system. About one-fourth of 
the rur al travel was on local (or feeder) roads, and 
three-fourths was on main rural roads. 

But what of the condition of the rural highway 
sytii...eml D~l.L~ vu.i: c.va:-,ce..~ted ~ffcrts d~ir.~ the 
past 50 years t o "get the f armer out of t he mud, " 
23 percen t of the r ur al highway system remains un
paved (only about 4 pe r cen t of our urban mileage is 
llllpaved). Another 59 pe rcent of t.he rural mile age 
is ca t e gorized by the Federal Highway Ad.ministration 
as being of "low l oad-bearing capaci ty ." The vast 
maj ority of these roads are under count y and township 
j urisdict ion and are mainly l ocated i n ·the midwest 
and t he wes t. Nevertheless , overall appr oximate l y 82 
percent of the rural highway system could be described 
as being structurally deficient. These are the roads 
which serve the quarter of our population that is 
rural, and which carry about half of our total motor 
vehicle travel each year. 

In most rural areas there is a striking difference 
between the design standards and the structural ade
quacy of the main arterial highway system, as com
pared to the local feeder road sys tem. 'lhe highe r 
standards for t he arterial system are usually jus t i
fied in terms of the greater traffic volumes that 
are served. But in recent years there has been con
siderable public pressure for improving local feeder 
road standards . Govemmental and quasi-governmental 
(AASHTO) regulations have moved in the direction of 
higher standards. 

Responsiblity f or the feeder road system usually 
rests with local government 11uch as the counties, 
townships, etc. These governments often face prob
lems in raising ·revenue because of their small tax 
base. There always is a trade off between spending 
larger s ums of mone y initially f or better quality 
highway construction with r esul t ant lower ma:1.ntenance 
cos t s . Many of t he pr esent inadequacies• of the rural 
hi ghway s ystem are due to the f act tha t the local 
governments cannot financially or politi cally take 
the necessary steps t o appreciably improve the sit
uation. The importance of rural transportation to 



our national economy suggests that we need to re
vise our present policies to encourage federal/state/ 
local cooperation in solving the rural highway di
lemma. 

Bridges. The final results on the nationwide sur
vey ·of the condition of our 563,000 highway bridges 
are not yet published. But at the present time we 
do know that on the federal-aid systems alone, there 
are almost 40,000 bridges that are either structural
ly deficient or functionally obsolete. In a 1971 
study of bridges, the Federal Highway Administration 
reported that about one-fourth of the inadequate 
bridges were located on the federal-aid highway 
system, and the remaining three-fourths were on state 
and local systems. Thus when the final count is in, 
we might expect to find more than 150,000 inadequate 
bridges, and ail evidence indicates that far more 
than half of these will be on the rural highway sys
tem. Using the analogy that a chain is no stronger 
than its weakest link, the presence of so many inade
quate bridges and weak pavements on the rural highway 
system gains tremendous significance, especially with 
regard to its ability to absorb heavier and more fre
quent farm-to-market freight movements due to rail
road abandonments. 

Research Needs in the Rural Transportation Sector 

What then does all this mean in terms of research 
needs in the rural transportation sector? By means 
of conclusion some suggestions are offered. 

1. Optimal Use of the Present Transportation 
System. In most areas of the country it must be con
ceded that we presently have an adequate or even an 
excessive multimodal transportation system. We need 
to develop improved procedures for modeling the ex
isting system, with a view to answering the question 
of how we can optimize the utilization of the sys
tem. Perhaps the most logical criterion for optimi
zation would be to minimize the cost of moving goods 
to and from the farm. 

Such an optimization will require multimodal co
ordination at a level far beyond present capabili
ties. Studies need to be continued which will in
vestigate the incentives and disincentives to trans
portation due to current governmental regulatory 
policies, subsidies, etc. Because of intermodal 
competition and other problems, communication between 
different modes of transportation and with organized 
labor involved in transportation, is presently in
adequate and shows no signs of immediate improvement. 
Resistance to the increased use of containerization 
in the movement of freight is an example of this 
problem. Research needs to point the way to improve
ments in this situation. 

2. Optimizing the ~xtent of the Transportation 
System. This area differs from the preceding one in 
that it does not accept at the onset the idea that 
we must live with the present transportation system. 

Procedures need to be developed which will en
able the identification of regions which have too 
much (or too little) transportation. For example, 
how can we decide whether or not there are too many 
roads in a rural area? If there are too many roads, 
which ones should be eliminated? Is there a factual 
basis from which such decisions can be made, or must 
the decisions finally be made in a political environ
ment? 

3. Optimizing the Organization of the Trans
portation System. It can easily be conceded that 
excessive redundancy in the transportation system 
is an economic waste. In the private sector tech
niques need to be developed which will permit the 
identification of an optimal balance in terms of 
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number of firms, modes, size of facility, etc., to 
maintain a competitive but not wasteful transporta
tion system. Certainly there is no single balance 
point which can be struck here, and the challenge 
lies in encouraging a free economy without excessive 
governmental regulation and yet also without economic 
waste. 

In the public sector regulation can be implement
ed more easily, but politics often create barriers 
to change. Techniques need to be developed which 
will enable us to identify where economies of scale 
could be realized. For example, many of the older 
states, particularly those in the northeast and mid
west, have township highway organizations as well as 
counties, cities, villages, etc. On the other hand, 
the southern and western states have many fewer 
governmental units responsible for streets and high
ways. How can we determine what benefits (or costs) 
might accrue if the number of governmental units in 
a region were to be reduced? What cultural or poli
cal questions would need to be addressed in those 
regions of the country where the concept of local 
(small and close to the people) government is highly 
regarded? It is often said that bigger is not neces
sarily better, but how can we assess this quanti
tatively? Could improved intergovernmental coordi~ 
nation obviate the need to abolish governmental 
units? Where and how do these possibilities exist? 

4. Optimum Land Use. How can we identify the 
"best use" to which abandoned transportation facil
ities (either highways or railroads) can be put? 
To what extent is this affected by regional atti
tudes? For example, perhaps in some parts of the 
country local opinion would hold that an abandoned 
right-of-way should be made into a bikeway, whereas 
elsewhere it would be deemed preferable to return 
the land to crops, or some other use. 

We should reexamine the old shibboleth that "im
proved transportation reduces the cost of farm 
goods." In certain suburban areas, for example, 
the construction of a high-speed, controlled-access 
road will intensify the demand to convert agricul
tural land to housing. Where local policies require 
that such land be taxed for its "highest· use," the 
cost of farm goods must necessarily go up, as the 
direct consequence of the improved transportation. 
How can we better predict such consequences? 

5. Standards. Governmental policies regarding 
standards sometimes fail to have the desired effect. 
In the railroad industry, mandated standards for 
track and safety have occasionally forced line aban
donments. Similarly in highways it is questionable 
how much safety we can afford. Does a rural road 
which mainly serves to provide access to a few 
farms, and which carries only a few cars per day, 
need to be built to the same design standards as a 
rural arterial? The current trend in federal stan
dards would suggest that we believe the answer is 
"yes." Is there a way that we can determine on 
some absolute basis what standards should be re
quired? To what extent does public attitude dictate 
the minimum standards which must be adopted? And 
if the standards for different segments of a trans
portation system are not the same, how can we avoid 
consequent questions of legal liability? 

Temporal standards, such as spring time load 
zoning of rural roads, can sometimes be counter
productive. For example, in an effort to reduce 
the serious fatigue damage that rural roads in north
ern areas experience during spring thaw, load limits 
are posted on these roads. It is often the case, 
however, that the restrictions are posted too early 
in the winter, long before the softening begins, and 
they are removed too late in the spring. The con
sequence of this practice is to hinder the farmers 
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adjacent to the road in trucking goods to and from 
the farm, thereby increasing his transportation costs. 
On the other hand, if he ignores the restrictions, 
increased road maintenance costs will raise his taJtes. 
Researchers need to find improved methods for deter
mining load limits and when to post them, and the 
costs of establishing or not establishing such limits 
need to be identified. 

Conclusion 

Thank you for the opportunity to review with you some 
of the problems and research needs of rural transpor
tation that I see. It is usually far easier to point 
to the problems than it is to find their solutions. 
Perhaps some of the problems I have described cannot 
or will not ever be solved. Nevertheless, I hope 
that my observations will pose some challenges to you. 

' TRANSPORTATION ENERGY CONSERVATION: 
RESEARCH NEEDS AND POSSIBILITIES 

Carls. Rappaport 
Transportation Specialist 

U.S. Depar tment of Transportation 
(n1 r P.r.tm: , Office of Conservation Policy, Federal 

Energy Administration when paper was given) 

I wn pJ.eased co pa t1c1.-pai:e ·n . i:i1it1 .i11i.u/liul.i..u( y" 

session of the Workshop on Research Needs hosted by 
the Social, Economic, and Environmental Section of 
the Transportation Research Board. Only four short 
years ago---prior to the Arab oil embargo---no one, 
and most certainly no American, would have given a 
oec.ond thought to energy· in de,.relop:f..ng ~ liRt of 
"Social, Economic, and Environmental Research Needs 
and Possibilities." Yet, as I shall try to demon
strate, energy extravagance has been a basic aspect 
of American transportation and now pervades every um
jor issue facing the transportation sector. Accord
ingly, the transition fl:om an era of cheap, plentiful 
energy to one of expensive, scarce energy will re
quire pervasive adjustments on the part of a sector 
as energy-intensive and energy- aonsumptive as t-rans
portation is . The adjustments will affect both the 
consumption of energy in transportation and the trans
portation of energy. 

Ba-ckground. Transportation now accounts for one
fourth of the energy and one-half of the petroleum 
consumed in the United States. Prior to the embargo 
during the winter of 1973-74, there was a long-term 
secular increase in U. S. transportation energy con
sumption per capita, due to (1) increases in vehicle 
miles of personal travel per capita and in freight 
ton-miles per capita, (2) increases ln modal energy 
intensities, and (3) shifts toward more energy-incen
sive modes. Modal energy intensities increased due 
to: 

1, Higher vehicular speeds, 
2. Better performance capabilities, 
3. GrP.ater use of energy-consuming acc~ssories 

such as air conditioning and power steering, and 
4. Lower fuel efficiencies resulting from the 

emission control technologies selected by the auto
mobile manufacturers to meet the Clean Air Act stan
da-rds. 

In addition, there was a gradual shift from ener
gy efficient modes to energy-intensive on.es, partic
ularly from rail and transit to truck and auto. 

Energy Conservation. Until recent months, censer-

vation has been relatively neglected as an option 
for dealing with our national energy problem. 

There are a number of obstacles to conservation 
in the United States. First, we have an institu
tional preJ:erence for developing new energy supplies 
rather than managing old ones. With our historical 
growth-at-any-cost mentality, we have traditionally 
found it politically, socially, and economically 
easier to divide a bigger pie than a constant one. 

Second, we have a first-cost bias in our pur
chasing decisions . Both individuals and firms tend 
to pay more attention than economic ra.tionality 
would suggest to init.ial capital costs and less 
attention to subsequent operating and maintenance 
costs. Thus, for example. in the purchase of a 
water heater, people tend to minimize the investment 
cost (by buying a cheaper, energy-inefficient model) 
rather than to minimize the total discounted cost 
over its economic lifetime (by buying a model which 
costs slightly more at the outset but which is sig
nificantly cheaper to operate in terms of energy 
consumption). 

'1'hird,conservation investments frequently were 
uneconomic when oil and natural gas prices were ar
tificially low. These habits of mind persist eve.n 
though they are obsolescent in the light of today ' s 
and tomorrow's prices. 

Despite these obstacles, energy conservation 
has the following advantages: 

1. The energy savings of conservation are re-
1--""'"' ..... .... _,j" -1....._,.,_,:i-1 ~t-cio 
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menl: -g~n~raliy - involves -long- l;~d - t.iriies , -
2. Conservation is often environmentally attrac

tive in comparison with energy resource development, 
3. Conservation is often most cost-effective 

in that the cost per barrel of energy saved is less 
than that of energy produced; in addition, a barrel 
saved is available for future use. 

Due to these advantages, energy conservation is 
Lh~ coi:nerstone of the propooed National Enerey Plan. 

It seems clear that the transportation sector 
can make a significant contribution to energy conser
vation, by means such as the following: 

1. Technical improvements in the fuel efficiency 
of vehicles, 

2. In-use improvements in routing, scheduling, 
load factors and operating characteristics, and 

3. Diversion of demand to more fuel-efficient 
modes or substitutes. 

Further, in my opinion, such actions t o conserve 
energy in the transportation sector can be equitably 
achieved without undue burdens upon anyone and With
out fundamental changes in life-styles. 

T1ai1t11.oui:Latio1\ Energy Conocrvation: Existing 
Programs. Chronologically, the first legislative 
action involving transportation energy conservation 
was the 55 mile per hour nati onal max:l,mum speed 
limit. · First enacted on January 2, 1974, during the 
Arab oil embargo (Emergency Highway Energy Conser
vation Act, Public Law 93-239), th~ 55 mph speed 
limit was subsequently reenacted on January 4, 1975, 
as permanent legislation (Federal-Aid Highway Amend
ments, Public Law 93-643). 

The Energy Policy and Conservation Act (Public 
Law. 94-163), enacted on December 22, 1975, contains 
the follow-ing transportation energy conservation 
provisions: 

1. Automobile Fuel Economy Standards. The pro
duction-weighted average fuel economy of each 




