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density flows. Flow maps for freight are also generally lacking; they represent a 
starting point for all studies and are a necessary requirement for freight system 
analysis. 

2. Careful determination of specific data needs and their uses should be made 
before data collection programs are launched. This is a fundamental point that cannot 
be overemphasized; the data needs must be carefully structured to be consistent with 
problems to be solved. Although basic density data are considered essential as dis­
cussed above, additional data acquisition should be carefully defined and justified to 
avoid the possibility of securing data that may not be relevant or may be of such mag­
nitude that they cannot be easily incorporated into the decision process. 

3. Many freight data are available and could be used if they were identified and 
classified. 

4. Freight data available from private agencies should be secured through joint 
cooperation. Private agencies, especially the railroads, have a wealth of data that 
could be useful for statewide transportation plaiming. The ability to secure these data 
often depends on the good faith of both parties. Clearly, if the data are to be made 
available to the state, mechanisms must be developed whereby the transfer of data is 
in the interest of both parties. 

5. Supplementary special purpose data should be collected as necessary to analyze 
particular problems and planning issues. 

HIGH-PRIORITY RESEARCH PROBLEM AREAS 

The discussions within the workshop identified 11 areas of research that related to the 
needs and Issues previously described. Of these, 3 areas were identified as represent­
ing high-priority topics for which immediate research efforts should be undertaken. 

1. Freight data requirements for statewide systems planning. This research would 
identify minimum freight data necessary for statewide planning purposes, identify data 
already available, design data collection programs where appropriate, and test the de­
sign within a statewide transportation planning program. 

2. Carrier facility curtailments and abandonments. This research is of immediate 
relevance; it relates to the current crisis of the railroads. However, states are not in 
a position to evaluate rail abandonments and to understand the impact that these have on 
the state's economy, energy, and travel redistribution. 

3. Simple frei^t demand models. A strong need in the area of methodology relates 
to development of demand models for forecasting freight flows and evaluating alterna­
tive policies and systems. As has been noted earlier, these models should not follow 
the traditional UTP process, but should be structured in a form that is readily usable 
and not heavily data-dependent. 

Resource Paper 
Joseph S. Drake, Department of Civil Engineering, 
University of Pittsbuigh 

Within their respective areas of concern, the 2 resource p ^ r s on systems planning 
and programming methodology serve 3 stated objectives: (a) to identify and evaluate the 
current techniques being used to develop statewide multimodal transportation plans, pri­
orities, and programs; (b) to recommend improvements in planning methodology, includ­
ing essential data and management elements; and (c)to develop a recommended program 
of research in needed methodology for statewide multimodal transportation planning. 
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la serving these objectives, this paper reservedly focuses on the task of presenting 
a generalized synthesis of the current and potential state of the art in statewide f r e ^ t 
transportation planning and programming. The emphasis on potential capability is es­
sential simply because minimal technical activity is being directed currently to freight 
analysis at the state level. 

Hence, the paper draws on selective methodological capability in other planning con­
texts (e.g., the Northeast Corridor Transportation Project) for possible incorporation 
at the state level. Except for the most obvious matters, such as the pressing need for 
integrated assembly of goods movement data, the paper generally refrains from any 
strong advocacy and purports merely to raise major Issues. 

Planning and programming for freight transportation systems at the state level are 
practically virgin territory, as h^ighted in a recent report (34, p. 31): "It seems 
that we are in the infancy of long-range goods movement system planning. It is a 
period during which plaimers must obtain data and develop analysis techniques before 
even attempting to simulate those systems." This embryonic status of freight transpor­
tation planning represents an appraisal relative to all accomplishments in statewide 
transportation planning, which itself is approaching adolescence at best. According to 
Crelghton and Hamburg {11, p. 21): 

The position of statewide transportation planning m 1972 has advanced to about the position 
of urban transportation planning in 1955 Fortunately, to improve this position, we have the 
advantage of knowing a great deal more about planning processes, goals, simulation, data col­
lection, and evaluation. However, statewide comprehensive transportation planning is a larger 
and more complex subject than urban transportation plannmg There are more modes. Both 
pubhc and private organizations provide the services And freight movement is a vital half of 
the problem. 

Because this entire subject area is so embryonic and raises a somewhat bewildering 
variety of issues throughout all aspects of the plaiming and programming process, de­
fining an overall organizational framework is essential for discussion. Figure 1 shows 
the planning and programming process in terms of developing alternative transportation 
plans, analyzing their respective consequences or effects, performing a comparative 
evaluation of those alternatives in terms of their estimated effects, and programming 
specific projects. The elements of plan development and plan evaluation represent 
procedures for utilizing analytical techniques to derive most appropriate courses of 
action. A fourth element, data collection, basically provides quantitative foundation 
for the analysis of plan effects. The programming of particular projects constitutes 
the final step in this process leading to implementation. Obviously, execution of this 
entire operation first requires that the relevant planning instruments (or controls) and 
the relevant effects (or criteria) be defined. 

The discussion of methodological issues in this paper is organized in reference to 
this skeletal structure of the planning and programming process. The first section 
begins with an attempt to define the overall scope and character of the process and 
culminates in several premises regarding appropriate state responsibilities. Sections 
2 and 3 discuss and define the relevant control variables (analytical parameters for 
specifying proposed courses of action) and effect variables (criteria for evaluating al­
ternative plans) respectively. Section 4 discusses data collection efforts, and section 
5 discusses analytical techniques; the most specific, hard-nosed issues are raised in 
these 2 sections. The final section highlights major methodological issues. Selective 
references are included to give direction to particular concerns for various problem 
areas cited throughout the paper. 
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Figure 1. Skeletal structure of planning and programming process. 
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Figure 2. Jurisdictional context for statewide freight transportation 
planning and programming. 
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SCOPE AND CHARACTER OF STATEWIDE FREIGHT 
TRANSPORTATION PLANNING AND PROGRAMMING 

The scope and character of planning and programming methodology at the state level 
obviously depend on the types and degrees of jurisdictional authority vested in that 
governmental body. The nature of such authority conditions the particular courses of 
action to be considered by technical analysis. Although specific matters of appropriate 
jurisdiction were addressed by the Workshop on Policy Planning, some basic observa­
tions are in order here, particularly to help define the relevant "control variables" for 
planning and programmii^ techniques at the state level. Tn other words, part of the in­
tent here is to lay groundwork for identifying the "knobs," which are within the province 
of state-level methodology, to manipulate in exploring alternative courses of action. 

This matter is not altogether straightforward. Inasmuch as any such endeavor is 
necessarily sandwiched between a variety of overlapping private and public parties, as 
shown in Figure 2. Obviously the state has a direct interest in affecting the economics 
of competition among intrastate carriers (e.g., through regulation of rates, route 
structures, and rights of entry), especially when competitive conditions in one part of 
the state interact with conditions in another part. On the other hand, state plannii^ 
presumably would have negligible concern with the house-to-house distribution of par­
cel post shipments in local communities and certainly could not take on a comprehen­
sive systems analysis of transcontinental rail-merger proposals. 

Within this broad spectrum of freight transportation problems, the appropriate role 
of state plaiming and programming must be defined in accordance with institutionalized 
jurisdictional authority. Technical methodology must be considered in terms of rele­
vant endogenous control variables, for they specify hi analytical terms the alternative 
courses of action to be studied. [Endogenous control variables are those parameters 
that state planning manipulates (e.g., intrastate rates). Exogenous control variables 
are those parameters that are prescribed by other decision-making bodies, as shown 
In Figure 2 (e.g., federal import quotas or fuel rationing), and that directly affect 
state planning. ] This section then summarizes the types of instruments that the state 
generally may exercise in freight transportation. Some exemplary problem areas of 
major public concern are cited, and from this discussion several raisons d'etre for 
state planning and programmii^ are inferred. Several premises are next advanced 
regarding the appropriate scope and character of such a process. Then the limited 
activities of states to date are summarized in reference to this prescribed scope and 
character. 

Overview of Instruments Within State Jurisdiction 

At any jurisdictional level, government typically may exercise 4 distinct kinds of inter­
ventional instruments that address the following concerns (31): improvement of re­
source allocation, improvement of wealth distribution, protection of individual free­
doms, and maintenance of social and economic stability. Governmental involvement 
in transportation (especially freight) is predominantly concerned with instruments of 
resource allocation to achieve economic efficiency and less concerned with inequities 
among carriers, modes, and various shipping uiterests. 

Governmental bodies may affect the pattern of resource allocation in terms of 4 
basic instruments: (a) direct investment in facilities and services with either public 
or private operating responsibility; (b) "hard" promotional programs such as subsidies 
and tax advantages; (c) regulatory controls over the private sector "in the public inter­
est"; and (d) "soft" promotional programs such as information assembly, research, 
and coordtnative planning. 

As a whole, the national system of freight transportation is largely an operation of 
the private sector; the regulatory instrument is the paramount form of governmental 
involvement. For some modes (notably truck, water, and air) fixed-way facilities 
generally are provided by direct public investment, and fleet operations are left to 
private sector decisions. To a limited though increasing extent, the federal govern-
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ment has executed promotional programs of both the hard variety (e.g., investment tax 
credits for rail fleet acquisition and the Regional Rail Reorganization Act of 1973) and 
the soft variety (e.g., research on fleet utilization, national transportation surveys, 
and a national network model of long-distance freight movement). Otherwise, the regu­
latory instrument has prevailed as the key means for influencing resource allocation in 
freight transport, and the other types of actions are left largely to private initiative. 

The role of state government generally follows a parallel pattern, except for an al­
most total absence of promotional strategy. State agencies administer the provision 
of highway facilities and some air and water facilities. Otherwise, althou^ promo­
tional subsidies are provided to local passenger operations, the state's control in 
freight transportation is decidedly regulatory. Except for a few cases (notably Con­
necticut, New York, Pennsylvania, and Wisconsin) state planning specifically for 
freight transi)ortation has remained nominal, especially within agencies empowered 
to make regulatory decisions. Applications of individual carriers are treated on a 
piecemeal, case-by-case basis in the form of adversary proceedings that are devoid 
of any comprehensive in-house compilation of objective and systematic impact analysis. 

State administrative and regulatory responsibility traditionally has been diffused 
among a number of departments, commissions, and authorities holdi:^ jurisdiction 
over intrastate traffic. Although the establishment of transportation departments has 
consolidated some of these responsibilities, state regulatory functions have been in­
corporated only in the New York transportation department; most other states have re­
tained these powers within a public utilities commission. In all cases of separate 
regulatory authority, supportive technical methodology remains piecemeal or nonexl8>-
tent. 

State regulatory powers typically include the licensing of carriers, evaluation of 
rate and route applications, and evaluation of service curtailment and abandonment 
petitions. Although the apparent intent of relevant legislation generally is to provide 
regulatory jurisdiction over all intrastate traffic, in practice these powers apply unam­
biguously only to strictly intrastate carriers. The intrastate movements of interstate 
carriers fall into a gray area of interjurisdictional responsibility, and federal agencies 
generally exert more influence. [Volotta (63) presents a case study that contains a re­
vealing elaboration of state transportation regulation.] 

Although such ambiguities exist, technically the state has control over the same 
basic parameters of freight transportation systems—technology, network structure, 
capacity, service attributes, and costs to operators and users—as those that have been 
incorporated into passenger systems planning institutions to date. However, the direct 
influence of those parameters through outright provision of capital facilities and equip­
ment is more limited in the state freight context (primarily highways and, to a lesser 
extent, air and water facilities). The more prevalent instrument is the regulatory one, 
which essentially leaves proposals for modifying the aforementioned parameters to the 
initiative of individual carriers; in this respect state control is less direct, for it basir 
cally adopts a binary approval-disapproval approach in decision-making. The utiliza­
tion of more positive promotional instruments such as subsidies and tax credits lias 
been minimal, and supportive planning efforts have been nominal or, at best, far too 
piecemeal. Beyond these forms of intervention, the state also has some opportunity to 
express its interests in freight transportation to appropriate federal agencies (e.g., as 
an interested party in the piecemeal adversary proceedings of the Interstate Commerce 
Commission or through the National Transportation Needs Study of the U.S. Department 
of Transportation). 

Exemplary Problem Areas in Freight Transportation 

The need for coordinated planning in freight transportation at any jurisdictional level 
arises from a growing number of outstanding problems that have not been resolved 
under prevailing institutions. Extensive compilations of specific issues are adequately 
documented elsewhere. [The Transportation Association of America (52) Identified and 
updates aimually a comprehensive set of outstanding issues. The 1972 National Trans-



156 

p o r t a t i o n Repo r t (58) a l so g ives a no tewor thy s u m m a r y o f some m a j o r Issues i n c o m ­
m o d i t y t r a n s p o r t a t i o n , ] The intent here i s t o h igh l igh t a f e w m a j o r p r o b l e m s that 
se rve t o i d e n t i f y d i s t i n c t r a i sons d ' e t r e f o r f r e i g h t p lann ing and p r o g r a m m i n g at the 
state l e v e l . I n genera l , these p r o b l e m s r e l a t e t o the ro l e s of compe t i t i on and coo rd ina ­
t i o n ( w i t h i n and between modes) and associa ted sho r t comings of r e source a l l oca t ion . 
The key po in t i s tha t these v a r i o u s issues a re man i f e s t ed at d i f f e r e n t l eve l s of spa t i a l 
and p o l i t i c a l j u r i s d i c t i o n . 

Cons ide r f i r s t some e x e m p l a r y p r o b l e m s tha t a r e o f r e l a t i v e l y l o c a l i z e d re levance . 
U r b a n areas a re v i t a l l y dependent on the e f f i c i e n t d i s t r i b u t i o n of f r e s h and f r o z e n p r o ­
duce c o m m o d i t i e s f r o m l i n e - h a u l c a r r i e r s t o l o c a l r e t a i l ou t l e t s . The t y p i c a l u r b a n 
produce y a r d s consis t of d e t e r i o r a t e d f a c i l i t i e s designed f o r an outmoded e r a p reda t ing 
u rban s p r a w l , and the e f f i c i e n c y of such opera t ions has been hampered by automobi le 
congest ion and by the g r o w t h of l a r g e - s c a l e food chains w i t h independent d i s t r i b u t i o n 
sys t ems . I f the needs of u r b a n consumers a re t o be met adequately now and i n the 
f u t u r e , new d i s t r i b u t i o n sys t ems m u s t be planned and m o s t l i k e l y suppor ted by some 
degree o f pub l ic subsidy. 

I n a r u r a l context , the p r o b l e m o f r a i l b r a n c h - l i n e abandonment has developed i n t o 
immense p r o p o r t i o n s d u r i n g recent y e a r s . T r u n k - l i n e in te r s t a te c a r r i e r s m a i n t a i n 
tha t condi t ions o f i n t e r m o d a l c o m p e t i t i o n f o r l ong hauls have made t h e m f a r m o r e sens i t ive 
t o the economics of a l legedly m a r g i n a l o r u n p r o f i t a b l e b r a n c h - l i n e opera t ions . The 
p r o b l e m has reached the poin t where the negligence of maintenance on many such l i n e s i s 
no t iceable t o the " l ayes t " o f l a y pe r sons . Prospec ts of abandonment th rea t en the cap­
t i v e exis tence of sh ippers on such l i n e s , and l o c a l c o m m u n i t i e s face losses ta economic 
base and t a x revenues . R a i l r o a d s a r e c l a i m i n g tha t pub l ic subs id ies m u s t be f o r t h ­
c o m i n g i f such opera t ions a re t o cont inue, at l eas t under t h e i r ope ra t ion . 

The mos t pe rvas ive issues i n f r e i g h t t r a n s p o r t a t i o n r e l a t e t o the economics o f i n t r a -
moda l and i n t e r m o d a l compe t i t i on f o r l i n e - h a u l movements . Where such movements 
a re of an in t r a s t a t e na tu re , state p lanning has the po ten t i a l t o coordinate h e r e t o f o r e 
p i ecemea l pe r spec t ives . The exempt s tatus of the p r i v a t e m o t o r c a r r i e r s i s one such 
i ssue , w h i c h has d r a w n the f o l l o w i n g p o s i t i o n s tatement i n the New Y o r k state mas t e r 
p l a n (46, p . 50): 

Freight movement by private truck dominates freight transport The remammg freight haulers-
the for-hire carriers-are, to varying degrees, subject to economic controls that hamper them in 
exploiting their inherent advantages and thereby deny them a fair opportunity to compete ef­
fectively against private carriage 

Another such issue a r i s e s when a state r e g u l a t o r y c o m m i s s i o n approves a r a t e o r rou te 
app l ica t ion f o r one mode i n an i n t e r c i t y c o r r i d o r and has only a v e r y speculat ive no t ion , 
at bes t , o f sh ipper c r o s s e l a s t i c i t i e s and consequent impac t on compet ing modes . 

Issues o f cons iderab ly g r ea t e r c o m p l e x i t y a r i s e when any r e g u l a t o r y dec i s ion f o r a 
c a r r i e r i n one p a r t o f a s tate may inc rease o r decrease the t r a f f i c movements v i a c o n ­
nec t ing c a r r i e r s i n o ther p a r t s of the s ta te . Indeed, the t o t a l i t y of such p iecemea l 
dec is ions can have a m a r k e d inf luence on the d i s t r i b u t i o n o f i n d u s t r i a l development 
throughout a s ta te . The poin t here i s tha t a v a r i e t y of p h y s i c a l and economic i n t e r d e -
pendencies e x i s t i n s tatewide m u l t i m o d a l f r e i g h t ne tworks and mus t be cons idered w i t h ­
i n an In tegra ted perspec t ive tha t t ranscends i n d i v i d u a l c a r r i e r s , modes, and l o c a l 
a reas . 

S i m i l a r in terdependencies of an in t e r s t a t e cha rac t e r r a i s e s i m i l a r issues at a 
suprasta te l e v e l . In ters ta te r a i l r o a d s , f o r example , are burdened w i t h excess t r u n k -
l i n e capac i ty tha t has p r o m o t e d many proposa ls f o r i n t r a m o d a l conso l ida t ion i n v o l v i n g 
the e n t i r e na t iona l r a i l ne twork . M o r e o v e r , the g r o w i n g need f o r i n t e r m o d a l t r a n s f e r 
f a c i l i t i e s ( espec ia l ly l i n e - h a u l t o l i n e - h a u l ) i s w i d e l y recognized , p r o d u c i n g proposa ls 
such as sh ip - t o -p ipe l i ne o i l t r a n s f e r i n coasta l s ta tes , a u t o - t r a i n t e r m i n a l s , o r even 
the concept of a t r anscon t inen ta l l and b r i d g e f r o m coast t o coast . Such in t e r e s t s i n 
coo rd ina t ion have p r o m p t e d se lec ted i n i t i a t i v e s t o w a r d i n d u s t r i a l r eo rgan i za t i on i n the 
f o r m of s i ng l e -owner sh ip , m u l t i m o d a l t r a n s p o r t a t i o n companies . These k inds of issues 
p e r t a i n t o in t e r s t a t e t r a f f i c , ye t m a y have subs tan t ia l impac t s on the i n d i v i d u a l s ta tes . 
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T h i s se lec t ive d i scuss ion of m a j o r p r o b l e m s i n f r e i g h t t r a n s p o r t a t i o n s u f f i c e s t o 
d i s t ingu i sh s e v e r a l essen t ia l l eve l s w i t h i n an i dea l h i e r a r c h y of sys tems p lanning and 
p r o g r a m m i n g . 

1. P r o b l e m s of p redominan t ly l o c a l concern , i . e . , those tha t are r e l a t i v e l y i so la ted 
o r s e l f - con ta ined w i t h i n l o w e r j u r i s d i c t i o n s of government (but tha t may be shared by 
peer j u r i s d i c t i o n s throughout a state o r the na t ion and r e q u i r e suppor t ive funding) ; 

2. P r o b l e m s that r e q u i r e a sys temat ic ana ly t i ca l perspec t ive t o in tegra te the p i ece ­
m e a l p roposa ls o f i n d i v i d u a l c a r r i e r s by cons ide r ing the f u l l extent of in t r a s t a t e i n t e r -
dependencies among v a r i o u s c a r r i e r s , modes , and geographic areas w i t h i n the state; 
and 

3. P r o b l e m s tha t r e q u i r e the same approach as suggested i n l e v e l 2 , but f r o m an 
in t e r s t a t e pe r spec t ive . 

P r e m i s e s Regard ing Scope and Cha rac t e r of State P lanning and 
P r o g r a m m i i ^ 

Obvious ly we cannot expect any s tate t o take on a l l of these r e s p o n s i b i l i t i e s . However , 
c e r t a in -p r emi se s may be set f o r t h here i n o r d e r t o a r t i c u l a t e the appropr ia te scope and 
cha rac te r of s tatewide f r e i g h t t r a n s p o r t a t i o n p lanning and p r o g r a m m i n g . 

1. The p lanning of r e l a t i v e l y l o c a l i z e d p r o j e c t s (such as access and t e r m i n a l f a c i l i ­
t i e s ) eventua l ly should be executed by l o c a l o r r e g i o n a l p lanning agencies. Where such 
p r o j e c t s w a r r a n t state p r o m o t i o n a l i n t e r v e n t i o n (e .g . , t h r o u g h d i r e c t o r f e d e r a l l y 
channeled subsidy, t a x exempt ions , o r use of eminent domain powers ) , the p r o j e c t s 
w o u l d be p r o g r a m m e d at the s tate l e v e l . Where such p r o b l e m s a re common t o many 
peer j u r i s d i c t i o n s , they may w a r r a n t spec ia l - resea rch e f fo r t s—sponsored by state o r 
f e d e r a l agencies—to he lp develop appropr ia t e ana ly t i ca l methodology. State sponsor ­
sh ip w o u l d be w a r r a n t e d only f o r p r o b l e m s r e l a t i v e l y unique t o the p a r t i c u l a r s ta te . 

2. The p r o b l e m s of the second k i n d r e q u i r e in-house s ta tewide p lanning and p r o ­
g r a m m i n g tha t use sy s t ems -ana ly t i c methodology w i t h s u f f i c i e n t spa t i a l d e t a i l t o account 
f o r i m p o r t a n t in t ras ta te o r i g i n - d e s t i n a t i o n m a r k e t s . Techniques of spa t i a l demand 
ana lys i s , moda l -cho ice ana lys i s , and n e t w o r k ana lys i s a re essen t ia l t o cons ider f u l l y 
the economic and phys i ca l interdependencies among d i f f e r e n t c a r r i e r s , modes , and 
geographic areas w i t h i n the s ta te . A s necessary and feas ib le (see p r e m i s e 3 be low) , 
pa t t e rns of in te r s t a te f l o w should be super imposed onto such statewide sys tems ana ly­
s i s . The suppor t ive t echn ica l methodology f o r t h i s a c t i v i t y should be e x p l i c i t l y s ens i ­
t i v e t o a l l t r a n s p o r t a t i o n sys t em pa rame te r s tha t m a y be in f luenced by state agencies 
t h rough d i r e c t inves tment , p r o m o t i o n , and r e g u l a t i o n . 

3. The p r o b l e m s of the t h i r d k i n d mus t be t r e a t e d at the f e d e r a l l e v e l by means of 
t e chn ica l methodology s i m i l a r i n k i n d t o that de sc r ibed i n p r e m i s e 2 above f o r s ta te­
wide p lann ing and p r o g r a m m i n g . Coord ina t ion of t h i s e f f o r t w i t h the s ta tewide endeavor 
i s e s sen t i a l , e spec ia l ly i n respect t o mu tua l exchange of i n f o r m a t i o n . S i s assumed 
tha t the ongoing statewide process desc r ibed i n p r e m i s e 2 , toge ther w i t h any spec ia l 
s tudies imp lemen ted accord ing t o p r e m i s e 1 , w i l l p rov ide adequate bas is f o r advocacy 
of a s ta te ' s i n t e r e s t s w i t h i n b r o a d e r t r a n s p o r t a t i o n d e c i s i o n - m a k i n g in s t i t u t i ons at the 
f e d e r a l l e v e l . 

These p r e m i s e s def ine the m a i n conce rn of s tatewide p lanning and p r o g r a m m i n g 
methodology as the sys t ems ana lys i s of nonloca l in t ras ta te c a r r i a g e (and r e l a t ed i m ­
pacts) i n a spa t i a l context , but a l low f o r se lec t ive spec ia l s tudies f o r c o m m o n l o c a l 
p r o b l e m s . 

State of the A r t : A n O ve rv i e w 

The scope and charac te r of c u r r e n t s t a t e - l eve l p lanning and p r o g r a m m i n g genera l ly a re 
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v e r y r emo te f r o m tha t p r e s c r i b e d above. The c loses t a p p r o x i m a t i o n t o t h i s c o m p r e ­
hensive approach (save f o r the f ew except ions noted below) i s the i nc lu s ion of t r u c k -
f l o w es t imates i n statewide highway t r a f f i c ass ignments where such procedures are 
used (20, 59). The t y p i c a l condi t ion at the state l e v e l beyond t h i s cons ide ra t ion of 
t r u c k s as au tomobi le equivalents involves a r e g u l a t o r y c o m m i s s i o n r e s o l v i n g p i ece ­
mea l c a r r i e r p roposa l s by means of an adve r sa ry p rocess , w i thou t any consistent t e c h ­
n i c a l es t imates of l i k e l y impac t s . The f i r s t na t iona l t r a n s p o r t a t i o n study (58), though 
o r i e n t e d t o passenger t r a n s p o r t a t i o n needs and t o a ^ r e g a t e data s u m m a r i e s by s ta te , 
at leas t seems t o have c rea ted a consciousness of p re s su re s f o r s tatewide f r e i g h t p l a n ­
n i n g and p r o g r a m m i n g . 

Several states have b r o k e n some subs tant ia l g round i n proceeding t o w a r d the scope 
and cha rac t e r p r e s c r i b e d above. The Connect icut I n t e r r e g i o n a l Planning P r o g r a m con­
ducted spec ia l s ta tewide su rveys o f t r u c k and c e r t a i n r a i l f r e i g h t movements d u r i n g the 
mid-1960s and p r o j e c t e d o r i g i n - d e s t i n a t i o n pa t te rns t o the y e a r 2000 (8) . The W i s c o n ­
s i n Depar tment of T r a n s p o r t a t i o n has taken no tewor thy i n i t i a t i v e t o w a r d a state census 
of t r a n s p o r t a t i o n w i t h c a r e f u l cons ide ra t ion of po ten t ia l p r i m a r y and secondary data 
sources f o r f r e i g h t (Jj|). The New Y o r k Depar tment of T r a n s p o r t a t i o n has t aken v a n ­
g u a r d steps t o in tegra te r e g u l a t o r y d e c i s i o n - m a k i n g in to a s ta tewide p lann ing and p r o ­
g r a m m i n g process (46), al though data c o l l e c t i o n and ana ly t i ca l techniques r e m a i n i n an 
e x p l o r a t o r y phase. 

Tho rough Inven to r i e s o f f r e i g h t f a c i l i t i e s have been conducted f o r Pennsylvania (65) 
and Tennessee (67), and the I l l i n o i s Depar tment of T r a n s p o r t a t i o n c u r r e n t l y i s a t t empt ­
i n g t o p r o c u r e l i n k densi ty data f o r a l l r a i l r o a d s opera t ing i n tha t s ta te . E labora te data 
c o l l e c t i o n and mode l ing methodologies have been designed f o r C a l i f o r n i a (39) and Penn­
sy lvan ia (6) , but have not been imp lemen ted . Undoubtedly some o ther states have taken 
l i m i t e d i n i t i a t i v e at l eas t i n data c o l l e c t i o n a c t i v i t i e s . 

Despi te these instances of mean ing fu l i n i t i a t i v e , l i t t l e has emerged i n s o f a r as op­
e r a t i o n a l ana ly t i ca l methodology i s concerned. The C a l i f o r n i a and Pennsylvania s tudies 
developed comprehens ive p lanning methodology i n considerable d e t a i l , but some e l e ­
ments of each r e q u i r e r a t h e r e laborate data c o l l e c t i o n . The o ther states c i t e d above 
e i t h e r have not developed any ana l j r t i ca l methodology at a l l (beyond data co l lec t ion) o r 
a re j u s t beginning t o do so, and documentat ion i s not yet ava i lab le o r — i n the case of 
Connecticut—methodology has been adapted d i r e c t l y f r o m f i r s t - g e n e r a t i o n techniques 
o f u r b a n t r a n s p o r t a t i o n p lanning . 

S ta te - leve l p r o g r a m m i n g methodology f o r f r e i g h t t r a n s p o r t a t i o n i s even m o r e e m ­
b r y o n i c . W i t h i n those agencies w i t h d i r e c t inves tment r e s p o n s i b i l i t i e s , p r o g r a m m i n g 
f o r f r e i g h t - s e r v i n g f a c i l i t i e s genera l ly has been t r e a t e d as desc r ibed i n the Workshop 
3A re source paper on passenger p l a n n i i ^ and p r o g r a m m i n g . Such f a c i l i t i e s t y p i c a l l y 
have had a p r i m a r y o r i e n t a t i o n t o passenger s e r v i c e ; f r e i g h t - s e r v i n g func t ions a r e 
cons idered subord ina te ly . O the rwi se , the p r o g r a m m i n g of r e g u l a t o r y act ions gener­
a l l y has been l e f t t o a p iecemea l adve r sa ry p rocess , and sys temat ic t echn ica l m e t h ­
odology has been t o t a l l y l a c k i n g . Tn e f f e c t , p r i o r i t i e s are set by the pa t t e rn o f app l i ca ­
t i ons tha t emanate f r o m the p r i v a t e s ec to r . 

Special s tudies of r e l a t i v e l y l o c a l i z e d but c o m m o n l y shared f r e i g h t p r o b l e m s have 
been conducted i n numerous ins tances , though w i t h v e r y l i t t l e invo lvement at the state 
l e v e l . A n extensive body of l i t e r a t u r e on t e r m i n a l p l a iming and des ign has developed 
t h r o u g h the r e sea rch e f f o r t s o f i n d i v i d u a l p r i v a t e c a r r i e r s and m o d a l i n d u s t r i a l a s soc i ­
at ions (e .g . , the Ra i lway Systems Management Assoc i a t i on ) . The f e d e r a l government 
( p a r t i c u l a r l y the Fede ra l R a i l A d m i n i s t r a t i o n i n recent years ) has sponsored va r ious 
s tudies of i n t r a m o d a l ope ra t ing p r o b l e m s such as f l e e t u t i l i z a t i o n , c a r supply , and 
s e r v i c e r e l i a b i l i t y . A l l of these e f f o r t s , however , have been d i r e c t e d t o the i n t e r n a l 
opera t ions o f i n d i v i d u a l c a r r i e r s — i n some cases, they cons ide r f e d e r a l r e g u l a t o r y 
p o l i c y such as pe r d i e m c a r - h o l d i n g charges , but not any s i g n i f i c a n t r o l e f o r the s ta te . 

P r o b l e m s of u rban goods movement have d r a w n inc rea s ing a t tent ion l a recent l i t e r a ­
t u r e ; exce l len t s t a t e - o f - t h e - a r t s u m m a r i e s l ead such developments (23, 25, 26) . A g a i n , 
however , these studies have not focused on any p lanning r o l e f o r the s ta te . State sub­
s id i e s f o r r e m e d i a l courses o f ac t i on a r e occas iona l ly advocated, w h i c h w o u l d suggest 
some s t a t e - l eve l p r o g r a m m i n g a c t i v i t y , h i genera l , the invo lvement of s tates i n t h i s 
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a r e a has been l i m i t e d t o adv i so ry p a r t i c i p a t i o n i n the e f f o r t s o f u rban and r eg iona l 
t r a n s p o r t a t i o n p lanning agencies (the New Y o r k mas t e r p l an indicates except ional i n i t i a ­
t i v e i n p r o m o t i n g u rban goods d i s t r i b u t i o n ) . The poin t i s tha t some w o r t h w h i l e t e c h ­
n i c a l methodology has e me rge d f o r u r b a n goods movement , bu t whe the r such method­
ology should be i n c o r p o r a t e d in to state p lanning instead of l o c a l and r eg iona l p l a n n i i ^ i s 
open t o se r ious ques t ion. Given the genera l t r ends r ecen t ly t o w a r d g rea t e r s e l f -
d e t e r m i n a t i o n at l o c a l l e v e l s , i t w o u l d appear appropr i a t e t o have l o c a l and r e g i o n a l 
agencies be respons ib le f o r such spec ia l p l a n n i i ^ s tudies and t o l i m i t state i n v o l v e ­
ment t o the p r o g r a m m i n g of state o r f e d e r a l l y channeled funds f o r such p r o j e c t s . 

The p r o b l e m of r a i l b r a n c h - l i n e abandonment has r e c e n t l y ca ta lyzed , m a i n l y t h r o u g h 
f e d e r a l sponsorsh ip , se lec t ive s tudies tha t assume a sup ra loca l pe rspec t ive . T w o 
s tudies of p a r t i c u l a r note p e r t a i n t o excess t rackage i n Iowa: developing ana ly t i ca l 
methodology appropr ia t e t o i n t e r m o d a l r eg iona l p lanning and t o i n t e r m o d a l s ta tewide 
p r o g r a m m i n g . A study by Iowa State U n i v e r s i t y (4) , sponsored by the Fede ra l R a i l 
A d m i n i s t r a t i o n and p r i v a t e i n t e r e s t s , appl ied ma thema t i ca l p r o g r a m m i n g techniques 
to de t e rmine o p t i m a l t r u c k - r a i l c o l l e c t i o n of g r a i n f o r a mu l t i coun ty r e g i o n i n n o r t h -
c e n t r a l Iowa. The scope of t h i s p h y s i c a l d i s t r i b u t i o n study also inc luded the cons ide ra ­
t i o n of g r a i n - e l e v a t o r conf igura t ions w i t h i n the r e g i o n . E a r l i e r w o r k at Iowa State 
U n i v e r s i t y (49) s tudied the impac t of t r a n s p o r t a t i o n equipment s h o r t i e s on g r a i n d i s ­
t r i b u t i o n . 

A study ju s t i n i t i a t e d by the U n i v e r s i t y of Iowa (54), sponsored by the U.S. Depa r t ­
ment of T r a n s p o r t a t i o n w i t h the coopera t ion of l o c a l and state agencies, i s developing 
p rocedures f o r s ta tewide abandonment p r o g r a m m i n g on the bas i s o f t r a d e - o f f s between 
f r e i g h t s e rv i ce economics and reuse po ten t i a l . T h i s study focuses m a i n l y on r a i l 
b r a n c h - l i n e p r o b l e m s , but a lso i s cons ide r ing the abandonment of l o c a l a i r p o r t s and 
secondary roads . A l s o , the Iowa O f f i c e of P lanning and P r o g r a m m i n g has r ecen t ly 
comple ted an in-house study of 2 r a i l abandonment proposa ls (45). 

Some states a re now i n the p rocess o f i nven to ry ing r a i l b r anch l i n e s , p a r t i c u l a r l y 
s ince f e d e r a l l e g i s l a t i o n ( through the Regional R a i l Reorgan iza t ion A c t of 1973) s p e c i f i ­
c a l l y p rov ides funds f o r s ta te-channeled subsidies t o continue s e rv i ce s tha t a re un ­
p r o f i t a b l e but a re b e n e f i c i a l t o l o c a l economies . Section 402(c) of the act s t ipula tes 
(56, p . 28) , among other p r o v i s i o n s , tha t e l i g i b i l i t y f o r such f e d e r a l assistance r e q u i r e s 
tha t 

.the State has estabhshed a state plan for rail transportation and local rail services which is 
administered or coordinated by a designated State agency and [that] such plan provide for the 
equitable distribution of such subsidies among State, local, and regional transportation author­
ities 

Such de te rmina t ions of subsidy r e q u i r e m e n t s may be made by state , l o c a l , o r r e ­
g iona l t r a n s p o r t a t i o n agencies as long as they f o l l o w s p e c i f i e d s tandards o f compara t ive 
cost ana lys i s . The responses o f i n d i v i d u a l s tates a re unc lea r at t h i s w r i t i n g , except 
that the demanding deadlines of the r a i l act have set o f f a f l u r r y of a c t i v i t y . Publ ic 
hear ings c u r r e n t l y a re under way to s o l i c i t responses to the i n i t i a l r eo rgan iza t ion p l an 
(60). F o r m o r e l o n g - t e r m purposes , the ques t ion of l o c a l - l e v e l p lanning ve r sus s ta te -
l e v e l p r o g r a m m i n g a r i s e s j u s t as de sc r ibed e a r l i e r f o r p r o b l e m s of u r b a n goods m o v e ­
ment . A g a i n , i t w o u l d appear m o r e appropr ia te f o r l o c a l and r eg iona l agencies t o 
assume r e s p o n s i b i l i t y f o r t e chn ica l p la iming methodology and f o r the state t o assume 
r e s p o n s i b i l i t y f o r s ta tewide p r o j e c t p r o g r a m m i n g . 

Having i d e n t i f i e d these spec ia l p r o b l e m areas , I w i l l concentrate throughout the 
r e s t of t h i s paper on statewide sys tems methodology as de f ined e a r l i e r (p remise 2 ) . 
A g a i n , development o f f r e i g h t - s y s t e m methodology has been m i n i m a l a t the state l e v e l 
p e r se. M o r e o v e r , mos t s tudies o f u rban goods movement focus on access e lements 
of i n t e r c i t y t r a n s p o r t and, hence, a re not d i r e c t l y t r a n s f e r a b l e t o the s tatewide con­
t e x t . Given the embryon i c state of the a r t i n t h i s area , much of the f o l l o w i n g m a t e r i a l 
r ep resen t s a f r e s h approach to the p r o b l e m ; i t d raws on suppor t ive l i t e r a t u r e (e .g . , 
tha t p e r t a i n i n g t o l a r g e r regions) as app ropr i a t e . 
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C O N T R O L V A R I A B L E S FOR S T A T E W I D E SYSTEMS A N A L Y S I S 

A s ment ioned e a r l i e r , the i n s t r u m e n t s t3rpically avai lable at the state l e v e l f o r a f f e c t i n g 
i t s f r e i g h t t r a n s p o r t a t i o n sys t em include the f o l l o w i n g : 

1 . D i r e c t inves tment i n phys i ca l f a c i l i t i e s f o r m o t o r c a r r i e r s and, t o a l e s s e r e x ­
ten t , f o r a i r and w a t e r c o m m e r c e ; 

2. Regula to ry au thor i ty ove r in t ras ta te c o m m e r c e v i a a l l c o m m o n c a r r i e r s i n the 
sense of b i n a r y app rova l -d i s app rova l of i n d i v i d u a l c a r r i e r p roposa l s ; and 

3. Po ten t ia l p r o m o t i o n a l s t ra teg ies (e .g . , subs id ies , use of eminent domain powers , 
and t a x c r e d i t s ) . 

A l l of these i n s t r u m e n t s eventual ly are man i fe s t ed i n t e r m s of the f o l l o w i n g 6 charac ­
t e r i s t i c s of the t r a n s p o r t a t i o n sys tem: n e t w o r k s t r u c t u r e , technology, c a r r i e r owner ­
sh ip i d e n t i t y and r e g u l a t o r y s ta tus , capac i ty o f f a c i l i t i e s , c a r r i e r and u s e r cos ts and 
r a t e s , and s e r v i c e a t t r i bu te s (e .g . , t r a n s i t t i m e ) . 

A s i n the es tab l i shed p rocedures of passenger -o r ien ted u rban t r a n s p o r t a t i o n s tudies , 
t h i s k i n d o f sys t ems-ana ly t i c approach r e q u i r e s the d e f i n i t i o n o f t r a f f i c ana lys i s zones 
throughout a state (plus ex t e rna l zones as necessary t o account f o r re levan t in te r s ta te 
movements ) . A l l i m p o r t a n t s t a t e - l eve l courses of ac t ion , v i a any of the a fo rement ioned 
i n s t r u m e n t s , w o u l d be represen ted i n t e r m s o f an abs t rac t n e t w o r k t o be supe r imposed 
on the s y s t e m of t r a f f i c analys is zones. 

Thus , f o r example , a speed l i m i t of 55 m p h f o r a l l t r u c k s w o u l d be r e f l e c t e d i n the 
t r a n s i t t i m e va lue f o r i n d i v i d u a l h ighway l i n k s . A r a t e change f o r any mode on a g iven 
c o m m o d i t y type w o u l d be represen ted i n t e r m s of the use r cost f o r the p a r t i c u l a r 
o r i g i n - d e s t i n a t i o n movements a f fec ted . Abandonment of any g iven l i n e w o u l d be r e ­
f l e c t e d a n a l y t i c a l l y by r e d u c i n g I t s capac i ty t o z e r o . A m e r g e r o f 2 t r u c k i n g f i r m s 
w o u l d give the 2 c a r r i e r s the same iden t i ty l a b e l . These va r i ous p a r a m e t e r s const i tu te 
the c o n t r o l v a r i a b l e s w i t h i n s tatewide m u l t i m o d a l sys tems p lanning and p r o g r a m m i n g 
f o r f r e i g h t t r a n s p o r t a t i o n . 

The l e v e l of spa t i a l d e t a i l t o be used w i l l v a r y accord ing t o the s ize and develop­
ment of each state. F r e i g h t movements f o r dis tances of less than 35 m i l e s a re l i k e l y 
t o be o f m o r e conce rn t o Rhode I s l and than t o Texas . P r edominan t ly r u r a l s tates w i l l 
genera l ly invo lve a r e l a t i v e l y longer average hau l of shipments and a h ighe r p r o p o r t i o n 
of " b r i d g e " ( i . e . , through) t r a f f i c ; t h i s suggests l a r g e r ana lys i s zones and less de t a i l 
i n n e t w o r k coding . [ T h e Connect icut I n t e r r e g i o n a l P lanning P r o g r a m def ined 15 ana ly­
s i s r eg ions . The Pennsylvania methodologica l design advocated between 15 and 40 f o r 
f r e i g h t ana lys i s (that state has 67 coun t i e s ) . ] 

Besides the spa t i a l d i m e n s i o n , the ques t ion o f t i m e sca le f o r p lann ing and p r o g r a m ­
m i n g r e q u i r e s r e s o l u t i o n . T h i s m a t t e r i s t r e a t e d i n some depth by the p reced ing 
paper by Pecknold on passenger methodology; he makes the bas ic points tha t c a p i t a l -
in tens ive inves tment dec is ions suggest a long- range p lann ing h o r i z o n , ye t p o l i t i c a l 
r e a l i t i e s argue f o r m o r e s h o r t - t e r m responsiveness . The l a t t e r f a c t o r i s e spec ia l ly 
persuas ive i n f r e i g h t p l a n n i i ^ and p r o g r a m m i n g , f o r many proposa ls f o r sy s t em m o d i ­
f i c a t i o n emanate f r o m the p r i v a t e s e c t o r . T h e r e f o r e , the appropr ia te t i m e span f o r 
s tatewide f r e i g h t planning—in t e r m s of when proposed courses of ac t ion should take 
place—should be perhaps on the o r d e r of 5 t o 10 y e a r s . Idea l ly , the p r o g r a m m i n g 
f u n c t i o n w o u l d be in t eg ra ted w i t h i n such a t i m e span, perhaps w i t h annual r e v i e w and 
r e s p e c i f i c a t i o n . 

R E L E V A N T E V A L U A T I O N C R I T E R I A 

A c c o r d i n g t o the f r a m e w o r k set f o r t h i n the i n t r o d u c t o r y sec t ion of t h i s paper , the 
p rocess of s tatewide sys tems p lanning and p r o g r a m m i n g c a l l s f o r ana ly t i ca l me thod­
ology tha t w i l l e s t imate the re levan t e f f e c t s of proposed courses of ac t ion . The c o n t r o l 
v a r i a b l e s i d e n t i f i e d i n the p rev ious sec t ion p rov ide f o r s p e c i f i c a t i o n of p a r t i c u l a r 
courses of ac t ion i n ana ly t i ca l t e r m s . The next issue l o g i c a l l y r e f e r s t o the d e f i n i t i o n 
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of r e l evan t e f f e c t v a r i a b l e s , o r c r i t e r i a , by w h i c h a l t e rna t ive courses of ac t ion may be 
evaluated. 

In t h e o r y , the i d e n t i f i c a t i o n of re levan t eva lua t ion c r i t e r i a should proceed f r o m a 
p r i o r d e f i n i t i o n of goals and ob jec t ives (48). h i p r a c t i c e such d e f i n i t i o n at the s ta te ­
wide l e v e l has been d i r e c t e d t o w a r d passenger t r a n s p o r t a t i o n i f at a l l ex is tent (35). 
A s f o r any f r e i g h t o r i e n t a t i o n , the f o l l o w i n g statement of the Connecticut I n t e r r e ^ o n a l 
P lanning P r o g r a m (8, p . 28) i s t y p i c a l : 

Requirements for the movement of goods vary in the same way as needs for the movement of 
people For some goods, such as fuel, cost is the primary factor and speed is relatively unim­
portant. On the other hand, components needed to repair a complex piece of factory machinery 
must arrive quickly in order to reduce costly delays in the production of goods Therefore, the 
overall goal in planning goods movements is to achieve a system that is efficient and can provide 
for diverse needs. This requires a variety of modes, a minimum of cost, and sufficient capacity 
to supply urban and industrial concentrations efficiently. 

The New Y o r k State mas t e r p l an f o r t r a n s p o r t a t i o n (46, pp. 50-51) , w h i c h i s unique i n 
i t s i n t eg ra t i on of r e g u l a t o r y p o l i c y in to the s tatewide p lanning and p r o g r a m m i n g e f f o r t , 
s tates tha t p o l i c y qui te c l e a r l y : 

The department's freight transportation policy relies on privately owned and operated common 
carriers, and utilizes tne advantages of competition and pnvate enterpnse to define the role of 
for-hire transportation The allocation of resources among transport markets should depend 
heavily on competitive market forces to achieve greater economic efficiencies and to lower the 
total cost of transportation services to the pubhc The department plan calls for modification 
of economic and safety regulation, modification of taxation of the vanous modes, and identi­
fication of public assistance responsibilities in a comprehensive program to strengthen competi­
tion and achieve those development goals which are noneconomic and are not served by the 
marketplace. 

These 2 s ta tements h igh l igh t the o v e r r i d i n g impor tance o f economic e f f i c i e n c y ( i . e . , 
i m p r o v e m e n t of r e source a l loca t ion i n t e r m s of d i r e c t c o s t - p e r f o r m a n c e cha rac t e r ­
i s t i c s of the t r a n s p o r t a t i o n sys tem) i n s ta tewide f r e i g h t p lann ing and p r o g r a m m i n g . 
The New Y o r k s tatement also a r t i cu l a t e s concern f o r development goals . M o r e o v e r , i t 
i s g e n e r a l l y agreed ( o r even se l f - ev iden t ) tha t the act ions of state government m u s t r e ­
spect e n v i r o n m e n t a l concerns , however def ined . A l s o , as observed i n an e a r l i e r quote 
f r o m the Regional R a i l Reorgan iza t ion A c t o f 1973, some s e n s i t i v i t y t o the d i s t r i b u t i o n 
of economic impac t s (at l eas t i n a spa t i a l sense) i s e m e r g i n g . In s u m m a r y , f o r o u r 
purposes here the f o l l o w i n g goal d imens ions a re o f re levance: (a) economic e f f i c i e n c y 
( o v e r a l l s y s t e m c o s t - p e r f o r m a n c e ) , (b) s tatewide economic development , (c) e n v i r o n ­
m e n t a l q u a l i t y , and (d) reasonable equi ty i n the d i s t r i b u t i o n of costs and benef i t s . 

These d imens ions suggest a s t r a ^ t f o r w a r d taxonomy, g iven be low, o f r e l evan t 
e f f e c t s , w h i c h d raw per t inen t d i s t inc t ions f o r g u l d i i ^ methodologica l des ign. 

E f f e c t Consequence 

P r o d u c t i o n - r e l a t e d 
D i r e c t Cap i t a l r e source c o m m i t m e n t s 
b i d i r e c t L o c a l i z e d e x t e r n a l i t i e s (d isplacement o r d i s r u p ­

t i o n o f socioeconomic and phys ica l a c t i v i t i e s ) 
Consumpt ion- r e l a t e d 

D i r e c t System opera t ing e f f i c i e n c y ( sys tem cost p e r f o r m a n c e ) 
b i d i r e c t System e x t e r n a l i t i e s ( env i ronmen ta l p o l l u t i o n and de­

ve lopment pa t te rns) 

P r o d u c t i o n - r e l a t e d e f f e c t s r e f e r t o consequences tha t o c c u r by sheer v i r t u e of f a c i l i t y 
c o n s t r u c t i o n ( o r r e m o v a l ) , whereas consumpt ion - re l a t ed e f f ec t s r e f e r t o " p o s t - r i b b o n -
c u t t i n g " consequences ( i . e . , pa t t e rns o f s y s t e m usage o r ope ra t ion and r e l a t e d i m ­
pacts) . D i r e c t e f f e c t s p e r t a i n t o c h a r a c t e r i s t i c s of the t r a n s p o r t a t i o n sys t em i t s e l f , 
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and i n d i r e c t e f f e c t s r e f e r t o any impac ts on tha t sy s t em ' s s u r r o u n d i n g economic , 
s o c i a l , and p h y s i c a l env i ronmen t s . 

In these t e r m s , the o v e r r i d i n g conce rn f o r economic e f f i c i e n c y embraces a l l d i r e c t 
e f f e c t s , i nc lud ing a l l sy s t em (cap i t a l and operat ing) costs and the pa t te rns of c o m m o d ­
i t y movements and s e r v i c e l e v e l s i n a n e t w o r k context . B r o a d l y i n t e r p r e t e d (e .g . , as 
i n the A c t i o n P lan Guidel ines p romulga t ed by the U.S. Depar tment of T r a n s p o r t a t i o n 
f o r state t r a n s p o r t a t i o n and highway agencies) , the concern f o r e n v i r o n m e n t a l q u a l i t y 
embraces a l l p r o d u c t i o n - r e l a t e d l o c a l i z e d e x t e r n a l i t i e s and use-dependent p o l l u t i o n 
l eve l s throughout the s tate. Developmenta l e f f ec t s a re i d e n t i f i e d as a separate concern 
f o r the e f f e c t s tha t actual opera t ing condi t ions have on the spa t i a l pa t te rns of economic 
g r o w t h (or decl ine) throughout the s ta te . D i s t r i b u t i o n a l cons idera t ions may be i n c o r ­
po ra t ed not on ly b y spa t i a l ana lys i s throughout t h i s scheme but a l so b y account ing f o r 
the m a j o r " inc iden t p a r t i e s " throughout (e .g . , sh ippe r s , c a r r i e r s , and the l o c a l o r 
s ta tewide c o m m u n i t y ) . 

T h i s taxonomy suggests a somewhat complex methodolog ica l f r a m e w o r k , w h i c h i s 
shown i n F i g u r e 3. The f r a m e w o r k consis ts of anal3rtical models tha t mus t be c a l i ­
b r a t e d t o data c o m p i l e d t h rough a base-year i nven to ry . Once c a l i b r a t e d , each of these 
models addresses respec t ive types of e f f ec t s as de f ined above. Cap i ta l costs a re de­
t e r m i n e d as a f u n c t i o n o f t echno log ica l and opera t ing pa r ame te r s f o r g iven f a c i l i t y l o c a ­
t i o n s , and p r o d u c t i o n - r e l a t e d e x t e r n a l i t i e s (economic , s o c i a l , and phys i ca l d i s r u p t i o n 
o r d isp lacement o r both) a r e e s t ima ted by superpos ing f a c i l i t y c o r r i d o r loca t ions on 
su rveyed data f o r economic , demographic , and env i ronmen ta l un i t s i n such loca t ions . 

The m o r e compl i ca t ed aspects o f t h i s f r a m e w o r k address pa t t e rns o f s y s t e m p e r ­
f o r m a n c e and consumpt ion - re l a t ed i n d i r e c t e f f e c t s . The analys is of sy s t em p e r f o r ­
mance r e q u i r e s techniques f o r e s t i m a t i n g goods movement pa t te rns (e .g . , by genera t ion , 
d i s t r i b u t i o n , and m o d a l - s p l i t models) and, at leas t f o r the m o t o r c a r r i e r mode, f o r de­
t e r m i n i n g e q u i l i b r i u m pa t te rns of n e t w o r k u t i l i z a t i o n (e .g . , by assignment mode ls ) . 
E n v i r o n m e n t a l e x t e r n a l i t i e s such as a i r and noise p o l l u t i o n are analyzed once a p r o ­
j e c t i o n of sy s t em u t i l i z a t i o n pa t te rns i s accompl i shed . 

A p a r t i c u l a r c o m p l i c a t i o n , not e a s i l y unders tood o f t e n t i m e s , a r i s e s because of the 
inherent mu tua l i n t e r a c t i o n between pa t te rns of economic development , c o m m o d i t y 
movement pa t t e rns , and t r a n s p o r t a t i o n s y s t e m a t t r i b u t e s . Spatial pa t te rns o f economic 
development mus t be p r o j e c t e d be fo re c o m m o d i t y f l o w s can be analyzed, f o r the o r i g i n -
des t ina t ion c h a r a c t e r i s t i c s of goods movement depend d i r e c t l y on how t r a f f i c - g e n e r a t i n g 
a c t i v i t y i s d i s t r i b u t e d over space. However , a lbe i t w i t h some l a g of s e v e r a l yea r s o r 
m o r e , the spa t ia l d i s t r i b u t i o n of economic development i s i t s e l f sens i t ive t o the con­
f i g u r a t i o n and s e r v i c e l eve l s of the s ta tewide t r a n s p o r t a t i o n n e t w o r k . F i g u r e 3 shows 
the p r o v i s i o n f o r a " s m a l l - a r e a a c t i v i t y a l loca t ion m o d e l , " w h i c h i s r ende red sens i t ive 
t o the a t t r i bu te s s p e c i f i e d i n any proposed t r a n s p o r t a t i o n p lan and a l lows f o r any neces­
s a r y feedback of e q u i l i b r i u m se rv i ce l eve l s f r o m n e t w o r k ana lys i s . 

No such methodology, i n the degree of comprehensiveness presen ted he re , c u r r e n t l y 
ex i s t s at the s tatewide l e v e l even f o r passenger t r a n s p o r t a t i o n p lanning and p r o g r a m ­
m i n g . W i t h r e g a r d t o f r e i g h t , p r a c t i c a l l y none of these e lements has been imp lemen ted 
at the state l e v e l beyond the i n c l u s i o n of t r u c k veh ic le f l o w s i n statewide highway p l an ­
n ing analyses. C l e a r l y a l l of the e lements shown i n F i g u r e 3 cannot be developed ex ­
pedien t ly , but t h i s f r a m e w o r k o f f e r s a s t r u c t u r e d perspec t ive f r o m w h i c h m a j o r t h r u s t s 
f o r r e s e a r c h can be cons idered . 

The d iscuss ions o f data r equ i r emen t s and a n a l y t i c a l techniques i n the next 2 sect ions 
focus m a i n l y on the p r o b l e m of sy s t em p e r f o r m a n c e analys is as the m a t t e r of u tmos t 
impor tance i n methodologica l development . Attendant cons ide ra t ion i s a lso g iven t o the 
need f o r p o l i c y - s e n s i t i v e a c t i v i t y a l loca t ion analys is and env i ronmen ta l impac t ana lys i s . 

D A T A R E Q U I R E M E N T S 

A s noted i n the i n t r o d u c t o r y sec t ion of t h i s paper , the l a rges t imped iment t o i m p l e m e n ­
t a t i o n of s tatewide f r e i g h t t r a n s p o r t a t i o n p lanning and p r o g r a m m i n g I s the severe l a c k 
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Figure 3. Comprehensive analytical methodology for statewide freight transportation planning and 
programming. 
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Table 1. Percentage of shippers by ranic order of factors 
influencing mode selection. 

Factor 1 2 3 4 5 

Availability of equipment 15 19 20 22 24 
Freight charges 42 18 16 13 11 
Elapsed time in transit 20 33 21 19 7 
Freight loss and damage 

e;q>erience 3 6 13 25 53 
Dependability of delivery 22 26 29 19 4 

Table 2. Percentage of major eastern shippers by 
factors influencing shift from rail to truck. 

Rank Factor Percent 

1 Faster transit times 24 7 
2 Dependable transit times 12 5 
3 Convement frequency 12 5 
4 Equipment available when needed 12 1 
5 Minimum weights 9 0 
6 Lower rates 8 7 
7 Specialized equipment 6 5 
8 Equipment conditions 4 1 
9 Prompt claims handling 3 6 

ID Traffic solicitation 2 7 
11 Delay notification 2 2 
12 Better billing procedure 1 4 
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of data. The recent N C H R P r e p o r t on statewide t r a n s p o r t a t i o n p lanning (34) s t r e s sed 
t h i s po in t . That document s t r u c t u r e d data r e q u i r e m e n t s i n t e r m s o f 3 ca tegor ies , 
w h i c h serve as the basis f o r d i scuss ion he re : ac tua l goods movements , t r a n s p o r t a t i o n 
f a c i l i t i e s , and spa t i a l a r r angement o f human a c t i v i t i e s and n a t u r a l r e s o u r c e s . 

Da ta on goods movements measure the r e a l i z e d demand f o r the e x i s t i n g (base-year) 
t r a n s p o r t a t i o n s y s t e m , and a f a c i l i t i e s i n v e n t o r y measures the co r r e spond ing supply 
i n spa t i a l t e r m s . I n f o r m a t i o n on the spa t i a l d i s t r i b u t i o n of socioeconomic a c t i v i t y and 
n a t u r a l r e sources es tabl ishes the t r a f f i c - g e n e r a t i n g capab i l i t y f o r d i f f e r e n t t r a f f i c 
ana lys i s zones, i . e . , the u l t i m a t e bases f o r o r i g i n - d e s t i n a t i o n demands. F r o m a l l of 
t h i s i n f o r m a t i o n , f o r e c a s t i n g r e l a t ions may be developed t o es t imate f u t u r e pa t t e rns o f 
goods movement as a f u n c t i o n of zonal a c t i v i t y l eve l s and the a t t r i bu te s o f the proposed 
t r a n s p o r t a t i o n sys t ems . Zona l measures o f soc ioeconomic a c t i v i t y a l so a r e necessary 
f o r the c a l i b r a t i o n o f an a c t i v i t y a l l oca t i on m o d e l . 

Goods Movement Data 

Data on c o m m o d i t y f l o w s r ep resen t the deares t i n f o r m a t i o n o f a l l f o r s ta tewide f r e i g h t 
t r a n s p o r t a t i o n p lann ing and p r o g r a m m i n g . Such data p r e f e r a b l y w o u l d be avai lable i n 
t e r m s of consis tent tabula t ions f o r o r i g i n - d e s t i n a t i o n movements and cor respond ing 
l i n k dens i t ies f o r each mode by c o m m o d i t y t y p e . 

M o s t s tates c o l l e c t f i e l d data on v e h i c u l a r t r u c k movements f o r purposes o f h ighway 
p lanning . D u r i n g the m i d - 1 9 6 0 s , the Connect icut I n t e r r e g i o n a l P lanning P r o g r a m (8) 
obtained data on m o t o r c a r r i e r c o m m o d i t y f l o w s by means of roadside i n t e r v i e w s and 
se lec t ive i n t e r v i e w s w i t h t r u c k i n g f i r m s . C I P P a lso executed a 4 - m o n t h sample o f the 
New Haven and the C e n t r a l o f V e r m o n t r a i l r o a d s . The i n f o r m a t i o n co l l ec t ed inc luded 
c o m m o d i t y t ype , o r i g i n and des t ina t ion , number o f c a r s , hundredweight , and cha rac t e r 
of movement ( in ters ta te o r i g i n a t e d , in te r s t a te t e r m i n a t e d , l o c a l , o r b r i d g e t r a f f i c ) . 
A l s o , C I P P made no tewor thy use of i n f o r m a t i o n f r o m the 1963 Census o f T r a n s p o r t a ­
t i o n t o c o m p i l e aggregate m o d a l f l o w s t o and f r o m m a j o r reg ions throughout the na t ion . 

The C I P P exper ience i s unique i n tha t i t cons t i tu tes the only known e f f o r t of a state 
t o co l l e c t comprehens ive f r e i g h t f l o w data f o r a l l modes on an o r i g i n - d e s t i n a t i o n bas i s . 
Some states (e .g . , I l l i n o i s , Iowa, and Ohio) c u r r e n t l y a re a t t empt ing t o compi l e r a i l 
f r e i g h t dens i ty maps f o r purposes o f b r a n c h - l i n e abandonment p r o g r a m m i n g . A l s o , 
data on o r i g i n - d e s t i n a t i o n movements and l i n k densi t ies m a y be publ i shed f o r se lec t ive 
t r u n k - l i n e c a r r i e r s i n the evidence and d i scove ry exh ib i t s of p a r t i c u l a r ICC m e r g e r 
hea r ings . Otherwise i n f o r m a t i o n on f r e i g h t f l o w s i s p r a c t i c a l l y nonexistent beyond the 
p r i v a t e f i l e s o f i n d i v i d u a l c a r r i e r s and sh ippe r s . 

N C H R P Synthesis 15 (34) advocated d i r e c t su rveys of w a y b i l l s f o r the va r i ous modes , 
i . e . , s a m p l i n g i n d i v i d u a l c a r r i e r s as the ICC used to do i n c o m p i l i n g i t s se r i e s of 
s ta te - to-s ta te r a i l f r e i g h t t abu la t ions . Tha t r e p o r t a lso noted tha t the New Y o r k t r a n s ­
p o r t a t i o n depar tment has proposed t o conduct a d i r e c t s u r v e y o f sh ippe r s , w h i c h w o u l d 
p e r m i t a m o r e e x p l i c i t d e t e rmina t i on o f b e h a v i o r a l f a c t o r s that in f luence choice of mode , 
r ou t e , and so f o r t h . The methodologica l design f o r Pennsylvania proposed a v e r y e lab­
ora te survey of sh ippers t o ob ta in i n t e r i n d u s t r l a l f l o w data f o r 40 spa t i a l zones and as 
many as 80 i n d u s t r i a l s ec to r s (at an e s t i m a t e d cost approaching $3 m i l l i o n ) . 

I t i s t h i s au tho r ' s conv i c t i on tha t the mos t i m p o r t a n t r e s e a r c h need f o r s tatewide 
f r e i g h t p lanning and p r o g r a m m i n g , by f a r , i s t o develop feas ib le s t ra teg ies f o r c o m ­
p i l i n g m u l t i m o d a l o r i g i n - d e s t i n a t i o n and l i n k densi ty data. N C H R P Synthesis 15 o f f e r s 
bas ic recommendat ions on t h i s m a t t e r , advocat ing p rocedures o f w a y b i l l s a m p l i n g 
t h rough the coopera t ive e f f o r t s o f c a r r i e r s . T h i s d i r e c t su rvey approach (or acqu i s i t i on 
of p r i m a r y data) should not be cons idered wi thou t a lso g i v i n g c a r e f u l i n q u i r y t o the 
poss ib le acqu i s i t i on of secondary data v i a specia l t abu la t ions (on cont rac t ) f r o m the 
1963 o r 1967 Census o f T r a n s p o r t a t i o n o r bo th . P r i o r exper iences o f t h i s au thor i n 
c o m p i l i n g c o m m o d i t y f l o w data f o r the Nor theas t C o r r i d o r T r a n s p o r t a t i o n P r o j e c t and 
f o r a spec ia l analys is of the Rock Is land m e r g e r proposa ls de t e rmined tha t the U.S. 
Bureau of the Census w o u l d p rov ide spec ia l tabula t ions f o r subareas w i t h i n states—at 
some appreciable c o m p r o m i s e o f c o m m o d i t y d e t a i l — w i t h i n the cons t r a in t s o f l e g a l d i s -
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c losu re r e s t r i c t i o n s . D u r i n g the course of the o r i g i n a l su rvey p lann ing , Donald C h u r c h 
gave pub l ic not ice of t h i s po ten t i a l s e r v i c e i n the f o l l o w i n g r e m a r k s b e f o r e the 1963 
T r a n s p o r t a t i o n Research F o r u m : 

If our publication plans do give the specific detail you need, we shall be pleased to prepare 
special tables on a reimbursable cost basis, provided (I) the sample is adequate to give useful 
data on the special subject, (2) the information can be released withm the confidentiality rules 
that apply to data collected by the Census Bureau, and (3) the special work does not unduly 
interfere with other programs 

A m a j o r l i m i t a t i o n of t h i s source ( i . e . , the C o m m o d i t y T r a n s p o r t a t i o n Survey) i s i t s 
r e s t r i c t i o n t o manufac tu red produc ts ; hence, i t w o u l d be of l e ss value t o a g r i c u l t u r a l 
states than t o m o r e i n d u s t r i a l i z e d states. 

The t h r u s t of r e s e a r c h on t h i s m a t t e r should cons ider a l l such sources of secondary 
data i n t e g r a l l y w i t h prospects f o r d i r e c t su rveys of c a r r i e r s o r sh ippers o r bo th . 
P a r t i c u l a r a t tent ion should be pa id t o the t r a d e - o f f s between a r ea l d e t a i l and c o m m o d i t y 
s t r a t i f i c a t i o n f o r a g iven l e v e l of expendi ture and t o the l e g a l d i s c lo su re r e s t r i c t i o n s 
appl icable i n each state. A l s o , any d i r e c t su rvey e f f o r t mus t ant ic ipate considerable 
d i f f i c u l t y i n s ecu r ing the coopera t ion of a l l c a r r i e r s , e spec ia l ly those p r iva t e and con­
t r a c t ope ra to r s tha t a re exempt f r o m r e g u l a t i o n . Those who o rgan ize and execute e f ­
f o r t s t o co l l ec t f l o w data should be v e r y a l e r t t o po ten t i a l sources of i n f o r m a t i o n w i t h i n 
the f r e i g h t i n d u s t r y (e .g . , t r ade associa t ions) . F o r example , one mode-choice study 
conducted at N o r t h w e s t e r n U n i v e r s i t y (5 , p . 63) was able t o p r o c u r e f r o m the Chicago 
B o a r d o f T rade "de ta i l ed data on the quant i ty of f r e i g h t shipped by t r u c k and r a i l each 
month t o Chicago f r o m Midwes t c o m m u n i t i e s i n w h i c h g r a i n e leva to r s a re loca ted . " 

T r a n s p o r t a t i o n F a c i l i t y - S e r v i c e Inven tory 

N C H R P Synthesis 15 a lso addressed the need f o r data on e x i s t i n g t r a n s p o r t a t i o n f a c i l ­
i t i e s o r a c h a r a c t e r i z a t i o n of s y s t e m supply . I n f o r m a t i o n on ope ra t i ng se rv ices and 
c a r r i e r opera t ing costs a re essen t ia l ingred ien ts i n such an inven to ry as a re s t r i c t l y 
p h y s i c a l p a r a m e t e r s o f f a c i l i t i e s . T h i s aspect of data c o l l e c t i o n i s cons iderab ly l e s s 
d i f f i c u l t than the d e t e r m i n a t i o n of goods movement pa t te rns because con f iden t i a l i t y i s 
not so sens i t ive an i ssue . 

The i n f o r m a t i o n des i r ed i n t h i s i nven to ry shou ld encompass a l l o f the f a c i l i t y and 
s e r v i c e p a r a m e t e r s def ined i n the e a r l i e r sec t ion on c o n t r o l va r i ab le s : technology, 
ope ra to r ( c a r r i e r ) i den t i t y , ope ra to r r e g u l a t o r y status ( p r i v a t e , con t rac t , common) , 
f a c i l i t y capaci ty (veh icu la r and tonnage), r a t e s t r u c t u r e (and spec ia l charges) , average 
ope ra t ing cos ts , and se rv i ce a t t r ibu tes (e .g . , t r a n s i t t i m e ) . Much of t h i s i n f o r m a t i o n 
i s on f i l e i n a d m i n i s t r a t i v e and r e g u l a t o r y agencies, but supplementary f i e l d contacts 
a re necessary and qui te f e a s i b l e . A n exce l len t mode l f o r a l l states t o f o l l o w i s p r o ­
v i d e d by the i n v e n t o r y tha t was conducted f o r Pennsylvania {6^. A l s o , the exper ience 
of the Nor theas t C o r r i d o r T r a n s p o r t a t i o n P r o j e c t i n coding f r e i g h t ne tworks p rov ides 
valuable guidance (40). 

T h i s au tho r ' s exper ience i n s tudying pa t t e rns o f s h i p p e r s ' r ou t e choices f o r t r a n s ­
cont inenta l r a i l f r e i g h t s e rv i ce [IS) suggests a s t rong point of caut ion r e g a r d i n g the 
d e t e r m i n a t i o n of s e r v i c e l e v e l s . F o r a sce r t a in ing s e r v i c e a t t r ibu tes such as t r a n s i t 
t i m e , the obvious s t ra tegy i s t o consul t the publ i shed schedules of common c a r r i e r s . 
Of t en , however , the actual s e r v i c e l eve l s r e a l i z e d by c a r r i e r s a re subs tan t ia l ly 
d i f f e r e n t f r o m those adver t i sed i n schedules. Some spec ia l inves t iga t ion of the average 
r e l a t i o n between scheduled and ac tua l p e r f o r m a n c e l eve l s w o u l d appear t o be w a r r a n t e d 
i n t h i s r e g a r d . DeHayes (12) o f f e r s guidel ines f o r s tudying t r a n s i t t i m e p e r f o r m a n c e of 
v a r i o u s f r e i g h t modes . 
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Spatial A c t i v i t y Data 

I n f o r m a t i o n on the spa t i a l d i s t r i b u t i o n of socioeconomic a c t i v i t y r ep resen t s the leas t 
cumbersome aspect of data c o l l e c t i o n . Sources such as County Business Pa t t e rns , the 
Census of Manufac tu re s , and the Census of A g r i c u l t u r e may be consul ted t o a sce r t a in 
measures o f economic a c t i v i t y ( i n t e r m s o f employment i f not ac tual output l eve l s ) f o r 
reasonably coarse analys is zones, e.g. , no s m a l l e r than the county. Data on l and use, 
w h i c h a re of less re levance t o f r e i g h t than t o passenger analys is except f o r data on 
m i n e r a l r e sources , may be c o m p i l e d f r o m county r e c o r d s al though t acky p r o b l e m s of 
incompat ib le use c l a s s i f i c a t i o n s should be an t ic ipa ted . (P ressu res a re mount ing i n 
Congress f o r a na t iona l l and use p o l i c y tha t w o u l d u ivo lve sys temat ic statewide l and use 
inven to r i e s . ) T i m e - s e r i e s data on a c t i v i t y l eve l s should be abs t rac ted f r o m the a f o r e ­
ment ioned sources i f an a c t i v i t y a l l oca t ion mode l i s t o be developed, f o r t e m p o r a l lags 
o f t en need t o be b u i l t in to such analyses of l oca t i ona l responses t o t r a n s p o r t a t i o n s y s ­
t e m i m p r o v e m e n t s . C o n t r o l - t o t a l p ro j ec t i ons of f u t u r e socioeconomic a c t i v i t y f o r i n ­
d i v i d u a l states and mul t i coun ty areas a re p r o v i d e d by the Bureau of Economic A n a l y s i s 
w i t h i n the U.S. Depar tment o f C o m m e r c e (57) and the Na t iona l P lanning A s s o c i a t i o n (36). 

T i m e - S e r i e s M o n i t o r i n g V e r s u s Base -Yea r Data C o l l e c t i o n 

C o m p i l a t i o n of base-year data f o r statewide f r e i g h t t r a n s p o r t a t i o n p lanning and p r o ­
g r a m m i n g i s a t a s k o f subs tan t ia l p r o p o r t i o n s . Y e t the needs f o r r e l a t i v e l y cont inua l 
u p d a t i i ^ of that data base a re w e l l known and w o u l d appear t o be e spec ia l ly i m p o r t a n t 
i n the f r e i g h t context s ince the p r i v a t e sec to r i s respons ib le f o r so many dec i s ions . 
L e t i t s u f f i c e here t o state tha t any s t a t e - l eve l e f f o r t t o assemble base-year data should 
be designed to m a i n t a i n o rgan iza t iona l a r rangements f o r contacts w i t h i n d i v i d u a l c a r ­
r i e r s , at l eas t , so that updat ing may be accompl i shed f e a s i b l y . F o r t h i s purpose f u l l 
cons ide ra t ion should be g iven t o the use of highway t r a f f i c counts, t a l l i e s of appl ica t ions 
t o r e g u l a t o r y bodies , annual na t iona l s t a t i s t i c s (p repared by f e d e r a l agencies and b y 
c a r r i e r t r ade assoc ia t ions) , and even e m e r g i n g r emo te - sens ing technology. 

A N A L Y T I C A L TECHNIQUES 

The o v e r r i d i n g p r i o r i t y i n development of ana ly t i ca l techniques f o r statewide f r e i g h t 
p lann ing and p r o g r a m m i n g i s the m a t t e r of sy s t em p e r f o r m a n c e ana lys i s , e spec ia l ly 
the e s t i m a t i o n of c o m m o d i t y f l o w pa t t e rns . T h i s sec t ion discusses m a j o r issues r e ­
ga rd ing ana ly t i ca l techniques f o r e s t i m a t i n g sys t em p e r f o r m a n c e and r e l a t e d impac t s . 

A c c o r d i n g t o es tab l i shed m o d e l i n g taxonomy w i t h i n the r e a l m o f (passenger-or iented) 
u rban and r eg iona l t r a n s p o r t a t i o n p lanning , the analys is of sy s t em p e r f o r m a n c e t r a n s ­
lates a p r o j e c t e d spa t ia l d i s t r i b u t i o n of socioeconomic a c t i v i t y in to an es t ima ted spa t ia l 
p a t t e r n o f o r i g i n - d e s t i n a t i o n f l o w s by mode ( commonly r e f e r r e d t o as demand analys is ) 
and then assigns these f l o w s t o spec i f i c l i n k s as app rop r i a t e . I n d i r e c t impac t s (e .g . , 
those on socioeconomic development and env i ronmen ta l qua l i ty ) a re then analyzed as a 
f u n c t i o n of sy s t em p e r f o r m a n c e l e v e l s . Approach ing the context of statewide f r e i g h t 
ana lys i s f r o m t h i s f a m i l i a r pe r spec t ive , the f o l l o w i n g methodologica l issues emerge 
as m a j o r concerns: 

1 . Use r ve r sus ope ra to r behav io r , 
2 . Aggregate v e r s u s disaggregate ana lys i s , 
3. Sequential v e r s u s d i r e c t demand ana lys i s , 
4. Spec i f ica t ion of r e l evan t s e rv i ce v a r i a b l e s , 
5. Relevance o f n e t w o r k ana lys i s , 
6. A c t i v i t y a l l oca t ion ana lys i s , and 
7. E n v i r o n m e n t a l impac t ana lys i s . 

Obvious ly a host of m o r e de ta i led issues cou ld be i d e n t i f i e d , but the perspec t ive here 
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must be m o r e fundamenta l (e .g. , the r e l a t i v e m e r i t s of g r a v i t y and oppor tun i ty models 
could be debated again f o r f r e i g h t t r a f f i c d i s t r i b u t i o n ) . The f o l l o w i n g d iscuss ion e lab­
ora tes on each of these m a j o r i ssues , c i t e s pe r t i nen t past w o r k as appropr i a t e , and 
suggests ten ta t ive pos i t ions on each. 

Use r V e r s u s Opera to r Behavior 

W i t h i n the es tab l i shed contexts of u rban and r eg iona l t r a n s p o r t a t i o n p lanning , most 
ope ra to r s t y p i c a l l y a re under d i r e c t publ ic c o n t r o l . The p lanning process under such 
c i r cums tances can propose f a r e l eve l s and be reasonably c e r t a i n tha t publ ic opera t ing 
au thor i t i e s w i l l f o l l o w su i t w i t h such p r e s c r i p t i o n s . In the context o f statewide f r e i g h t , 
however , the l a c k of d i r e c t governmenta l c o n t r o l prec ludes such p r e s c r i p t i v e c e r t a i n t y . 
F o r example , I f a pub l ic u t i l i t y c o m m i s s i o n gran ts a r a t e increase t o r egu la ted c a r r i e r s 
f o r one mode i n a g iven r eg ion , compe t i t i ve m a r k e t f o r c e s may act to change the ra te 
s t r u c t u r e s of p r i v a t e (unregulated) c a r r i e r s . T h i s phenomenon may not be e spec ia l ly 
c r u c i a l under c u r r e n t cond i t ions , but may become v e r y i m p o r t a n t i f , f o r example , the 
r e l a x a t i o n of r e g u l a t o r y con t ro l s as advocated by the New Y o r k p lan should be r e a l i z e d . 
I t r a i ses a basic t echn ica l Issue of whether models of c a r r i e r r a t e - s e t t i n g behavior 
m i g h t become necessary f o r a p r o p e r analys is of s y s t e m p e r f o r m a n c e . 

In o ther w o r d s . I f o r i g i n - d e s t i n a t i o n movements are t o be e s t ima ted as a f u n c t i o n 
of the ra tes charged to sh ippers , then the compe t i t i ve r a t e - s e t t i n g behav ior of c a r r i e r s 
w o u l d have t o be p r e d i c t e d f i r s t . Obvious ly the i n t e r a c t i o n here between t r a f f i c v o l ­
umes and f r e e r a t e s t r u c t u r e s i s s imul taneous , and the quest ion opens a can of w o r m s 
that s t i r s uncomfor t ab le fan tas ies of a genera l e q u i l i b r i u m m o d e l ! A v a r i e t y of s ing l e -
c a r r i e r o p t i m i z a t i o n models ex i s t , but a re qui te expensive beasts t o operate . [ R e p r e ­
sentat ive l i t e r a t u r e i n s i n g l e - c a r r i e r o p t i m i z a t i o n Is r ev i ewed by Drake {15, ch . 5 ) . ] 
F o r the purposes of s tatewide p lanning and p r o g r a m m i n g , such models of compe t i t ive 
r a t e - s e t t i n g behav ior w o u l d be p r o h i b i t i v e . 

Rather , t h i s c o m p l i c a t i o n may be Incorpora ted i n an approx imate way b y developing 
c a r r i e r opera t ing cost r e l a t i ons and, In t u r n , t r a n s l a t i n g these costs in to p r ed i c t ed 
ra tes (where necessary) as a f u n c t i o n of the p a r t i c u l a r r e g u l a t o r y p o l i c y t o be executed 
f o r r a t e - s e t t i n g (e .g . , v a l u e - o f - s e r v i c e , m a r g i n a l cos t ) . [ T h e l i t e r a t u r e on f r e i g h t 
t r a n s p o r t economics i s rep le te w i t h s tudies of regu la ted r a t e s t r u c t u r e s (13, 18, 2 1 , 
22, 33, 38, 43, 6 4 ) . ] S t r a i g h t f o r w a r d r e g r e s s i o n analys is should s u f f i c e f o r t h i s 
purpose , e.g. , us ing length of hau l , average s ize of sh ipment , and average opera t ing 
speed as d e t e r m i n i n g v a r i a b l e s . Such analys is should take p a r t i c u l a r ca re t o I n c o r p o r ­
ate s e n s i t i v i t y of c a r r i e r cos ts , and sh ipper ra tes by i m p l i c a t i o n , t o the p r i c e s and 
poss ib le r a t i o n i n g of f u e l Inputs . Cont inual updat ing, obv ious ly , seems h igh ly des i rab le 
h e r e . 

The c l a s s i c a l w o r k i n developing e m p i r i c a l cost func t ions f o r d i f f e r e n t f r e i g h t modes, 
w i t h i n a consistent f r a m e w o r k . Is that of M e y e r et a l . In 1959. Since than a number of 
cost analyses have appeared f o r i n d i v i d u a l modes , e spec ia l ly f o r r a i l f r e i g h t , but i t r e ­
mains a lmos t imposs ib l e to synthesize the r e s u l t s of these mode- spec i f i c studies mto 
compara t ive t e r m s . 

A v e r y i m p o r t a n t c o n t r i b u t i o n t o the l i t e r a t u r e on passenger cost ana lys i s , w h i c h 
not on ly achieved t h i s v i r t u e of consis tency but a lso def ined output m u l t i d i m e n s i o n a l l y 
so as not t o deny d i f f e r e n t technologies t h e i r inherent advantages, was developed by 
M o r l o k (32). I t w o u l d seem w e l l w o r t h p u r s u i n g the adaptat ion of M o r l o k ' s methodology 
to the f r e i g h t context . 

Aggregate V e r s u s Disaggregate A n a l y s i s 

One of the s t rongest contentions about demand analys is that has emerged f r o m recent 
r e f l e c t i o n s on u rban t r a n s p o r t a t i o n planning i s the a rgument f o r disaggregate ana lys i s . 
B a s i c a l l y , the argument i s one o f s t a t i s t i c a l v a l i d i t y and p a r s i m o n y i n developing t r a v e l 
demand models , al though the approach lends i t s e l f qui te appeal ingly to the cons ide ra t ion 
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of d o o r - t o - d o o r s e rv i ce a t t r ibu tes and behav io ra l a t t r ibu tes of the i n d i v i d u a l house­
ho ld . 

The s t a t i s t i c a l a rgument i s qui te c o m p e l l i n g i n tha t i t c i t e s the r e l a t i v e amount of 
v a r i a t i o n of household t r i p - m a k i n g behav io r , w h i c h i s v i r t u a l l y ignored by zona l - l eve l 
ana lys i s . Aggregate zonal analys is develops s t a t i s t i c a l r e l a t ions based only on observed 
v a r i a t i o n between zones, whereas i t has been shown tha t w i t h i n - z o n e v a r i a t i o n can be 
as h i g h as 80 percent of the t o t a l v a r i a t i o n (^7). Demand re l a t ions tha t a r e developed 
at the household l e v e l (and then aggregated t o the zonal l eve l ) address a l l inherent 
v a r i a t i o n and, t h e r e f o r e , o f f e r m o r e p r o m i s e o f t e m p o r a l l y s table p a r a m e t e r s . T h i s 
a rgument i s r e i n f o r c e d by the a b i l i t y t o cons ider behav io ra l f a c t o r s , and the t r a n s f e r ­
a b i l i t y of r e su l t s f r o m one study a rea t o another i s a l leged to be c o m p a r a t i v e l y h igh . 
The m a i n p r o b l e m i n apply ing such techniques (aside f r o m some computa t ional c o m ­
p l e x i t y i n the m o d a l - s p l i t operat ion) i s tha t the f u t u r e values of behav io ra l v a r i a b l e s 
are d i f f i c u l t t o spec i fy . 

Al though t h i s author pe r sona l ly i s m c l i n e d to f a v o r the d l s ^ g r e g a t e approach i n 
u rban t r a n s p o r t a t i o n contexts , the a rgument appears less c o m p e l l i n g f o r s tatewide 
f r e i g h t ana lys i s . F i r s t (and perhaps of equal re levance to statewide passenger analy­
s i s ) , the s t a t i s t i c a l a rgument f o r disaggregate analys is a r i s e s f r o m e m p i r i c a l c i r c u m ­
stances i n w h i c h u rban t r a f f i c zones have been h igh ly heterogeneous i n compos i t ion ; 
chances seem reasonable tha t t h i s heterogenei ty p r o b l e m w o u l d be l e s s se r ious f o r 
statewide analys is zones, at leas t i n the m o r e r u r a l s ta tes . ( C l e a r l y t h i s issue c o m ­
mands p r e l i m i n a r y r e s e a r c h in to zone de f in i t i ons and studies of r e l a t i v e v a r i a t i o n be ­
f o r e any l a r g e - s c a l e c o m m i t m e n t t o the disaggregate approach i s endorsed.) Second, 
In the case of f r e i g h t one may expect t o encounter s t i f f res i s tance by sh ippers (the i n ­
d i v i d u a l behav io ra l un i t i n t h i s context) t o d i sc losure of behav io ra l i n f o r m a t i o n . 

I n any event, a disaggregate approach t o s tatewide f r e i g h t ana lys i s w o u l d not be a 
venture t o t a l l y l a c k i n g i n t h e o r e t i c a l founda t ion . Lave (28) has set f o r t h a basic m i c r o -
economic f r a m e w o r k f o r t r a n s p o r t a t i o n demand ana lys i s . In i t s i n i t i a l w o r k on f r e i g h t 
moda l s p l i t f o r the Nor theas t C o r r i d o r T r a n s p o r t a t i o n P r o j e c t , Ma thema t i ca (30) de­
veloped m i c r o e c o n o m i c models of sh ipper mode choice i n t e r m s of the i n d i v i d u a l f i r m . 
Inc lud ing o p t i m i z a t i o n of t r a d e - o f f s between s t a t ionary and i n - t r a n s i t inven to ry costs . 
L a t e r r e s e a r c h by the same consultant (30) r e f o r m u l a t e d t h i s i n v e n t o r y - t h e o r e t i c 
mode l in to an approach tha t , u s ing complex nonl inear e s t i m a t i o n p rocedures , cou ld be 
c a l i b r a t e d t o aggregate data ( taken f r o m the Produc t ion A r e a Series of the C o m m o d i t y 
T r a n s p o r t a t i o n Survey by the U.S. Bureau of the Census). A l s o , the w o r k of Beuthe 
and Moses (5̂ ) developed a behav io ra l mode l that examined t i m e and cost t r a d e - o f f s i n 
r e f e r e n c e t o the f i r m ' s p roduc t ion f u n c t i o n . These sources cons t i tu te valuable po in ts 
of depar ture f o r e x p l o r i n g the app l ica t ion of disaggregate behav io ra l models t o f r e i g h t 
ana lys i s . 

Sequential V e r s u s D i r e c t Demand A n a l y s i s 

A p a r t f r o m the aggregate ve r sus disaggregate i ssue , the re r ema ins a quest ion of 
whether t o develop a sequential set of models as i n u rban t r a n s p o r t a t i o n methodology 
(genera t ion , d i s t r i b u t i o n , and moda l s p l i t ) o r t o i a tegra te these e lements in to one 
d i r e c t mode l f o r m . A c t u a l imp lemen ta t i on of e i t he r approach at the s tatewide l e v e l 
has been l i m i t e d t o the Connecticut exper ience (8) w h i c h used a t r i p d i s t r i b u t i o n mode l . 
The methodologica l design f o r Pennsylvania proposed t o in tegra te the genera t ion and 
d i s t r i b u t i o n of f r e i g h t movements w i t h i n an e labora te i n t e r i n d u s t r l a l economet r i c mode l 
and to subsequently analyze moda l s p l i t accord ing t o abs t rac t -mode concepts (27). 

The arguments f o r and against e i t he r the sequent ia l o r the d i r e c t approach have a l ­
ready been a r t i c u l a t e d at some length f o r passenger -or ien ted analys is (44) and a re r e ­
v i ewed t o some extent i n the p reced ing paper by Pecknold on passenger methodology. 
The sequential approach i s r e l a t i v e l y cumbersome t o execute but—as long as i n t e r n a l 
consis tency among se rv i ce va r i ab l e s i s main ta ined (67), i nc lud ing t r a n s p o r t - s e n s i t i v i t y 
i n genera t ion analysis—is gene ra l l y accepted as f o r t h r i g h t . The d i r e c t abs t r ac t -mode 
approach (30) has the advantages of not r e q u i r i n g such an exhaust ive data set , a l l owing 
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the i n t r o d u c t i o n o f new technology, and r e n d e r i n g t o t a l demand sens i t ive t o the range 
of a l t e rna t ive modes avai lable f o r sh ipp ing . A l s o , i t p e r m i t s s t r a i g h t f o r w a r d i n t e r ­
p r e t a t i o n of own and c ross e l a s t i c i t i e s (constant p a r a m e t e r s i n the usual l o g l i n e a r 
f o r m ) . 

The b u l k o f the l i t e r a t u r e o n f r e i g h t - f l o w f o r e c a s t i n g gene ra l ly cons is t s of s i m p l e 
models that co r r e spond to the genera t ion o r m o d a l - s p l i t opera t ions . Such techniques 
inc lude s t r a i g h t f o r w a r d t r e n d analys is (51), e m p i r i c a l studies of p r i c e ( ra te) e l a s t i c i t i e s 
(41), and i d e n t i f i c a t i o n of moda l sharesTusua l ly as a g r aph i ca l f u n c t i o n of distance and 
s ize of shipment) f r o m data obtained i n the U.S. t r a n s p o r t a t i o n censuses (2, 47). A l ­
though these studies a re of in t e res t i n t h e i r r e v e l a t i o n of na t iona l t r e n d s , they gene ra l ­
l y have cons idered l i t t l e i f any spa t ia l d e t a i l . 

W i t h r e g a r d to spa t i a l mode l s , al though the d i r e c t approach has been appl ied i n 
se lec t ive i n t e r c i t y passenger contexts , appl ica t ions t o f r e i g h t seem to have been shelved 
i n f a v o r of one o r m o r e e lements o f the sequent ia l approach. A g a i n , the Nor theas t 
C o r r i d o r T r a n s p o r t a t i o n P r o j e c t stands out as the m a i n c o n t r i b u t i o n he re , t h rough the 
e f f o r t s of CONSAD Research C o r p o r a t i o n (10) and Ma thema t i ca (30). CONSAD deve l ­
oped o r i g i n - g e n e r a t i o n and des t ina t ion-genera t ion models and a g r a v i t y d i s t r i b u t i o n 
m o d e l f o r 40 s u p e r d i s t r i c t s i n the Boston-Washington c o r r i d o r . E m p l o y m e n t v a r i a b l e s 
w e r e used i n the genera t ion r eg ress ions ; the l a rges t methodologica l issue was t o de­
t e r m i n e an appropr ia te assoc ia t ion between c o m m o d i t y classes and re levant r e c e i v i n g 
sec to r s i n des t ina t ion genera t ion . 

Sens i t iv i ty t o n e t w o r k impedances was i n c o r p o r a t e d only i n the g r a v i t y m o d e l ; t r u c k 
t r a n s i t t i m e was used. T h i s use of a s ingle mode 's a t t r ibute—and only one a t t r ibu te at 
tha t (as opposed to i n c l u s i o n of ra tes and perhaps o ther s e r v i c e va r i ab l e s )—typ i f i e s 
the p r o b l e m of i n t e r n a l consis tency ment ioned e a r l i e r . Composi te Impedance measures 
idea l l y w o u l d be used i n a l l models of the complete sequence. The CONSAD study de­
voted considerable e f f o r t t o developing composi te impedance measures ( f r i c t i o n f a c t o r s ) 
as a f u n c t i o n of t r u c k and r a i l t i m e and cost , but s t a t i s t i c a l f i t s w e r e modest (r^ = 0.5) . 
These r e s u l t s may have r e f l e c t e d the d i f f i c u l t i e s i n a sce r t a in ing ac tual ve r sus sched­
u led t r a n s i t t i m e s f o r c o m m o n c a r r i e r s . 

A g a i n under sponsorship of the Nor theas t C o r r i d o r T r a n s p o r t a t i o n P r o j e c t , Ma the ­
m a t i c a developed a mu l t i s t aged approach t o f r e i g h t f o r e c a s t i n g tha t was ak in t o the 
sequent ia l s t r a tegy discussed above. T h i s approach began w i t h spa t i a l t r e n d p r o j e c ­
t i ons of na t iona l c o m m o d i t y outputs as a f u n c t i o n of na t iona l economic g r o w t h Indexes, 
a l loca ted these na t iona l tonnage es t imates t o o r i g i n - g e n e r a t i o n and des t ina t ion-
genera t ion vo lumes f o r i nd iv idua l "p roduc t ion a reas" as a f u n c t i o n of va r ious l o c a l 
economic indexes, a l loca ted these r e s u l t s t o i n t e r a r e a l f l o w s by us ing m u l t i p l e l i n e a r 
r e g r e s s i o n ( inc lud ing distance and t r a n s i t t i m e measures f o r n e t w o r k s e n s i t i v i t y ) , and 
a l loca ted these i n t e r a r e a l f l o w s t o i n d i v i d u a l modes by us ing an a b s t r a c t - c o m m o d i t y 
m o d e l . 

A commodity bemg shipped by different modes of transportation can be descnbed abstractly in 
terms of certain transportation characteristics [e g , weight, haul, value per ton, penshability, 
and rate] The main advantage of this abstract commodity approach is that it enables us to de­
termine the choice of mode for nonexistent future commodities or commodity groups that follow 
any grouping scheme 

Thus , j u s t as the abs t rac t -mode concept i n t e r p r e t e d t echno log ica l options f o r t r a n s ­
p o r t , t h i s approach cha rac t e r i zed commodi t i e s not i n t e r m s of sheer nomina l iden t i ty 
but r a t h e r i n t e r m s of t h e i r i n t r i n s i c a t t r i bu t e s . Moda l shares w e r e de t e rmined by 
developing l i n e a r r e g r e s s i o n r e l a t ions as a f u n c t i o n of weight and distance c lass i n t e r ­
v a l s o f c o m m o d i t i e s . T h e r e s u l t s exh ib i t ed some incons is tencies i n the s igns of c e r t a i n 
c o e f f i c i e n t s , perhaps because spec i f i c moda l a t t r ibu tes were not cons idered . Neve r the ­
l e s s , the a b s t r a c t - c o m m o d i t y concept, poss ib ly combined w i t h the abs t rac t -mode con­
cept, i s i n t u i t i v e l y appeal ing and should be s e r i ous ly cons idered i n statewide method­
o l o g i c a l development . 

These exper iences p rov ide valuable benchmarks f o r developing statewide f r e i g h t 
demand mode ls , al though the r e l a t i v e p r o m i s e of the d i r e c t ve r sus the sequent ia l ap-
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proach i s not i m m e d i a t e l y apparent . F o r sheer e f f i c i e n c y i n t echn ica l ana lys i s , i t 
w o u l d be des i rab le to use the same mode l s t r u c t u r e s f o r both passenger and f r e i g h t ; 
the d i r e c t ve r sus sequential i ssue should be addressed f r o m t h i s p r a g m a t i c pe r spec t ive . 

Spec i f i ca t ion o f Relevant Service V a r i a b l e s 

Regardless of the o v e r a l l mode l ing approach, i t i s of obvious concern t o i d e n t i f y the 
v a r i o u s measures o f f r e i g h t s e r v i c e to w h i c h sh ippers a re gene ra l l y sens i t i ve . Mode l s 
that use distance only a re c l e a r l y inadequate. Rate and t r a n s i t t i m e a re obvious ly i m ­
por t an t , although the point bears repea t ing tha t actual t i m e s a re p r e f e r r e d t o scheduled 
t i m e s i n m ode l i ng . 

Th ree sources i n the l i t e r a t u r e o f f e r some valuable guidance i n t h i s m a t t e r . In de­
ve lop ing h i s i nven to ry - theo re t i c mode l of mode choice , Baumol (30) proposed the 
f o l l o w i n g a t t r i b u t e s that r e f l e c t the r o l e o f i n v e n t o r y cons idera t ions : (a) sh ipp ing cos t 
p e r un i t ( inc lud ing f r e i g h t r a t e , insurance) ; (b) mean sh ipping t i m e ; (c) var iance i n 
sh ipping t i m e ; and (d) c a r r y i n g cost p e r un i t of t i m e w h i l e i n t r a n s i t ( in te res t on c a p i t a l , 
p i l f e r a g e , d e t e r i o r a t i o n ) . Baumol e labora ted on these measures i n t e r m s o f t h e i r r e ­
spect ive t h e o r e t i c a l con t r ibu t ions t o t o t a l costs of the f i r m . A l l e n (2) e labora ted , i n 
t h e o r e t i c a l and e m p i r i c a l t e r m s , on the condi t iona l in f luence of loss and damage upon 
demand. 

Woods and Domenc ich (68) present a qui te valuable t r e a t m e n t of r a i l - t r u c k s e r v i c e 
d i f f e r e n t i a l s f o r se lec ted measures . They s u m m a r i z e the r e s u l t s of 2 sh ipper su rveys 
conducted d u r i n g the e a r l y 19606. These r e s u l t s , g iven i n Tables 1 (37) and 2 (53), 
indicate those a t t r i bu te s tha t in f luence moda l choice mos t s i g n i f i c a n t l y . 

T h i s au thor ' s s tudy of t r anscon t inen ta l r a i l - f r e i g h t route choice (1^) revea led the 
impor t ance o f c e r t a i n f i x e d - n e t w o r k measures t o sh ipper dec is ions i n m u l t i c a r r i e r 
r o u t i n g contexts . F o r longer hauls w i t h a v a r i e t y of r o u t i n g opt ions , the number of 
c a r r i e r s invo lved (p resumably as an index of loss and damage l ike l ihood) was found t o 
be a sens i t ive cons ide ra t ion . A l s o , l i m i t e d m i c r o s c o p i c ana lys i s o f i n d i v i d u a l c a r l o a d 
data i d e n t i f i e d the capt ive inf luence on r o u t i n g decis ions of s i n g l e - c a r r i e r access at 
u l t i m a t e o r i g i n o r des t ina t ion (espec ia l ly the l a t t e r ) , i . e . , a cond i t ion of c a r r i e r access 
monopoly . The same persuas ion cou ld apply , obv ious ly , t o mode cho ice . F h i a l l y , i n 
m u l t i c a r r i e r rou t ings i t genera l ly i s i n the sh ippe r ' s i n t e r e s t t o m a x i m i z e the haul of 
the o r i g i n a t i n g c a r r i e r , f o r that c a r r i e r ' s d i v i s i o n of revenue f o r a shipment i s d i r e c t ­
l y r e l a t e d t o i t s p a r t i c i p a t i o n i n any r o u t e . 

These observa t ions a re o f f e r e d as food f o r thought . Obvious ly any advocacy of 
spec i f i c s e rv i ce measures mus t cons ider f e a s i b i l i t y of data c o l l e c t i o n , as discussed 
e a r l i e r . 

Relevance o f N e t w o r k A n a l y s i s 

Given the e s t i m a t i o n of o r i g i n - d e s t i n a t i o n c o m m o d i t y f l o w s by mode, the re r e m a i n s 
the quest ion of whether m o r e de ta i l ed ne twork analys is i s necessary and what i t s 
cha rac t e r should be. E labora te t r a f f i c ass ignment models have been developed f o r 
u rban t r a n s p o r t a t i o n ana lys i s , i nc lud ing c a p a c i t y - r e s t r a i n t f ea tu res that account f o r 
f a c i l i t y congest ion and serve t o b r i n g the e n t i r e sys t em of f o r e c a s t i n g models in to 
e q u i l i b r i u m . 

C l e a r l y some f o r m of ne twork analysis—perhaps m e r e l y a s t r a i g h t f o r w a r d m i n i m u m -
path a l g o r i t h m — i s essen t ia l to statewide f r e i g h t p lann ing and espec ia l ly p r o g r a m m i n g 
In o r d e r to t r a n s l a t e o r i g i n - d e s t i n a t i o n f l o w s in to l i k e l y loadings of i n d i v i d u a l f a c i l i t i e s . 
Obvious ly such an opera t ion f o r m o t o r c a r r i e r movements could be in tegra ted w i t h pas­
senger ass ignment ana lys i s . A t t h i s point the author w o u l d s i m p l y l i k e t o quest ion 
whether capaci ty r e s t r a i n t — w h i c h g r e a t l y compl ica tes the p rocedures of ne twork analy­
sis—is at a l l essent ia l f o r o ther f r e i g h t modes. C e r t a i n l y the l i n e - h a u l capaci ty of r a i l 
and w a t e r f a c i l i t i e s i s subs tan t ia l ly i n excess of l i k e l y f l o w s . Some congest ion may be 
s i g n i f i c a n t at t e r m i n a l s , but f o r our purposes i t may be qui te v a l i d m e r e l y t o use edu-
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ca ted e s t ima tes o f ac tua l p rocess ing t i m e s i n developing impedance measures f o r de ­
mand ana lys i s . O the rwi se , we mus t open a can of w o r m s tha t inv i t e s compl ica ted 
techniques of n e t w o r k s i m u l a t i o n . [Guide l ines f o r such an under tak ing a re p rov ided 
by the p r e l i m i n a r y inves t igat ions of the Nat iona l Bureau of Standards in to the f e a s i b i l i t y 
o f f r e i g h t n e t w o r k s i m u l a t i o n f o r the Nor theas t C o r r i d o r T r a n s p o r t a t i o n P r o j e c t ( 1 4 ) . ] 
A g a i n , t h i s quest ion should be cons idered i n t e g r a l l y w i t h the p a r a l l e l issue in passen­
ger methodology. 

A c t i v i t y A l l o c a t i o n A n a l y s i s 

The development of a mode l f o r statewide a c t i v i t y a l loca t ion analys is should be g iven 
s e r i ous cons ide ra t ion t o a v e r t the p r o b l e m of u n d e r e s t i m a t i n g the e f f e c t s of induced 
development on c o r r i d o r f l o w pat terns ( f o r both f r e i g h t and passenger ana lys i s ) . The 
purpose of such a mode l w o u l d be t o e s t ima te the spa t i a l d i s t r i b u t i o n ( i . e . , values f o r 
the v a r i o u s analys is zones) of socioeconomic a c t i v i t y as a f u n c t i o n of t r a n s p o r t a t i o n 
n e t w o r k a t t r i bu t e s . 

The state of the a r t i n t h i s a rea Is reasonably w e l l developed (though In f r equen t ly 
In tegra ted Into agency study f r a m e w o r k s ) f o r u rban contexts (3, 24), but I n i t i a t i v e at 
the state l e v e l has been v e r y l i m i t e d . The New Y o r k State Depar tment of Publ ic W o r k s 
sponsored the development i n the mid-1960s of a d i r e c t a l loca t ion mode l tha t adapted 
concepts of o p p o r t u n i t y - a c c e s s i b i l i t y f r o m u rban ana lys i s , but the model was designed 
f o r r eg iona l app l ica t ion w i t h i n the s ta te . The C a l i f o r n i a and Pennsylvania study de­
signs c i t ed e a r l i e r proposed quite e labora te I n t e r i n d u s t r y economet r i c mode ls , but 
these approaches a re e x t r e m e l y demanding of data; hence, imp lemen ta t i on e f f o r t s have 
not ye t emerged and a re not l i k e l y to f o r some t i m e . The one case i n w h i c h a t r a n s p o r t -
sens i t ive a c t i v i t y a l l oca t ion mode l was developed and imp lemen ted f o r s tatewide analy­
s i s was sponsored by the Connecticut I n t e r r e g i o n a l Planning P r o g r a m {i). 

T h i s approach u t i l i z e d techniques of s h i f t - s h a r e analys is to a l locate p r o j e c t e d s ta te­
wide economic g r o w t h t o Ind iv idua l towns as a f u n c t i o n of each town ' s r e l a t i v e access i ­
b i l i t y to such a c t i v i t i e s as employment cen te rs . The model inc luded 2 p o l i c y - d e t e r m i n e d 
capaci ty cons t ra in t s f o r each t o w n , namely ho ld ing capaci t ies f o r m a n u f a c t u r i n g e m ­
p loyment and addi t iona l popula t ion. (Note the value here of accounting f o r "exogenous" 
p o l i c i e s on pa t te rns of s tatewide development.) I t s ana ly t i ca l s t r u c t u r e consis ted of 9 
interdependent equations, 6 of w h i c h de t e rmined a r e a l employment l eve l s f o r va r i ous 
i n d u s t r i a l sec to rs and 3 of wh ich de t e rmined a r e a l popula t ion l eve l s f o r graded Incomes . 

In con t ras t to the m o r e e laborate approaches tha t in tegra te i n t e r r e g i o n a l c o m m e r c e 
w i t h i n t e r i n d u s t r l a l input-output techniques (9, 29, 42), t h i s m o r e modest approach 
seems to o f f e r an appealing precedent f o r f i r s t - o r d e r approx ima t ions . I t s adaptation 
( o r the adaptat ion of any u rban a c c e s s i b i l i t y model) t o states l a r g e r than Connect icut , 
however , must r econs ide r 2 basic aspects of methodolog ica l des ign. F i r s t , f o r l a r g e r 
states ( w i t h l a r g e r analys is zones), a c t i v i t i e s w i t h s m a l l e r s u p p l y - m a r k e t areas may 
face loca t lona l decis ions that const i tu te an essen t i a l ly i n t r azona l search; hence, i n t e r ­
zonal a c c e s s i b i l i t y w o u l d not be a re levan t de te rminan t f o r these ca tegor ies of i n d u s t r y . 
Second, a c t i v i t i e s w i t h l a r g e r s u p p l y - m a r k e t areas (e .g . , those heav ie r i ndus t r i e s tha t 
a re t r e a t ed exogenously as unique l o c a t o r s i n u rban models) may w a r r a n t endogenous 
analys is since t h e i r l oca t lona l dec is ions may cons ider va r ious areas w i t h i n a s tate. 
A c o r o l l a r y of both poin ts i s that a c c e s s i b i l i t y ca lcu la t ions—here tofore based on pas­
senger n e t w o r k impedances i n models f o r s m a l l e r study regions—should be based 
m o r e on measures of f r e i g h t n e t w o r k s e r v i c e . T h i r d , r ega rd le s s of a s tate 's s ize , 
the design o f such a mode l should a l low f o r a l a g e f f e c t between the response of indus­
t r i a l development and the s t i m u l u s of t r a n s p o r t a t i o n n e t w o r k i m p r o v e m e n t s . 

E n v i r o n m e n t a l Impact A n a l y s i s 

E n v i r o n m e n t a l impac t s a re of obvious impor tance to statewide t r a n s p o r t a t i o n p lanning 
f o r both passenger and f r e i g h t sys tems . Process guidel ines f o r cons idera t ion of such 
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impacts have been drafted, according to FHWA directives, in the form of state action 
plans. Although these procedures (to be fully implemented in November 1974) are 
highway-oriented and remain in need of complementary analytical methodology, they 
address issues that are equally germane to various freight modes in many respects. 
S, therefore, would appear advisable to consider analytical methodology for environ­
mental Impact analysis in a manner that embraces passenger and freight systems in­
tegrally. 

A distinction was drawn earlier between production-related and consumption-
related impacts. Environmental effects follow this dichotomy well in that localized 
displacement or disruption impacts are associated with facility construction and vari­
ous forms of pollution are associated with facility use. Proposals for new facilities 
(with the exception of terminal facilities) are not so prevalent in freight as in passenger 
contexts; indeed, proposals for facility abandonment are perhaps more frequent, hi 
this sense, the production-related impact of various courses of action in freight may 
actually be beneficial, e.g., releasii^ land to other uses such as recreation. The cur­
rent study of reuse potential for transportation property abandonments cited earlier 
(54) provides a good example of this interpretation. 

Of course, many proposals for freight system modification would affect operating 
patterns and, hence, would suggest analysis of contributions to air and noise pollution. 
Emission rates for trucks for both types of pollution have been estimated in conjunc­
tion with hi^way-related studies (35). For rail locomotive units, the Environmental 
Protection ^ency has developed average emission rates for noise (61) and for various 
forms of air pollution (62). Guidelines for determining modal energy consumption as 
a function of modal traffic volumes have been advanced by Tihansky (50). 

The technical capability outlined above can be quite useful for comparative analysis 
of different modes for individual corridors. Given the emergii^ character of proenvl-
ronmental court actions, we should anticipate the need to prepare environmental im­
pact statements for entire statewide systems instead of individual route sections. 

HIGHLIGHTS OF MAJOR ISSUES 

Workshop 3B was charged with the responsibility to consider the state of the art, 
recommend potential Improvements, and develop a program of research in needed 
methodology for statewide multimodal transportation planning. In the case of freight 
transportation, the embryonic nature of the state of the art has placed an open-ended 
spectrum of issues before us. Emphasis must lie on specifying the potential state of 
the art and drawing on a dispersed body of literature that generally has focused on con­
texts other than the state level per se. 

As identified throughout this paper, the major issues that appear to merit discussion 
in defining such potential fall into 3 general areas: (a) the scope and character of state­
wide freight systems planning and programming, (b) information systems requirements, 
and (c) analytical methodology. Points of primary concern within each of these 3 areas 
are recapitulated below. 

Scope and Character 

1. What constitutes the appropriate hierarchical structure of state-level planning 
and programming responsibility (e.g., how much should the state be concerned with 
methodology for urban goods movement and rail branch-line abandonment) ? 

2. What degree of spatial detail and system representation is appropriate to differ­
ent hierarchical levels and functions ? 

3. Considering the key role of the private sector in initiating proposed courses of 
action, what is an appropriate temporal horizon in freight planning and programming? 
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Information Systems Requirements 

4. What specificity—in kind (i.e., spatial, commodity, shipper, or consignee) and 
in degree of stratification—is necessary for useful commodity flow data (e.g., what 
types of problems require or do not require origin-destination data) ? 

5. What are the economic trade-offs between primary and secondary data sources 
and between spatial and commodity detail for each such source ? 

6. What constraints might formal disclosure restrictions or the guardedness of 
individual carriers and shippers place on primary data collection efforts ? On secon­
dary data collection efforts ? 

7. What are the differences between actual service levels and the service levels 
published in carrier schedules ? Are published measures adequate for systems plan­
ning and programming purposes 

Analytical Methodology 

8. Given the absence of direct control over freight carriers (yet the intractability 
of single-carrier optimization models for most large-scale networks), to what extent 
must the laissez-faire rate-making behavior of competitive carriers be modeled in a 
predictive sense? 

9. How might we develop operating cost relations that are consistent among all 
modes and that are sensitive to fuel-input prices? How might we develop the capability 
to translate such operating cost information into shipper costs as a function of rate 
policy ? 

10. Even though it has statistical virtues, is a disaggregate approach to freight de­
mand analysis warranted (in terms of zonal heterogeneity) or feasible in terms of dis­
closure restrictions? 

11. Are sequential constructs for modeling freight demand cost-effective in the 
statewide context ? Is it essential to separate captive from choice market phenomena 
in this endeavor ? 

12. What are the best attribute measures by which to characterize the service levels 
of freight transportation in terms of shipper sensitivity? 

13. Considering the excess line-haul capacity available for some modes, to what ex­
tent is capacity-restrained network analysis necessary for statewide freight planning 
and programming? To what extent is even a free assignment analysis necessary? 

14. How should statewide activity allocation models differ from their urban counter­
parts m terms of endogenous industrial classification, incorporation of natural resource 
endowments, sensitivity to developmental policy, role of the freight system in determin­
ing industrial accessibility, and time lags in the response of industrial growth to net­
work improvements ? 

15. What shall be the methodological character of multimodal, statewide systems 
analyses of environmental impacts, given that emerging court actions are pointing 
toward such a requirement? 
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Drake has thoroughly and capably presented the existing state of the art of statewide 
freight systems planning methodology. He indicates that the state does have a role in 
freight movement, particularly with respect to investment in freight-serving facilities, 
tax and subsidy programs, regulation, and research and development. Thus, there is 
a need for adequate freight system planning capabilities at the state level. 

Our capability to address these questions, however, is undeveloped in almost every 
respect. We have few data on freight flows at the state level, almost no information on 
the spatial distribution of freight-producing activities, no inventory of the supply of 
state freight systems, no developed capacity to simulate state freight movement, and 
little understanding of the costs and benefits to freight movement of alternative state 
transportation plans, programs, and policies. In short, we have grossly inadequate 
knowledge of the freight phenomenon at the state level and, consequently, a similarly 
inadequate capability to address the critical state freight plaiming questions that con­
front us. 

Drake identifies the critical elements of statewide freight planning that must be de­
veloped. Most particularly, he identifies the following needs: 

1. Compilation of basic data on goods movements, freight transportation facilities, 
and spatial arrangement of freight producers and consumers; 

2. Development of capability to simulate freight movements, particularly intermodal 
trade-offs and activity allocation; 

3. Development, application, and evaluation of different analytical techniques; and 
4. Empirical investigation of critical freight questions such as investments in alter­

native freight-serving modes, potential rail branch-line abandonments, subsidies, 
taxation and regulations of competing modes, investments in freight distribution systems, 
and rationalization of freight-producing activity locations. 


