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Summary

This paper describes an integrated approach to the study of transportation
and growth of production in different locations. The model approach is
based on a non linear dynamic input-output growth model which is endogenously
related to a spatial framework with a transportation model. Both the trans-
portation and the dynamic location model are based on different equilibrium

concepts.

The model structure is developed in such a way so as to permit computational

possibilities.
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Differsnt notions of eouilibrium in transportation analysiz

The forrmlation of the equilibrium preoblsm in transportaticn is in some
contexts bhased cn 2 purely econcmic reasonine -t the micrc or macro
level. lefeber (1958) =2nalysed the problem of personal and commodity
transportation within such a micro economic framework. The trans-
portation sector is in his analysis looked upon as an intermediate
sector in which transportation needs (rather than demandé) are seen

as functirns of the‘location of production and inputs. Transportation
supply is on the other hand seen as an unlocalized production of servi-
ces rerulated by conventional, concave, always differentinble production
functicns. The network is totally implicit in this kind of transporta-
tion equilibrium approach. With suitable assumptions about the individuzl
utility and producticn functions for the non-trénsportution sectors it
cen within this framework be proved that an equilibtrium must be such
that the difference between FOB- and CIF-prices is equal to the marcinal
costs of transportation for each one of the consumer commodities. It can
also be shown tihnt the marginal value product of each factor must be
equal to the scarcity rent of the factor of production plus the mar~inal

cost of transportation of the same factor.

Such a transportation equilibrium is a possible but a very restricted
definition of a transportation equilibrium. One of the most important
implications is the result that there can be no crosshauling of similar
commodities or persons, an implication that is grossly at variance with

observations at all statistically possible levels of aggregation.

The concept of cquilibrium used in this class of models should not really
be viewcd as ~ micre-eccnomic behaviournl concept. It is rother formu-
lated within the fremework of necclassical welfsre econcmics. This kind
of model presumes the existence of some agent that maximizes 2 weishted
sum of utilities from cohsumption acceruing to all the individual house-
holds. There 2re no real suppliers of comodities and transportation,
only prcduction functions actin: ns constraints. It has been an areument
used in micro economic studies without any ~lobal maximization function,
that individual consumers maximizing their own utility will never in -
congested situations on the road network act in such a way that a
Lefeber-equilibrium is =achieved. Instead of looking At tie socially
relevant marginal costs of transportation, consumersvwill only take into

account the average costs of the system.
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It thus seems cvident that one can subdivide the eguilibrium concepts for
the transportation system accordinz to the fundamental level of inquiry.
A completely micro-oriented approach would require that each user of the
transportation system is 1ooked upon as a decision unit located at eVery
instant of tﬁne on'sane link cohnecting scme pair of nodes. It must also
be assumed that the micro decision unit hasvno incentive to chanre this
decision. It seems natural to assume that decisions can only be taken in
the nodes. In order tc cet a global equilibrium of such a micro specified
transportation rietwork the ex ante- and the ex rost-evaluation of equili-

bria at every point in time and space rust coincide.

Transportation network analysis is often performed within the framework of
the assignment/transportation model approach. This is a very special'variant
of a Lefeber model. A macro planner is assumed to exist and this macfo
planner minimizes a total cost function (often assumed to be linear) with
all the trips a2s arruments. The production functions are substituted for'
with quantitative transnortation needs as constraints. The transncortation
system is represented by estimated minimal costs of movement between each
pair of nodes in the network. If a linear roal fuhction is used the trans-
portation pattern regularly turns out to become too concentrated as com—'

pared with statistical data, Nijkamn (1975).

Qur anprcach to the transportation problem is macrooriented and yet an
equilibrium approach in the microsense. We have taken a dynamic inter-
rerional rrowth and allocation model as an a-priori organizing principle
of the flows in space. That mcdel organizes the allocation of production
rerionally of the different sectors of production in such a way that de-
mand and supply are equilibrated in the differént nodes of the network
and with a criterion that the rate oflcapacity use will be maximized for
any given expectations of growth of demand for the products. Alternatively
it can be used in such a way that it maximizes the rate of srowth of the
production system as a whole. But such an allccation of nroduction is not
the only d-priori information that has to be fulfilled by the pattern of
transportation. Politicians do normally reguire spatial interactions to
be such that they are consistent with certain political poals. It is in
economically dsveloped societies common to fequire the economic system to
work in such a way that some politically detennined full employment level
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is achieved in each one of the nodes (regions). There is also repularly
same requirements that the use of the transportation system would not be
excessively resource consuming. Such a goal can be expressed as a con-
straint for the whole system or in a more specified situation for links
connectinz pairs of nodes.

We argue that any transportation pattern is in equilibrium if it is such
that it preserves a balanced situation on each one of the regionally
differentiated markets for commodities, and is consistent with moals like
full employmeﬁt, and some given level of conservation of recourses in the
use of the network and will not require any further administration of the
flows on the network. '

One can consequently arrjue that an equilibrium of the transportation
system should be such that it fulfills all economic and political require-
ments)while it distributes the traffic over the system in such a way that
it requires a minimum amount of organization. We have understood the prin-
ciple of maximum entropy to be such a minimum organization principle.

Another way to arrue about the distribution of trade and traffic on the
transportation system is to take the market equilibrium, employment and
network constraints as riven and reeard the formally observed pattern of
transportation as the structure that requires the least amount of
reorganization of decisions. This approach would then define the equili-

brium distribution of transportation rlows to be the most conservative
in the sense that it pives the minimal deviation of flows from a pattern
observed in earlier pericds.

These twc principles will pive similar results under very special assump-

tions.



The definition of economic equilibria

The idea of the economic system as beins in or tending towards an equili-
brium is deeply founded in economics. The idea of equilibrium has been
much criticized for its lack of realism and yet it remains an important
frame of reference for analyzing economic matters. One can, however,
imagine a large number of equilibrium concepts. We shall here discuss
five possible approaéhes in order to evaluate the equilibrium assumptions
hidden in our own model approach.

The most basic and ultra-micro approach to the definition of an eguili-
brium in the economic system takes its starting point in characteristics
of an 3 priori given set of decision makers, i.e. consumers and produéers;
Each one of these eleméhtary decision makers are presumed to have a capa-
city of choice according to a weak order principle satisfying axioms of
completeness and transitivity. Each one of the consumers are furthermore
assumed to control some given set of resources. The producers are assumed
to be endowed with a choice mechanism and a production technology, which
makes it possible for them to transform resource services purchased fran'
the households into consumer comodities to be burchased by the consumers,

An equilibrium called a competitive equilibrium, is then said to exist,

if each one of the actors has chosen a macro-consistent structure of
purchases ad sales of commodities and resource services and - when
observing the market si~nals in the form of prices - has no inducement

to change his behaviour at the micro level.

This is a completely micro-oriented definition of an equilibrium and its
extensions into a falsifiable set of hypothesis requires a large set of
supplementary macro conditions. The basic use of this approach is con-
sequently of a theoretical nature in the sense that it demonstrates the
minimal postulate requirements of a theory of general equilibrium of an
exonomic system.

The lack of empirical usefulness of the ultra micro approach to the
definition of an evonomic equilibrium was early formulated by Gustav
Cassel (1917). Cassel claimed that there is no need for any assumption
about a complete preordering of all possible alternatives (or the equi-
valent utility function) at the level of decision makers. According to
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Cassel there is no meanincful econcmic analysis below the level of a
market. These ideas come very close to the interpretation cof equilibrium
as a state of "balancing forces used as a fruitful analory frcom physics
to economics. Cassel and later on, Wald, take the market demand and
supply functions as their primitives lookine upon them as stimulus-
response-mechanisms, which are such that to any set of stimuli (prices),
there exists a unique set of responses (quantities of resource-services and
comodities). Cassel thus formulates a system of static market equations
ard Wald was able to prove that a general equilibrium of such a market
economy exists. The equilibrium of such a market economy is then a state
such that supply equals demand in all markets for commodities and reso-

urce services, carryinc a non-zero price.

A modern derivation of demand functions deduced from macro assumptions
only, has recehtly been formulated by Warren C. Sanderson in his article
"Does the theory of demand need the maximum principle?” (1974). His argu-
ment for an equilibrium theory based on testable market relations is
quoted below:

"Indeed, the paradirm of the maximizing consumer quite nearly monopnlizes
the thinkinm of economists on matters relating to household behaviour.
Economic theory would sugmest that the result of such a monopoly is likely
to have been a reduction in the production of testable hypotheses corcer-
ning household behaviour to a level below what it would have been had
there existed competing modes of analysis. The same line »f thocusht also
leeds us to ponder the persistence of the monopoly and to ask why compe-
ting hypcthesis concerning household behaviour did not arise? After all,
barriers to entry were quite minimal. The answer seems to be that this
analysis had a great technological superiority over other modes of ex-
planaticn. Not only did it produce a product Which was nleasing to the
eyes of many econaﬁists, it appears to elucidate a wider ran~e of pheno-
mena than could be elucidated using any other technique. But this is not
to say that there are no alternative modes of analysis in sight. Nor
should we agree to shrum off the obviously awkward fact that whereas
many of the phenomena *illuminated! by the paradiem of the maximizine,
individual consumer are actually collective phenomena, thc result of
aggrepation of many separate market actions, the standard modus operandi
is to igncre the arpregation problem by hynothesizing a representative
household which consumes at the average indicated by ameregated market
transactions data.



Thus, ricorcusly the two thecries are not equally broad. The theory of
individusl households may in principle be aqgregétedlinto a thecry of
rroup behrviour, but the thecry of asrresate choice, which is immediately
suited to the study of market phenomena, is not naturally disazgremated
into an <xplanation of each household's behaviour.

The twc definitions mentioned above are not the only equilibrium concepté
that are possiblé in econcmics. Remaining within the statical framework
one can accept the idea that the micro level cf individual decision makers
is the relevant perspective. One can then arpue in twe directions. The
first one accepts the idea that the individual tries to achieve some
aspired level of utility but argues that the level of aspiration is not
any thecretical or even practical maximm, but rather a threshold that
must be transcended in order fcr the decision maker to stop his real-
locaticn procedure. This is a position held by Simon and Kornai (1970).
Weibull (1977) and Radner (1975) have shown that such a2 bounded ratio-
nalty senrch leads to'predictable response pattérns to nrice simgnals at

some level of aryreration. This principle of bounded rationality is con-~
-sequently consistent with a market equilibrium approach along the lines
proposed by Cassel.

A fourth way »f analyzing, the micrc foundations of eauilibrium theory

is providsd in formulations by Andersson (1978), Scitovsky (1976) and
Himerstrand (1970), These authors take a structural approach to the indi-
vidual decision making problem. Constraints are assumed to be deducable
from a nhysiological, mental, individual, georraphical or social environ-
ment of the decision maker. To this is added a technological assumption
of the kind used by e.g. Morishima (1959) and Lancaster (1965). No pre-
ferences are really needed in this approach. Structural information

about scciety and a price vecteor are sufficient to create demand - and
supply relations at the macro level which relate the individual to the
price structure cor the quantitative structure of the society beinp ana-
lyzed.

We can conclude from the sections above that a static econcmic equili-
brium m-del can be formulated as & problem of solvine a system of excess
demand equations (or inequations) for some suitable apprerates of users
and nroducers of the comodities.
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We need not bother about the problams of micro economic foundations cf
these macro functions. The micro analysis can be totally suppressed as

in the case of Cassel and Wald, it can be some assumption about bounded
rationality with some predetermined threshold utility level to be achie~
ved, it can be an extensive maximizing postulate as in Walrasian econamics
or preferences can be aboundoned altogether. In all cases a common ground
for the analysis is the formulation of a set of market eguations to be
solved simultaneously.

The extension of such a market approach becomes much more complicated if
we want tc consider time as an integral part of our analysis.

It is then important to remember that dynamics presupposes an under-
standing of the behaviour of the actors, making distinctions between

past, present and future. Their past can in the simplest situation be
represented by same accumulated stocks. Their future cannct be known but
could be represented in the form of quantifiable expectations. There

must also be differential equations that represent the mechanical deve-
lopment of the system over time. Our approach to the dynamic economic
problem uses an acceleration principle to represent technical possibili-
ties of change over time. Expectations are assumed to be measurable enti-
ties reflecting the assumptions about growth of demand for the producers
which are aggregated to sectors of supply. The development of the economy is
then seen as a dynamic process with certain equilibrium properties urder
certain assumptions about the investment behaviour and development of
expectations. We also assume that there is some quantitatively active
govermment trying to stabilize an otherwise unstable ~rowth process.

The problem of stability of an economic system can also be analyzed
within a broader context. In recent years a deep insisht has been rained
into instability properties of physical and chemical processes, where
the dynamics of the system is given by differential equations involving
time scales of different magnitudes. A qualitative analysis of an inter-
regional transportation - allocation system exhibits features which might
be appropriate to describe in these terms. The time scale of changes in
the transportation network is very lons and the process of change can

be represented by a slow manifold. The pattern of trade and production
has a different time scale. It can change the process of adjustment as a
fast foliation in respect to the slow transportation investment system.



The inner sclution over a very short time span corresponds to an equili-
brium where the slow variables related to the production and transporta-
tion system can be resarded as given, i.e. an adiabatic process. The
outer solution for larqe time periods gives the slow manifold for which
the trade and production pattern is always in equilibrium. The asymptotic
behaviour of the system depicted in the two extreme time perspectives is
abruptly changed when the time scale is allowed to shift continuously
from one time scale to the other.

Integration between transportation and growth phenomena in a

singularity analysis

Scme of the ideas expressed in our discussion of equilibrium problems
can now be brought topgether within a pedagogical model proposed by
Mistair Mees (1975). The besic idea of that model is to analyze the
qualitative influence of transportation networks on a dynamic allocation

process.

It is assumed that a country is subdivided into repions, which can either
specialize in agricultural employment or in employment in production of
manufacturing products and services. The alternative to specialization

in any one of these fields is to have an intemrated production, i.e. tc

be self-sufficient and thus independent of trade and transportation to
and from other regions. To perform the analysis we firstly have to specify

an elementary differential equation. This equation is given below:

c _ T '__ '

g— (UC Ua)(x Xc) (18.)
x =0if x =0

C [¢}

Xc = 0 if X, = X

In this cquation the total employment is assumed to be given (x) ard
the differential equation is thus a quadratic one in production of manu-
facturing goods and services (xc ).
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or X =x u (XX ) =TXu_ X-xU_X 1b
(¢ c ca( c) cca’, [cecac . (1Db)
%._Y.....» e :
linear quadratic

where uCa = UC - Ua

We have assumed that there is a real income or utility difference for
the representative worker (uca) between the two types of activities i.e.
city activities and amricultural activities. This utility difference
can be expressed as in equation (2) .

Usy = Uy (T5XsX K K ) (2)

where T represents the average friction of the transportation network.

K, = amount of capital in the production of moods and services,
ﬁq = amount of capital available for the production of agricul-

tural commodities.

Equation (2) states that the value of moving from manufacturing and
services to agriculture depends on the relative employment in the two
sectors and on the frictions in the transportation network. The holdines
of capital have an obvious importance also. We can now depict three
basic possible differential equations in this case.



Case 0 T > k and’x gix:

alt) - B (1)

A\

Case la T < k-

—-0_———-_;---.(\225;€E %> Xc

x:‘e Xc =0

Case 1b T < k

Figure 1
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The first case depicts a situation where the transportation frictions
are too larpge to allow for anything else than 2 limited amount of trade.
This amounts to self sufficiency in the region as depicted in the figure
and thus » differentiated rroduction system with production zoin~ on
both in amriculture, manufacturinz and services. In order to have such

a soluticn of our differential equation there must be 2 stable interior
equilibrium,which is depicted by xz . If we now assume that the trans-
portation friction goes down, dus to investments in the transnortation
system, nothing will hapren until we get to a sinpular point where T
becomes less than some value; k. Two nossibilities can then occur in
this simplified casé. The interior solution can disarpear in two direc-
tions, demending upon the basic camparative advantages for production

in the repion. It can either result in a differential equation like in
case la, where the only stable equilibrium is at the zero point, i.e.
where the reginon has smecialized in apricultural production. It can also
as in case 1t become a completely positive differential equaticn, in
which the only stable point is one with comnlete specializaticn in the
production of Manufacturinq cocds and services. The interpretation of
this ariroach which can be taken into a rather ~eneral qualitative
analysis, is the following. In a model of this kind, which is 2 guadratic
differential equation, there is n great possibility that 2 slow increase
in the transportation capacity mizht trieger off a cert~in and very
drastic expansion of trade and transportation at some stame when the
chanre in transportation friction is soins throurh scme threshold. Such
a drastic structural change is important to forecast but cammot be fore-
casted with the aid of any extrapolation of experiencies of a statistical
nature.

We have seen that the model used in equations (1) and (2) are basieally
quadratic differential egquations. Generalizina from this model into a
multidimensional framework we have a reneralized differential equation
problem as in equation (3).

X = Qx + xTle , where x = {xg } and where Q(x) = Ql (3)

Such a mcdel is applied in the context of chemical reactions by Hahn
(1974). It is shown by Hahn that such a quadratic dynamic eguilibrium
model is very informative about the nossibilities of complete structural

-11-



change. We will now preceed to analyze the general transportation- .
allocation and growth model within a framewcrk that will be shown to be
closely related to the formulation in equation (3).

The closed dynamic input-output model

We will specify our closed interregional'dynamic'input-output model in
the following way: '

x(t) 2 A(x) » x(t) + B(x) - x(t) (4)

The matrix functions A(x) and B(x) indicate that the requirements for
current inputs and capital inputs, respectively, can be formulated as
matrices of coefficients, with the convention that each coefficient

(a?? and b§§ ) are functions of the pattern of production. The exact
interpretation of this function2l relationship will be given in the next

section on the transpoftation system.

We can further assume that a non»negativé amount of inputs is always
required for a non-nemative output. All sectors are structually treated
in the same way. Households are aggregated.info  ohe or many sectors
producing one of different kinds of labour innmuts for the other sectors
by means of consumer'goods delivered to. the household sectors from the
other sectors of production. Equation (4) states that the scale of pro-
duction must always be larger than or equal to the needs for current
inputs and investment inputs. '

A number of approximations are regularly done with respect to (4) . In
order to provide a solution, it is often assumed that the in-equation
form can be transformed intc an equation by makine the assumption (5):

x(t) = Ax (5)

A is here an unknown rate of chanre of the system and the question can
then be asked: what is the maximum A that would provide a solution to
equation (6) below and a solution that is also economically meaningful.

x(t) = AG) x (t) + AB(X) x (t) | (6)
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Equation (6) is linearized, either in the conventional input-output form
to origo or within some local interval close to the equilibrium. A linear
model can be shown to have one and only one feasible (i.e. semi- positive)
solution with a positive eisen-value, provided that all the elements of

the matrix Q in equation (7) below are non-necative.
BX = OX (7)
1A and Q= (I-AG) BX)

with (T-a)"% expressible as T+A+8%4, .. 40

where B

That Q is non-nerative can be seen from the fact that A and B are both
non-nerative. A product of the inverse of (I -A) and B must therefore
necessarily be non-negative and thus the Frobenius-Perron theorem applies.
The uniqueness of a positiVe B implies necessarily that ) is unique as
well, and thus that a non-nepative x-vector also is unique. This is the
way that interregional growth-equilibria are normally computed. We will
later on show that a linerarization as susmested in most earlier appro-
aches to dynamic interrerional input-ocutput theory is not valid under the
assumptions about the transportation system that is normally accepted in
interregional transportation analysis. With a transrortation system an

interreszional input-outnut theory must necessarily be non-linear. This
point needs not refrain from the construction of a model of interrerional
erowth in the interdependency tradition sugmested by input-output
theory. We can use a theorem proposed by Nikaido and in a different vari-
ant (with a different method of proof) by Morishima and Fujimoto (1974).

Theorem (a) if H (x) = (Hi(x)) is defined for all non-nesative x in R

with its values being also non-negative vectors in R? . H(x)2 0 and (B)
H(x) is continuous as a mapping H : R? + R? except pessibly at x = Q,

then Ax = H(x) is solvable for scme A 2 0.
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The mapping ¢ is siven by

xi+H1.(x) ]
q)i(x) = —_ = (i=1, ...,n)
1+ X H.(x)
j J

which carries Pn continuously into Pn by (a) , (B) and because

. (x)=1,
FR!

¢ (x) 2 0 (i=1,...,n)

Hence, by virtue of the Brouwer fixed-point theorem, ¢ has fixed point
£ in P, sc that '

£ = o(x)
when
o - X4 +Hi(x.)
1 1y IH.(R)
J
implying that

(EH.(R))R = H(X) or A * = L H.(x) 20
. ] < J
J J
If we further assume that the H-functions are hamosenous of degree 1,

then we can also assure that the solution is unique. Morishima-
Fujimoto (1974). '

Ve can analyze this equilibrium problem in another way by introducing
more of behavioural characteristics in the dynamic perspective. Equation
(7) is solved in such a way that a maximum equilibrium rate of growth

is evaluated and this rate of growth is such that it permits the economy
to grow in this structure indefinitely. Such an optimum property reveals
a rather mechanistic view of the economy. One cannot defend an assump-
tion that investment demards are necessai’ily approaching such a level
ard structure that the rate of growth is a balanced maximal one. A more
reasonable approach along a generalized Harrodian line is to introduce
expectations in the sectors of production as a factor determining their
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rate of capital accumulation (or investments). We can then make the as-
sunption that firms are forming their expectations in terms of the real
growth of demand in different sectors of production located to different
regions. We can, in the simplest case, formulate this as a diagonal
matrix (&) giving the expected rate of growth of demand, channelled to
a specific sector of production in a specific region. A possible way of
modelling the role of expectations on investments and growths can be i
illustrated as in figure 2.

We now get the following formulation:

Y(t) x(t) = A(X) x(t) + B(X) G(t) x(t)

G(t) = F(G(E), ¥(t), %(t)) (8)

With a piven matrix of expectations of the rate of growth of demand, we
can compute a structure of production and a rate of equilibriated use of
capacity that would be consistent with the matrices A, B, § in an elemen-
tary period of time. An equilibriation between the sectors of the rate
of capacity utilization (y(t)) can be achieved, if some factor of produe-
tion has an ynlimited mobility between the sectors. We could for instance
think of a situation, in which labour moves between the unemployment
quenes until the relative length of the quenes are the same in all parts
of this intcrregional economy. If we suppose that the expectations of
growth in demand is such, that an investment volume is coming about that
is too smll to give full employment, then we would observe the maximal
vy is smaller than 1. The administrators of the decentralized and regio-
nally allocated sectors of production would then observe the rate of
capacity utilization and realized rate of growth of production that would
come about with the given expectation of growth at the outset.

It is then quite possible that they would revise their expectations accor-
ding to a revision-of-expectations-function, having realized rate of
growth, expected rate of growth and rate of capacity utilization as its
arguments. It is then highly probable that if the system would be below
full capacity use there would be a decline in the expectation of future
growth. A system that is below full use of its capacity might thus have

a tendency to slide down towards a level of reproduction without capacity
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expansion, which in this case means that G poes towards zero if the pro-
eeqg starts in a position with y less than 1.

We can of course also assume that the decision makers have stationary
expectations equal to G . We would in this case generate a long term
balanced rate of prowth system with the same level of unemployment of
resources in all resions and sectors of production and with a rate of
growth that would be a weighted average of the expected rates of growth
according to E .

Computational Principles in the Interregional Growth Model

In the actual computations we have used a rumerical procedure which is
closely related to the expectation feed back hypothesis formulated above.

The computational method is illustrated iy figure 3.

The process of solution is given by a set of iterative equations
(iteration indicated by k):

xk+l=Axk+uB(A}xk (9)
h-(txli“'l—lei‘)=ulei‘ (10)

i i i

where uG = actual growth rates

o)
i

feed back control parameter

The transportation model

We have in the former section on the growth model presumed the existence
of interdependency relations between sectors located to nodes and other
sectors located to other nodes. These relations have been designated.
A(x) and B(x) . This section is devoted to the problem of a determination
of such interdependency parameters connection given sector in a cer-
tain region with a sector located to another region. We will simplify
this problem by making the assumption that there are no frictions on the

-17-



rs Trs

cij' & ‘ : .
rs,= _ ;
'aij.(x) '_%| & = ax +,/u.BGx
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Figure 3.

transportation network nor any political constraints on the location
of production. Under these circumstances we would have as a reasonable
and consistent allocation of flows the following expression:

r
X. )
rs 1 : S S
e = — .. ¥ . e . .
EC (a5 + Py; 85)%; | (11)
1

This formulation is such that it gives a linear relation only in the
case of a non-spatial economy.

We will now show that the use of a transportation network with spatial
frictions will give rise to a similar equation for the flow of commo-
dities on the network between the nodes. Commodity flow equations will
thus in all cases be such that they can be approximated by quadric ex-
pressions of a more or iess parametrically complex structure. It must
also be emphasized that the quadratic transportation pattern is a local
property for a given transportation system.
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We have in an introductory section discussed principles of equilibria

on the transportation and trade network. We have also discussed the pro-
blem of the influence of changes on the persistence of trade and produc-
tion equilibria. It is now time to formulate some of these arguments
within the framework of the computable model approach. To simplify the
analysis we will from now on take the transportation system as given.

This means that the links on the network and the nodes are pfedetennined
both in terms of capacity and in terms of location. What we are discussing
now is consequently an equilibrium transportation problem in a somewhat
restricted sense. We will further assume, aithough only as an intermediate -
step, that the pattern of location of all kinds of production is predeter-
mined. This means that there is a consistency requirement both fram the
output side as well as fram the input side of the economy:

e Output balance
sj i 1
rs s S | S,.S
Lx = a,.Xx. +b,, A, = (a.. + b..g. )X, Input balance
TRt I S (35 *+ by85 %5 Inpu
where x§§ = flow of commodities fram production sector i,

located in region r to production sector j
located in region s

x? = total production in delivery sector i lacated in region r

We also assume that the politicians require a certain level of imploy-
ment to be achieved in each one of the regions while they feel éanpletely
free to vary the product flows between sectors and regions as lony; as it
is consistent with full employment.

£ ni £z 9 = 57 Full employment
N o lJ
i js
n§ = labour output ratio for sector i, when located in region r-
s =

politically defined level of full employment

Finally, we make the assumption that the transportation system should be
used in such a way that flows are compatible with the design, either as
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defined at the absolute macrolevel or more reasorably with respect to
the shortest route links between two nodes. It must be admitted that the
node/link capacities ought to be inequalities rather than equations,
but this caiplicates solutions considerably, ard we have avoided this
fornulation for numerical reasons.

Concentrating on a minimal organization or maximum entropy formulation
we arrive at the following expression which gives rise to an equilibrium
model, which contains an entropy measure to be maximized subject to the
preceding constraints.

max
{er} ZZZZ( % 1n xrs xrs - zad, (=S - (a.. + b..ps )x )
1J ijrs ij ijs ij r 1) 1) i37j

-zhr(zng s x?? - §) - 15y"8zx cgs x§§ -T3)

r i~ js rs ij
rs r
iﬁ B (2233 - %5 ) . (12)

Derivation with respect to le yields:

s rr rs rs r
=A;:. =M n, =y “c:: -B.
o ze e 1e Ut (13)
ij
which can al1so be written:
L TS
rs s S i Tij
.. = A.. .
le i B'D" F;' e e (14)
where
-2 wur _.rs _Br‘
AiJ-=elJ Br=e Drs=e F'i':el

These parameters may be called the 'correction terms’.

Solving the correction terms with the aid of the corresponding
constraints leads to the following expressions:
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I IS

-

_ r._rs i i
AlJ.~(aiJ.+ 139 J)x/()IBD F'Pe e V)
;L oIS
Bl =8 /(z nF 5 5 AS.pPSFe 1e )
i 13s ij i
r rs
1 Trs/(z L ctSaS, B?Fre le lJ)
i3 i
r rs
o= X /(z z AS.B'D"Se e M)
i s ij

We can also use the idea of a conservative equilibrium, which we have
taken to be similar to the minimum information principle.

rs

X..
= TIIT (S In —2 )
ijrs 3 2?;

where

i?; is the latest estimated flow.

Minimizing this new function with respect to the same constraints as
before yields:
rs _ A8 _ ij i

X:% = X0 €
N b

We get the same result as in the previous case if we take all ﬁ?; =1

In adding this a priori matrix we can e.e. say that whenever aij and bij

are equal to zero so are le for all r and s. This knowledge is taken
care of by the input balance relation in the first model so with the new
specification that relation can be omitted.

Having the expression for

nr CPS
S _ A5 oP.I'S i 71j
-5 = A .B'DFSFe te
1j ij i
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We can substitute the correction terms into this expression. We then get

an expression of the form

S )x§

rs _ IS o
17 J

where hi? is the element of a matrix H(x,t). This matrix is a function
of production . X, and the transportation system, t. since it is a
function of all the correction terms.

In the calculation of input--output coefficients we have:
. .rs,. s
X::/%X:}= A + BG
{ i3 J}
The input-output model can be written in the following way:
ux = xTQl(i, T)x + xTQ2(§,T)x

rs rs S
where the elements of Q, are h;.a.. and the elements of are h..b.,.s.
% 1 , % 1) 7197
The last equation shows that we have finally returned to the formulation
of our original general equilibrium growth problem that we discussed on

page 14. i

We can thué conclude that this model, which is a quadratic growth equili-
brium model, will have an equilibrium. We can furthermore be assured

that such an equilibrium in the economic system will have a transportation
equilibrium in the sense defined above. We can finally add the qualitative
observation that if the transportation network is changed there will be
smooth changes in the spatial allocation of production up to a certain
point of sinpularity when the system might drastically change its form.

It would be a challenging possibility of development to introduce trans-
portation investment system procedures within this kind of integrated
transportation/allocation equilibrium model. Another challenging develop-
ment that is pursued in another context is the problem of automatic sta-
bilization of this kind of model.
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Planning, optimality and equilibrium in an interregional context

We now turn to the problem of equilibrium approaches in planning
systems. It is often assumed--especially in earlier theory of
planning--that a planned system must by hecessity have a global
goal function to be maximized subject to certain technological
constraints. This attitude has come to be disputed in later years.

Kornai has, for instance, argued that even a centrally planned
economy normally lacks a clear cut general optimization procedure.
It is rather the case that decentralized planning authorities try
to satisfy centrally defined planning constraints, while they, at
the same time, pursue their own goals. The discussion on multi-
objective programming has been oriented in similar directions,
stressing the necessary multiplicity of aspirations in most
planning systems.

If we, more specifically, look at the sectoral and regional al-
location problem modelled in this paper, an approach with multiple
objectives is all the more realistic. Most large countries have
sectoral and regional planning agencies having more or less well
defined regional and/or sectoral competence in the decision on
investments, resource use, production and sales. The gg—coefficients
of the a-matrix should in these cases not be looked upon as "expec-
tation values" as in the market economy versions but rather as
planning or aspiration parameters, decided upon locally at the
regional / sectoral, regional or sectoral level depending upon the
method of decéntralization in the planning system.

The fundamental problem of the central authority would then be to
achieve a consistency of growth ambitions of the decentralized
authorities in such a way that the economy is being run without

excess demands for labour and other resources.

One should furthermore in such an approach to planning analyze the
consequences for the national growth and development of letting
decentralized decisions determine the gg—s.
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