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ABSTRACT 

A multi-sector, input-output version of SterMan's simple Long Wave 
Model is developed to investigate the validity of the capital self
ordering theory for a more realistic system with diverse capital 
types. SiMulation experiments with varying capital lifetimes and 
input-output coefficients tend to reproduce the characteristic 
fluctuations in capital production, caused by self-ordering, with a 
period in the 30 to 70 year range. However, coMplex patterns of 
oscillation with wide variance in period can eMerge, explained by 
varying dominance of self-ordering loops. The analysis thus 
confirMs the destabilizing effect of self-ordering and its signifi
cance for long terM fluctuations while raising issues and generating 
new insights about the·long wave. 

INTRODUCTION 

The SysteM DynaMics National Model project at M.I.T. represents a unique 
approach to Macro-econoMic theory, in that it aiMs to explain the aggregate 
behavior of the econoMy froM the bounded rationality of internal decision 
rules of firMs and households (Forrester, 1979). But while such decision rules 
are represented with great richness and detail in this approach, whole 
industries and sectors in the econoMy are aggregated into single "firMs", to 
allow for internal detail while keeping the Model at a Manageable size. 

This aggregation, which occurs in both the National Model and the siMple long 
wave Model as well as in a host of other systeM dynaMics econoMic Models, is 
based on the assuMpti~n that interactions bccurring within each individual 
firM in a particular sector are More or less "in phase" with that of other 
firMs in the sector, and that these interactions are More iMportant than the 
interactions aMong firMs for the sector's overall behavior. While this 
assuMption May be adequate, there have been few atteMpts to test it 
explicitly. 

One of the Major outcoMes of the National Model is the coMprehensive theory 
of the econoMic long wave, the large cycles in econoMic activity with a period 
of about half a century (see e.g. SterMan, 1984al. The MechanisM of "capital 
self-ordering" seeMs to play an iMportant role in the long wave. A siMple 
Model of a one-sector capital production systeM built by John SterMan shows 
how the self-ordering of capital is sufficient to cause long waves. 

SterMan's Model provides a convenient focus for a first atteMpt to tackle the 
aggregation issue; apart froM being siMple, it also raises soMe obvious 
questions about capital aggregation: In the siMple Model, the physical and 
technical features of the systeM, naMely the capital/output ratio and the 
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average lifetiMe of capital, are very iMportant paraMeters: they significantly 
affect the period and aMplitude, and even the existence of fluctuation. But 
at the saMe tiMe, these aggregate paraMeters relate to an aggregate capital 
stock that is supposed to represent the real econoMy, where production takes 
place in a coMplex input-output structure of different industries, producing 
and using Many different kinds of capital with widely different physical 
characteristics. The average lifetiMe of capital, for instance, May vary froM 
a few years, in the case of autoMobiles and tools, to fifty years or More, in 
the case of buildings, roads, and other infrastructure. 

To address the iMportance of the physical diversity of capital in the real 
econoMy, it is necessary to replace the one-sector Model with a Multi-sector 
systeM, where each sector May use several different kinds of capital in 
production and May ship its own output to several other sectors, in addition 
to shipMents to the "household", or final deMand sector. The econoMy becoMes 
an input-output systeM of capital producing firMs, where the technical 
coefficients, average lifetiMes of the capital product, and substitution 
possibilities May be different in each sector. 

It is assuMed in the following that the reader is already soMewhat faMiliar 
with SterMan's Model (for a More extensive description, see SterMan, 1984b). 
The next section only briefly recapitulates the Model. The following section 
discusses soMe issues in the approach of this study and sketches the disaggre
gate MOdel. SoMe siMulation results are then presented, followed by conclu
sions and suggestions for future work. 

THE SELF ORDERING THEORY 

The notion of self-ordering, i.e. the idea that it takes capital to produce 
capital, is well known in econoMics, Mostly under the naMe of the "accelera
tor" MechanisM (see e.g. SaMuelson, 1939). MatheMatically, it can be expres
sed as follows: if production is proportional to capital stock by a factor of 
1/COR (capital-output ratio), and capital depreciates at a rate of 1/ALC 
(average lifetiMe of capital) then, to produce a net flow of capital goods HO, 
the capital sector Must produce a gross flow PR of: 

PR = HO/( 1-<COR/ALC)). 

However, this observation per se does not explain the existence of cycles. The 
long wave is inherently a disequilibriuM phenoMenon arising in the transient 
adjustMent, where the effect of self-ordering is greater than in equilibriuM, 
due to several factors, the Most iMportant being the need to restore backlogs 
after an unanticipated change in deMand. 

'SterMan's Model consists of a single capital-producing firM which receives an 
exogenous streaM of orders for capital. In addition to the orders froM out-
side, the aggregate capital sector orders capital froM itself. All orders 
are accuMulated in a backlog, which is then depleted as the capital is deli
vered. The firM's production capacity is proportional to its capital stock, 
but production is cut back below capacity when there is insufficient deMand, 
i.e. when the order backlog falls below what is coMpatible with the existing 
capacity. The firM's orders for capital are based on the need to replace 
depreciating capital and the desire to increase or decrease capacity. In its 
planning, the firM takes into account the orders already placed (i.e. the 
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capital under construction) to avoid double ordering. The desired production 
capacity is based both on (adaptive) expectations of future orders and the 
need to adjust order backlogs to norMal levels. 

When, froM an initial equilibriuM, this systeM is perturbed by a sMall change 
in exogenous deMand, it exhibits large oscillations in capital production and 
capacity with a period of about 50 years--Much longer than a typical business 
cycle fluctuation--that persist without continuous outside triggering. 

Self-ordering is directly responsible for the persistence and long period of 
fluctuation, through several channels. First, if there is a perceived shor
tage of capacity, More orders are placed, swelling the backlog, reinforcing 
the perception of shortage of capacity. Second, as delivery delays rise, 
capacity arrives More slowly than expected, widening the initial discrepancy 
between desired and actual capacity. Third, to coMpensate for higher delivery 
delays, orders are increased, resulting in still higher backlogs and delays. 

These self-inforcing MechanisMs cause an initial sMall shortage of capacity to 
result in a foot-race between desired and actual capacity, leading to a large 
overshoot of capacity over its equilibriuM value. Eventually, capacity 
catches up with deMand, and the process is reversed, causing a rapid fall in 
deMand and production, followed by a prolonged depression IMith capacity far 
exceeding deMand. The depression lasts for about two decades, as excess 
capacity is depreciating, until orders once again catch up with capacity to 
start a new cycle. 

DISAGGREGATING THE MODEL 

Because of the prevalence of non-linear, highly coMplex Models in systeM 
dynaMics, it is virtually iMpossible to derive general MatheMatical results 
that could indicate the validity of aggregation. Moreover, systeM dynaMicists 
stress the fact that validity is a relative concept. Philosophers of science 
have long eMphasized that there is no objective way of judging the perforMance 
of a Model. UltiMately, then, the validation of a Model is a question of 
using COMMon sense. Moreover, good judgeMent can only be exercised when one 
has a clear idea of the purpose of the Model (see e.g. Forrester, 1861 ). 

The purpose of SterMan's Model was to investigate how self-ordering by itself 
is sufficient to cause a long wave, and what factors May control the period 
and aMplitude of the cycle. In coMparing results froM a disaggregate Model, 
three questions should thus be asked: 

o Will the instability of the siMple Model persist, and for the saMe 
causes? 

o Will the cycles in production be siMilar, i.e. be of about 35 to 70 
years in period with a large aMplitude? 

o And will fluctuations in different sectors be in phase so that one can 
Meaningfully speak of a single "wave"? 

The siMplest approach to the aggregation issue is to construct a disaggregate 
input-output version of the siMple Model and coMpare the results. However, in 
Making the transition froM one to several sectors, the question arises of how 
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the sectors should interact. In the one-sector Model, the "firM" and the 
"household" have no choice in what capital to order and where to order it 
froM, since there is only one supplier and only one type of capital. This is 
not the case in a Multi-firM setting. How, for instance, will a firM or a 
consuMer react to changing availability (and/or price) of factors, given 
factor substitution possibilities? Will the decision rules vary depending on 
what type of capital is in question and what kind of industry the firM is in? 
For exaMple, the decision to build a new plant May be influenced by other 
factors than the decision to buy More typewriters for the office. 

To keep the focus on the physical aspects of capital, the siMple assuMption 
has been adopted that the decision Making in all sectors is identical in 
structure to that of the siMple Model, i.e. the decision rules, adjustMent 
tiMes, shapes of non-linear functions, and the structure of ordering and 
production equa~ions are the saMe, with only Minor Modifications to allow for 
a Multi-input Multi-output situation. Each sector is assuMed to order froM 
the other sectors based on a desired production capital Mix that reMains 
fixed, regardless of the relative availability of factors and the possiblities 
for substitution. The only difference between sectors is the production 
techonology, lifetiMe of capital product, and the share of this product in 
"household" or final deMand. 

While such siMplification is done partly to liMit the scope of the project, 
there are also liMits to how far one can depart froM the decision functions in 
the siMple Model, since they are an inseperable part of the theory it 
represents; at what point does a disaggregate Model no longer represent the 
saMe theory? 

The question of when the two Models are "equivalent" relates closely to the 
old probleM of capital aggregation in econoMics. In order to coMpare a siMple 
and a disaggregate Model in a Meaningful way, one Must require that the 
aggregate paraMeters of the disaggregate Model are the saMe as those of the 
siMple Model. But the question is what aggregation rule is appropriate. The 
econoMics literature has shown that unfortunately, it is iMpossible to give 
exact rules and that the aggregation procedure Must be taylored to the parti
cular aspect of capital one wishes to investigate <see e.g. Fisher, 1969). 

It is COMMon usage to define the aggregate capital/output ratio as the 
aggregate dollar value of capaital divided by the aggregate production 
capacity Measured in dollars per year. Likewise the aggregate lifetiMe of 
capital can be defined as the aggregate dollar value of capital stock divided 

-by the aggregate depreciation rate in dollars per year. However, prices are 
not included in the Model, and even if they were, they would change over tiMe, 
Making it difficult to interpret the results. The only way around this is to 
aasuMe that relative prices of different capital types are constant. Moreover, 
units of capital can be defined in such a way as to allow direct addition of 
the physical capital stocks to obtain aggregates. (see KaMpMann, 1984.) 
A series of siMulation experiMents were Made with a Two- 0ector and a Five
sector Model, respectively, in which all sectors were assuMed to have a 
~Douglas production function, thus relegating the issue of capital 
substitution to future studies. Given the Cobb-Douglas production functions 
and the nuMber of sectors, n, one can coMpletely describe the systeM by the 
following paraMeters: 
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o The coefficient of capital type i in sector j's production function, 
RVS<i.J); i=l, ... ,n; j=l, ... ,n. <When production cost is MiniMized, this 
paraMeter is equal to the~ value share of capital i in sector j 's 
production cost, hence the acronyM RVS for "Reference Value Share") 

o The capital/output ratio for sector j, FOR< j ); j=l, ... ,n (In the Model, 
the More general naMe "Factor/Output Ratio" was used, hence the acronyM 
FOR< j l) 

o The flow share of sector j in final deMand, IVSED< j }; j=l , ... ,n <The 
acronyM stands for "Initial Value Share of End DeMand") 

o The average lifetiMe of capital type i, AL<i ); i=1 , ... ,n 

Appendix 1 contains a coMputer listing of the two-sector Model.. For a More 
detailed explanation and description of the Models, see KaMpMinn <1984). 

SOME SIMULATION RESULTS 

A couple of the Many experiMents perforMed with the Model are described and 
reproduced below to give an iMpression of the range of possible behavior. The 
experiMents centered around two Major theMes: 

o How will variations in input-output structure (including the capital 
intensity of individual sectors) affect behavior, assuMing the lifetiMe 
of each capital type is the saMe? This corrensponds to variations in the 
paraMters RVS< i ,j), I\JSED< j) and FOR< j) 

o How will diversity in capital lifetiMes affect behavior in systeMs with 
identical (flow) input-output structures? This corresponds to varying the 
paraMeters AL< i) 

While the experiMents show a wide range of behavior, there are certain 
features which persist throughout. The exaMples below illustrate soMe of 
these features, which are suMMarized under the conclusions below. 

Variations in the Input-Output Structure. 

If all capital has the saMe lifetiMe and all sectors have the saMe overall 
capital intensity, how will a disaggregate input-output systeM behave 
differently froM a siMple one-sector systeM? Figure 1 shows an exaMple of 
what can happen when the input-output structure of the systeM is varied. 

It turns out that the syMMetry of the systeM is of crucial iMportance for the 
result. A syMMetrical input-output systeM is defined as one where an increase 
in orders for any capital product will require an increase in each sector's 
gross output of the saMe proportion for ill sectors. This condition is 
satisfied if any given sector's cost share is the saMe everywhere, i.e. if: 

RVS<i,j) = IVSED<i) for all i,j. 

A syMMetrical systeM would behave exactly as the siMple Model if household 
orders were perturbed froM equilibriuM in the saMe proportion. Even when 
incoMing orders are not exactly proportional at all tiMes, the interdependence 
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iMplied by the input-output structure results in a very strong e~trainMent, 
bringing all sectors to fluctuate uniforMly. This entrainMent is illustrated 
in Figure 1(a), which shows a siMulation of a syMMetrical two-sector systeM 
where each sector has an equal share of end deMand and uses the two capital 
types in equal proportions in the production function, i.e. 

RVS < i , j ) = • 5 . 5 
.5 .5 

IVSED< j > .5 .5 

At tiMe 10, the household deMand for sector 1 's product only is increased 5 
percent. If both household deMands were stepped unifor~1ly, the response would 
be identical to a one-sector systeM, but even still, the two sectors Move 
quickly into phase to give a fluctuation pattern virtually identical to that 
of the siMple Model. 

In figure 1(b) and (c), the syMMetry is broken by changing the shares of the 
two sectors in final deMand, IVSEO(j ). The split is changed froM fifty-fifty 
in Figure l<a) to 2:1 in (b) and the extreMe in (c), where Sector 1, hence
forth called sector "F" for "Final" thus delivers all final deMand, while 
Sector 2, henceforth called sector "I" for "InterMediate", produces only 
interMediate goods. 

The result is a More coMplex pattern of fluctuation. In Figure l(b) the long 
wave breaks into a coMbination of a 70 year and a sMaller 35 year cycle, and 
Figure l(c) shows a double cycle with the longer period of about 50 years. 

Moreover, the relative aMplitude of fluctuation will be different for each 
sector and for each cycle. The change in relative fluctuation coMe~ froM the 
change in the coMposition of the incoMing orders in each sector. Thus, when 
sector "F" holds a larger share of household deMand, the "self-ordering" 
coMponent of its incoMing orders is relatively less than in sector "I". It is 
not surprising that the sector whose orders thus fluctuate the Most also shows 
the Most fluctuation in production and capacity. 

The difference in relative aMplitudes of the two sectors also explains the 
double cycle: After the initial disturbance, the "I" sector will expand 
relatively More above the equilibriuM capacity than the "F" sector. In the 
subsequent downturn, there will therefore be aMple availability of sector 
"I" 's product, and when deMand Meets capacity in sector "F", sector "I" will 
still have unused capacity. As sector "F" expands again, the excess of the "I" 
product will reduce the strength of the self-ordering MechanisM that fuels the 
expansion, and production will catch up faster with deMand. In Figure l(bl, 
deMand eventually catches up with capacity in sector "I", but at such a late 
stage that the new peak is significantly lower than the previous one. Both 
sectors will therefore have less excess capacity in the next downturn, setting 
the stage for a larger expansion in the following upturn. In l(c) the 
disparity is so pronounced that sector "I" has unused capacity even at the 
peak of the interMediate cycle. Through the duration of the long cycle 
dow~turn, sector "F" therefore effectively behaves like a one-sector Model 
wi.th a capital/output rat.io half of norMal, since only half of sector "F" 's 
orders for capital fall upon itself. Such a systeM would show a very lightly 
daMped cycfe of about 20 years (see ~:aMpMann, 1984, App.l ). The interMediate 
cycle observed in l(c) is thus an internal dynaMic of sector 1. 
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Fiaure 1 
Variations of Inout-Output Structur~ in ~ Two-Sector SyqteM 

The sectors are naMed "F"inal, "I"nterMediate and "H"ousehold, respectively. 
In all three runs, the initial equilibriuM is perturbed by stepping up house
hold orders for product "F" 5% at tiMe 10. In the syMMetrical systeM in Cal, 
where sector "F" and "I" hold equal shares of household deMand, strong 
entrainMent results in behavior alMost identical to the siMple Model. But as 
the split of end deMand between product "F" and "I" is changed in (b) and (c l, 
the long wave breaks into a double cycle, due to a change in the strength of 
the self-ordering effect in the two sectors. 
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In the above variations in input-output structure, the capital/output ratio 
was kept the saMe for each sector. In the siMple Model, this paraMeter is 
very iMportant because it deterMines the strength, or the gain, of the self
ordering loop. An increase in this paraMeter will increase the self-ordering 
effect, causing fluctuations of longer period and higher aMplitude. In a 
disaggregate systeM, however, there is not one but Many self-ordering loops, 
and they will in general not be of equal gain if the capital intensity of 
production varies significantly aMong sectors, or if capital lifetiMes differ. 

In the particular case where the systeM is syMMetric, as defined above, a 
difference in capital intensity has no effect on behavior. Only when non
syMMetry is allowed will there be any effect. It is possible, for instance, 
to increase the capital intensity in all sectors while keeping aggregate 
capital intensity constant by increasing the less capital intensive sectors' 
share of end deMand. The effect is siMilar to increasing the capital/output 
ratio in the siMple Model: the period and aMplitude of fluctuation both in
crease. 

On the other hand, even quite extreMe variations in capital intensity have not 
nearly the effect a change in the capital/output ratio has in the siMple 
Model. Variations ~y a factor of 10 of the sectoral capital/output ratios 
produce fluctuations with a period between 28 and 60 years and only Mode
rately different aMplitudes. Moreover, the qualitative behavior is the saMe 
as in the siMple Model. 

Variations in Capital LifetiMes 

Table 1 suMMarizes the result of varying the lifetiMes of the two kinds of 
capital in a Model with the saMe coMpletely syMMetric input-output flow struc
ture as in Figure l(a) above. The variation is done so as to keep the aggre
gate equilibriuM average lifetiMe at 20 years as in the siMple Model. In this 
particular input-output configuration, the equilibriuM aggregate lifetiMe is 
siMply the arithMetic Mean of each capital lifetiMe. 

In all cases, the outcoMe is still a very regular liMit cycle with the saMe 
basic characteristics as that of the siMple Model. However. because of the 
faster dynaMics inherent in the short-lived capital stocks, there is now the 
possibility of an additional shorter cycle. The double cycle occurring in the 
previous exaMple (Figure l<bl and (c)) had its root in the change in the 
relative strength of self-ordering for the two sectors (a "gain" coMponent). 
The interMediate cycle now results froM the difference in the tiMe it takes 
for excess capacity to depreciate (a "delay" coMponent). 

As Table 1 testifies, there is no siMple relationship between the diversity of 
lifetiMes and the period and aMplitude of fluctuation. The period stays in a 
range froM about 40 to about 65 years, and the aMplitude generally declines as 
the diversity of lifetiMes increases, but there are several exceptions to that 
rule. These irregularities are due to the non-linear frequency entrainMent of 
the two sectors (see KaMpMann, 1984, App.4l. 

The last run of Table 1 is reproduced in Figure 2. Here, sector "S" for Short 
and sector "L" for Long produce a product with a lifetiMe of 5 and 35 years, 
respectively. The systeM shows a coMbination of two Modes, a long cycle of a 
66 year period, and a shorter, daMped cycle of about 15 years. The 
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FiQure Z.. 
Introducing g_ Split in Caoitel LifetiMes in E. Two-Sector Model 
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Fioure J. 

Variations in Caoital LifetiMes in £Five-Sector SvsteM 

Large differences in capital lifetiMes in a five-sector Model typically leads 
to rather irregular fluctuations, where long-lived sectors are hit the worst. 
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fluctuations in overall production are a great deal less than in the siMple 
Model, but vary significantly between the two sectors; sector "S" shows 
relatively less fluctuation than sector "L". Moreover, only sector ·s·· 
capacity exhibits the short cycle. 

The result is thus quite parallel to the difference between sector "I" and 
sector "F" in figure 1, though for different reasons. The excess of factor 
"L" takes too long to depreciate for sector "L" to show a short cycle. In 
contrast, the excess of factor "S" falls quickly in the long cycle downturn 
and sector "S" then operates essentially like a one-sector systeM with a 
factor/output ratio of 1.5 and an average lifetiMe of 5 years. The result is 
the daMped 15 year cycle. When the excess of factor 2 has finally been 
eliMinated, self-ordering regains its full strength, causing a new Major 
upsurge in deMand and production. 

To get an iMpression of the possible range of behavior in a More coMplicated 
input-output systeM, runs were perforMed with a five-sector Model, letting the 
average lifetiMes vary widely while keeping the aggergate lifetiMe equal to 20 
years. As an typical exaMple, Figure 3 shows the response of a systeM where 
all five sectors have equal shares in both end deMand and in each others 
production functions, but where the lifetiMe varies between products froM 50 
years in sector 1 to 50 years in sector 5. 

The behavior is Much less regular than in siMpler systeMs. One sees a nuMber 
of occasional Major surges in production and capacity, and a shorter, More 
regular fluctuation. The sectors with the longest lived products fluctuate 
uniforMly More in large surges than the sectors with shorter-lived products, 
The long-lived sectors reMain depressed for longer periods because the the 
excess of the factor they produce takes longer to decay. During this period, 
the other sectors, like in the previous exaMples, behave like a systeM of 
production with shorter lived products and with a lower overall capital/output 
ratio than the full systeM, giving a short, daMped fluctuation. However, as 
the excess of the long-lived products is eliMinated, the strength of self
ordering increases, and the systeM becoMes More prone to self-created Major 
surges in deMand. Thus, the short cycle fluctuations start to get larger, and 
sooner or later all sectors siMulatanebusly expand in a traditional long wave 
peak. 

SUMMARY AND CONCLUSIONS 

The siMulation experiMents have produced a wide range of behavior, but also 
soMe recurrent features: 

1) Like the siMple systeM, all the disaggregate systeMs tested show Major 
fluctuations in production and capacity that persist without continuous 
exogenous disturbances, and that are Much too large and long to be 
explained by siMple adjustMent delays. 

2) A disaggregate systeM tends to exhibit a coMbination of Major expansions 
and contractions, occurring over a long tiMe period, and a shorter, MOre 
regular oscillation. While the sMall cycles, if they occur, May only 
affect soMe sectors, the Major surges dccur in all sectors siMulaneously. 

3) The Major fluctuations in production are persistently More violent in 



-449-

sectors whose incoMing orders coMe in the Main froM the production systeM 
rather than froM c6nsuMers. And the fluctuations in a sector are larger 
the longer the lifetiMe of its product. Thus, the More a sector has the 
characteristics of a capital producer, the More vulnerable that sector is 
to long wave fluctuations. 

4) Variations in the input-output structure tend to change the behavior froM 
a uniforM to a coMpound cycle. The period of the long cycle tends to fall 
in the 30 to 70 year range. The More the household/non-household split 
of incoMing orders is the saMe for each sector, the closer the behavior 
will be to a one-sector systeM. Moreover, the sectors will quickly 
entrain their fluctuations. Thus, a group of sectors who have largely 
the saMe Mix of production capital and whose incoMing orders vary roughly 
in proportion can be well approxiMated by a single sector. 

5) Variations in sector capital intensity can change the period of fluctua
tion, but not draMatically. The higher the syMMetry of the systeM, the 
less dis~repancies in sector capital intensity will alter the behavior. 

6} With very large variation in capital lifetiMes, the Major fluctuations 
can be quite irregular. Indeed, it becoMes difficult to speak of a single 
"cycled; rather, self-ordering creates a potential in the econoMy for 
large self-created iyrges in deMand and production. 

The Most fundaMental feature of the siMple Model is its inherent tendency to 
create very large long terM fluctuations in capacity and production that 
persist without continuous outside triggering. This feature has reappeared in 
all the siMulations of the disaggregate Model, and it is evident that the 
surges and collapses of deMand are created in the disaggregate Model by the 
saMe basic self-ordering MechanisM. Based on the evidence so far, one Must 
therefore conclude that the self-ordering hypothesis retains its -validity for 
a disaggregate systeM. 

A conspicuous difference between the siMple and the disaggregate Model occur's 
in the shape of fluctuations. While the siMple Model shows a coMpletely 
regular cycle with a well defined period, the disaggregate version generally 
generates More coMplex and soMetiMes quite irregular patterns. Such results 
suggest that the long wave should be sought of as an inherent (endogenous) 
ability in the econoMy to cr~ate large fluctuations, rather than as a regular 
cycle. 

On the other hand, there are several factors which May shape the irregular 
fluctuations of an input-output systeM into a More coherent pattern. ForeMost 
aMong these is probably the effect of substitution in production capital. For 
instance, if a factor is in excess supply, its delivery tiMe and/or price will 
be low, causing firMs to shift to a More intensive use of that factor. The 
resulting increase in orders will draw down the excess supply faster--an 
iMportant way to bring long-lived sectors More into phase with the rest of the 
econoMy. The Most iMportant next step in further research will therefore b~ 
to introduce a More sophisticated ordering rule in the Model that reflects 
relative availability of factors and the elasticity of substitution. 

Work on the National Model suggests that there are several structures other 
than capital self-ordering involved in the long wave <SterMan, 1984a). It is 
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conceivable that these structures, involving prices, interest rates, wages and 
other factors, would ~old the fluctuations of the capital sector into a ~ore 
regular pattern. It would be interesting to test this hypothesis by 
introducing in the National Model a disaggregate capital structure that in 
isolation would give highly irregular fluctuations. 

Another next step could be to exaMine the role of non-linearities in the 
disaggregate Model, and co~pare it to the siMple Model. In soMe siMulations 
<KaMpMann, 1984), a change in non-linearities which is sufficient to stabilize 
the one-sector systeM does not stabilize a disaggregate systeM. The self
ordering theory could thus be further refined, and possibly strengthened. 
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